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"Get more 
education 
or 
get out of 
electronics 

that's my advice 



Ask any man who really knows the electronics industry. 

Opportunities are few for men without advanced tech- 
nical education. If you stay on that level, you'll never 
make much money. And you'll be among the first to 
go in a layoff. 

But, if you supplement your experience with more 
education in electronics, you can become a specialist. 
You'll enjoy good income and excellent security. You 
won't have to worry about automation or advances in 

technology putting you out of a job. 

How can you get the additional education you must 
have to protect your future -and the future of those 
who depend on you? Going back to school isn't easy 
for a man with a job and family obligations. 

CREI Home Study Programs offer you a practical way 
to get more education without going back to school. 
You study at home, at your own pace, on your own 
schedule. And you study with the assurance that what 
you learn can be applied on the job immediately to 
make you worth more money to your employer. 

You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Airmail postpaid 
card for your copy. If card is detached, use coupon 
below or write: CREI, Dept. 1108G, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 
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CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1108G, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I am 
employed in electronics and have a high school education. 

NAME 

ADDRESS 

CITY _- __ -_ STATE _ ZIP CODE 

EMPLOYED BY 

AGE 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in H Electronic Engineering Technology 
C: Space Electronics Li Nuclear Engineering Technology 

Lì Industrial Electronics for Automation 
C Computer Systems Technology 

J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 



Tips for Technicians ff MALLORY 

New circuit breakers for color TV 

DUAL CIRCUIT BREAKER 

THERMAL 
BREAKER 
ELEMENT 

B+ 

Typical hook -up for dual circuit breaker 

2 

Dual circuit breaker 

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 4- line. A resistor inside the breaker, usually 
about 1.3 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. 

REMEMBER TO ASK - ar die ti 4 Aug,. 
CIRCLE NO. 108 ON READER SERVICE CARD 
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SCR's and TRIACS 
NCDUDINC. RRACTCAI CIRCUIT Aeyi,CA nC,,,, 

THIS MONTH'S COVER 
shows a number of new 
power thyristors (SCR's and 
triacs) manufactured by In- 
ternational Rectifer. A fea- 
ture story on these new 
devices is our lead article. 
The large device at the left 
is a high -power SCR, while 
the unit at the right is the 
highest rated triac in the in- 
dustry, a 200 -A, 1000 -V bi- 
directional thyristor. The 
hockey -puck- shaped device 
near the top center is a 

pressure -assembled SCR 
with a 60% greater current - 
handling capacity than stud - 
mounted units with the 
same junction area. Four 
other SCR's are shown with 
current ratings ranging 
from 5 to 100 amperes. The 
printed -circuit board as- 
sembly is one of the many 
pre -packaged firing circuits 
that are available for use 
with SCR's and triacs. It 
consists of a magnetic am- 
plifier to provide the control 
function and to supply the 
basic firing pulses. These 
are then amplified and 
shaped by means of semi- 
conductor circuitry. Cover 
photo: L. Heicklen Studios. 
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The Grantham Educational Program 

BY CORRESPONDENCE 

prepares you for your 

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

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

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

Accreditation, and G.I. Bill Approval 

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

It's Your Move 

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

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

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

Step =3 is earning your ASEE DEGREE. This 
degree is conferred when you have earned credit 
for the Grantham course, one semester of which 
must be taken in residence if you have less than 
one year of practical experience in electronics. 

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

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

Grantham School of Electronics 
Established in 1951 

1505 N Western Ave. 818 18th Street, N.W. 
Hollywood, Calif. 90027 0' Washington, D.C. 20006 

Grantham School of Electronics Ew 3.68 l 
1505 N. Western Ave., Hollywood, Calif. 90027 

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

Name 

Address 

City - 
tee 

Stab. .__Zip 
L --J 

COMING 
NEXT 

MONTH 
SPECIAL FEATURE ARTICLE: 

PHOTOCELLS 

i EkcUYtlics11orltl 

COIMi1CTIVE 

IIE1110ES ` .. 

, e.Me.¡u. es tlr ,.. 

In this month's feature story, each of the four types of light- sensitive devices- photo- 
emissive, photovoltaic, photoconductive junction, and photoconductive bulk effect -are 
discussed, but Author Rabinowitz of Clairex zeroes in on applications of the thick -film 
bulk effect units. He cites differences and gives the engineer down -to -earth advice on 
which device works best under certain conditions. A number of circuits -servos, low - 
level voltmeters, photometers, choppers, etc. -which use photoconductive bulk -effect 
devices are included. 

TO THE MOON AND BACK 
Spacecraft navigation is complicated; 
but when a space vehicle is aimed for a 
tiny spot on the moon's surface, the 
problems are astronomical. This article 
discusses the injection, midcourse, and 
terminal guidance phases. 

AUDIO OP AMPS 
Even though they cost more, hi-fi cir- 
cuit designers will use IC's if these de- 
vices significantly increase the perform- 
ance of audio systems. 

IC DECIMAL COUNTERS 
IC's have opened the floodgates to a tor- 
rent of new circuit applications. Decimal 

counters and readouts, which are in the 
forefront of these new uses, are discussed 
in depth in this informative article. 

BURGLAR ALARMS 
Electronic intrusion alarms may save 
your home or even your life. With the 
soaring crime rate, American businesses 
are spending increasingly large sums to 
keep burglary lo.c.ve.e late. 

TV ALIGNMENT TECHNIQUES 
In l'art 2 of titis two -part series, the 
principles of alignment are thoroughly 
covered so that the technician is better 
able to interpret the service instructions 
for any TV receiver. 

All these and many more interesting and informative articles will be yours 
in the September issue of ELECTRONICS WORLD . . , on sale August 20th. 
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By FOREST H. BELT /Contributing Editor 

Plug -In Transistors for TV 

Service technicians in large numbers still shun transistor TV sets. One reason is that transistors are so 
hard to get at for testing. They are soldered to the circuit boards, and sometimes are damaged merely by 
the desoldering and resoldering. In its new line of transistor color -TV sets, Sylvania uses sockets. Tran- 
sistors can be pulled out and plugged back in easily. Home servicing for these transistor sets can be almost 
the same as for tube sets: decide which stage is bad, plug in a replacement, and see if the set works. Or, 
pull out the transistor and check it with a portable transistor tester. 

Precautions will be important. For one thing, plugging a transistor into a live circuit can damage it. 
The set should be off while the transistor is removed or replaced in its socket. Secondly, if a circuit fault 
has burned out the transistor, the new one will probably be burned out too. Technicians, with some in- 
genuity, can figure ways around this problem. The main thing is that in -home repair has come to the 
transistor -TV portion of the servicing field. 

Radiation Emphasis Shifted 

The television industry has insisted, as we have reported in this column, that x- radiation from color - 
TV sets is extremely unlikely to occur in any dosage that could have medical or genetic effects on techni- 
cians or viewers. In Congressional hearings connected with anti -radiation bills, a professor from the Uni- 
versity of Pennsylvania and another from the University of California have suggested that non -ionizing 
radiation (such as the concentrated and amplified light from lasers) may be a worse problem than the ion- 
izing kind -such as x -rays. Both told the Senate Commerce Committee that non -ionizing radiation might, 
in their opinion, produce physical and biological damage to humans. 

This doesn't change the fact that many people are still concerned with color -TV x -rays, but it does mean 
that the spotlight has moved a little. There is slightly less pressure for an extreme anti -x -ray bill. 

The Ubiquitous Cable 

CATV marches on. The U.S. Supreme Court has just ruled that the FCC has the authority, under exist- 
ing law, to regulate the growing CATV industry. 

There are more than 2000 cable -TV systems in operation now, serving upward of 3 million homes. The 
long -standing battle with broadcasters still simmers, but it's interesting to discover that nearly one -third 
of existing systems or franchises are owned by broadcasters. Newspapers own about half that many. The 
newest strife developing is with phone companies who contend they can install CATV systems without 
bothering to get a franchise from their communities, since phone utilities are already licensed as common 
carriers; it makes no difference, they say, whether it's voice or video being carried into the home on phone - 
company lines. 

At the 1965 convention of the National Community Television Association (now National Cable Tele- 
vision Association), dozens of cable operators disavowed any intention of ever originating programs. Now 
nearly half of them already do. Time and temperature (and other weather ), plus local news and special 
events, comprise most of the programs thus far. But more than 10% report either using or planning to use 
film programs. With black -and -white and color cameras becoming less expensive, look for more live pro- 
gramming. Foot -in- the -door tactics include educational programs wired into schools at low or no charge. 

FCC -"Big Brother" to Electronics 

The Federal Communications Commission is looking into a new field: computers. They have already as- 
serted their domain over CATV; their authority there was hotly disputed, but nevertheless became actuali- 
ty with the recent Supreme Court ruling. Not long ago, new latitude was given the FCC to regulate con- 
sumer electronic products that might generate interfering radiation -such things as garage -door openers, 
microwave ovens, and the like. Such devices seem to fall almost within the realm of communications, par- 
ticularly when actual communications or navigation might be disrupted by them. But -computers? 

Computers are being interconnected over communications systems that do fall in the province of normal 

August, 1968 5 



FCC concern. so the FCC suggested perhaps they should also control the computers. While many computer 
users are anxious to maintain privacy. especially of proprietary industrial information going over the 
wires. not many like the idea of having the FCC riding herd on the hardware at either end of computer- 
communications links. 

Who Pays for Warranty? 

Distaff CET 

It shouldn't be the dealer or the customer. say most dealers and customers, but its likely to he one or the 
other. The labor of warranty repair is the big issue, and all sorts of plans are being put forward. Extended 
picture -tube warranties brought the problem into the foreground. as we predicted. Generally, manufacturers 
expect the dealer to foot the bill. One or two don't mind paying the dealer for warranty service provided 
the dealer has paid in a warranty fee -called a service contract - -over and above the normal set cost. Of 
course. the dealer is to collect the fee, and perhaps a markup, from the customer at the time of the sale. 
That philosophy isn't going over too well with some dealers. 

Il.eslinghuuse is including labor in its color -CRT warranty. The company will reimburse the dealer for 
installing an in- warranty color picture tube, at "retail" rates . .. whatever those are Since there is nothing 
extra tacked onto the initial price, dealers and customers both like the sound of this kind of warranty. It 
will be interesting to see how many other color -set makers follow this example. There are likely to he other 
proposals before the summer is ended. 

A lady technician. Norma Blair. who works for I)uubencliek TI' in Beatrice. Neb., is the first woman to 
become a Certified Electronic Technician. It took three tries for her to pass the National Electronic Associ- 
ations' certification exam. which is par for nearly one -third of the technicians who have taken the written 
test. She thus became CET Nebraska 33. 

Cable -less TV 

Microwave is sometimes used to pipe TV signals from distant reception points to the head end of CATV 
systems. but cable is always used to re- distribute the signals among subscribers. Now microwave equip- 
ment operating up near 50 GHz. which is almost infrared, is being tried in Brooklyn, N. Y. to distribute 
(:ATV signals to various apartment buildings. Past experiments with 18 GHZ in Manhattan were unsatis- 
factory ill rain or fog. 

Officials of Laser Link Corp., developers of the equipment that permits operation at this extremely high 
frequency te. h. f. claim no trouble from rain or smoke, at least for short 12- or 3 -mile hops). A novel 
modulation technique I details unavailable) is said to eliminate the need for large amounts of signal pow- 
er. Installation costs in the city should he much cheaper with this beamed system. 

Economy Warms, Sales Flourish 

In the last month or two. consumers began spending their money for electronics goods again. Even with 
installment loans tougher and more expensive, sales of TV and radio sets are up. Prices of electronics 
goods are still not hit by the rising curve of inflation; TV sets in general show a decline in price. With 
more spendable income. the end result of general wage hikes, the American consumer is helping dealers 
recoup some of the un -met quotas of early months this year. You remember, there- was a slump in April and 
Alai. following an unexpectedly good first quarter; that down -turn was disappointing. 

However. there is the possibility of overheating in such a warm and humming economy as we now have. 

Canny dealers are avoiding inventory overloading. just in case. Another slump could be brought on by the 
controversial tax surcharge or by a tightening of installment credit. 

Flashes in the Big Picture 

6 

%milt color -TV sets for the 1969 model year have channel selector for all v.h.f. channels plus six de- 

tented u.h.f. channels that can be pre -set by customer.... Hardwiring of TV sets loses another proponent 
as Setc %ell Carlson shifts to printed circuits; modular (called "Unit- ized'') design will be retained,.. . 

P/avTapc expects to introduce $300 home video tape recorder soon. using cartridge that holds ordinary 
'1-inch magnetic tape.... Look for more aluminum cc ire taking place of copper; strikes cut copper sup- 

plies. and maker decided less expensive aluminum works about as well.... VTR is no longer only mag- 
netic recording means for video; ;iIalsushita has one called Video Sheet Recorder.... Radio in batht nlc 

or pool? RC.-1 has one that floats and is waterproof. 
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The weed of crime 
bears sweet fruit 

Here's Why 
We've turned around the Shadow's 
old adage .. because now crime 
does pay It pays extremely well 
if instead of committing crimes, 
you prevent them Prevent them 
with the best burglar trap in the 
business Radar Sentry Alarms 

Because the crime rate is rising 
astronomically, the demand for bur- 
glary protection is at an all -time 
high Selling Radar Sentry Bur- 
glar Alarms is an excellent way to 
serve society -and make an extra- 
ordinary income at the same time! 
Sell just one Radar Sentry a week. 
and you can earn morethan $15.000 

a year! The weed of crime can in- 
deed bear sweet fruit. 

For less than $500 you can get 
started today on a career in crime 
prevention. There's no franchising 
fee. You can start selling Radar 
Sentry Alarms full or part time. 
No special experience is needed. 
though your electronics know -how 
will instill just the kind of customer 
confidence that helps build sales. 

Foolproof. solid -state burglar trap 
Radar Sentry Alarms saturate an 
area of 5000 square feet from wall 
to wall floor to ceiling with invis- 
ible microwaves. Using multiple 
remote detectors there is no limit 
to the area that can be covered. 
Any human movement will set of 
an earpiercing alarm. And nothing 
can thwart a Radar Sentry Alarm: 
it's completely foolproof! 

All Radar Sentry Alarm units are 
solid- state. Installation is simple - 

CIRCLE 
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NO. 101 ON READER SERVICE 

no test equipment or special tools 
required. Maintenance is just as 
easy. Thanks to solid -state circuitry . 
the heart of the Radar Sentry 
Alarm's electronics is on a single 
printed circuit module If a problem 
develops. the complete module is 
pulled out, and a new one plugged 
in. Instant repair. and no lapse in 
security 

Break into the burglary business today 

RADAR DEVICES MFG. CORP. EW.g 
22CO3 Harper Ave .St Clair Shores. Mich 48080 

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

Name 

Address 

City 

State Zip 
j 
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NRI "hands -on" training 
in communications 
can give you as much as 
2 years of on- the -job 
experience. 

8 

EARN YOUR FCC LICENSE - OR YOUR MONEY BACK 
NRI Communications training programs will qualify you for a First Class Commercial 
Radiotelephone License issued by the FCC. If you fail to pass the FCC examinations 
for this license after successfully completing an NRI Communications course we will, 
on request, refund in full the tuition you have paid. This agreement is valid for the 
period of your active student membership and for si_r months after completion of your 
training. No school offers a more liberal FCC License agreement. 

ELECTRONICS WORLD 



Experience is still your best teacher 

NRI Achievement Kit is educator -ac- 
claimed and the original "starter" kit in home study train- 
ing. Imitated but never duplicated, this kit is designed and 
personalized for you and your training objective. It has one 
purpose - to get you tarted quickly and easily. \ , 

"Bite- Size" Texts average an easily- digested 
40 pages of well -illustrated, scientifically prepared subject 
matter in the course of your choice. Questions in each book 
are carefully hand -graded and returned to you with helpful 
instructional notes. You get unlimited personal help from the 
day you enroll. 

...here's how you get it with 

unique NRI training at home 
Ask any teacher, job counselor, engineer, technician 
or prospective employer about the need for practical 
application of theory in Electronics. He'll tell you 
Electronics is as much a "hands -on" profession as 
dentistry or chemistry. That's how you learn at home 
with NRI. You prove the theory you read in "bite - 
size" texts, by actual experimentation with the type 
of solid- state, transistor and tube circuits you'll find 
on the job today - not hardware or hobby kits. You 
introduce circuit defects, analyze results, discover 
quickly the kind of trouble- shooting and design tech- 
niques that will make you employable in Electronics. 

Train with the leader -NRI 
NRI lab equipment is designed from chassis up for 
effective, fascinating training - not for entertain- 
ment. The fact that end results are usable, quality 
products is a bonus. In Communications, for example, 
you build and analyze, stage by stage, your own 25- 
watt phone /cw transmitter. It's suitable for use on 
the 80 -meter amateur band, if you have an interest 
in ham radio. In TV -Radio Servicing your practical 
training gives you your choice of monochrome or color 
TV sets. All training equipment is included in the low 
tuition - you pay nothing extra. Discover for your- 
self the ease, excitement and value of NRI training. 
Mail postage -free card today for new NRI Catalog 
. . . or use the coupon below. No obligation. No 
salesman will call on you. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

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

Designed- For -Learning Equipment 
Like this phone -cw transmitter (Kit r-7 in the Communi- 
cations course) is engineered from chassis up to demonstrate 
principles you must know. NRI does not use modified hobby 
kits for training, but the finest parts money can buy, pro- 
fessionally and educationally applied. 
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Name 

Address 

MAIL THIS COUPON IF CARD IS GONE - -I 
NATIONAL RADIO INSTITUTE 2.088 

Washington, D.C. 20016 

Please send me your new NRI Catalog. I understand 
no salesman will call and there is no obligation. 

Age 

City State Zip 

¡] Check for facts on new GI Bill 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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Number 37 in a series of discussions 
by Electro -Voice engineers 

CARDIOD 

IS NOT 

ENOUGH 
ROBERT F. HERROLD, III 
Microphone Project Engineer 

It is frequently assumed that a unidirectional mi- 
crophone exhibiting a perfect cardioid pattern is 
ideal for redurin_ unwanted noise pickup. While 
there is an element of truth in this asstnnption, 
normal studio prmtices usually dictate that a mi- 
crophone with a polar pattern that deviates front 
the classic rardioid shape is more effective. 

During development of the new Electra -'Dice 
Model RE-I5 Super Cardiooi 1. it was determined 
that a rardioid nmicrophone with optimum rejection 
at 130` off axis could maintain this rejection only 
within a cone of about 13' to 20 °. This meant that 
the microphone had to be aimed directly away from 
the of vudjng noise for maximum effectiveness, 

The 11,-ign of the 11E -13 was ahered to permit a 

small Lobe to exist at 180' (-till providing at least 
13 1111 of cancellation). This placed the point of 
maximum rejection at 130' off axis. and increased 
the useful cone of reject to about 80 . 

Since typical placement of any microphone on Moor 
stands and booms doe- not permit maintaining the 
noise to be reje'ted exaeth and consistentll at 
180° off axis. thi- ins ceased area of rejection adds 
greatly to the u- eIulne -- of the mis rophone. 

The Model RE -15 lr-ign i- :I blend of the concept* 
used in the Model 66(u \ ariable -Ds microphone 
and the Model 676 Continuously \ ariable -D" I- 
el. In essence, fixed cancellation ports are provided 
ch se tu the diaphragm for frequencies above 1000 
Itr, %tuile a slotted line provides a variable dis - 
tanec port for c: neellatiun of frequencies below 
1000 Ili. 

As a result of this design the RE -15 offers unusual- 
ly uniform frequency response at all points of the 
polar pattern within its useful frequency range. 
Frequency response at 90° and 180° off axis is 
within -}2 db of on -iris response. Thus there is 
no change in sound character as a performer moves 
off axis -just a charge in sound level. 

The RE -15 design also eliminates the polar pattern 
variations at different frequencies that are typical 
of single -D designs. as well as the proximity effect 
cununon to must rardioid microphones. 

The Super Cardiuiti pattern. plu- the uniformity 
of response has been extensitel fjeld tested, and 
proved more effective than the classic rardioid in 
the majority of studio conditions. 

*U.S. Patent No. 3,115,207 

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

ELECTRO-VOICE, INC., Dept. 883N 
629 Cecil St., Buchanan, Michigan 49107 

gkeretWer. 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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LETTERS 
FROM OUR 

READERS 

BATTERY -POWERED CARS 
To the Editors: 

I %% is)] to compliment you and your 
magazine on the article "Battery -Pow- 
ered Cars: Fact or Fantasy" appearing 
in the May issue. The author, Mr. W. 
Evanzia, skillfully handled a complex 
technical and timely social subject, and 
presented it in a simple, straightfor- 
ward manner. He clearly pointed out 
the important areas of technological de- 
velopments which will bring about an 
acceptable electric vehicle to the Amer- 
ican mark -et, in the not- too -distant fu- 
ture. 

I would like to point out, however, 
several minor errors in your article. 
The article refers to Dr. Robert C. 
Shair as the head of electrochemical 
research at Gulton. The name that 
should have appeared is that of Dr. 
Harvey N. Seiger. Dr. Robert Shair is 
\ "ice President of corporate research 
and development and he presently 
guides the total research activities of 
Guiton Industries. 

There are also two apparent mis- 
prints. The first acceleration in Table 1 

should read: O to 60 mi /h and not 0 to 
20. Table 2 gives 15 \Vh /lb as the 
energy density for the lithium battery. 
The correct value is 150 \Vh /lb ex- 
pected from the system. 

I wish to assure you that these minor 
errors in no way detract from the qual- 
ity of your fine iirticle. 

STE\ -EN CIIAIILIP, Section Head 
Engineering Development 
Grillon Industries, Inc. 
Research & Development Division 

Also, in the third ilarngrnph at the 
top of p. 41, the output of the siluer- 
ca(lmium cells- .should hare been indi- 
cated as 25 rather than 2 watt-hours 
per lb.- Editors 

To the Editors: 
\Ir. Evanzia's article on electric cars 

in the May, 1968 issue ends with the 
remark that "Electric cars may not be 
the complete answer to our traffic con- 
gestion and air pollution, but if they 
aren't, what is ?" There is such a good 
answer to this one that I could not re- 
sist a reply even if it may not appeal to 
you electronic types. 

Much to everyone's surprise, the 

products of combustion from a steam 
car boiler (even the antiques) are or- 
ders of magnitude lower in smog -pro- 
ducing components than are internal - 
combustion engine exhausts, and the 
modern steam car is, to say the least, 
competitive with present -day gas cars 
in range and performance. 

If electronics people really want to 
help lick the smog problem, give us a 
practical control system for the tem- 
peramental monotube boilers that give 
the modern steamer its ten -second 
warm -up, light weight, and freedom 
from explosion hazards. The best auto- 
matic controls we have now are copies 
of those developed by Abner Doble in 
the early thirties. 

If you are interested in this sort of 
thing, contact The Steam Automobile 
Club of America, Inc., 1937 East 71 
St., Chicago, Ill. 60649. 

DOUG GARNER 
Newport News, Va. 

ELECTRONICS TRAINING EDITORIAL 
To the Editors: 

Regarding your editorial "Electronics 
Training for All" in a former issue, 
this struck a chord of encouragement 
that the electronics industry may be 
awakening to the realization of the need 
for electronics training in our éduca- 
tional system. However, as I read and 
reread your article, I had the distinct 
feeling that your comments were di- 
rected to the college -oriented populace. 
While this is proper and necessary, it 
svill not answer the "servicing and 
maiuttn :utce of electronic equipment 
[that] will continue to plague the in- 
dustry- problem mentioned in para- 
graph five of your editorial. This prob- 
lem can only be solved by considerably 
increasing the training of electronics 
technicians. 

Where are we going to get our elec- 
tronics technicians? Not from the col- 
lege graduates, that is certain. The only 
source of such personnel is our voca- 
tional technical programs that should 
begin in the high schools and continue 
ill our junior colleges and technical in- 
stitutes or centers. It certainly takes 
much more training in the practical 
than in the abstract in order to be a 
good service technician. 

ELECTRONICS WORLD 



 

Know why RCA's 
color chassis 
are so easy to 
service? 

Because service 
men like you helped 
us design them. 

First we got their advice, then we designed the whole assembly for easy servicing. 
For example, the chassis give you easy access. You don't have to pull out the chassis 
to get at the high -line voltage connection. Circuits and components on the circuit 
board are clearly marked so you can easily service them. The tuner assemblies are 
simplified for your convenience. And, we set up more test points. They're the kind of 
chassis we think you'd design yourself. Fact is, all our chassis designs are reviewed 
by a representative group of servicemen. And we appreciate their advice. We think 
you will, too -every time you service sets by RCA. RCA 
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NEW tflo 

For Mobile Or Base Station Use 

Tests Predetermined Frequencies 25 - 470 MHz 

Portable . .. Use It Anywhere 

The FM -2400 is designed for 
testing and adjustment of 
mobile and base station 
transmitters and receivers at 
predetermined frequencies 
between 25 and 470 MHz. The 
FM -2400 provides an accu- 
rate standard frequency sig- 
nal to which the transmitter 
can be compared. This same 
signal is applied to the as- 
sociated receiver(s), thereby 
assuring an accurate fre- 
quency adjustment on all 
parts of the communications 
system. 
Up to 24 crystals may be in- 
serted into the meter for the 
selection of the frequencies 
required for testing of the 
system transmitters and re- 

ceivers. The frequencies can 
be those of the radio frequen- 
cy channels of operation, 
and /or of the intermediate 
frequencies of the receiver 
between 100 KHz and 100 
MHz. Self contained unit. 
Battery operated. 
FM -2400 (meter only) $395.00 

RF Crystals with 
temperature run .__ $23.50 ea. 

IF Crystals 
200 -2,000 KHz See Catalog' 
2,001 -13,000 KHz .... See Catalog' 

'WRITE FOR FREE CATALOG 

INTERNATIONAL 

CRYSTAL MFG. CO.. INC. 
III (.ki., r-ii, antA 73102 
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As you know, only a small percentage 
of our high- school graduates go on to 
college. Those who do not should by all 
rights take some kind of technical train- 
ing. However, the number of non -col- 
lege -bound students securing technical 
education is extremely small. Here at 
our high school of 1230 students, only 
123 are enrolled in some kind of vo- 
cational program; of this number, only 
25 are in the electronics technology 
course. This enrollment is by far too 
low. As I see it, there are mainly two 
reasons for this. First, there is the over- 
stressing that all students should pre- 
pare for college regardless of their abil- 
ity, desire, and /or capability. In other 
words, our high -school educational sys- 
tem is academically oriented and is 
not performing the educational service 
to the public which would meet its 
needs. 

Second, and most important, there is 
the stigma that has long been attached 
to vocational training, be it under the 
guise of technical education or trade 
and industrial education. Too many 
people feel that such training is for the 
"numbskulls" and disciplinary problems. 
This has made it difficult to secure those 
students who do not fall in these cate- 
gories but who could profit greatly by 
such training. 

GARLAND P. KUNTZ 
Electronics Instructor 
Dunedin High School 
Dunedin, Fla. 

COMMUNICATIONS VIA TOUCH 
To the Editors: 

Your article "Communications Via 
Touch" (May issue, page 32) contains 
some surprising statements. I have per- 
formed a number of experiments with 
arrays of air -jet tactile stimulators on 
the fingertips somewhat similar to the 
ones you describe on the chest. In my 
experiments maximum recognition rates 
have never exceeded 2 letters /second 
with random letters or 4 letters /second 
with English text. This is a far cry 
from the 15 characters per second you 
report. How, when, and where was this 
particular experiment performed and by 
whom? 

JAMES C. BLISS, Group Head 
Bioinformation Systems Group 
Engineering Techniques Laboratory 
Stanford Research Institute 
Menlo Park, Cal. 

Mr. Bliss' concern was caused by the 
inadvertent omission of a decimal point. 
The correct transmission rate is around 
1.5 characters per second, not 15. Also, 
on page 80, the sentence "pulses or taps 
of the skin contactor shorter than 0.5- 
microsecond duration cannot be felt by 
man" might invite some additional 
queries. In lieu of "shorter than," the 
word "of" would have been more ap- 
propriate.- Editor.~ 
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news 
Over 125 Million Tons of Pollutants . . 

are dumped into the nation's atmosphere each year, says "Waste Management and Controls" magazine. 
Almost 60% of the pollutants are from vehicles -cars, trucks, and buses; manufacturing processes account 
for another 18/0; electric generation for 12 %; space heating and refuse disposal for 9 %; and miscellane- 
ous causes 1%. This huge blanket of filth which covers the country from coast -to -coast has created a market 
for pollution control equipment and services that could reach $105 billion by the year 2000. The 1967 
anti-pollution equipment market was estimated to he more than $380 million and most of the country has 
yet to attack the problem seriously. 

But many people responsible for pollution control do not understand the problem. There has been a ten- 
dency to separate air pollution control from water pollution control, where in fact they are part of the 
same problem. Many industrial companies remove contaminants from was and vapor and dump them into 
streams to pollute the water. Likewise, manufacturers remove contaminants from liquid waste, burn them, 
and pollute the atmosphere. It appears that the only reasonable approach to the pollution control problem 
is a "system approach." The entire environment must be studied and monitored. Then, after sufficient data 
has been gathered, a system of control can he designed to nip the problem at the source. But, before a con- 

trol system can be effective, a determination of what level of pollution man can stand has to he made. 
Some of the larger cities such as New York, Los Angeles, and Boston have appointed agencies or set up 

groups to study the pollution problem. Other industrial centers are passing numerous pollution control laws. 
The National Center for Air Pollution (a divi,-ion of the Public Health Service under the Department of 
Health, Education and Welfare) is employing many engineers to study industrial processes, determine 
pollution levels, and to recommend changes in existing techniques of pollution control. Some of the indus- 
tries being carefully looked at are iron and steel plants, pulp and paper factories, and ore processing plants. 
It'll be another year or two before most of the present studies are completed and probably longer before 
much progress is made in either air or water pollution control. 

Liquid Crystals . . . 

may be the most important new development in display systems since the coming of the light bulb. The 
new technique which was disclosed by Radio Corp. of America scientists at a recent press conference 
makes use of the line -up of molecules in a "nematic" liquid crystal -where the molecules are stacked in 
short lengths like a pile of lumber -to form pictures and numbers that reflect light. 

The revolutionary new technique is still under development, and likely to remain so for some time. How- 

ever, RCA demonstrated its potential application to new products by showing it being used as a decade 
counter display and a 24 -hour clock dial. The scientists see the liquid crystal as a possible thin -screen 
competitor to such vacuum -tube displays as the oscilloscope used in radar. the "Nixie" tube, and -way 
in the future -the picture tube in television sets. 

Making displays, at least in this extremely primitive development phase, is a simple process. A thin film 

of liquid crystal 1 /1000th inch thick is squeezed between two thin sheets of glass whose inner faces have 
been coated with a conductive tin oxide. When an electric field is impressed upon the crystal, ion flow dy- 
namically scatters light and gives the crystal a milky white appearance. t !like most electroluminescent 
displays, the liquid crystal gives off no light of its own. It is reflective in nature and the brighter the light 
shining on the crystal, the easier it is to see. 

Electronic Surveillance Equipment . . . 
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has made the difference in a number of firefights in Vietnam, say Army Information Officers. Some de- 

tails on a few of the newest pieces of equipment have been declassified and released to the public by the 
Army, perhaps in hope of impressing the Viet Cong with our technical prowess. Most of these so- called 
"new" devices have been in the works for years, but for one reason or another are just beginning to he used 

under combat conditions. 
When US troops began to arrive in Vietnam in large numbers, they brought with them radars and other 

surveillance equipment which was representative of the state of the art of the early 1950's. Such an instru- 
ment was the PPS -4, a portable personnel surveillance radar which was almost always out of action. Even 
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i% hen it iworked. its performance was marginal. Few soldiers knew how to operate it and most of these men 
lacked the experience to tell human movement from trees, water buffalo, and the like. In addition. the 
weather proved to be almost as big an enemy as the Viet Cong and North Vietnamese. Heat and humidity 
fostered fungus growth, making radar and radios inoperative; and the extremely high temperatures ruined 
mountains of batteries stored in supply dumps. 

It was with relief that the Army men welcomed the PPS -5, a much improved antipersonnel radar. It's 
more accurate, easier to use, and many times more reliable than the PPS -4. Recently American troops have 
received image intensifiers, a device that helps them see in the dark. The intensifiers pick up very faint 
light rays reflected from objects. The light rays enter a viewing tube through a set of fiber optics which 
has on one side a chemical film that emits electrons when light strikes it. The electrons are accelerated 
by an electric field and strike a fluorescent screen to paint a picture of the scene under observation. 

Other personnel detection devices will probably be field -tested in the Vietnamese jungles soon. Army 
researchers are working on at least two smaller versions of anti -personnel radar; the AN /TPS -15 and the 
AN /PPS -7 for Marine use, and one that mounts on the barrel of a rifle. There is even a device that "sniffs" 
out the enemy by detecting, at great distances, human body odor. 

Without Positive Fingerprint Identification . . . 

many criminals would go free. But searching fingerprint files for matching "impressions" is a laborious, 
time- consuming job. Therefore, the Federal Bureau of Investigation has requested the National Bureau of 
Standards to develop a computer -aided method of fingerprint identification. Automating even part of the 
identification process, the FBI feels, will reduce the manpower required to search for matches and speed 
identification. Exclusive of other law enforcement agencies, the FBI has over 60 million sets of fingerprints 
in its civil file and about 17 million in its criminal file. 

The use of fingerprints for identification purposes is impeded by the difficulty in classifying them suc- 
cinctly; the Henry system, which has been in use for over 60 years, requires impressions of all ten fingers. 
In searching for a matching fingerprint, a hundred or more prints in the same Henry classification must 
sometimes be inspected. This work is done manually. 

Just the first leg of developing an effective computer -aided fingerprint identification system has been 
completed. Joseph Wegstein of the NBS Computer Center has designed a procedure to produce compact 
descriptions based on the minutiae, or fine details, of the fingerprint impression. In the Henry system, 
identification is confirmed by the presence of pattern characteristics such as arches, loops, and whorls, 
and by counts of ridges between certain features. The Wegstein technique characterizes fingerprints by 
comparing certain groups of minutiae from among the ridge endings, bifurcations, incipient ridges, is- 
lands, and enclosures that make the fingerprint unique. Thus it is possible to make preliminary identifica- 
tion on the basis of one print instead of ten. 

Computer programs utilizing the Wegstein characterization technique have been written. The next step 
of the project involves experimentation with various methods of matching fingerprint descriptors. 

Some Thoughts . . . 
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about things going on. Westinghouse Electric Corp. reports it has developed the world's smallest neutron 
detector. The chamber, which measures less than 0.075 inch across and 2.1 inches long, will be used to 
measure neutron flux in reactors a billion times its sire Will European railroads be automated? Eng- 
lish railroad men are interested in the Marconi Co. Ltd.'s Myriad 11 computer and graphical /tabular 
display which automatically controls rail traffic in complex networks of crossovers and junctions. A Sie- 
mens 4004/4.5 data processor schedules the Rumanian State Railways' freight movements four weeks in 
advance.... Federal Aviation Administration predicts that the number of passengers traveling on US air- 
lines will triple in the next decade. Where will we put the planes? ... What will probably be the world's 
largest integrated computer system will be located at the Defense Logistics Services Center in Battle Creek, 
Michigan. When completed, the system will be able to supply "real time" logistics intelligence for all 
branches of the services. Thirty -four people have been working full time for more than a year to spell out 
the computer requirements.... The New York Stock Exchange has put into operation its $5 million /B.1/ 
System 360 computer. Tlic computerized bookkeeping system will keep track of the deposit and withdrawal 
of shares between clearing houses. The system, which should cost about $8 million per year to operate, is 
expected to eliminate up to 75% of the present handling of stock certificates by brokers.... Optical com- 
munications systems moved toward practical usage when Bell Labs scientists announced they had developed 
the first tunable continuously pumped coherent parametric oscillator. The system is experimental, but the 
Bell Labs' scientists say the technique can be adapted to digital data, facsimile, voice and picture transiniN- 
sion as well. 
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Open a 
Savings Account 

with Sylvania. 

f ' ̂ _ 
.. . 

We'll even 
supply your deposits. 

We've minted our own kind of currency. 
Now you can save up for a color TV, a movie 
camera, a set of golf clubs, or even a new 
wardrobe, without putting away a dime. 

Every time you buy 50 Sylvania receiv- 
ing tubes, we give you our special mint called 
"Bright On Target" award checks. The more 
receiving tubes you buy, the more checks 
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you get. And the more of Sylvania- currency 
you can spend. 

Unlike other award programs our plan 
is not only for big savers. If your needs are 
small and you can only save a couple of 
checks, you still get a chance to make many 
choices from our award catalog. 

The next time you're stocking up on 
receiving tubes, open a savings account with 
a participating Sylvania distributor. It's like 
putting money in the bank without putting 
money in the bank. SYLVAN IA 

GENERAL TELEPHONE &ELECTRONICS 
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You can earn more money 
if you get an FCC License 

...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

NOT SATISFIED with your present income? 
The most practical thing you can do 

about it is "bone up" on your electronics, 
pass the FCC exam, and get your Govern- 
ment license. 

The demand for licensed men is enor- 
mous. Ten years ago there were about 
100.01111 licensed communications stations, 
including those for police and lire depart- 
ments, airlines, the merchant marine, pipe- 
lines. telephone companies, taxicabs, rail- 
roads. trucking firms, delivery services. and 
so on. 

Today there are over a million such sta- 
tions on the air. and the number is growing 
constantly. And according to Federal law. 
no one is permitted to operate or service 
such equipment without a Commercial FCC 
License or without being under the direct 
supervision of a licensed operator. 

'I his has resulted in a gold mine of new 
business for licensed service technicians. A 
typical mobile radio service contract pays 
an average of about $100 a month. It's pos- 
sible for one trained technician to maintain 
eight to ten such mobile systems. Some men 
cover as many as fifteen systems, each with 
perhaps a dozen units. 

Corning Impact of UHF 
This demand for licensed operators and 
service technicians will he boosted again in 
the next 5 years by the mushrooming of 
UHF television. To the 500 or so VHF tele- 
vision stations now in operation, several 
tines that many UHF stations may be added 
by the licensing of UHF channels and the 
sale of 10 million all- channel sets per year. 

Opportunities in Plants 

And there are other exciting opportunities 
in aerospace industries, electronics manufac- 
turers. telephone companies. and plants op- 
erated by electronic automation. Inside in- 
dustrial plants like these. its the licensed 
technician who is always considered first for 
promotion and in -plant training programs. 
The reason is simple. Passing the Federal 
government's FCC exam and getting your 
license is widely accepted proof that you 
know the fundamentals of electronics. 

So why doesn't everybody who "tinkers" 
with electronic components get an FCC Li- 
cense and start cleaning up? 

The answer: it's not that simple. The gov- 
ernment's licensing exam is tough. In fact, 
an average of two out of every three men 
who take the FCC exam fail. 

CIE 

There is one way, however. of being pretty 
certain that you will pass the FCC exam. 
And that is to take one of the FCC home 
study courses offered by the Cleveland In- 
stitute of Electronics. 

CIF courses are so effective that better 
than 9 out of every 10 CIF -trained men who 
take the exam pass it...on their very first try! 
That's why we can afford to back our 
courses with the iron -clad Warranty shown 
on the facing page: you get your FCC Li- 
cense or your money hack. 

There's a reason for this remarkable rec- 
ord. From the beginning. CIE has special- 
ized in electronics courses designed for 
home study. We have developed techniques 
that make learning at home easy. even if 
you've had trouble studying before-. 

In a Class by Yourself 

Your CIE instructor gives his undivided per- 
sonal attention to the lessons and questions 
you send in. Its like being the only student 
in his "class." He not only grades your work. 
he analyzes it. Even your correct answers 
can reseal misunderstandings he will help 
you clear up. And he mails back his correc- 
tions :tnd comments the same day he re- 
ceives your assignment, so you can read his 
notations while everything is still fresh in 
your mind. 

It Really 1Vorks 

Our files are crammed with success stories 
of men whose CIF, training has gained them 
their FCC "tickets" and admission to a 
higher income bracket. 

Mark Newland of Santa Maria, Calif.. 
boosted his earnings by $120 a month after 
getting his FCC License. He says: "Of 11 
different correspondence courses I've taken. 
CIE's was the best prepared, most interest- 
ing. and easiest to understand." 

Once he could show his FCC License. 
CIE graduate Calvin Smith of Salinas. Cali- 
fornia. landed the mobile phone job he'd 
been after for over a year. 

Mail Card for Two Free Books 

Want to know more? The postpaid reply 
card hound -in here will bring you free cop- 
ies of our school catalog describing oppor- 
tunities in electronics. our teaching methods. 
and our courses, together with our special 
booklet. "How to Get a Commercial FCC 
License." If card has been removed, just 
send your name and address to us. 

THESE CIE MEN PASSED... 

NOW THEY HAVE GOOD JOBS 
Matt Stuczynski. 

Senior Transmitter 
Operator, Radio 
Station I1'BOE 

"I give Cleveland In- 
stitute credit for my 
First ('lass Commcrci: t 

FCC License. Even 
though I had only six 
weeks of high school 
algebra, CIE's AUTO - 
I, ROG RA M M i l)TM lessons make elec- 
tronics theory and fundamentals easy. I 

now have a good job in studio operation, 
transmitting, proof of performance, equip- 
ment servicing. Believe nue, ('I1ì lives up to 
its promises." 

Chuck flats kins, 
Chief Radio 

Technician, Division 
12. Ohio Dept. 
of Highways 

"My CIE Course en- 
abled nie to pass both 
the 2nd and 1st Class 
License Exams on my 
first attentpt...I had no 
Prior electronics train- 

ing either. I'm now in charge of Division 
Communication.. w'e service I I 9 mobile 
units and sis hase stations. Its an interest- 
ing, challenging and rewarding job. .yn,l 
incidentally, I cot it through CIL's Job 
Placement Service... 

Glenn Horning. 
Local Equipment 

Supers isor. Western 
Reserve Telepl 

Company 
"There's no doubt 

about it. I owe my 2nd 
Class FCC License to 
Cleveland Institute. 
Their FCC License 
Course really teaches 
you theory and fundamentals and is par- 
ticularly strong on transistors. mobile ra- 
dio. troubleshooting and math. Do I use 
this knowledge ? You bet. w'e're installing 
more sophisticated electronic gear all the 
time; what I learned from C'IL sure helps." 

ENROLL UNDER NEW G.I. BILL: All CIE 

courses are available under the new G.I. 

Bill. If you served on active duty since 
January 31, 1955, OR are in service now, 

check box on reply card for G.I. Bill 
information. 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept.EW -48, Cleveland, Ohio 44114 

Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage 
of electronics fundamentals plus such up -to -date applications as: Microminiaturization Laser Theory and Application Suppressed Carrier 
Modulation Single Sideband Techniques Logical Troubleshooting Boolean Algebra Pulse Theory Timebase Generators...and manu more. 
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1111)) :::::, of success in obtaining a .1::::::,. 

'I (:, Government FCC License 4:::', 
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LAB TESTED 

III -I'I PRODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 

Switchcraft Model 307TR Mixer 
KLH Model Five Speaker System 

Switchcraft Model 307TR Mixer 
For copy of manufacturer's brochure, circle No. 35 on Reader Service Card. 

APROGRAM mixer is an important 
part of any recording, broadcast, 

or public- address installation. It per- 
mits combining and individual adjust- 
ment of several different program 
sources, such as microphones, phono 
cartridges, tape recorders, or tuners 
into a single signal which can drive 
higher level amplifiers. 

Mixers for professional applications 
are normally much more elaborate and 
costly than for aviateur or simple pub- 
lic- address use. The new Switchcraft 
Model 307TR "Studio Mix Master" is a 
four -channel, solid -state stereo or (mono) 
mixer admirably suited to the needs of 
the serious amateur or for less- exacting 
professional requirements. 

The mixer has four inputs, each with 
its own front -panel level control. A fifth, 
master volume control, affects the total 
output. Each input has two alternate 
jacks; one is a high -level Aux. standard 
phono jack and the other is a phone - 
plug microphone jack, only one of 
which may be used at a time. In the 
rear of the unit is a stereo /mono switch 
which combines all four inputs into the 
left -channel output in the Mono posi- 
tion. For stereo recording, the Stereo 
position of the switch, in effect, divides 
the mixer into two halves, each of 
which has two inputs and separate out- 
puts. 

There are also two phono -equalizer 
slide switches that convert two of the 
four microphone inputs into RIAA- 
equalized magnetic -phono cartridge in- 
puts. In this mode of operation, the 
Model 307TR can be used as a mixer 

22 

for a stereo cartridge and a pair of 
microphones, a cartridge and a stereo - 
tuner signal, and numerous other com- 
binations of program sources. 

The mixer is powered by two 1.5- 
volt "D" cells. This 3 -volt power source 
operates a transistorized inverter that 
delivers 18 volts d.c. for powering the 
amplifier transistors. The batteries 
should last about 100 hours if used two 
hours a day, and somewhat less in con- 
tinuous service. Since there is no pilot 
light to indicate that the unit is turned 
on, it is necessary to develop the habit 
of switching the mixer "off" when not 
in use. 

With all level controls at maximum, 
only 100 millivolts was needed at the 
Aux. inputs to develop 1 -volt output. 
At the microphone inputs, 1 millivolt 
was sufficient to drive the amplifier to 
1 -volt output. The magnetic -phono in- 
puts required 4.6 millivolts. 

The signal -to -noise ratio was about 
48 dB referred to 1 -volt output, at 
maximum gain, and slightly better at 
lower gain settings. The audible noise 
was all hiss and the noise level would 
be rated even lower if the bandwidth 
were %weighted to be restricted to the 
audible range. Noise was inaudible un- 
der ordinary operating conditions and 
unmeasurahly low on Phono, where the 
RIAA equalization de- emphasis atten- 
uated it considerably. 

The microphone inputs did not over- 
load until a signal of 160 millivolts was 
applied, regardless of control settings. 
The phono inputs withstood 200 milli- 
volts without overloading. In practical 

terms, this means that the mixer is im- 
mune to overload from its intended 
program sources. 

The distortion was dependent on the 
setting of the individual level controls. 
At the maximum setting, distortion was 
about 0.5% at 1 -volt output, 0.85% at 
1.5 volts, and 4.5% at 2 volts. At half 
of maximum setting, although the maxi- 
mum output conditions were not affect- 
ed, the distortion at 1.5 volts was 0.25% 
and at 1 volt was a very low 0.13 %. 

The basic frequency response through 
the Aux. inputs was flat within +0, 
-0.5 dB from 20 to 20,000 Hz. The 
magnetic -phono cartridge equalization 
was accurate to within 1 dB or so over 
its full range. 

There is little that can be said about 
the per formance of a unit such as this, 
except that it worked exactly as in- 
tended, and seemed to have absolutely 
no vices or weaknesses. It sounded fine 
and was stable and quiet under all 
conditions of operation. It was housed 
in an attractive. glossy black -enamel 
metal case, with rubber feet. 

The Switchcraft Model 307TR has a 
suggested user net price of $87. 

KLH Model Five Speaker System 

For copy of manufacturer's brochure, 
circle Vo. 36 on Reader Service Card. 

THE KLH Model Five bridges the 
gap in price and performance be- 

tween the company's popularly priced 
Model Six and the top -of- the -line Model 
Twelve. Like other KLII speakers, the 
Model Five uses an acoustic- suspen- 
sion woofer in a fully enclosed cabinet 
measuring 26" x 133/4" x 1112" deep. 
Although it could be installed on deep, 
sturdy shelves, its site and weight will 
dictate a floor mounting in most cases 
of use. 

The Model Five is a three -way, 8- 
ohm system with a 12 -inch driver oper- 
ating up to 600 Hz. Two 3 -inch cone 
speakers operate between 600 and 
3000 Hz, while a tiny 13/4" dome 
tweeter radiates the frequencies above 
3000 Hz. A pair of three- position level 
switches on the rear of the cabinet per - 

(Continued on page 60) 
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TEEEQUIPMENT 
TYPE S54 

Rectangular CRT, 4KV, 
6 x 10 cm viewing area 

luminated Graticule; 
P31 phosphor. 

X10 Gain increases 
deflection factcr to 
10 mV /cm (DC to 4M 

TELEOUtPMENT 

oscii.._D CCF-- 
TYPE S54 

STABILITY 

Portable; 17 lb. 
space -saving size: 
9 in x 7 in x 16 in. 

Full Trigger ng with 
AUTO or LEVEL 
selective operation. 

TV Frame cr I ne 
selection for easy TV 
waveform triggering. 

Step Selectors with 
variables, standard 1 -2 
sequence. Attenuators 
accurate within 5%. 

TRIG 
SELECTOR 

V0.S:C 

Convenient line voltage 
range selector on rear 
panel. 

/ Lc .00 / 70, SO 

)0 J^ :. 1 

00 

100 
t 

AML 

OiL ,wr 

CAL 0 .os. t _..A.. 000 

Slope and source selection. 

Convenience Jacks include 
Amplitude Calibrator, 
Probe Test, EXT input and 
Sweep output. 

DC to 10 MHz 35 ns RISE TIME 
TRIGGERED OPERATION PRICE: $350 

Des gned and priced for the service industry; backed by a 

one year warranty, parts support and 20 regional service 
centers; marketed through 48 Tektronix Field Offices. 

For more information call your local Tektronix field engi- 
neer or write Tektronix, Inc., P. O. Box 500, Beaverton 
Oregon 97005. LI S. Silos Pr c, FOE Bee,er o Or.¿on 

TELEQU I PM ENT <411> 
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The best TV deserves 
the best antenna! 
Install a Zenith Quality- Engineered Antenna! 

Model 973 -94 
designed for far fringe areas 

Exciting Surprises 
for You - 

and Your Family! 
Fun for all! 

Get the details 
at your Zenith 
Distributor's 

Parts Department. 

These features help a Zenith outdoor antenna pro- 
vide the superior reception that makes for satisfied 
customers: 

Capacitor coupled cap -electronic VHF dipoles. 
Tapered UHF grid driver. 
Staggered square UHF directors. 
Low -impedance, triple boom construction. 

You can choose from twelve all -new Zenith VHF/ 
UHF /FM or VHF /FM antennas. All are gold color 
alodized aluminum for better conductivity, greater 
corrosion resistance and longer service. 

Ask your Zenith distributor for a free technical man- 
ual. He has charted the reception characteristics of 
your area, so he can recommend the best antenna 
for each installation. 

1918 1968 et: 

dDl1151119 NNO 

BEST YEAR YET TO SELL THE BEST 

The quality goes in before 
the name goes on 

CIRCLE NO 96 ON READER SERVICE CARD 
24 ELECTRONICS WORLD 



 SCR's 
and TRIACS 
-the revolution continues 

By DAVID COOPER/ Manager. Advanced Products Engineering 
International Rectifier 

In the past two or three years, nene tltyristors 
hatee been developed that handle higher potter at 
faster speeds and at lower prices. This has led 
to atore uses for these neo' semiconductors. 

NVO and a half years ago, an article entitled "The 
SCR Revolntii ii appeared in this magazine (Febty- 
ry, 1966 issue). The author described some of the a e 

many applications which had been developed using thyris- 
tors (SCR's and trines). At the present tinge, the revolu- 
tion is continuing and, as a platter of fact, at an ever -in- 
creasing tempo. 

The challenge presented by the availability of relatively 
low -cost SCR's in current ranges from one ampere to more 
than 500 amperes has been niet by imaginative circuit de- 
signers. SCR's are now being applied to literally thousands 
of items. They are being used in equipment ranging in pow- 
er ratings from hi -fi sets to steel -mill drives and in fre- 
quency ratings from the low frequencies used in furnace - 
heating supplies to the high frequencies used in radar pulse 
modulators. Most of the emphasis in SCR development in 
the past two or three years has been on extending the volt- 
age and current ratings of devices and, at the same time, 
slaking them faster in their ability to turn on and turn off. 

Better and Cheaper 
By employing advanced design and fabrication tech- 

niques, such as shorted emitter construction and multi -gate 
design, and by using minutely controlled diffusion and epi- 
taxial deposition, SCR manufacturers are now able to sup- 
ply a 500- ampere device Nvith high voltage capability and 
faster turn -off than the first 16- ampere devices which were 
introduced in 1958. \lore important is the manufacturers' 
ability to produce these characteristics on demand and in 
large quantities, thus maintaining a low manufacturing cost 
which can he passed along to equipment manufacturers. 
This trend toward lower costs of devices with rather sophis- 
ticated requirements is, of course, the means by which more 
and more SCR applications become economically practical. 
Another direction being taken in industry to lower the 
cost and also to simplify electronic equipment is to corn- 
August, 1968 
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bine several distinct but related functions in one device. 
Electron-tube manufacturers have delayed the demise of 

the electronic tube by combining several vacuum tubes in 
one envelope. They are now developing tubes which also 
include resistors and other components within the tube en- 
velope. Producers of solid -state devices have clone the same 
in the form of integrated circuitry. However, most of the 
early progress in this field has been made at low power lev- 
els. One exception to this is the triac. The trias, or hi- direc- 
tional thyristor, combines the function of two SCR's in a 
single silicon chip. 

The progress made in triac technology in time past few 
years is phenomenal. In 1966 the largest triac available was 
rated at 10 amperes and 400 volts. A triac is now in produc- 

Fig. 1. Full -wave incandescent light dimmer for lamps up to 
400 or 1000 watts. Can also be used as motor speed control. 

FOR LAMPS UP TO 400 WATTS 
OR SMALL MOTORS (UP TO 
2 AMPS) 

FOR LAMPS UP TO 1000 WATTS 
OR LARGER MOTORS (UP TO 
S AMPS) 

DI -04= 
SERI: 

3F20 -D 
2N1774 

2010320 
2N6US 
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Only two years ago, triac ratings were in the 5 to 10 amp 
range. Today, 200- ampere triacs, such as the one on the 
right, can control more than 140 kilowatts of a.c. power. 

fion which is rated at 200 amperes, 1000 volts, representing 
50 tines the former power rating. This 200 -ampere triac 
also possesses a "logic- gate" characteristic, which not only 
permits the use of simpler power circuits but also allows fur- 
ther simplification of the driving circuitry. 

The high -power triac has provided tremendous size reduc- 
tion in power- control equipment. For instance, theater light - 
dimming circuits of 12 -kVA rating require only one triac 
as opposed to the two SCR's previously needed, and a three - 
phase a.c. motor starter can be designed in 60% of the vol- 
ume formerly required using SCR's. 

Another means of advancing the use of thyristors has 
been the availability from several manufacturers of a pack- 
aged driving circuit for various types of power control 
schemes. These contain all the necessary circuitry to provide 
smooth, accurate, and reliable control. 

Recent advances in power thyristor packaging have also 
helped to provide more kilowatts per dollar in a smaller 
space. lost power rectifiers and silicon controlled rectifiers 
in the past have been supplied to the user in a case with a 
threaded stud on one end. This permitted the user to screw 
the stud into a metal plate (usually aluminum or copper) 
which serves to conduct heat away from the semiconductor 
to maintain a reasonable operating temperature. By design- 
ing semiconductor cases capable of being heat -sinked on 
both sides of the device simultaneously, manufacturers have 
been able to increase the current rating of the same piece 
of silicon by 60%. Through the use of standardized, off - 
the -shelf driving circuits and the newest high power density 
thyristor and rectifier packaging, it is possible to build ex- 
tremely compact and efficient assemblies capable of con- 
trolling hundreds of kilowatts. 

With the advent of large, stud- mounted junction devices 
in high -voltage ratings and double -sided cooling, the SCR 
has truly come into its own in large power applications. 
\Vhat was considered an innovation in motor control far 
vehicles came in 1964 when SCR control for golf carts was 
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117V A.C. 

117V TO 24V CT. 
IUTC-FTIO OR EQUIV.) 

205820 

20HB20 

SCR -03 
(2N6e2) 

12V I + 
BATTERY _ 

L_ _J 

0 -10A D.C. 
AMMETER 
(OPTIONAL) 

5A40 

2711. 
4W 

2711 
4W 

loon IW SCR -01 

CHARGE- 8.2V 12N1771) 

CUTOFF 21106 
ADJ. 

V2W 

50011 
2W 

Fig. 2. Controlled battery charger delivering up to 10 amps. 
Charging rate is reduced to trickle at a given preset level. 

introduced. Only three years later in 1967, two rapid tran- 
sit cars using an SCR control capable of simultaneously 
driving several large d.c. traction motors rated at several 
hundred horsepower were added to the Chicago transit sys- 
tem. 

Plastic -encapsulation of SCR's is another fabrication tech - 
nique that reduced device cost in the past few years. For 
example, a 40 -A, 400 -V SCR in a ceramic -metal case cost 
$:30 in 1966. In its present encapsulated version, a similarly 
rated device now sells for about $9. 

Static Power Control 
The inherently fast response and controllability of the 

SCR and triac have truly revolutionized static power con- 
trol. Digital -computer -controlled SCR heating and climate 
control systems for office buildings, now being designed, are 
so precise and maintain such high resolution that they 
change the power distribution to the various parts of a 
building, sensing a temperature change even when a cloud 
covers the sun. Thus only the minimum energy is required 
for heat. It is estimated that this highly sophisticated type 
of climate control system will pay for the entire installation 
in large office buildings in power savings accrued over a 
three -year period. 

The advent of integrated circuits has also helped to in- 
crease the use of silicon controlled rectifiers. By being able 
to incorporate more control and logic functions in smaller 
and less expensive packages, the designer has been able to 
show the economic feasibility of many circuits which might 
otherwise have proved impractical. 

In order to illustrate this let us consider pulse -burst modu- 

Fig. 3. Variable speed control designed for universal motor. 
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This pressure -assembled hockey -puck -like SCR can have heat 
sinks on both sides thus increasing the power -handling capa- 
city. This SCR, which can carry as much as 250 amperes av- 
erage, has a 60% greater current- handling ability than a con- 
ventional stud -mounted device having the some junction area. 

tauon :und zero crossoNer filing control. One of the disturb- 
ing effects of SCI1 control lias been the r.f. interference 
noise geuerald is the sers fast sss itching of the SCRs. 
\\'here loads have relatively slos\' response to changes in 
applied energy 1 for instance in temperature changes in 
large heaters). it is limy possible tu use a control schemeu 
sshic11 sirtualIs eliminates this noise generation. It\ sss'ittIt- 
iug the S(:IZ's on as the sinusoidal suppl\ passes through 
zero, a \(r smooth \Vaseshape results. If this switching cott- 
linues for several cscl(s and is that discontinued and theft 
repealed, tltc load ss ill he subjected to "bursts" of sine- 
s\ as e pulses- hence, the Hanle, pulse -burst nmdnlatjunl. 1'1äs 
(UII(ept IS even more attractive s1'Ittit \t)lt consider tete in- 
tegrated circuits available to perform the logic requird. 

11N-erters and Choppers 

A sers interesting application of the S(:H sshjch has come 
into its ttss ii It1 the last f(W at's lias been the static in- 
verter. An inverter is simply a circuit which couverts d.c. to 
a.u. Some U111111111>11 applications fin- SCR inverters are fluores- 
cent light supplies, induction heating supplies, ultrasonic 

:M 

i/2 A 

24V 

0- 

2N2'60 

0.47V 
20V 

2208 
1/2W 

O.IyF \50V 

OIyF /50V 

4711 
I/2W 

12k 
2W 

21,F 

2N1771 

SOV 

O LAMP 
LOAD 

2N1771 

Fig. 4. Battery -powered flasher circuit producing about 
60 flashes per minute. To vary flashing rate, substitute 
0.5 -meg resistor and 0.5 -meg pot for the 1 -meg resistor. 

CADMIUM SULPHIDE PHOTOCONDUC IVE 
CELL (OPTIONAL) CS 120 

Fig. 5. Line -voltage Basher with optional PE control. 

Plastic- encapsulated SCR's, such as these, are low in cost. 

Table 1. Listing of typical SCR inverter applications aid output capabilities. 

APPLICATION POWER RANGE FREQUENCY 

Fluorescent - Lighting 
Supply 

High- Frequency 
Induction Heating 

Ultrasonic 
Cleaning 

A.C. Motor Speed 
Controls 

No -Break Power 
Supplies 

3 kW to 30 kW 

1 kW 

500 W and up 

10 hp and up 

10 kw to 400 kW 

400 Hz to 10 kHz 

I kHz and up 

50 kHz and up 

0 to 400 Hz 

ADVANTAGES 

a) Increased lamp efficiency 
b) Allows use of fluorescent tubes 

where only d.c. is available 

a) Increases productivity in 
metal -processing industry 

b) Saves power over rotating machine 
c) Provides lower maintenance over 

other high -frequency sources 

a) Increased productivity for industrial uses 
b) Solventless cleaning reduces additional 

steps in cleaning process 

a) Can replace d.c. motor 
b) Lower maintenance, lighter, smaller 

Provides uninterrupted power for 
60 Hz computers or other equipment vital to 

business and national defense 
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Prepackaged firing circuits, such as this three -phase 
unit which is shown in the right foreground, can be em- 
ployed w th triac (left) and SCR (right) controllers. 

generators, induction motor speed controls, and no -break 
power supplies. SCR inverters are being manufactured to 
provide output power ratings ranging from a few kilowatts 
to several hundred kilowatts. Table 1 lists the wide range 
of application and output capacities. 

There are many types of inverter circuits now being used. 
(See Special Section on "Power Supplies" in our April, 1968 
issue.- Editor.) Inverters producing sine -wave outputs can 
be applied to many different kinds of loads Nvith very good 
results. They can also be used in multiples to form multi- 
phase waveshapes and simulate high frequencies. 

SCR's are also used in d.c. choppers. A d.c. chopper is 
simply a circuit used to provide unidirectional pulsations 
from a d.c. source to a load. By varying the chopping rate 
the level of d.c. from the supply to the load can be con- 
trolled. This configuration could be called a "d.c. trans- 
former." 

Motor Control 
A d.c. motor requires a control capable of supplying vari- 

Inv Ac. 
o O 

able -level d.c. when the available power supply is a.c.. 
this can be accomplished by simply providing a bridge of 
controlled rectifiers between the a.c. source and the d.c. 
motor. Using this technique, d.c. drives for steel mills bave 
been designed to drive motors of up to 12,000- horsepower 
ratings. 

In some applications the only available supply is d.c. This 
is the case with fork lifts, rapid transit cars, and electric 
delivery trucks. In order to control the voltage to the motor 
with a d.c. supply, a series of resistors between the supply 
and the motors has been used in the past. In this type of 
control, as the motor is started, the amount of resistance 
between the (Lc. source and the motor is reduced slowly 
until the motor speeds up. This system is cumbersome and 
inefficient due to the power dissipation in the resistors. An 
improvement on this method is accomplished by the use of 
SCR's. 13y varying the chopping rate of a d.c. supply the 
average voltage to the load can be varied. 

Thus, the use of heavy, slow power contactors and inef- 
ficient massive resistors is now unnecessary in large d.c. 
motor control. The resulting SCR replacement is not only 
smaller and more efficient, it is also faster -acting and more 
accurate, allowing the use of more sophisticated types of 
control. 

Today the power systems controlling the motors can now 
effectively receive signals from command computers and re- 
spond in a few microseconds to accurately control motors. 
In another example, the thickness of metal produced by a 
rolling mill can be sensed by an x -ray gage, transmitted to 
a digital computer which can analyze the quality of the 
strip, and pass along corrective action to the SCR motor 
controls -all within microseconds. The sane technology has 
allowed systems like the San Francisco Bay Area Rapid 
Transit System to be designed to provide completely au- 
tomated rapid transit. 

The Nvidespread application of thyristor circuitry in re- 
cent years can be measured by the increase in sales of SCR's. 
In 1966 there were about 15 million SCR's sold in the United 
States, in 1968 more than 25 million is expected to be 
marketed. 

Application of these devices has been extended to include 
home heating systems, estimated at 80 megawatts of new 
installed load each year in th United States, electric trans- 
missions for earth -moving vehicles capable of hauling over 
100 tons per load, as well as motor controls ranging from 
steel mills to portable mixers, and logic circuits for auto- 
matic process control to indicating lights on FM multiplex- 
ing systems. The SCR revolution continues because of the 
burgeoning expansion of applications. 

Fig. 6. Climate -controlled heater circuit using 100 -A triac. Regulated filter supply feeds a differential input stage consisting 
of pair of 2N3417's. When temperature drops below the reference as determined by setting of pot, the left -hand transistor con- 
ducts more and turns on the 2N3251. This charges the 0.1 -aF capacitor more rapidly, resulting in faster pulsing of the 2N489 uni- 
junction transistor. This, in turn, triggers triac through output transistor and pulse transformer, increasing heater load current. 
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$6 Million 
\ Two -Way Radio 

System For Buses 

New York City bus driver is using his handset to communicate 
by two -way radio with his headquarters dispatcher. Hidden be- 
hind driver is a gooseneck- mounted mike for bus p.a. system. 

P 
\SSENCERS riding the New York City buses recently 
lta\e noticed that something new has been added. Most 
of these buses now sport small center -loaded whip 

antennas along with some new radio equipment. The other 
day, while we were riding a crowded bus, we were sur- 
prised to hear the bus driver tell the standees to "please 
move to the rear of the bus." None of the passengers seemed 
startled -New Yorkers seem to take everything in stride -but 
they did do as they were told. 

Over two and one -half million passengers ride on some 
4200 New York City buses every day. At present, about 
3000 of these have been equipped with two -way radios and 
p.a. systems; by the end of the year, the entire fleet will be 
so equipped -that is, if the present plans go along without a 
hitch. 

To communicate with these buses, the five boroughs of 
the city have been divided into 19 control areas. Each area 
has its own base radio station located in the bus garage serv- 
ing that area. Control consoles for all the base stations are 
centrally located in the Transit Authority's Surface Head- 
quarters in Brooklyn. Telephone lines interconnect the con- 
trol consoles with the radio transmitters. In addition, there 
are two high -power (350 -watt) supervisory and road service 
vehicle control stations to reach the newly radio -equipped 
snow -fighting units and patrol and supervisory vehicles. 
Two hunched fifty-two hand portable radios, with about a 
1 -mile range, will be employed by the various street and yard 
dispatchers. 

Radio communications should result in improved service. 
especially during emergencies, blockages due to snow storms. 
fires, floods, and other serious tie -ups. Buses can be re- routed 
instantly front headquarters and short lines can be estab- 
lished immediately. Serious accidents can be handled as they 
occur, and bus breakdowns and mechanical failures can be 
reported and acted upon at once. 

\Vhen it becomes known that a driver can summon im- 
mediate police aid, the new radios will be an effective deter- 
rent to vandalism, and help prevent robberies and assaults. 
Toward this end, the driver has a hidden foot switch that 
ties the gooseneck -mounted p.a. microphone into his radio 
transmitter so that the dispatcher can hear just what's hap- 
pening on the bus. 

The p.a. system uses two high- efficiency loudspeakers: 
one above the driver's head and the other at the very rear 
of the bus. A useful added touch is the installation of a 
flush- mounted outside loudspeaker beside the front door. 
When this is switched on, the driver can tell the people 
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By MILTON S. SNITZER /Technical Editor 

This is the world's largest commercial 
system with almost 5000 solid -state radios 
for traffic control and as crime deterrent. 

who are waiting for him on the sidewalk that "there's another 
bus just behind me." 

All Solid -State Equipment 
All the radio and p.a. equipment used in the $6 million 

system is solid -state and operates from a 12 -volt battery 
supply. The same type of equipment is used for the 19 base 
stations so that in the event of a power failure or other 
emergency the system can continue to operate. Narrow -band 
FM radio equipment is used and this equipment is left on 
all the time that the bus engine is running. Battery drain 
is only 0.2 amp when not transmitting. Transmitter power 
output is 30 watts. 

Most of the transmitters we saw operate at frequencies 
between 30 and 31 MHz, although a few of the sections in 
the city are using frequencies between 155 and 159 MHz. 
Buses operating on the lower frequency use center -loaded 
whips, while those on the higher frequency use full quarter - 
wave whip antennas. Antennas are mounted atop the bus 
roof over the driver's head. 

Most of the radio equipment was furnished to the Transit 
Authority by RCA under a contract that was said to be the 
largest commercial award for two -way radio equipment in 
the public transportation field. 

Control center for new bus radio system employs 19 radio dis- 
patchers for the radio base stations. Telephone lines are used 
to connect dispatchers' consoles to the stations that are lo- 
cated in Transit Authority garages in the city's five boroughs. 
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RECENT 

DEVELOPMENTS 

IN ELECTRONICS 

Training Simulator for Largest Transport Plane. (Top left) Air 
Force pilots will be quite at home in cockpits of the new C -5's, 
the world's largest-transport plane, thanks to this training sim- 
ulator now being built. A pair of digital computers will serve as 
brain for the simulator, which will duplicate exactly the pilot, 
copilot, flight engineer, and navigator's stations. The new sim- 
ulator will be the first cargo aircraft type that includes the 
navigator's station. And this new station has the most sophis- 
ticated engineering advance -a radar land -mass generator. The 
generator gives the navigator a radar -return pattern for any part 
of the United States. Eventually, geographic film strips may be 
projected onto the simulator's cockpit window to provide an 
even more realis5c "flight." Five of these systems are being 
built by Conductron- Missouri under subcontract to Lockheed. 
The f rst two of these are for the transition training unit at 
Altus Air Force Base, Oklahoma, where pilots will learn how to 
fly the C -5. The other simulators will go to three military airlift 
command bases for use in their pilot refresher training courses. 

Controlled Fracturing by Laser. (Center) The large object at the 
right is a book match head, which shows just how small the 
tiny rectangular resistor next to it is. The resistor, fabricated 
on a ceramic base 1s -in square and ' ,_ in thick, was separated 
from a larger ceramic base by a new laser process called "con- 
trolled fracturing." The new process, being patented by West- 
ern Eiectric, has several advantages over presently used dia- 
mond scribing and diamond sawing. Among these are: reduced 
likelihood of contamination, flexibility in design as lines need 
not be straight, and greater speed and accuracy. Cuts or part- 
ings have been made at the rate of 120 linear inches a minute 
and separations can be made to within 1 mil of the desired 
parting line. In use, a continuously operating laser beam is 

focused on the work piece through an optical system that pro- 
duces a very small, intense spot of light energy. The ceramic 
material absorbs the energy: heat and mechanical stresses are 
then produced, resulting in a controlled fracture of the ceramic. 

Japanese Video Telephone. (Bottom left) Evidently, Bell Labs 
is not the only one working on a telephone that transmits pic- 

tures (see "New Picture Telephone Goes Commercial" in our 
March issue). This new TV- telephone, developed in Japan by 
Toshiba, uses ordinary inter -office and short -range dial tele- 
phone lines to handle up to ten switchable audio -video circuits 
on the same call. The new experimental model is an improved 
version of the picture telephone introduced by the company in 

1964. At present, the system is installed in the manufacturer's 
laboratories and is slated for installation in the offices of top 
executives. The picture size is 3- by 41/, inches; bandwidth 
is 500 kHz: 315 interlaced scanning lines are used for display. 
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Wireless Color -TV Camera. (Top left) One of the several port- 
able color -TV cameras that will be viewing the 1968 presi- 
dential nominating conventions is this wireless unit developed 
by CBS Labs. This camera will permit news teams to roam 
the convention floors for on- the -spot coverage. The camera 
uses digital remote control for focusing, color registration, 
and centering, thereby relieving the operator of these chores. 
The camera uses three one -inch Plumbicon color tubes in its 
head along with a zoom lens. The backpack microwave trans- 
mitter can transmit picture information up to about 3 miles. 

Desk -Top Learning System. (Top right) Combining a special 
7 -in, 45 r /min record and 8 by 11 -in printed sheets, Responsive 
Environments Corp. has developed a "talking page." This is a 

low -cost desk -top responsive learning system for use mainly 
in elementary schools. Operating a lever at the side of the unit, 
the student can set a playback stylus down at up to 53 different 
precise locations on the disc, producing up to 14 minutes of 
recorded instruction. The printed sheets show the student just 
where to locate the stylus in order to get a prerecorded instruc- 
tor's response to the question or the direction on the sheet. 

Tape System for Schools. (Center) The first true random -access 
audio information retrieval system in the U.S. has been in- 
stalled at the Oak Park and River Forest High School, Oak Park, 
Ill. The system will permit students to receive any one of 
224 recorded 15- minute programs in less than 30 seconds. 
Heart of the system, installed by Ampex, are seven master tape 
transports, each with 32 tracks. Programs are transferred 
from the master unit to the student buffer at 120 in /s and re- 
played for the student at 3 in /s. The $358,000 installation has 
25 student learning booths plus instructor's control center. 

Experimental Electronic Telephone. (Below right) The slim 
handset of this new experimental telephone, developed by Bell 
Labs, weighs less than half as much as the handset of today's 
phones and the new phone is getting more and more electronic. 
For example, it uses hybrid IC's in the push- button tone gener- 
ating circuits. Also, it has an electronic tone ringer which is 
smaller and takes less power than the bells used now. A new 
electromagnetic microphone and amplifier are used which are 
one -fourth the weight of the present carbon microphone, oc- 
cupy less space, and have better fidelity at voice frequencies. 
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Fig. 1. RCA's QK 2200 sampler has in a single package enough technical data and IC's 
to enable an engineer to test various circuits before he puts them in production format. 

SOLID -STATE KITS i Zauee 1/(eeod d &recta D By W. J. EVANZIA/ Associate Editor 

Design engineers find solid -slate hits are an easy and inexpensive method of 
trying out circuits. Manufacturers find them good product promotional devices. 

GIVE me that chip, I'd like to try it on for size. Many 
engineers have found that solid -state kits are an in- 
expensive and practical way to try out new circuits; 

and some manufacturers are finding them an excellent meth- 
od for introducing their products to circuit designers. 

Product promotion is the reason for such kit sales. Lab- 
oratory kits are simply a merchandising device, and most 
companies do not expect to sell them at a profit. But, as one 
company puts it, "our objective in all cases has been simply 
to make our product available to all users on as broad a base 
as possible ... more broadly, of course, than our salesmen 
can achieve." This attitude is typical of the semiconductor 
manufacturers who are merchandising such kits. They feel 
that if enough users have a chance to try the devices and 
can prove to themselves that solid -state components will do 
a good job, chances are the kit manufacturer will be called 
upon to provide solid -state components for the final produc- 
tion models. 

Such kits arc available front the Electronic Components 
Division of Radio Corp. of America, Motorola Semiconduc- 
tor Products Inc., General Electric Co., and Siliconix Inc., 
among others. Prices range from about $2 for a silicon -con- 
trolled rectifier trigger -pair kit to about $85 for a field - 
effect transistor and current limiter set. 

Linearr hy- RCA 

Been a digital I(: man all your engineering life? RCA 
claims its new linear integrated circuit sampler is just the 
thing to update your technical know -how. The QK 2200 
sampler has -in a single package -a linear integrated circuits 
manual, technical data, application notes, mounting instruc- 
tions, and eleven circuits (26 devices) -two d.c. amplifiers, 
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two r.f. amplifiers, two FM i.f. amplifiers, two operational 
amplifiers, three transistor arrays, two diode quad and 2- 
diode arrays, three "universal" audio amplifiers, two video 
wide -band amplifiers, three r.f. amplifiers useful at frequen- 
cies from d.c. to 120 MHz, three ultra- high -gain 3- amplifier 
arrays, and two dual- Darlington arrays. The sampler sells 
for $39.95 and is available nationwide from RCA distribu- 
tors. 

But what about the kit itself? Nell, it's not a toy and it's 
not for experimenters; it's an engineering laboratory aid. 
The IC's, which are available in TO -5 cams, fornied -lead 
TO -5 cans, 14 -lead flat packs, dual -inline plastic, and dual - 
inline ceramic units, are bundled in styrofoam packs and 
carried in special compartments cut into the one -inch -thick 
sampler cover. A brief description of the unit's operating 
characteristics and a circuit diagram are printed alongside 
each IC pack. The manual, technical data, and application 
notes are in folders which fit into a special slot in the sam- 
pler box. The whole thing folds together into a neat 3r" X 

11" x 113í" box. 
Experienced engineers should find the IC -41 manual par- 

ticularly helpful. It has been prepared to provide an under- 
standing of the basic principles involved in the design and 
application of linear IC's; and can be used as a guide by 
circuit and system developers in determining optimum de- 
sign specifications. 

Neophyte IC users should be able to get good service 
from all of the information supplied with the sampler kit. 
One of the general information folders describes complete 
mounting and connection techniques for two of the most 
popular IC packages -the 14 -lead flat pack, and the 10- and 
12 -lead TO -5 package. A very helpful table of IC sockets is 
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included with the data. It lists socket type, the manufactur- 
er or supplier, the manufacturer's or supplier's part number, 
and a brief description of the component. Another folder, a 
"product guide," lists information on all linear IC's made by 
RCA. 

Although the QK 2200 sampler is for the professional, 
experimenters and hobbyists have not been forgotten. RCA 
also sells an IC Experimenter's Kit for $10.98. It's designed 
for practical and educational use. The KD -2112 comes com- 
plete with a special manual and all the components needed 
to build a 500 -milliwatt audio amplifier or variable -tone 
audio oscillator. For $9.95 you can also get a silicon -con- 
trolled rectifier kit (KD -2105) with which you can build a 
lamp dimmer, a battery charger, a motor -speed control, or 
an electronic synchronous switch. Two add -on kits, the KD- 
2106 and KD -2110 which sell for $2.75 and $2.45 respec- 
tively, enable the experimenter to build interesting light - 
operated switches and electronic heat controls. 

A Multitude of Applications 
Prototyping your new solid -state circuit designs? Motor- 

ola's Semiconductor Products division says it can help you 
with its special solid -state kits. There are SCR's, triacs, and 
triggers; there are silicon power transistors; there are field - 
effect transistor amplifier and chopper kits; there are tiny 
switching transistors; and a box full of plastic transistors and 
dual switching diodes. 

Well written application notes authored by Motorola en- 
gineers and detailed data sheets are included in each kit. For 
example, in the H -960 half -wave SCR -trigger pair and F -960 
full -wave thyristor kits, the application notes take a look at 
some fundamentals of power controls using SCR's and 
triacs. 

Incidentally, each kit is priced at the regular 1 -99 price 
for the thyristor alone -you get the plastic trigger free. The 
H -960 sells for $2.10 each and the F -960 for $3.45 each. 

Motorola's 960 -watt triac takes the place of two conven- 
tional back -to -back SCR's. It has symmetrical gating and 
holding characteristics in all modes. In addition, a 100 -A 
peak surge capability, 50 to 400 -volt \Titt,a,, and built -in tran- 
sient overvoltage protection makes it a natural for a variety 
of cost -lowering, circuit -simplifying applications. 

Another interesting kit is Motorola's "Micro -T Handy - 
Pac". This complementary pair (n- p- n /p -n -p) of transis- 
tors contain the same "die" found in the 2N3904 and 2N- 
3906 transistors and their electrical performance is identical 
to the larger units. However, the Micro -T packaging makes 
them ideal for miniaturized equipment applications. 

The FET chopper and amplifier kits sell for $1.00 apiece. 
Each of these samplers contains two MOSFET devices 
which alone retail for $2.00. The application notes included 
in these kits parallel papers on amplifier and mixer circuit 
design presented by Motorola engineers at previous Wes - 
con symposia. 

The two most expensive solid -state kits are the "Handy - 
Lab" at $49.50 and the 3 -30 Silicon Power Kits at from 
$2.75 to $12.65. 

The HandyLab is a box of 300 assorted plastic transis- 
tors which are capable of being used in a variety of circuits 
from low -level amplifiers and switches to high- frequency 
oscillators and high -speed logic networks. A booklet which 
lists the transistor characteristics and some typical circuit 
applications is also provided. 

The transistors in Motorola's Silicon Power Kit are com- 
plementary pairs. Seven pairs which have current handling 
capacities of 3, 4, 5, 10, and 30 amperes are offered. The com- 
pany says that these transistors permit the circuit -simplifying 
advantages of direct -coupled symmetry plus higher frequen- 
cy stability in a.c. and d.c. driven loads. Included are these 
informative industrial application notes: "High- Performance 
All Solid -State Servo Amplifiers" and "Complementary Solid - 
State Audio Amplifiers" which discuss at length phase -shift 
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Fig. 2. FET's that fit a multitude of circuit applications 
are available in two Motorola sampler kits. Each sampler 
pack contains two evaluation devices plus two application 
notes pertaining to their use as well as device data sheets. 

reduction and conversion of typical circuits to transformer - 
less operation. 

New on the Market 
For $30, you get a box full of planar transistors from 

General Electric Co. G -E's Economy Semiconductor kits are 
essentially new, having recently been updated by the com- 
pany. The kits, which contain 55 transistor types (338 de- 
vices) and teohnical data, are available from G -E distribu- 
tors. Application notes are not included. 

The purpose of the G-E sampler is the same as that of 
those previously discussed- merchandising. The main differ- 
ence is in the transistor type- planar -and the categories of 
components available. For example, there are a number of 
transistors -the 2N3391, 2 \3392, 2N3393, and others -for 
consumer -industrial use; there are general- purpose compo- 
nents -the 2N3402, 2N3403, and others. (These n -p -n 
passivated transistors are especially suited for high -level 
linear amplifiers or medium -speed switching circuits in in- 
dividual control applications.) There are consumer types - 
the 2N3362 and 2N3363- suitable for u.h.f. oscillators and 
FM tuners; also included are silicon switching transistors- 
2N3605A, 2N3606A, and 2 \3607 -which are epoxy equiva- 
lents of types 2N914, 2_N706, (Continued on page 75) 

Fig. 3. Differential amplifier FET's and current limiters in 
the Siliconix designer kits can be used to take the guess- 
work out of breadboarding. Seven kit packs are available. 
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This comparison of a 12 -inch Trinitron and a conventional 
12 -inch shadowmask television tube illustrates the signifi- 
cant reduction in neck and yoke size and color circuitry 

ong s New 
Single -Gun 
Color-Te " 

lube 
A BreuI.lh rmi,,14 I1 ? 

By W. J. EVANZIA/Associata Editor 

I:n/loyx a(:ll'7' gun that can be 
shadow. or aperirlre-type musks. 
(onrerren(e and yoke assembly. 

used with (:lcronlalron. 
Ma/res possible simple 
(111(l brighter pictures. 

o \ \ 'I:IICP:\( :IK. can be a color tole\isiou technician's 
most troublesome receiver adjustment. The conver- 
gence assembly. and its circuits, is also one of the 'l' \' 

Teceiyer's I Utst espeIlSivr parts. Therefore, the recent Sony 
Corp. of America demonstration of a ne'V Trinitron otle- 
gun i' \' tube created a flash of excitement when Sony 
engineers showed haw the new tube nl:ule conger euce ad- 
justment a simple ¡ob; MI(I ho\s the Trinitron \mold shrink 
the assembly sire ;tad enable T \' tubes to be made cheaper. 
Later. hutch of the glrnv of the announcement was dimmed 
by a report that a -inch Sony \licrocolor 'I' \' would cost 
about 8100. 'I'bis is in the price range of some 23 -inch 
American models. 

Unlike conventional "I' \' tubes, the 'l'riniton's single gun 
ejects three electron beaus sintult:ute.tusty. These converge 
and focus through an electron- optical s\ stein \\licit consists 
of tcvo large-diameter lenses and a pair of electron prisms. 
Conventional color tubes liace three electron guns. each of 
which ejects an electron beam to reproduce the three basic 
colors on the picture -tube screen, and a shall -diameter elec- 
tron lens to focus each beaus. The three guns are positioned 
in a (1e/1a shape. 

1.Jniyersal .Assembly 

Since Trinitron is a gun assembly, not an enure "I \' pic- 
ture tube. it can be used with any of three available grid 
assemblies. The Trinitron gun can be used with a (- Untiat- 
ton grid (as will be used with the brrtliconiing î -inch 
model); and it cyan be used with the SbaaloM -Mask grid of the 
conventional American color -T \' tuba. The newest :LSscmlrly, 
the aperture grill, was especially developed b Sony for lise 
With the Trinitron gun in a 12 -inch (diagonal) 'l' \' tube. 
According to Sony engineers, the screen of a one -gun Trini- 
tron 7' \' tube is twice as bright as that of a delta- shaped 
three -gun TV tube because of the sharper focus possible 
with the Trinitrout's in-line set -up; and because the aperture 
and Chrontatron grids are more transparent than shadow- 
mask grids. In a shadow -mask tube, about 3M. of the elec- 
trons in the three beams reach the screen, while 80% of the 
electrons pass through the thin -Wire Cluonlatron grid. 
Although fever electrons pass through the metal aperture 
grid than the Chromatott grid, the mintier of elect runs that 
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finti their way to the screen is significantly greater than in 
the sb ;rtlow -mask tube. 

Brings Shots Together 
In any three -color T \' system, special adjustments are re- 

quired to stake each of the three beams converge at the 
same spot. In the Trinitron tube structure, the three in -line 
electron Ite:uns are brought together by e pair of symmet- 
rical electron prisms which work on the electrostatic de- 
flection principle. Thus it is only necessary to adjust the 
voltage on the left and right deflection plates to position the 
beaus properly ;et the center of the tube. \'erg few dynamic 
convergence adjustments are required because of the Trin- 
itron's specially designed deflection yoke. Therefore, only 
one or two adjustment points are needed compared to the 
store than ten in ordinary three -gun systems. 

Because of the single electron gun, the neck of the Trin- 
itron picture tube can be manse smaller in diameter. The 
result is higher deflection sensitivity; thus a smaller deflec- 
tion yoke and less power is required for deflection. In ad- 
dition, since the Trinitron needs no special device for color 
switching purposes, the construction of the color picture 
tube, as well as the color circuits, is simplified. A total of 1(i 
individual adjustments -4 static and 12 dynamic (4 adiust- 
iug points each for the red, blue, and green colors) are 
needed with a three -gun system. 

As a result, Sony claims that its new television sets will 
be more reliable, easier to adjust. have less color smear and 
a more stable picture, weigh less, and have greatly simplified 
circuits which will require less power than conventional 
color -"l' \ receivers. 

Trinitron's large diameter lens makes sharper focusing possible. 

CONVERGENCE 
DE FLEC TtON 
PLATES 

LARGE 
DIAMETER 
LENS 

CENTERING 
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I 

SUPPORTS SCREEN CONTROL GRID 
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By FRED B. MAYNARD / Motorola Semiconductor Products Inc. 

These circuits are probably the most useful of all designs employed 
in musical instruments. .'one IIeZV applications are discussed here. 

TWIN-T circuits are being used as voltage- stable os- 
cillators, as ringing circuits, resonant amplifiers, and 
tone controls. Many new designs and applications are 

being developed, a few of which are described here. 

Basie Twin -T Oscillator 
The twin -T oscillator shown in Fig. 1 is probably the sim- 

plest of all twin -T designs, but it will work in all the new 
circuits to be described in this article. There may be slight 
modifications for different functions, such as changing resis- 
tor values, adding extra resistors or other elements, but the 
basic circuit does not change from one application to the next. 

In Fig. 1, the basic circuit consists of a high -gain silicon 
transistor, Q1, and attendant RC networks. (The Motorola 
MPS 6521 is recommended for all the applications suggested 
in this article. The NIPS (i521 has a beta of approximately 
100.) The T- network which establishes the circuit's response 
frequency is composed of R1 -112 -R3 and C1- C2 -C3. R1 
and R2 also provide a d.c. bias feedback path from the col- 
lector to the transistor base. 

In this twin -T bridge, response frequency varies inversely 
with the resistive and capacitive values. This is a direct - 
coupled circuit and biasing is quite critical. Consequently, it 
is hest to restrict resistors R1 and R2 to a value of about 
100,00(1 ohms apiece. This makes R3 about 10,000 ohms for 
the median design frequency. Under these conditions (RI, 
R2 = 100,000 ohms and R3 = 10,000 ohms), the Cl, C2, 
and C3 values for any audio frequency can be read directly 
from the nomogram of Fig. 1. The lower line, A, gives the 
C1, C2 value (Cl always equals C2) and the upper line, B, 
the C3 value which is twice as large as Cl. 

The load resistor, R4, is generally selected as 6800 ohms. 
In some oscillator applications where high voltage stability 
is desired, an R5 value of 10,000 to 60,000 ohms is used. 

Operating Points of '('win -T Oscillators 

In this explanation we xvill consider that all the circuit 
elements except R:3 are fixed and that this component has 
about a 50 ,000 -ohm maximum resistance. \ \'ith no resis- 
tance, or too small a resistance at R3, the circuit is quie- 
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scent and inoperative. The circuit begins to oscillate when R3 
is about 1000 to 2000 ohms. From the point where the 
circuit goes into free oscillations, increasing the value of R3 
decreases the oscillation frequency until at 20,000 to 25,000 
ohms all oscillations cease. The total frequency change is 
approximately 112 to 11/2 octaves. 

At the point where free oscillations stopped, say at 25,000 
ohms, and for some resistance beyond, the circuit may be 
shocked into ringing oscillations. It will act as an active 
filter or as a resonant amplifier to produce an enhanced out- 
put at the resonant frequency. 

Whereas these effects are, in a way, the same thing, the 

Fig. 1. With only slight modifications, the basic twin -T oscil- 
lator can be used for many different functions. Designers can 
use the nomogram to choose the values for Cl, C2, and C3. 
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Fig. 2. The values shown for Cl, 
C2, and C3 are for illusiration 
only. Approximate values for 
any ring frequency can be found 
from the nomogram for the twin - 
T active filter shown in Fig. 1. 

TOUCHING ANY OF THESE POINTS WITH, 
THE FINGER WILL TRIGGER THE RING 

i :v0 

o 
200 

RL' 

6 

6 
R4 
6k I I 

01 
MPS 6521 
OR EQUIV. 

O 
R1 

R5 
50-2004 

C4 
IyF 

C5 
yF 

R6 
224 

R7 

1004 

C3 
02yF. 

OI 
N4001 

22k O 

R2 

1004 

C2\ of IVF 

functions are different, and will be discussed separately in 
the next paragraphs. 

Twin -T Ringing Circuits 
The ringing function is obtained when resistor R3 is ad- 

justed to the point where the oscillator just becomes quies- 
® cent. If this is close to the cut -off point, the ring envelopes 

will be quite long, perhaps 20 to 30 sine waves in each en- 
velope. Increasing the resistance a little farther into the 
quiescent region reduces the ring duration. 

Any kind of shock on a sensitive part of the circuit will 
trigger the ringing. For example, touching the base terminal 
of the transistor or either of the T mid- junctions with the 
finger will trigger the circuit. Also, positive square waves 
may be used to trigger the circuit. 

When the ringing outputs are amplified and reproduced 
in a speaker, extremely pleasant and unusual sounds are ob- 
tained. At low frequencies, about 100 Hz, the effect sounds 
like bass drums. At the middle frequencies, the sounds are 
like tom toms and bongos. At the higher frequency, 1 kHz 
and above, the sounds are like claves, gongs, resonant wood 
blocks, and the like. 

The February 1967 issue of Electronics Illustrated carried 
an article which described these novel effects. It was about a 
group of three bongos with each set at a different pitch, and 
played in a realistic way by tapping touch plates with the 
fingers. Fig. 2 shows the basic circuit for this type of trig- 
gering. In a key -played musical instrument, the RC diode 
network can be used for injecting shock pulses. 

Other uses for the very distinctive ringing sounds might 
be found in call bells, door bells, signaling devices, and for an 
audible indication of circuit and line transients. 
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Fig. 3. Simple twin -T resonant filter peaks at 520 Hz. 

Fig. 4. Part of radio remote -control system which uses 
twin -T resonant amplifiers. Peak response is 510 Hz. 
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Twin -T Resonant Amplifier 
A frequency -selective amplifier can be made from a twin - 

T circuit adjusted into the quiescent active region. In this 
application the circuit has a function which is similar to 
LC, reed, and solid -state selective filters. The twin -T reso- 
nant amplifier has one advantage over some of these. It will 
respond only on its fundamental frequency and not on 
harmonics. 

A simple twin -T resonant amplifier and its selectivity 
curve are shown in Fig. 3. This is not especially good com- 
pared to some of the other selectivity filters, but under the 
right conditions it can be used effectively. 

For example, in an experimental radio remote -control sys- 
tem (Fig. 4), the transmitter was a low -power A \I unit on 
one of the 27 -MHz CB channels. It was modulated by three 
twin -T oscillators at approximately 300, 400, and 500 Hz. 

The receiver was a superhet which fed the demodulated 
control signals into the hvin -T resonant amplifiers. In order 
to make the latter work cleanly, it was necessary to insure 
that the input signals were always the same amplitude under 
all conditions. This was done by having the receiver gain 
high enough to assure that at the maximum transmission dis- 
tance (about 1500 feet), the demodulated signals would be 
at least 2 volts peak -to -peak. These were passed through a 
diode "window" which clipped them to about '/z volt, and 
passed them as a constant -level signal to the resonant ampli- 
fiers. The collector outputs of the amplifiers were rectified 
and the d.c. output used to control relays. 

In many respects, this system was probably not as good as 
some of the more conventional remote -control systems, but 
it was reliable and very interesting to use. 

Twin -T Active Filters 
For this function, the twin -T circuit, Fig. 5, is set deep 

into the active region by making R3 equal to R1 and R2; in 
this case, all 47,000 ohms. Under these conditions, the filter 
assumes a band -pass aspect. The specific use is in waveshap- 
ing. For example, in an electronic organ, the tone generator 
outputs are square waves but the organ has to produce flute 
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Fig. 5. The twin -T is adjusted into the active region by making 
R1, R2, and R3 47k. Thus filter is useful as bandpass network. 

or tibia voices, which are practicall pure sine waves. The 
conversion is very difficult with passive filtering. The active 
filter can accept any input waveform and produce, over its 
band span, reasonably good sine waveforms. 

The active filters have a band -pass equivalent to about 'z 
to 1 octave of frequencies. After the keying, tone generator 
outputs are broken into 6 to 12 note segments and routed by 
switches to a bank of eight or nine active filter elements 
whose center frequencies are arranged to span the entire 
frequency range of the instrument. This, in an easy low -cost 
approach, provides the flute or tibia voicing. 

Active filter elements for any center frequency can be de- 
signed from the nomogram in Fig. 5. It gives the C1 -C2- 
C3 capacitor values for the filter when the resistive elements 
in the T- bridge are all 47,000 ohms. 

Voltage -Stable Oscillators 

The twin -T oscillator circuit shown in Fig. 6 has been 
used in a musical instrument. The circuit is much the same 
as those previously shown, but R5 is added to improve volt- 
age stability. Transistor Q1 should have quite high gain 
(beta ? 200). To tune the oscillator to one frequency, ca- 
pacitors C1 -C2 -C3 are selected in such a manner that R3 
will have a value between 6000 and 15,000 ohms. R3 should 
ile as close to 10,000 ohms as possible for maximum oscillator 
stability. 

The object of this oscillator is to provide "sustain." Sus- 
tain is an effect beard in pianos, stringed instruments, bells, 
etc. in which the tone lingers and gradually decreases in in- 
tensity. 

The sustain function in an organ is probably second in im- 
portance only to the tone generator itself. A typical "sus- 
tain" circuit is shown in Fig. 6. Much of the organ's charac- 
ter is basically developed in this function. In this case, the 
keying is done by closing a contact (on an organ key for ex- 
ample) which completes a circuit from the oscillator collec- 
tor to the "13+" supply. As this contact is made, C4 charges 
very rapidly to the "B+" potential. This starts the oscillator. 
When the key is opened, the charge stored in C4 keeps the 
oscillator going. As the charge leaks off, the amplitude of 
the output signal decreases to zero. 

The oscillator must be maximally stable so that the out- 
put frequency does not change appreciably during the de- 
cay. In the circuit of Fig. 6, the voltage stability is sufficient- 
ly good to make the circuit useful. Maximum deviation from 
a constant frequency is, at most, about 18% of a semitone. 
Most ears cannot distinguish a deviation this small. 

In some electronic musical instruments it is desirable to 
provide key -shift and gliding -tone effects. Many conven- 
tional musical instruments are played with these effects. 
The Hawaiian guitar and Hawaiian music, for example, are 
strongly dependent on the gliding -tone effect. 
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Fig. 7. This is part of a key shift and gliding tone system 
which was built into an experimental musical instrument. 

Twin -T Gliding -Tone Circuit 
Fig. 7 shows part of a key -shift and gliding -tone system 

built into an experimental musical instrument, in which a 
multiplicity of such oscillators were simultaneously controlled 
by key -shift and gliding -tone systems. The oscillators are 
very similar to those already described. The key -shift and 
gliding -tone effects are controlled by electronically manipu- 
lating segmented tuning resistor elements in the R3 branch 
of the twin -T bridge. (Continued on page 64) 
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Market Quotations -By Electronics 
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This 10 -foot long display combines electronic and pneumatic components to exhibit stock quotations in brokerage offices. 

By EDWARD A. LACY 

New computerized electronic desk and board displays put latest market quotations 
at the broker's fingertips. They are his direct wire to the (hall Street exchanges. 

BY punching a few push- buttons on a desk -top terminal 
unit. a broker in any part of the country can now ob- 
tain just about any information he needs on a par - 

ticular stock xvithin a few seconds -a very nice feature to 
have when the conventional ticker may be running 20 min- 
utes or more behind. And for a panoramic view of the 
market, the broker can sit back and watch new automatic 
displays that show trends, most active stocks, and other key 
market indices. 

Needless to say, the effect of these new systems on broker- 
age office procedures has been revolutionary. Time- consum- 
ing telephone calls to get quotations, for example, are on the 
way out -as is the ticker tape machine. 

With over 15 million shares being traded each weekday, 
and 20- million- share -clays expected in the very near future, 
ifs no wonder that most of the nation's 3800 or so brokers 
have turned to electronics to keep tabs on all these transac- 
tions. The first electronic stock information device was in- 
troduced in 1959. Since then, more than 22,000 of these 
units have been placed in broker, bank, mutual fund, and 
other financial business offices. 

Business Week estimates that more than $30 million will 
be spent on stock information devices and their services this 
year. 

Four manufacturers dominate the field: Ultronic Systems 
Corp. (a division of Si /lt-nuia Electric Products Inc. which, 
in turn, is a subsidiary of General Telephone & Electronics 
Corp.); Scnntlin Electronics, Inc., The Bunker -Ramo Corp. 
(formerly Teleregister Corp.); and Trans -Lux Corp., long a 
leader in photographic -type projection systems for stock- 
brokers, which has recently introduced some electronics sys- 
tems for displaying ticker and stock news information. 

While the systems made by these companies have several 
major differences, they nevertheless have a common basic 
philosophy: extensive use of computers and leased circuits 
to provide instant information to their subscribers (Fig. 1). 

Bunker -Ramp uses four computers at its TeleCenter (in 
New York) which supply data to ten satellite computers, 
one in each major population center. Ultronic's master com- 
puter in Cherry Hill, New jersey feeds data to 24 satellite 
computers, for regional information distribution. Scantlin's 
Wall Street Computer Center, on the other hand, is con- 
nected directly to its subscribers' terminal units. 
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All of these computers are tied electronically to the ticker 
systems operated by the New York Stock Exchange (NYSE) 
and the American Stock Exchange (AMEX). In addition, 
the computers receive information on commodities and 
Over -the -Counter stock transactions. 

Over 70,000 miles of leased circuits are used by Bunker - 
Ranfo to tie in its subscribers. UItronic's data network is 
almost world -wide, stretching from IIong Kong to Hawaii, 
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Fig. 1. Information from the stock ex- 
change's computer is fed through leased 
lines to the stockbroker's desk:op unit. 
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Fig. 2. In the Ultronic system, stock information from the NYSE, 

AMEX, and Commodity exchanges can be transmitted directly to 
the broker, or processed through the system's computer center. 

throughout the United States, and into Canada, England, 
and Western Europe. 

Data from the computers is supplied to three basic types 
of stock- market information systems: Desk inquiry units, 
individual -stock quotation boards, ticker displays ( Fig. 2) . 

Desk Inquiry Units 

Scantlin, the pioneer in the field, introduced its Quotron® 
I unit in 1959. The Quotron I was a small desk -top unit that 
looked like an adding machine with a tape output. Its pres- 
ent unit, Quotron II, provides the option of a printed tape or 
a visual display in the same desk console. The tape prints up 
to 10 characters per second. The visual display uses white 
digits on a black background to present information in 3 
digits plus whole fractions and an indicator showing price 
movement up or down. Information available includes: Last 
sale, high and low for the day, opening price, dividend rate, 
etc. Scantlin also has a Quotype® service in which a tele- 
typewriter is used as an input /output machine. 

Ultronic introduced its 3 -digit display unit, the Stock - 
master® in 1961. Over 13,000 such units are now in opera- 
tion. Information on more than 8000 stocks and commodi- 
ties is available through the Stockmaster. A brokerage firm's 
remote branches can interrogate the central office's Stock - 
master via the existing Teletype network through Ulf,onic's 
Autoquote system. The newest of the Ultronic brokerage 
display systems, the Videomaster, is shown in Fig. 3. 

Bunker- Ramo's Telequote® III units were first installed in 
1964; over 1:3,000 are now in use. Using a 3 -inch cathode - 
ray tube, this device can display up to 700 characters per 
second. Each displayed character is composed from a 7 X 5 
dot pattern. If a price is superseded during viewing, the 
new price is posted as you watch. In addition to displaying 
specific information that has been requested, Telequote ill 
can display " \lini- Trends ", a continuously changing display 
of key market indices. (Telequote Ill is also available with a 
printed tape output.) 

The newest and most sophisticated of the display units is 
Bunker- Ramo's Telequote 70, introduced in January 1968 
(Fig. 4). This unit has two separate 6 -inch cathode -ray 
tubes, which allow information from two market- information 
services to be displayed at any given time. Four standard 
services are available: NYSE ticker, AMEX ticker, a busi- 
ness news wire service, and Bunker- Ranio'.s own computer- 
ized quotation service. 

In addition, with Telequote 70, a customer's record can be 
retrieved from the broker's own computer storage and dis- 
played on one of the dual screens for rapid determination of 
margin status. Another function enables the user to retrieve 
computer- stored research reports on given stocks, displaying 
them graphically or in text in a few seconds. Telequote 70 
can also be used for direct transmission of a buy or sell order. 
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Fig. 3. At the touch of a finger, this unit calls up an array of 
stock dota or advice on any one of 8000 individual securities. 

The message appears on the screen to be checked visually 
and corrected before it is sent. 

Stock Quotation Boards 

Whereas the desk inquiry units allow pertinent informa- 
tion to be retrieved on one specific stock, the stock quotation 
boards provide continuous sales information on several hun- 
dred stocks simultaneously. I'ltronic's InstantQuote® board 
at the Philadelphia-Baltimore-Washington Stock Exchange, 
for example, is capable of providing the trading range on 
600 stocks. 

With the InstantQuote board, a listing can be quickly 
changed by dialing the symbol for the desired new stock. 
All stocks carried by the Stockmaster system can be dis- 
played on this board. 

Scantlin's electronic stock quotation board, the Quotron 
Board, also allows easy change so that whenever market in- 
terest develops in a particular- stock, the stock can be im- 
mediately placed on the board. A stock on the Quotron 
Board is changed by removing the symbol tags for the old 
stock from the electronic selector panel and inserting tabs 
for the new stock. 

The Teleregister® boards supplied by Bunker -Ramo to 
450 brokers' offices were first installed in 1929. The average 
board today is much smaller than before the introduction of 
the interrogation system. 

Tickers 
In the mechanical type ticker projection display, built by 

Trans-Lux, information on the ticker tape is transferred to a 
moving plastic film which, in turn, is projected onto a screen. 
Unfortunately, this system requires frequent replenishing of 
the film and it provides less than optimum viewing. 

Trans-Lux now has a stock quotation device, called the 
Trans -Lux Jet, which uses jets of air, controlled and regu- 
lated by a built -in computer, to activate small discs on a 
moving matrix to create letters and numbers. "Black light" 
causes the fluorescent material on the discs to glow, thus 
creating characters with extremely high visibility. The sym- 
bols move across the face of the unit from right to left and, 
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upon reaching the end of the display, are flipped back to 
their original position where they return to the computer - 
controlled air streams to record another transaction. 

The Jet unit is approximately 10 feet long and displays 49 
characters (letters, numbers, and full fractions) simulta- 
neously. (There is also a Long Jet which is approximately 
15 feet long and displays 79 characters.) The unit operates 
at varying speeds up to the present high -speed ticker rate of 
900 characters a minute and can be made to flow at greater 
speeds. 

Ultronic's Lectrascan®, introduced in 1963, is a self - 
contained solid -state device which displays transactions 
broadcast by the stock exchanges' ticker wire networks. 
Lectrascan presents exchange transactions in a normal read- 
ing sequence (from left to right), with characters and num- 
bers remaining at rest. 

In contrast to Lectrascan, Bunker- Ratno's Teletrade® stock 
ticker display, being installed this summer, is a traveling 
character display with letters and numbers that flow from 
right to left. Teletrade uses cold- cathode lamps and inte- 
grated circuits with an estimated average life of 50,000 
operating hours. Tests indicate that the display is legible at 
speeds even as high as up to 1800 characters per minute. 

The luminance of the panel characters on the Teletrade 
can be adjusted to suit room lighting conditions. Illumina- 
tion is automatically dimmed during pauses in transmission, 
to maintain constant ease of readability. 

CRT Ticker Displays 
Bunker- Ramo's current ticker system, Telequote Ticker, is 

a wall- mounted unit using a 27 -inch CRT and solid -state 
circuits. Reports are displayed in a tabulation like a page of 
print. Twelve lines are available, 11 of which are normally 
used. The Telequote Ticker "prints" a line at a time with 
each line being held in place for six seconds after it is writ- 
ten. While the bottom line of the screen is being filled, the 
top line is erased electronically to provide space for the next 
sale. As the top line is filled, the second line is erased, and so 
on, clown the screen. 

Trans -Los's VidiQuote, a 1967 development of Trans -Lux 
and CBS Laboratories, is a solid -state Teletype -to -video dis- 
play generator which converts ticker -tape stock information 
to a television signal for display on a conventional television 
monitor or a group of monitors. 

The display generator provides a continuous video simu- 
lation of the usual ticker -tape movement of stock exchange 
transactions from right to left on the monitor. By using 
appropriate buffers and control logic, the display movement 
is made smooth even when the exchange's ticker rate is 
erratic. 

Information received from any two separate stock ticker 
lines is converted to a 6 -bit digital code and fed into two 
recirculating buffers. The contents are then advanced peri- 
odically by a timing generator. 

Video ticker -tape display bands for both NYSE and 
A \IEX use identical 5 X 23 character matrix formats. A 
single character generator is time shared for both exchanges. 
The information in the recirculating buffers is sequentially 
applied to the character generator, whose output is convert- 
ed into a television signal. 

As new information is received on the ticker lines, it is 
automatically inserted into the proper location in the recir- 
culating buffers. At the same time, all previous characters 
are advanced by one space and the oldest character is 
dropped. This movement, however, appears continuous to 
the eve. 

Scantlin's solid -state Quotevue system also uses CRT's 
from 7 to 23 inches. Quotevue can accommodate multiple 
tickers and news wire data simultaneously. In a typical dis- 
play, the NYSE and AMEX tickers and the Dow -Jones News 
Service can be displayed at the sane time on one unit. 

I>. Quotevue the newest information is written on the 
bottom line assigned to the input source. Writing is always 
on a blank line, that is, on the completion of a line, all lines 
crawl up one line width and the top line disappears. A new 
blank line appears at the bottom and is written from left to 
right. 

Each input source for Quotevue may have writing sup- 
pressed on the active display line. This technique is desir- 
able for news wires and messages as the character-by-charac - 
ter printing tends to be distracting if displayed. If writing is 
suppressed, the whole line appears in a vertical crawl when 
it is full. Ordinarily, writing is not suppressed for stock 
tickers since the character -br -character printing is of inter- 
est to the viewer. 

Ultronic's video monitor, which is available in sizes from 
desk top to 23 inches, displays NYSE and AMEX transac- 
tions on the top half of the viewing screen and the Reuter - 
Ultronic Report, said to be the first new high -speed financial 
news service in 20 years, on the lower half. 

While these video monitors, stock quotation hoards, and 
desk inquiry units are revolutionary instruments for stock- 
brokers, they may be just the beginning of an all- electronic 
stock market. Through electronics it's just possible that the 
stock- market information companies may some day be able 
to keep tabs on even the thousands of Over -the -Counter or 
unlisted stocks. When that day comes, it will be a simple 
matter for the computers to match orders, etc. and, in effect, 
become the third nation -vide stock exchange, the Computer 
Stock Exchange. 
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Fig. 4. The Telequote 70 
brings quotations, stock 
and news tickers directly 
to the broker's desk on a 
dual CRT type tube display. 
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Fuse S(aiidardtì 
ais ti tkaracteris tics 

By WALTER A. MATHEWS /Chief Engineer 

Bussmann Mfg. Div.. McGraw -Edison Co. 

In order to select the ¡ro¡er fuse for electronic 
circuit protection. a knowledge of the important 
standards and parameters corerecl here is required. 

Editor's Vole: Although there are I rsulerwriters' Laboratories 
and .\!IL -Spec standards for fuses and fuse characteristics, 
the identification Of fuses is still not .standardized. Some man- 
ufacturers still use du- old "3AG" "RAG" fuse -.size designa- 
tions along with some added description. Others, including 
the company with which our author is associated, prefer to 
use their own catalogue designations to identify tluir fuses. 
This is clone because of the very large variety of fuse types 
that are available in a given fuse .size. In .showing the param- 
eters of some of the fuses covered in this article then, we hare 
employed the Bussmann designations. Readers .should realize, 
however, that other makers may offer fuses with similar 
characteristics but with different type designations. 

ROUND the turn of the century, electrical circuit "pro- 
tection' consisted of a piece of undersized .wire 
N hich was designed to be the first component to 

break down in case of overcurrent. With higher currents, 
this piece of wire svould sometimes explode and damage the 
equipment it was designed to protect. It wasn't long before 
the enclosed fuse was developed. It was designed to contain 
the products of volatilization caused by the overcurrent and 
interrupt the current safely and within predetermined time 
limits. Such enclosed fuses were subsequently mass -pro- 
duced for uniformity and low cost. 

Today, there are many types of enclosed fuses. In this 
article we will discuss what are commonly called "small - 
dimension fuses," which are normally associated with elec- 
tronic circuits. Some large fuses find their way into electron- 
ic circuits, but these fuses are mainly confined to the power 

supplies that feed the electronic portions of the system. 
There are two principal sizes for small-dimension fuses: 

those that measure ''t" in diameter by I I:r" long, and those 
that have a diameter of 1332" and are P " long. Within these 
size limitations there is a great variety of fuse types to meet 
the requirements of most applications. Alost fuses in elec- 
tronic circuits are of the smaller size. 

Recently, even smaller fuses have gained popularity but 
their electrical characteristics are limited by their dhnen- 
sinus. Typical subminiature fuses measure 0.15" in diameter 
by 0.300" in length with pigtail leads. Another type is 0.25" 
in diameter by 0.27" high, ,nid is a plug -in type. 

What Standards Govern Performance? 
There are several standards which govern the manufac- 

ture and performance of fuses. The principal one is the 
Underwriters' Laboratories "Standard for Fuses. "Almost all 
performance specifications are based on this standard which 
is also the basis for other fuse standards. The t 'L Standard 
calls for the fuse to meet certain constructional and per- 
formance requirements before being submitted for testing. 
It must also pass periodic "follow -up" tests to insure the 
same level of performance throughout subsequent produc- 
tion runs. 

The UL Standard test makes no attempt to simulate ac- 
tual operating conditions. This would be impractical be- 
cause of the thousands of different types of circuits in which 
fuses are used. Instead, the test insures that the fuse meets 
certain quality standards and maintains that level. 

The UL Standard calls for a definite circuit with a known 

August, 1968 41 



Ampere Range 
Available 

Voltage 
Rating Characteristic 

Dimensions 
(Inches) 

Catalogue 
Symbol 

boo to 2 250 or less Fast Acting 'A x 1 AGX 

lAoo to 3 
4to30 

250 or less 
32 or less 

Fast Acting 
" " 

'4 x 1'/4 AGC 

'/4 to 20 250 or less ' ' ' ' ABC 
25to30 125 or less " " 

Y100 to 1 250 or less Time Delay MDL 
Moto23io 125 or less " " 

3to30 32 or less " " " 
VA to 2 250 or less " MDX 

3 to 7 125 or less " " 
1 to 15 250 or less Fast Acting 1%2 x 11/2 BAF 

20 to 30 125 or less " 
1 to 30 250 or less " BAN 

%o to 10 250 or less Time Delay FNM 
12to15 125 or less ' " 
20 to 30 32 or less ' ' ' ' 

Oto 30 600 or less Fast Acting FTK 

Table 1. Typical small- dimension fuses. Although Buss cata- 
logue symbols are shown, other makers have similar types. 

thermal capacity. The ambient temperature is controlled 
and various measurements are made to see if performance 
matches that of previous tests. Thus, a comparison can be 
made between a new production lot of fuses and fuses made 
a month or a year or more ago. This insures that the user 
will always obtain fuses of uniform quality. 

The UL Standard is the same for all types of fuses wheth- 
er they are small- dimension fuses for electronic circuits or 
types used in industrial and commercial equipment. In gen- 
eral, performance levels are the same whether a small glass - 
tube fuse or a large service -entrance fuse is being tested. 

The Standard requires that the fuse be able to carry 110% 
of its rated (name- plate) amperage, when tested in the pre- 
scribed circuit, until the temperature rise on the fuse stabi- 
lizes. This rise in temperature is limited to a maximum of 
50 degrees centigrade on the fuse tube. The test circuit con- 
sists of open fuse clips mounted on an insulating base so 
that the fuse is in a horizontal position. At least two feet of 
wire of the specified wire gauge for that fuse rating are 
attached to each end of the fuse mounting. Thus, the ther- 
mal capacity of the test circuit is completely prescribed. 

This 110% carry requirement has served well through the 
years, insuring adequate current- carrying capacity when the 
fuse is used in an actual circuit. This safety factor is re- 
quired to prevent needless opening of the fuse. Underwrit- 
ers' is aware of the possibility of "over -fusing" and the po- 
tential fire hazards associated with such practice. UL wants 
the properly rated fuse to carry as much current as possible 

Table 2. Former standard designations and sizes of glass 
cartridge fuses. Some makers still uses these designations. 

ELECTRONIC & INSTRUMENT FUSES 

Type Size (in) 
lAG 1/4 x 5/8 
3AG 
4AG 

9 A x 1 l/4 
s2x1 /4 

5AG 13/x2 x 11/2 
7AG 1/a x 7/8 
8AG '/4 x 1 

9AG '/4 x 17/16 
Above fuses are available in a wide variety of current ratings. 

AUTOMOTIVE FUSES (32 V Max.) 
Type Size (in) Current (A) 
SFE4 % x 5/8 4 
SFE6 1/a x 3/4 6 
SFE7' /2 'A x 7/8 71/2 
SFE9 '/4x7/8 9 
SFE14 '/4 x 11/16 14 
SFE20 '/4 x 1'/4 20 
SFE30 '/4 x V,16 30 
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so that users will not be tempted to resort to overrated fuses. 
It is good practice to load a fuse continuously to no more 

than 80% of its rating. The reason for this is that circuit 
wiring usually has at least 25% more current -carrying ca- 
pacity than the load current. The fuse rating will then equal 
the wire's carrying capacity, hence, the fuse will protect the 
wiring. 

The minimum opening current specified in the UL Stan- 
dard is 135% of rated current. This is the lowest current at 
which some consistent measurement of time can be made. 
The Standard requires that the fuse open within one hour at 
this current when operating in the test circuit described 
previously. In addition, a fuse is tested at 200% of rated 
current and must open within two minutes. 

The tests described are "calibration tests." Fuses must 
not only meet these requirements but must do so in a safe 
manner. 

Besides these tests, UL requires that the fuse prove its 
interrupting capability. Generally, the requirement is that 
the fuse be capable of interrupting a short -circuit current of 
10,000 amperes at its rated voltage. Again, this interruption 
must be made without danger. This insures quiet, efficient 
extinguishing of major fault currents so that hazards are 
eliminated. This is quite an achievement for a "simple" fuse 
which costs only a few pennies. 

Military Specifications, such as MIL -F- 15160, use the UL 
"Standard for Fuses" as a basis. The only major difference 
between fuses meeting MIL Specs and those conforming to 
C'L standards is the nomenclature. Fuses meeting the UL 
Standard are marked with a manufacturer's catalogue num- 
ber, while those supplied for JIIL Spec applications carry a 
military type designation. 

In addition to these formal standards, there may be addi- 
tional requirements imposed by the user. These are require- 
ments for a specific application and generally call for a much 
higher performance level. Most of the time, however, the 
standard fuses which meets MIL Spec and UL requirements 
will meet these higher performance levels. 

How About Reliability? 
A "reliable" fuse is one that opens promptly in the event 

of excessive current, but does not open needlessly if the cur- 
rent is not excessive. Opening when safe conditions exist is a 
nuisance. How can we protect against nuisance openings? 

We all know that a lead wire which is improperly soldered 
to a terminal may cause intermittent operation and local 
heating. Also, loose clip connections and inadequate spring 
pressure in the fuseholder can lead to excessive heat genera- 
tion and possible subsequent opening of the protective de- 
vice. 

Remember that the fuse itself generates a certain amount 
of heat and this heat must be dissipated. If a means for dis- 
sipating this heat is not provided, the internal temperature 
of the fuse will rise, melting the fusible element and open- 
ing the circuit. 

Also, as stated previously, keeping the loading to 80% or 
less of the fuse rating will eliminate most of the trouble as- 
sociated with slight overcurrents and transient currents. 

The cost of a fuse is extremely low considering the high 
degree of reliability it offers. One reason is that commercial 
and military standards are almost identical, permitting the 
manufacturer to make the same fuse for both. Volume pro- 
duction, along with repetitive quality control imposed by 
both standards, assures the user of high quality at low cost. 

How to Specify 
To specify a fuse, you must know the ampere rating, the 

voltage rating, and whether the fuse is to be a normal -open- 
ing or tune -delay type. The ampere rating is easy to specify 
if you keep in mind the Standard requirements. 

The voltage rating requires some searching of catalogues 
to determine xvhich catalogue designation to use. There are 
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many small -dimension fuses with various voltage ratings and 
it is imperative that the fuse have a voltage ratting equal to 
or higher than the circuit voltage. The voltage rating of a 
fuse is always the maximum rating and the fuse can be used 
on any lower voltage. However, this maximum should never 
be exceeded in a higher voltage circuit unless special tests 
are run. The problem is that the fuse may not be able to 
interrupt safely in a higher voltage circuit. 

Table 1 shows the voltage ratings for typical small-dimen- 
sion fuses. These fuses are identified by catalogue symbol 
and physical dimensions. Table 2 shoes the former standard 
size designations for fuses along with the currently used 
automotive types. 

interrupting capacity is another rating of the fuse. For- 
tunately, the small- dimension fuses listed by ('L have more 
than adequate interrupting capacity. As mentioned before, 
UL requires that the fuse be capable of interrupting a short - 
circuit current of 10,000 amperes at its rated voltage. 
Naturally, the same interrupting capacity will be maintained 
at lower- than -rated voltages. 

Many small-dimension fuses have ratings of five amperes 
or less. Hence, the associated circuit has relatively high im- 
pedance which limits the fault current to tens or hundreds 
of amperes rather than thousands of amperes. 

After the ampere and voltage ratings have been decided, 
it cyan be determined whether the fuse should be a normal - 
fast opening or time -delay opening type. Normal -fast open- 
ing fuses have a single element made of wire or a punched - 
out metal link. This type of fuse has a smooth time -current 
characteristic curve with no inflections (Fig. 1). For any 
given amount of oveicurrent, the curve shoes how long it 
will take for the fuse to open. Normal -fast acting fuses are 
used in electronic equipment that is basically resisti\ e in 
nature. 

Fig. 1. Time- current curves for (Al type AGC and (B) type 
ABC normal -fast acting fuses. The first type, formerly called 
3AG, employs a glass tube while the second type, formerly 
called 3AB, employs a ceramic tube to enclose the element. 
Numbers after catalogue types indicate current rating of fuse. 
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Fig. 2. Time -current curves for (A) type MDL and (B) type 
MDX dual- element time -delay fuses. Because of the somewhat 
different construction, MDL has longer time -lag than MDX. 
Numbers after catalogue types indicate current rating of fuse. 

The time -delay type (sometimes called "slow- blow" or 
"slow -blowing ") has a more complicated element. It uses 
two or more elements connected in series. Each element has 
a separate function: all must be connected for the fuse to be 
intact, but each reacts to overcurrents in a different way. 

The lime -delay fuse has a short -circuit element just as the 
normal -fast opening fuse. Its function is to melt and open on 
current in excess of approximately six times the rating of the 
fuse. On overcurrents just above this rating, the "overload" 
or thermal section of the element takes over. This overload 
section is made heavy deliberately so that it will not open 
immediately on low overcurrents. Thus, a typical time -delay 
fuse consists of a massive thermal section in series with thy" 

short -circuit elements. Typical time -current characteristic 
curves are shown in Fig. 2. 

As the physical dimensions of the fuse increase, propor- 
tionately more time delay can be built into the fuse. A com- 
parison of the two time -delay types, \IDL and FN \I for ex- 
ample, shows that at 200`;', of rated current, the \IDL 10 
opens in 20 seconds while the FN 110 takes almost 30. 

Time-delay fuses are used in circuits where transient and 
overload currents of safe duration occur. For example, a 
circuit feeding a motor or a transformer will have turn -on 
overcurrents which normally subside in a few cycles or sec- 
onds. These are entirely safe unless they continue to flow. A 

locked rotor in a motor or failure of a solenoid to seal -in will 
cause the motor and possibly the wire feeding it to burn if 
current is not interrupted. The proper size time -delay fuse 
will not open under normal conditions; however, if the over - 
current continues, the fuse opens before damage can be 
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Fig. 3. Effect of ambient temperature on dual -element fuses. 
Normal ambient is 70° F to 80° F. Note that at higher temp- 
eratures fuse will carry less current and will open more quickly. 

done. Generally. a time -delay fuse rated between 125 and 
140% of the full -load current is proper. 

Very fast acting fuses are used to protect meters and 
semiconductor devices such as silicon diodes, thyristors, and 
transistors. All of these devices have the common charac- 
teristic of very low overload capacity. In other words, when 
subjected to an overload current of relatively small magni- 
tude, even for a very short period of time, they will burn 
out. Time -delay fuses are too slow for them because of the 
deliberate time -lag built into them. They must be protected 
by a fuse which has a similar characteristic -that is, the fuse 
must carry current up to its rating and then open very 
quickly when a slight overload exists. Fortunately, most 
meters and transistors have low ampere ratings and can be 
protected by low -current fuses. 

Fractional -ampere -rated fuses exist and several physical 
dimensions are available. The glass tube fuse, either in the 
1- or 11/4-inch length, are frequently satisfactory for the job. 

bfore recently, subminiature types of plug -in and the 
pigtail -lead varieties have become available. These are des- 
ignated as type G \i \V and GFA. They can be furnished 
with ratings between 1 -'200 and 5 amperes at 125 volts. In- 
terrupting capacities of 50 amperes or better are adequate 
for the circuits in which these fuses will see service. The 
pigtail -lead fuses. which are soldered into the circuit, lend 
themselves to automatic insertion in a printed- circuit board 
and to automatic soldering using wave or dip soldering 
techniques. 

The time -current characteristic curves of both the G \I \V 
and GFA fuses are relatively flat in the low overload range. 
Such a curve is characteristic of a very fast acting fuse. A 
slight overload is on the flat portion of the curve, which is 
almost asymptotic with the ampere rating. A little more 
current will open the fuse in a matter of milliseconds. Com- 
pare this with the action of the slow -blowing fuses, which 
may take as much as 20 seconds to open at 200% of the 
fuse rating. 

The closer the fuse rating is to the normal load current, 
the closer is the protection obtainable. However, if harmless 
low -overcurrent surges or transients are present, one must 
be ready to accept nuisance openings of the fuse. Generally, 
a happy compromise can be obtained by selecting the fuse 
rating between 20 and 50 percent greater than the normal 
load current value. 

Semiconductor diodes and thyristors with ampere values 
of five or less can be protected with the types of fuses de- 
scribed above. However, diodes and thyristors are now avail- 
able with ratings ranging into the hundreds of amperes. 
Fuses are available for these devices but such fuses are 

much larger because of the thermal requirements needed 
just to make them carry rated current and to provide the 
higher interrupting capacities. Information on these higher 
current fuses can be obtained directly from fuse manufac- 
turers. 

Temperature and Vibration Effects 

Fuses are very resistant to vibration. shock, and linear 
acceleration. This does not mean that environmental condi- 
tions can be ignored and a fuse selected indiscriminately. 

Generally, a normal -fast opening fuse is excellent in en- 
vironments of vibration, shock, acceleration. temperature 
shock, and in temperature extremes ranging from -65° C 
to +85° C. Some miniature fuses Nvill operate well in am- 
bient temperatures up to 100° C. Check with the manufac- 
turer for fuses to be used in ambients above 100° C. 

Dual -element fuses are also excellent in these same en- 
vironments except that it must be remembered that they are 
made to be ambient- temperature sensitive. The effect of 
ambient temperature on dual -element fuses is shown in Fig. 
3. This effect of temperature is useful because it permits the 
fuse to sense extraordinary thermal conditions that can be 
damaging to the circuit or equipment. The dual- element 
fuse opens to prevent thermal runaway, thus giving added 
protection. 

Some low -ampere, dual -element fuses do not have the 
resistance to vibration and shock that those of higher rating 
(3 amperes and above) have. Vibration of 0 -2000 Hz with 
forces of 15 G's are readily resisted by normal -fast opening 
fuses. Shocks of 15 G's and 11- millisecond duration are no 
problem. Linear acceleration of 200 C's can be tolerated. 

Fuse Mountings 
The best fuse is no better than the mounting used to con- 

nect it into the circuit. A had connection between the fuse 
terminal and its mounting upsets the thermal path so that 
the fuse cannot dissipate its internally generated heat prop - 
erly. Such a bad connection will cause a higher- than -normal 
resistance thereby adding to the heat and inducing a run- 
away condition. 

There are three basic methods of installation. These are 
open fuseblocks with clips; panel- mounted fuseholders 
(sometimes called "fuse posts "); and direct attachment of 
the pigtail lead -in by soldering or by binding screws. 

There are hundreds of variations of open fuseblocks from 
which to choose. The fuse clip is the heart of this type of 
mounting and is usually made from a spring bronze or 
beryllium copper. The latter material is the better type. 

Although panel- mounted fuseholders are not available in 
as many varieties, there are plenty from which to choose. 
The most common such fuseholder has a rating of 30 am- 
peres and 250 volts, which is adequate for the 1/4' x 11/4" 
fuses that it accomodates. It fits into a '2" hole and is se- 
cured by means of a metal nut. Variations to make it drip - 
proof and waterproof are available as is a version using 1/4" 
wide male quick -connect terminals. 

Lamp -indicating fuseholders are popular. These accept 
1/4" x 11/4" fuses and include blown -fuse indication. A lamp 
in parallel with the fuse glows when the fuse opens or when 
there is no fuse in the holder. Such holders are available for 
circuits with voltages between 90 and 250, and between 22 
and 33. 

The voltage ratings of these fuseholders are determined 
by the lamps used with them. The lower voltage indicates 
the minimum at which acceptable lamp glow is obtained, 
while the higher figure indicates the maximum voltage at 
which operation can be obtained without impairing lamp 
life. 

The fuse is a device whose performance affords one of the 
highest returns for its cost. This cost, frequently only pen- 
nies, is insignificant compared to the cost of the equipment 
which it is protecting. 
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NEW INSTRUCTIONAL 

TV SYSTEM 
GOES TO WORK 
By JEFF MYLES /Systems Consultant, Lake Systems Corporation 

New television system is helping Boston Archdiocese 
solve its teacher shortage problem while upgrading 
educational facilities and enriching the curriculum. 

TODAY, when you are lucky enough to have an out- 
standing teacher on your stall, you make every at- 
tempt to see that as many students as possible are 

exposed to his lectures. But rather than saddle him with an 
impossible teaching load and oversize classes, you now put 
him on closed- circuit TV where his lectures and laboratory 
demonstrations can be witnessed by the maximum number 
of students. 

More and more school systems -parochial as well as public 
-are finding instructional television the answer to the criti- 
cal shortage of qualified teachers and a means of coping 
with the information explosion. 

One of the largest parochial school systems in the country 
is now in the process of expanding its instructional tele- 
vision program which will eventually reach 400 receiving 
sites in the Greater Boston and Commonwealth areas. The 
Archdiocese of Boston, which has been active in educational 
television since 1953, has in the past used ETV channel 
2 in Boston and commercial channel 38 for instructional 
purposes. Now with the installation of its new ITFS (a 
250( -MHz instructional television fixed service) system, 
the Archdiocese will be able to reach schools, rectories, 
convents, seminaries, hospitals, homes for the aged, rec- 
reation halls, nursing and health service centers, adult 
education centers -an audience of almost two million 
persons. 

This new four -channel ITFS system operates in the 2500 - 
MHz microwave band and is thus not receivable on home 
sets without special antennas and converters. Programs 
originating from the school district's studios are transmitted 
in an omnidirectional pattern from an antenna located atop 
the 831 -foot Prudential Center Building in Boston's Back 
Bay area. These signals are received at the various locations 
by dish -type (parabolic) antennas, then converted to v.h.f. 
by special receiver -converter units, and delivered to the 
TV receivers via a coaxial cable distribution system. 

The new ITFS system is developed around completer 
solid -state hardware made specifically for the 2500 -MHz 
service by Jerrold. It consists of an omnidirectional transmit- 
ting antenna, transmitters, receiver- converter units, and re- 
ceiving antennas. 

The transmitting antenna, developed by the firm's Taco 
subsidiary, provides the required radiation pattern coverage 
from the roof of the Prudential building. Unlike previous 
omnidirectional 2500 -MHz antennas, which concentrate 
their energy at the horizon, the new antenna assures uni- 
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Fig. I. Instructional television program 
signals are transmitted in omnidirec- 
tional pattern from tall antenna at left. 

form coverage at all receiving locations within I a 360- degree 
azimuth- without the need for oversize dishes at close -in 
locations -by efficiently distributing energy in the vertical 
plane accompanied by a 10 -dB gain at the horizontal. It has 
excellent circularity with gain variations no greater than 
-=1.5 dB throughout the entire vertical pattern from hori- 
zontal to -15 degrees. 

The transmitters are special, too, in that they can trans- 
mit both monochrome and color signals. The receiver -con- 
verter units mount on the antenna mast at the school and 
convert the 2500 -MHz signals to v.h.f. receivable on TV 
channels 7, 9, 11, and 13. 

The new system is being installed by Lake Systems Cor- 
poration of Newton, \lass. which is serving as the engineer- 
ing- contractor for Jerrold on the job. 

When completed, according to Msgr. Flaherty. director of 
the Boston Catholic Television Center, an estimated 172,000 
students and 6000 teachers can be reached -with an en- 
larged and enriched curriculum. 

Fig. 2. Signals from antenna atop Prudential Center Bldg. 
(background) are received by parabolic antennas at schools. 
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The co -op eng neer uses many k :nos .` test equipment. Here the student is making measurements with Wayne -Kerr bridge. 

-partnership between industry and education 
By S. M. GREENWALD, Director of Cooperative Education 

and A. H. SEIDMAN, Associate Professor of Electrical Engineering Pratt Institute 

These well-trained engineers, who al: ernatel v work one semester and study 
the next, are playing an erer- increasing role in the electronics industry. 

AAN employer, how would you like to cut engineer 
recruiting costs? As a student. what do you think of 
an engineering education that co:::hines industrial 

work experience with classroom theory and allows you to 
earn money to help pay for your education? Both of these 
things are possible through Cooperative Education, a joint 
effort by industry and education to produce a well- trained, 
superior engineer. The co -op engineer generally spends the 
time starting with his sophomore year alternately working 
one semester and studying the next. 

A number of schools like Pratt Institute, Northeastern, 
Drexel Institute, Purdue University, and Virginia Polytech- 
nic Institute offer co -op programs. Employers of co -op en- 
gineers in electronics reads like a "Who's Who" of industry 
and government. in the private sector they include 113M, 
General Electric, Variait Associates, Grumman, and Ling - 
Temco- Vouglrt; NASA and the Army Electronics Command 
are examples of governmental agencies employing co -op 
engineers. 

The chief objective of an employer participating in a co- 
op program is to provide a flow of talent into his organiza- 
tion. The employer has a chance to train students in the en- 
gineering procedures of his organization and to observe 
their performance over a period of time. This enables the 
company to select the most promising students for perma- 
nent employment. Data from co -op employers indicates that 
upon graduat'on approximately 55 percent of the co -op stu- 
dents return to the companies where they worked as stu- 
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dents. Employers who are selective with respect to the stu- 
dent's academic potential, personality, and location prefer- 
ence report co -op retention rates of upwards to 100 percent. 

Ilow does the co -op program benefit the student? Theory 
and practice are more closely integrated and the student is 
motivated by the challenge of industrial experience. The 
co-op student gains industrial experience beginning with 
his second year in college, rather than having to wait until 
he graduates before becoming exposed to a work situation. 
As he gains knowledge and skill. his employer gives him 
progressively more challenging assignments, usually direct- 
ly related to his engineering and science major. 

Table 1. The type of firms that employ co -op eng neers. 

Electron.cs Firms 30% 
Electrical Equipment Manufacturers 20% 
Research Firms 11% 
Public Utilities 11% 
Federal Government Agencies 7% 
Aerospace Firms 5% 
Consulting Engineering Firms 3% 
Electro- mechanical Equipment Mfrs. 3% 
Miscellaneous (1% or less each): Total 10% 

Mechanical equipment manufacturers, 
medical electronics, radio -TV 

stat ois, etc. 
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From the second year on, the co -op student has a chance 
to evaluate his choice of major. If he decides his interests 
and aptitudes are stronger in another area, he can adjust 
his courses in time to meet degree requirements. Ile finds 
there is considerably more to a satisfying career than tech- 
nical skills; the co -op engineer learns quickly to adapt to a 

job, relate to his fellow employees, and get along with all 
kinds of people. 

There is less tendency for co -op students to drop the 
study of electrical engineering because of lack of motiva- 
tion or for financial reasons. Earnings can help offset college 
expenses; students get an average starting salary of $8() to 
$110 per week with about a $10 per week increase for each 
succeeding work period. This totals S8000 to $10.000 for 
85 weeks of employment. Although tax deductions and liv- 
ing expenses can reduce this amount by as much as 45 per- 
cent, net income is usually adequate to meet the cost of 
tuition and fees after the freshman year. 

The Background 
Cooperative Education, established at the University of 

Cincinnati in 1906, grew only moderately until World \Var 
II. After the war, rapid technological changes and the great 
influx of students accelerated the growth of co -op education. 
During the past five years, co -op education has grown im- 
pressively; thanks to the help furnished by foundation and 
government grants, over 56,000 students are currently en- 
rolled in co -op programs at 115 institutions of higher learn- 
ing encompassing 29 areas of professional study. The majority 
of students study engineering, with the largest percentage 
enrolled in electrical engineering courses. 

Electrical engineering includes electronics, communica- 
tions, computers, as well as power generation and transmis- 
sion. A recent survey conducted by Northeastern University 
indicates that electronics -based firms and electrical equip- 
ment manufacturers employ 50 percent of all co -op students. 
Such employers, as shown by the study, offer a fine cross - 
section of employment opportunities and can also serve as 
a stabilizing influence in case of a recession in a particular 
industry or geographical area. 

The study made by Northeastern also indicates that sen- 
ior work assignments reflect more responsibility and chal- 
lenge than the sophomore assignments. This tends to rein- 
force the theory that as the student approaches his senior 
assignments he combines practical on- the -job experience 
with academic- oriented theory courses. For example, over 
50 percent of the senior students work as research techni- 
cians and design engineers, where theory and experience 
are combined. Tables 1 and 2 summarize the types of elec- 
tronics companies and jobs available to the co -op engineer. 

Industry's Role 
A company planning to initiate a co -op program must hi 

understanding and have a firm commitment from its engi 
veering department. Types of work assignments, renuner i 

tion, and benefits have to be explored and evaluated. alwa 
keeping in mind the company's objectives. At the start, it 
is worthwhile for management to contact schools offering 
co -op education and employers of co -op engineers to learn 
of their experiences. 

The three vital ingredients of any successful program an 
qualified students, challenging assignments, and interested 
technical supervisors. Proper student selection is achieved 
only after work assignments have been defined. A Dean's - 
List student will not necessarily fit into every area of en- 
gineering to the complete satisfaction of student or com- 
pany. Because most co -op coordinators interview and coun- 
sel their students during the year, selection based on their 
recommendations ordinarily suffices: interviews by the em- 
ployer can, however, also be included. 

Interviewing a sophomore co -op student is a unique and 
revealing experience for those who are accustomed to hir- 
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ing graduate and experienced engineers. The average neo- 
phyte co -op student has the ability and desire to learn. a 
reasonable personality, and some technical exposure. IIe 
may also have acquired experience through ham radio, kit 
building, or part -time xvork in an electronics company. The 
employer must be aware that the initial work assignment 
can be a fairly traumatic experience for the co -op engineer 
and a period of adjustment in his new environment may be 
required. 

Challenging work assignments are essential to the success 
of any co-op program. A student who is motivated by the 
knowledge that his assignments are contributing signifi- 
cantly to his professional growth and academic performance 
will almost always return to his employer on graduation 
and influence other students to consider employment in the 
company. Assignments should be commensurate with his 
ability and academic progress in school, with new assign- 
ments for each work period reflecting the professional growth 
and responsibility expected of the student. 

A typical co -op training program based on five work pe- 
riods and beginning after the freshman year, can include: 

Test and instrumentation. This permits the co -op engi- 
neer to become familiar with a variety of electronic test 
equipment and production methods. 

Duce/opcmt test. Junior engineering level work in a de- 
velopment group. 

Design and development. Design of instrumentation and 
subsystems. 

Research and development. Original work in devices and 
systems. 

Student's choice. This assignment grooms the student for 
full -time employment after graduation. A professional -level 
assignment that combines challenge and responsibility with 
a minimum amount of supervision is most desirable. 

The technical supervisor is perhaps the only responsible 
individual who is constantly in touch with the student. \\'ork 
assignments, student motivation, and discipline should be 

Computers are being used in great numbers in the analysis 
and design of electronic device: and systems. Shown is a 

co -op engineer rerording analog- computer data on plotter. 



his responsibility. He should enjoy working with the co -op 
engineer, be able to communicate, and be well informed 
about the company's over -all policy regarding the co-op 
program, the student's academic background and ability, 
and the length of the work assignment. 

To convince a recalcitrant supervisor of the merits of 
the co -op program, there are two approaches which can be 
used. In the first, only the best qualified and most mature 
students are selected, thereby avoiding an initially poor re- 
lationship that may work against all co -op engineers. The 
second approach is to charge off all or some of the co -op 
engineer's salary against the training budget; the supervisor 
therefore obtains "free" help. This is a good tactic with a 
cost- conscious group. 

The student's performance on the job is a very compli- 
cated question that cannot be described in a single state- 
ment. However, comments from management, students, 
educators, and gleaned from various surveys, indicate a defi- 
nite trend. The student who is motivated by challenging 
assignments and personal contact with interested technical 
managers and college coordinators will never achieve less 
than a non -co -op student, but will almost always outperform 
a regular student in a similar work experience. A recent 
study presented before the Cooperative Education Associa- 
tion Conference backs this up. This survey compares regular 
and co -op students who have accepted full-dine employ- 
ment with the same employer. 

Seventy percent of the supervisors stated that a Coopera- 
tive Education program provides a much better transition 
to industry; the co -op graduates are superior to non -co -op 
graduates in knowledge of actual operations and engineer- 
ing practices. The majority of the co -op graduates agreed 
that the extra year needed to obtain a bachelor's degree 
didn't put them at a competitive disadvantage with non - 
co-ops. It is highly significant that 93 percent of the co -op 
graduates would again select a co -op program of under- 
graduate education. A supervisor who participated in this 
survey offered these reasons for supporting a co -op program 
in his plant: 

"A co -op education is more geared to a pract'eing en- 
gineer and provides the necessary theory and itathe- 

Putting the finishing touches on a printed -circuit ooard 
that has been designed and fabricated by co -op student. 

Sophomores 

Testing Technician 34% 
Draftsman 18% 
Utility Engineering Trainee 13% 
Production Technician 8% 
Quality Control Technician 6% 
Engineering Trainee 6% 
Development Technician 5% 
Oceanographic Technician 2% 
Miscellaneous (1% or less 
each): Total 8% 

Design draftsman, applications 
engineering trainee, data 
evaluation assistant, etc. 

Seniors 

Research Technician 30% 
Design Engineer 22% 
Testing Technician 14% 
Utility Engineering Trainee 7% 
Design Draftsman 4% 
Development Technician 4% 

4% 
3% 

Research Assistant 
Applications Engineer 
Interfacing Engineer 
Quality Control Technician 
Administrative Trainee 
Estimator 
Production Engineer 
Programmer 
Quality Control Inspector 
Sales Trainee 

3% 
3% 
1% 
1% 
1% 
1% 
1% 
1% 

Table 2. Types of job assignments for the co -op engineer. 

matical foundation and then builds upon this with 
considerably more emphasis on application. Coupling 
this with plant experience results in a graduate who is 
initially better trained to cope with real engineering 
problems and their applications zinc] in long tenn pro- 
vides a better foundation for future growth." 

Student Achievements 
Student assignments vary, depending upon the nature of 

the employing company and the student's ability to learn. 
Besides performing routine engineering -aid work, many co- 
op students are given a chance to develop and demonstrate 
the feasibility of a specific circuit or system. The co -op en- 
gineer may work with digital systems, integrated circuits, 
servos, computer -aided design, solid -state devices, modula- 
tion, etc. 

One Pratt student spent his time in the power -supply sec- 
tion of a government agency investigating the different prop- 
erties of d.c. converters, inverters, and other power regula- 
tors. Problems such as efficiency, reliability, and performance 
under abnormal operating conditions were analyzed and 
methods for improving performance were developed. 

Another student was assigned to a computer manufacturer 
where his group was designing a monitor program to permit 
one computer to test and debug another computer. Initially, 
most of his time was spent in learning the operation of both 
computers and then preparing the monitor program. One 
student spent his first tour with an analytic group doing 
computerized studies of various missile systems and check- 
ing the performance of circuits. 

The fourth and fifth work periods usually reflect the stu- 
dent's professional growth as well as his progress through 
academic courses. An upper junior spent this fourth work 
period investigating microwave phase- shifting devices. A 
major portion of the work resulted in the development of 
an improved sweep- frequency dielectrometer. Another co -op 
engineer evaluated the microwave properties of ferrites. One 
co -op student authored a technical report on the graphical 
design of comb line filters that proved to be invaluable to 
his organization. One can cite many more examples that 
demonstrate the value and usefulness of the co -op engineer 
to his employer. 

Academic Aspects 
The co -op plan is flexible, varying from institution to in- 

stitution. The program at Pratt Institute and many other 
schools spreads the normal fully accredited four -year cur- 
riculum over a period of five years. The student spends his 
freshman year on campus at full -time study. During the next 
three years, he alternates work periods with study, returning 
to the campus for his fifth year as a full -time senior. The 
lengths of work and study periods (Continued on page 63) 
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ALIGNMENT TECHNIQUES 
PART 1. The Test Equipment 

By FOREST H. BELT /Contributing Editor 

After you read and heed this simplified two -part explanation. you 
should be able to handle just about any r.f. /i.f. alignment job. 

Editor's Note: Our author lias spent years studying whit 
service technicians avoid television receivers that need 
aligning-some slightly, sonic badly. From countless ob- 
servations and conversations, he has concluded that this 
aversion arises from four causes: 1. A mystique grew 
up around alignment in the early (lays of TV, and still 
persists. 2. Technical schools for some reason skip light- 
ly over this important part of bench servicing. 3. Be- 
cause so few technicians know how, alignment is scoffed 
at as unnecessary. 4. Books and articles that try to ex- 
plain alignment rise words, .sentences, and concepts that 
arc hard to understand. 1n these two articles, he con - 

n!rates on the two facets of alignment he has found 
most misunderstood among technicians who don't (lo 
alignment work. At the sonic time, the material is or- 
ganized and written in a clear, direct way that makes it 
easy to read and understand. iVe think you'll like this an- 
swer to one of television .servicing'.s continuing bugaboos. 

DO YOU dread every television alignment job, or per- 
haps leave it for someone else? If so, you have plenty 
of company. A lot of TV technicians avoid alignment 

whenever they can. A set that really needs alignment may 
be left operating poorly because the technician doesn't want 
to get involved aligning it. Sometimes time is wasted try- 
ing to align a set without really knowing how, or profits 
are lost taking the set to a technician who is equipped to 
handle the job and knows hose to do it. 

The myth also persists that TV sets almost never need 
alignment. That's not true. Many a black -and -white set 
would work much better if given a very quick and simple 

(but accurate) touchup. Furthermore, color -TV signals de- 
mand that the i.f. strip and tuner be in good alignment. 
Such a number of things affect alignment -aging compo- 
nents, jarring, changing tube or transistor characteristics - 
that almost any receiver more than a year old could benefit 
from alignment. 

Fear of alignment is unfounded. It isn't a job for the be- 
ginner, but if you know enough to do a good job of servic- 
ing, you know enough to learn alignment. 

There are two main problems service technicians have 
with TV alignment. One is that they don't understand the 
test equipment. The other is that they don't understand the 
procedures. Either problem, left uncorrected, can make the 
job difficult or even impossible. You'll be pleased with how 
easy these problems are to solve. 

But there is the repeated question: why align? For sev- 
eral reasons. 

Fig. 1 shows screen symptoms that suggest a need for 
alignment. Smears and lack of detail (A) usually indicate 
poor frequency response in the i.f. strip. On the other hand, 
multiple ghosts (B) suggest ringing, caused by an over - 
peaked i.f. response. Poor color can often be traced to mis- 
alignment; in had cases, the color burst may not even get 
through the i.f. strip. A color set with some of the symptoms 
of Fig. 1 will often exaggerate them whenever a color pro- 
gram is on. 

The most definite and recognizable sign of misalignment 
is poor fine tuning. Normally, when the i.f. strip and tuner 
are in alignment, the i.f. bandpass is wide enough so that 
the video and sound i.f. carriers both get through okay. 
At one end of the fine tuning you find good sound with the 
picture full of "worms" and beat interference. At the other 
end, the picture is not too sharp -and sound may be weak. 
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Fig. 1. Screen symptoms that indicate need for TV alignment. 

Halfway between is best picture and sound. Witl a mis- 
aligned i.f. strip you may find two or three sound peaks as 
you turn the fine -tuning control. The picture may have mul- 
tiple ghosts at some points These symptoms mean the set 
ne. ds alignment -not oscillator adjustment, but over -all 
alignment, in order to correct the bandwidth of the tuner 
or i.f. strip. 

(Editor's Note: There are many component defects that 
may produce picture symptoms resembling misalignment. 
The technician should be certain that other troubleshooting 
has been completed and that alignment is actually required 
before proceeding.) 

Make It as Easy as You Can 
There are several tricks to making alignment easy. Sonic 

Fig. 2. Alignment generators, scope, and v.t.v.m. all on 
cart that rolls around easily from technician to technician. 
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(Al Smear, poor definition. (B) Multiple ghosts and ringing. 

of them may seem overly obvious to anyone who has al- 
ready used them, yet some technicians haven't even given 
them a try. 

The reason voiced most often for not aligning a TV set 
is "It takes so much time to get the stuff out and set it up." 
This may be true; it is in many shops. Technicians stack 
the oscilloscope, sweep generator, and marker generator 
away somewhere to gather dust until a TV set comes in that 
absolutely won't operate without alignment. Then they drag 
the equipment out, find that some of it doesn't work, waste 
time troubleshooting it, get dirty from brushing off the dust, 
and are generally licked before they even start. No wonder 
they don't like alignment. 

The cure is easy: Keep the equipment connected together 
and set up. One uncomplicated arrangement is on a small 
rollabout cart ( Fig. 2). This one is used in a shop with four 
bench technicians, ;uul is rolled from bench to bench when- 
ever alignment seems advisable. In fact, the technicians use 
the setup for quick troubleshooting in i.f.'s and tuners; since 
everything is already connected, getting a sweep -alignment 
curve takes less than a minute. \\'hen the equipment is not 
in use, the rollabout stands back against a wall, plugged in 
to keep the equipment warmed up and ready to go to work 
immediately. 

That solves the strongest objection to regular alignment. 
There are so many other shortcuts and simplifications, you 
may soon be wondering why you've been avoiding align- 
ment for so long. Try using these shortcuts as they crop up 
further along. \lake alignment as ease as you can. 

The Instruments to Use 

Some shops don't do alignment because of the investment 
in equipment. You need a v.t.v.m., a sweep generator, a 
scope, a signal generator that's fairly accurate, and some 
small alignment jigs you can make in the shop. Your test 
equipment doesn't hale to be the most expensive, but qual- 
ity is important. Trying to align with shoddy test instru- 
ments is worse than not doing it at all. The poor results won't 
help your reputation any. If you care enough about the 
servicing business to do it right, find a way to finance the 
equipment you need. 

Next, be sure you understand your equipment, and can use 
it with ease and assurance. A good way to start is to ex- 
amine what each piece is used for. 

So, let's take the v.t.v.m. first. (Newer versions of tltis 
instrument are solid -state, so perhaps we should use the 
terms "solid -state voltohmuteter" or "transistor voltoltnt,ne- 
ter," or better still, just "iigh- impedance voltohmmeter ".- 
Editor) You'll use its d.c. function as an indicator in what 
we'll later call prealigument. In most TV sets, the video 
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detector diode develops a negative d.c. output voltage, so 
you set the v.t.v.m. for "D.C. -" and connect it to the out- 
put side of the diode. Sometimes the diode is hidden inside 
the shield of an i.f. coil. When it is, the schematic will 
probably show d.c. continuity through a peaking coil vhich 
is more accessible. 

With normal station signal, d.c. voltage at the video di- 
ode is usually between 1 and 10 volts. Almost any v.t.v.m. 
will do. It needn't even be accurate. Don't use a v.o.m., 
however, because its low input impedance will load down 
the circuit. 

An oscilloscope is a must. You'll want a wide -band scope, 
with sensitivity about 0.025 volt (25 mV) per inch. With 
that sensitivity, the input control won't always be wide 
open -it is good to have a little reserve. You may need it for 
setting individual traps or for adjusting sets that have been 
badly misaligned by an inept technician or by some custom- 
er's twiddling. 

The scope is used as an indicator for sweep alignment, 
connected directly (no low- capacitance probe) to the out- 
put of the video detector. Don't clip to the "other" side of a 
peaking coil; find a way to reach the diode wvith the scope 
test lead clip. If you can't, use a demodulator probe and 
connect across the output of the last i.f. transformer. The de- 
modulator probe may load down the i.f. coil and throw its 
alignment off slightly, but the error will be minor. 

Sweep and Marker Generators 
Next on the list are the .sweep generator and the r.f. sig- 

nal or marker generator. Sometimes these two functions 
are combined within a single instrument called a "sweep/ 
marker generator," but let's discuss them separately here. 
The r.f. signal generator should, first of all, be an accurate 
one. Second, it should be stable -that is, once the dial is set, 
the output should stay on frequency. A generator whose 
frequency wanders makes accurate alignment almost im- 
possible. 

You'll find two uses for a signal generator in alignment. 
You'll use it sometimes in conjunction with a v.t.v.m. for 
presetting traps and coils. This is a good way to bring ad- 
justments close to frequency when someone has fouled 
them up. Often, too, it isn't easy to set traps by merely 
watching the sweep response curve. 

The second use, and the one mentioned most in manufac- 
turers' alignment instructions, is as a marker generator. 
Stability is necessary. You see, if the .shape of the response 
curve is correct, the curve may be several kilohertz off-fre- 
quency without upsetting receiver operation. You make up 
for it, almost without knowing, when you adjust the tuner 
oscillator. Therefore, the stability of the generator is more 
important than exact frequency calibration. (Of course, 
there's a limit to how far off it can safely be, because of 
limits to just how far you can turn the coil slugs in the i.f. 
strip.) 

You'll usually feed the generator signal into the receiver 
at the mixer test point on the tuner. Unless the receiver is 
far out of alignment, this is fine for presetting i.f. coils or 
trap adjustments. Occasionally, you may feed the signal 
into the i.f. strip at a point just preceding a coil you want to 
prealign. Never connect directly across the coil; be sure 
there is a tube or transistor stage between the generator con- 
nection and the coil to be tuned. The stage will isolate stray 
capacitance in the generator's output cable and prevent 
detuning. 

Check the schematic diagram of your generator. If there 
is no capacitor in series with the output cable, make a habit 
of using one (0.001 14') externally between the probe tip 
and the circuit. That way, "11 +" in the set can't burn up 
the output control in the generator. Designers of most mod- 
em generators recognize this possibility and include a 1000 - 
volt protective capacitor. 

Next, let's consider the sweep generator. There are sev- 
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Fig. 3. R.f. from sweep generator looks like this when fed 
into scope. With electronic sweep, the deep notch is missing. 

eral different models of sweep generator available. Yours 
should be stable and have sufficient output to "push" a sig- 
nal through a badly misaligned i.f. and make a usable dis- 
play on the scope. You may want to check whether the ver- 
tical gain of your scope and the output of your sweep 
generator are adequate for each other. Feed the sweep gen- 
erator output directly into the vertical input of the scope. 
Turn the generator output control and the scope vertical 
input gain control wide open. Set the generator for the 
lowest possible center frequency- usually 3.5 or 4 Milt. 
Turn the sweep width of the generator as wide as it will go. 
What you should see on the screen of the scope is a blur 
(Fig. 3) about an inch or so high, representing the video 
frequency response of the scope. If the display is much 
smaller, the output of your generator or the input sensitivity 
of your scope is insufficient. If there's no fault in the gener- 
ator, you'll want one with more output or else a more sen- 
sitive scope. (Make sure the scope is up to snuff.) 

Inside the sweep generator, there are two ways frequency 
is swept. One is electronic, using a saturable inductor. The 
tuning coils for all the frequency bands are wound on a 
single core. A 60 -Hz signal is fed to a "sweep" winding, 
saturates the entire core, and swings the inductance of all 
the coils up and down. That in turn shifts the output fre- 
quency above and below center 60 times each second. A 
generator with this system of sweeping has very little sweep 
width at the extreme low end of its frequency range. This 
is bad for certain types of alignment -as in video and chro- 
ma stages -but is no detriment to ordinary i.f. and tuner 
alignment. 

The other way of sweeping is electromechanical. A capac- 
itance that is common to all the bands is mounted on a 
device resembling a loudspeaker voice coil and spider. A 
60 -Hz signal applied to the voice coil pulls one plate of the 
capacitance back and forth, thus swinging the frequency up 
and down 60 times per second. As with the electronic 
sweep, the amount of 60 -Hz signal is controlled by the 
Sweep \Vidth control, which thus determines how far above 
and below center the frequencies are swept. With the elec- 
tromechanical arrangement, the low -end center frequency - 
say 4 MHz-can be swept wide enough to reach "zero." The 
sharp dip at the left end of the curve in Fig. 3 is caused by 
this characteristic. (Still another technique that can be used 
is to employ a varactor or voltage -variable capacitance send- 
conductor diode.- Editor) 

To view the i.f. response curve, you connect the sweep 
generator to a "mixer test point" on top of the tuner. This 
isolates the tuned circuits from the loading effects of the 
generator's output cable. For an over -all alignment curve 
that includes the tuner, the sweep generator is connected 
to the antenna terminals. Most sweep generators have a 75- 
ohm unbalanced output (one side grounded) but the "hug" 
on the end of the cable contains resistors (Fig. 4) that 
match it to 300 ohms, balanced. Whenever you feed the sig- 
nal into an unbalanced circuit, the black lead must go to 
ground; the red lead is the "hot" one. 

This brings to mind another caution: Use a capacitor 
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30011 BAL. 

j ALTERNATE GND 

Fig. 4. Matching device at the end of generator output cable. 

(0.0005 1.F) in series with the hot lead if you're probing 
inside the set. When you are connected to the antenna ter- 
minals, the mixer test point, or a point you are sure is 
isolated from B + ", you won't need the capacitor. (It is 
more important to keep the output leads short and direct.) 
The d.c. voltage in plate circuits can burn up the matching 
resistors in the "bug." 

The Truth About Markers 
Markers, and the techniques used to develop them, are 

sometimes not thoroughly understood. They will be ex- 
plained here. 

First of all, why bother marking the curve? If you dis- 
play a sweep response curve alone, there is no way of know- 
ing at what frequency the skirts begin, at what frequencies 
they peak, and how wide the top of the curve is. It is the job 
of the marker to indicate the frequencies of these important 
points on the curve. 

A marker is merely a signal of known frequency from an 
r.f. generator that is mixed with the special signal from the 
sweep generator. When the two of them are demodulated 
by the video detector (or by the demodulator probe) , a 
"squiggle" is developed somewhere along the curve displayed 
on the scope. (This squiggle is actually a beat with the 
frequency of the sweep generator as it sweeps through the 
frequency of the marker generator.) The marker frequency 
is determined by the marker- generator dial. The position of 
the squiggle pinpoints that particular frequency on the curve 
display. 

For example, in Fig. 5A, the marker is halfway up the 
left skirt of the curve. (The curves are shown inverted 
as they normally appear when the video detector anode is 
on the output side.) You know by looking at the r.f. gen- 
erator dial exactly what frequency falls at that point on the 
curve. If you want to know at what frequency the top of the 
left skirt begins, twist the signal- generator dial until that 
marker is at that point ( Fig. 5B) ; the generator dial tells 
the frequency. 

In Fig. 5C the marker has been moved to the right -hand 
side of the top of the curve. Again, you identify the fre- 
quency there by looking at the signal generator dial. If you 
remember the frequency at the top of the left skirt, you can 
subtract one from the other and find the bandwidth across 
the top of the curve. Often this is important, especially in 
color -TV and in FM- stereo receivers. 

Another kind of marker, recommended by some manu- 
facturers for color -TV alignment, is the absorption type. In- 
stead of a squiggle, the absorption marker produces a slot 

Fig. 5. Marker "squiggles" on response curves. (A) Halfway 
up left skirt. (B) At left top. IC) At top of right skirt. ID) Re- 
sponse curve with an absorption or "notch" marker. Note that 
curves are shown inverted as they normally appear on scope. 

(Al (B) IC)' ID) 

along the curve, as shown in Fig. 5D. This type of marker 
is used mainly for alignment in the chroma section of color 
sets. It is mentioned here only for reference. 

The Marker Adder 
One trouble that always plagues service technicians try- 

ing to align TV receivers is that mixing the marker with 
the sweep signal can upset the true response of the tuned 
circuits. The usual method of keeping the marker from dis- 
torting the curve is to inject only a very weak r.f. marker 
signal. All too often, the squiggle on the response -curve is 
then so small it is barely visible, especially down near the 
bottom of the skirts. That makes it difficult to identify fre- 
quencies at those points. 

One answer to this is an instrument called a "marker ad- 
der," or sometimes "post marker adder." The sweep gen- 
erator signal is fed into the television receiver as usual. A 
"sample" of the sweep signal is coupled to the marker adder. 
At the same time, the marker signal is also fed to the marker 
adder. The demodulated response curve of the receiver, 
taken from the video detector, goes to the marker adder 
instead of to the oscilloscope. The marker adder therefore 
receives three signals: the response -curve signal from the 
video detector, the marker signal at whatever frequency the 
signal generator is set, and a sample of the sweep signal that 
is being fed into the receiver. 

Inside the marker adder, the marker -frequency signal is 
mixed with the sample of sweep generator signal to form 
the regular "squiggle" signal. However, as you can see, the 
marker r.f. signal has not gone through any of the stages 
of the receiver. The squiggle signal can now be added to 
the response -curve display without affecting the receiver 
circuits, since it is added after the response of the tuned 
circuits has already been determined. Most important, time 
marker squiggle can be made large and easy to view, with- 
out distorting the curve. 

Some sweep generators now available include a marker 
adder. The "sampling" connection between sweep gener- 
ator and adder is internal. The marker signal is fed in 
through an input jack, except when -as in at least one model 
-the marker generator is also part of the same instrument. 
A test lead is provided which connects to the video detector 
of the receiver and two output leads go to the oscilloscope 
vertical and horizontal input terminals. 

You'll find, in using a marker adder, that it takes some 
practice to get the best setting of the scope's Vertical Cain 
and the adder's Pattern Size control. It isn't really difficult, 
however, and a little experimentation with both makes it 
easy. 

(Before leaving tlic marker generator we should note 
that most of them have provision for producing one or more 
fixed- frequency, crystal- controlled -hence highly accurate 
and .stable -marker signals. As a matter of fact, one such 
instrument does not use a variable -frequency oscillator at 
all; instead it has a large number of crystal- controlled, fixed- 
frequency marker oscillators.- Editor) 

Connecting the Instruments Together 
Sometimes, it's the interconnection of equipment that 

confuses a service technician. When you don't understand 
what the various connections are for, it can be hard to re- 
member how to make them. The only sure -fire solution is 
to become familiar with them. And, to do that, you have 
to practice them a few times. 

Instruction manuals for your instruments usually show 
the connections. Service data for the TV receiver is also likely 
to offer some help. Small matching devices are often sug- 
gested to connect the equipment properly to different re- 
ceivers. Many of these "jigs" are interchangeable; once you 
have built a few, you can use then with almost any televi- 
sion set. 
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Now -pi's easy to make recordings of cbÌIden 
WITH POPULAR PHOTOGRAPHY'S UNIQUE NEW RECORD ALBUM 

"TONY SCHWARTZ ON HOW TO RECORD-THE SOUND OF CHILDREN" 
To instruct you in the techniques of recording children's 
voices, the editors of Popular Photography asked famed 
sound authority Tony Schwartz to prepare this special record, 
available exclusively and by mail only through Popular 
Photography magazine and other Ziff -Davis publications. By 
listening to it you can quickly acquire the skills needed to 
make top -quality recordings of youngsters -thus preserving 
permanently the sound of their voices. 

YOUR TEACHER: AN EXPERT'S EXPERT 
You couldn't have a better instructor than Tony Schwartz. 
A pioneer in the use of portable tape recorders, he has been 
capturing the sounds of actuality for 23 years. You've read 
his monthly column in Popular Photography. Now hear him 
explain and illustrate in provocative recorded demonstrations 
the working methods that have helped him to become the 
world's No. 1 sound collector. 

SIMPLE, COMPLETE INSTRUCTIONS 

HEAR ACTUAL DEMONSTRATIONS OF 

A tape recording before and 
after editing. 
The sound of a battery-operated 
recorder at three tape speeds: 
1?á, 33,., and 71/2 inches per 
second. 
The improvement in fidelity 
when a quality microphone 
replaces the mike supplied as 
a recorder's standard 
equipment. 
How to reduce unwanted noise 
while recording. 
Acoustics: the sound of sound 
in the living room. kitchen, 
hallway, and street. 
Improving sound quality by 
rerecording a tape. 

In addition to the tips on 
selecting and using equip- 
ment, you learn how to 
create complete sound 
stories with children -even 
recreate a situation that has 
already taken place! Actual 
sound demonstrations en- 
able you to hear the effects 
of various tape speeds, 
microphones, and acoustical 
conditions. You also learn 
how to eliminate unwanted 
noise and to improve your 
tapes by re- recording them. 
In less than one hour, you 
get the benefit of years of 
experience and recording 
know -how! 

EXTRA! 
You'll be intrigued and thoroughly entertained by Side II of 
this superb new album. It's devoted entirely to three of Tony 
Schwartz's most famous sound essays, all acclaimed as 
"works of great artistry that will surely be enjoyed by anyone 
who enjoys and appreciates the sounds of children." 

"CHILDREN AND GOD " -a fascinating composite of thoughts 
expressed by youngsters of various religious faiths. Their 
naively reverent concepts of God, heaven, good and bad, and 
prayer will be a revelation to you. This unique presentation 
is unlike anything you have ever heard before! 

"NANCY GROWS UP " -a remarkable sound portrait of a girl's 
developing personality. In just two minutes, you hear her 
voice from 20 minutes after her birth, through the years until 
she's 13 -when she reveals: "I've discovered boys!" 

"SOUND SNAPSHOTS " -a potpourri of chuckles . . . once - 
in-a- lifetime sayings that could come only from the mouths 
of babes. These uproarious remarks, all said in the innocence 
of childhood, include delightfully ingenuous observations 
like these: 

"I'm so hot I'd like to take my skin off!" 
"I had growing pains yesterday." 
"You go up in heaven when you die. You don't have to 
pay taxes, or anything -I'm positive." 
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A POPULAR PHOTOGRAPHY PRESENTATION 

TONY SCHWARTZ ON HOW TO RECORD 

The temed authority on sound teaches you how to make tape 

recordings of the precious. fleeting moments 01 childhood. 

Complete wit h derailed instructions and sound demonslrabons 

...PLUS a of Tony Schwartz's celebrated sound essays. 

A highfidelity I2.inch, 331r3 RPM longplaying vinyl album manufactured by the 
Custom Services Division of Capitol Records. 

... plus many more that will make you howl with laughter! 
You and your friends will enjoy listening to all of these enter- 
taining essays in sound again and again. 

Flee INSTRUCTION BOOKLET WITH 
EACH RECORD ALBUM 

Packed with valuable facts, it contains scores of helpful 
tips you can use to make better, more interesting record- 
ings- information that supplements the instructions in 
the record. And it's yours if you place your order now 
for "Tony Schwartz on How To Record -The Sound Of 
Children." 

Get the most out of your recording equipment by discovering 
the easy way to make tapes that you'll always treasure. This 
instructive and entertaining album should be owned by every- 
one within the sound of a child's voice and laughter. The 
special low price is: 

only $4.98 postpaid 
ORDER YOUR ALBUM TODAY r 

"The Sound of Children" 
P.O. Box 3112 
Church Street Station, New York, N.Y. 10008 
Please send . "Sound of Children" albums at $4.98 
each, postpaid. 

My check (or money order) for $ is enclosed. 
(Outside U.S.A. please send $7.00 per record ordered.) 
N.Y. State residents please add local sales tax. 

Name 

Address 

City 

State 

PAYMENT MUST BE ENCLOSED WITH ORDER 
tttttttte ICE 

Zip Code 

I 
I 
1 

I 
EW-88 

I 
I 
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Fig. 6. Prealignment connections. (A) Clipping to mixer test point on tuner. Id) 

Fig. G shows how to connect your r.f. signal generator 
and v.t.v.m. for prealigmment or for adjusting traps. The 
generator goes to the mixer lest point on top of the tuner - 
a small wire sticking up through an insulated hole. The 
y.t.y.m. probe is clipped to the video detector output. The 
hookup is uncomplicated. \lake sure both instruments have 
good grounds to the chassis. The tuner amounting bracket is 
usually handy in case a ground lead won't reach the chassis 
pan. 

\Vlnen an early stage is so badly misaligned that the de- 
sired signal can't get through, the signal generator connec- 
tion call be moved to other points in the i.f. strip. Also, it is 
sometimes helpful in aligning a trap to inject the signal 
nearer the trap. In most cases, however, the mixer test point 
is the hest injection point. 

Pig. 7A shmyS how to connect your sweep generator, 
marker-signal generator, and scope to display a sweep re- 
sponse curve of the i.f. section in a receiver. In (A) only 
the connccth)l S between sweep generator, signal generator, 
and scope are shown. The scope horizontal input is switched 
to External Input and a cable is run from the Horizontal 
Output j;ick of the sweep generator. This is the same signal 
that di-ix es the sweep device inside the generator, so the 
horizontal sweep of the scope pattern coincides exactly with 
the swings of siT,nal frequency up and down. Unless they 
are synchronized. there is no way of telling % vhere the re- 
sponse -curve display might start each time it's swept. 

In Fig. 7A, the marker generator is connected directly 
to the sweep generator. A number of modern sweep genera- 
tors include this input connection to give a better marker 
yithout distortion. However, the marker generator may not 
put out enough signal to make a distinct marker, particu- 
larly near the bottom of the skirts. in those cases. you must 
resort to the connection you will examine later in Fig. 711. 

The output of the sweep generator ill Fig. 7:1 is nsnally 

V.t.v.m. tien to the video detector. 

connected to the mixer test point. Sometimes alignment 
instructions for a receiver indicate a different connection. 
That's fine; make it where the manufacturer suggests. The 
output of the receiver's video detector is connected directly 
to the vertical input of the scope. 

Make sure the instruments are all well grounded to the 
chassis. You may even have to run an extra braided shield 
between the ground terminals of the several instruments. If 
touching the case of an instrument affects the response 
curve, a better ground is needed. 

Fig. 7B shows the equipment connected to a TV receiver. 
The sweep and signal generators both feed the mixer test 
point. The resistive matching jig isolates the two instruments 
and helps prevent the marker signal from "swamping" the 
tuned circuits. 

Fig. 7C includes the marker adder. Notice that the test 
lead from the receiver's video detector is connected to the 
marker adder Response or Test Input rather than to the 
scope. It was mentioned earlier that a scope demodulator 
probe could be used and the response signal taken prior to 
the video detector. This isn't a good idea with the marker 
adder; its input circuit isn't designed to work with a demod- 
ulator probe. 

Interconnecting the equipment properly is the first step 
in intelligent alignment. Now that you understand the pur- 
pose of each item, it's easier to go ahead with the work. 
Nevertheless, the work itself is often misunderstood. In next 
month's installment, you'll find considerable detail on how 
to go about an alignment. The whole procedure is divided 
into parts, with explanations of how and why for each. 
When you are through, you will he able to align any TV 
receiver with minimum expenditure of time and trouble. 
liest of all, you'll probably find that you are actually enjoy- 
ing it! 

(Concluded Next Month) 

Fig. 7. Instrument interconnections for TV alignment. (A) The basic setup. IBI Showing connection to the 
receiver, and the alternate marker /sweep connection. ICI How a marker adder is to be used is shown here. 
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THE MOST SPECTACULAR SOUND EXHIBITION 
OF STEREO FIDELITY 
EVER AVAILABLE 
ON ONE DISC. 

Hi I"i/Seto Review SrIE..EF1L EJ I 
DEMONSTRATION 
RECORD A stunning sertes of demonstrations, each designed 

to show off one or more aspects of musical sound 
and Its stereo reproducUon. 

This record is the result of two years of intensive 
research in the sound libraries of several of the 
world's leading record companies. The Editors of 
HiFi /Stereo Review have selected and edited those 
excerpts that best demonstrate each of the many 
aspects of the stereo reproduction of music. The 
record offers you a greater variety of sound than 
has ever before been included on a single disc. 

AN ELECTRIFYING EXPERIENCE IN LISTENING 
The HiFi /Stereo Review Stereo Demonstration Rec- 
ord is a series of independent demonstrations, each 
designed to show off one or more aspects of musi- 
cal sound and its reproduction. Entirely music, the 
Record has been edited to provide self- sufficient 
capsule presentations of an enormous variety of 
music arranged in a contrasting and pleasing order. 
It includes all the basic musical and acoustical 
sounds that you hear when you listen to records, 
isolated and pointed up to give you a basis for 
future critical listening. 

WIDE RANGE OF DEMONSTRATIONS 
Techniques of Separation and Multiple Sound 

Sources Acoustic Depth The Ambiance of a 
Concert Hall Sharp Contrasts of Dynamics 
Crescendo and Diminuendo Very High and Very 
Low Pitched Musical Sounds Polyphony (two or 
more melodies going on at once) With Both Similar 
and Contrasting Instruments Tonal Qualities of 
Wind, String and Percussion Instruments Sounds 
of Ancient Instruments Sounds of Oriental Instru- 
ments Sound of the Singing Voice, Both Classi- 
cally Trained and Untrained Plus a Large Sam- 
pling of Finger Snapping, Hand Clapping, Foot 
Stamping and Other Musical and Percussive Sounds 

13 SUPERB SELECTIONS 
STRAUSS: Festive Prelude. Op. 61 (excerpt) Deutsche Grammophon 
Gesellschaft Scored for full symphony orchestra plus organ with 
prominence to the brass instruments. Remarkable for the impressive 
sense of depth it reproduces. 
DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society. Virtually 
the entire range of the piano is used. including the full force of the 
bass notes. This is the sound of a piano in reverberant surroundings 
heard fairly closeup. 
BEETHOVEN: Wellington's Victory (Battle Symphony) (excerpt from 
the first movement) Westminster The recording emphasizes extreme 
directionality. It is a dramatic presentation engineered specifically for 
stereo reproduction. 
MASSAINO: Canzona XXXV à 16 (complete) DCG Archive Performed 
on old instruments, and recorded with techniques that combine direc 
banality with depth and ambiance. this band reproduces the sound 
of the music in its original environment. a large and reverberant 
cathedral. 
CORRETTE: Concerto Comique Op. 8. No 6. "Le Plaisir des Dames" 
(third movement) Connoisseur Society Recording demonstrates the 

sound and special layout of a small performing group (harpsichord, cello and 
flutes) in fairly resonant surroundings. 
KHAN: Raga Chandranandan (excerpt) Connoisseur Society This classical 
Indian music provides some of the most exciting musical experiences imagin 
able. Directionality between vastly different instruments is the point here, as 
well as the sheer sound of the instruments themselves. 
RODRIGO: Concert- Serenade for Harp and Orchestra (excerpt from the first 
movement) Deutsche Grammophon Gesellschaft This excerpt provides a wealth 
of instrumental color behind a harp solo. The music is clear, colorful, other 
classical, and immensely entertaining. 
MANITAS DE PLATA: Gypsy Rhumba (complete) Connoisseur Society The 
recording puts the listener in the center of a flamenco party by precisely trans- 
mitting the directionality, depth and ambiance of this completely impromptu 
recording session. 
MARCELLO: (arr. King): Psalm XVII The Heaves are Telling" (complete) :on. 
ooisseur Society This arrangement of the brief Marcello Psalm is for brass. 
choir and organ. who answer one another antiphonally. 
PRAETORIUS: Terpsichore: La Bourrée XXXII (complete) DGC Archive A musical 
gem played by a raft of renaissance instruments including recorders, viols, lutes. 
harpsichord, small kettle drums, chimes, bells, and triangle. 
BERG: Wozzeck (excerpt from Act Ill) Deutsche Grammophon Gesellschaft The 
acknowledged masterpieces of modern music incorporating the use of many un- 
usual and extraordinary musical devices, including dramatic crescendos for full 
orche tra. 
BARTOK: Sonata for two pianos and Percussion (excerpt from the first move 
ment) Cambridge The work is a stunning exploration of percussive sounds used 
as the basic material of the composition. 
BEETHOVEN: Wellington's Victory (Battle Victory) (excerpt from the last move- 
ment) Westminster A demonstration of one of stereo's greatest virtues its 
unmatched ability to clarify separate contrapuntal voices being played by sinilar 
instruments. 

Advanced New Anti -static Vinyl 
Recorded with the cooperation of Deutsche Grammophon Gesell- 
schaft, Connoisseur Society, Westminster Recording Company 
and Cambridge Records Incorporated, the Stereo Demonstration 
Record is processed and pressed on a newly developed, improved 
vinyl. It is permanently anti -static, repels dust and dirt and pro- 
motes longer stylus wear. The use of this material is conducive to 
low surface noise and contributes to the production of full dy- 
namics and frequency range. The record continually looks new, 
sounds new and wears longer. 

FREE ENCLOSED WITH EACH ALBUM 
Packed with valuable facts to give you a better under- 
standing of the term "stereo high fidelity," including a 
discussion of the selections appearing on the record, plus 
a complete description of each selection performed and 
the purpose behind its demonstration. 

12" STEREO RECORDING AVAILABLE IN 
YOUR CHOICE OF 33'/% RPM OR 45 RPM 
The 331/i rpm is of the highest attainable quality at that 
speed. The higher speed of the 45 enables an even higher 
quality disc. 

August, 1968 

ORDER YOUR STEREO DEMONSTRATION RECORD TODAY 

Only $498 Postpaid 
Stereo Demonstration Record 
P. O. Box 3463 Church Street Station New York, N.Y. 10008 

Please send me_ _ _ HiFi /Stereo Review Stereo Demonstration Record Albums 
at $4.98 each, postpaid. My check (or money order) for $ 
is enclosed. 

Check One: 331/3 rpm 45 rpm 

(outside U.S.A. please send $7.00 per album ordered.) New York State residents 
please add local sales tax. 

Print Name 

Address 

City State Zip Code 
PAYMENT MUST BE ENCLOSED WITH ORDER 

EW-110 
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Modern electronic equipment can help many physically 
handicapped people lead productive, independent lives. 

ELECTRONIC AIDS FOR THE HANDICAPPED 
THE sweltering August day kept the air -conditioner in 

Mac's Service Shop humming busily, but Mac and 
Barney were feeling no pain as they sat side by side 

on the service bench sipping frosty glasses of lemonade that 
Matilda, the office girl, had prepared and was sharing with 
them. 

"Last night I spent an interesting four hours helping a 
crippled guy in the East End install the new Heath Home 
Protection System he had just put together," Barney volun- 
teered. "He lives all by himself and can't walk or even stand. 
Since he can't go scampering around checking for trouble 
and needs more time to get out of its way or to summon 
help, he decided a Home Protection System would be a 
good investment." 

"I've seen that new heath system advertised, but I 
don't know anything about it," Mac said. "How does it 
work ?" 

"I didn't have time to study fine details of its operation 
myself, but I know it consists basically of a receiver that 
sounds a Sonalert alarm whenever a special type of signal is 
received via the power lines, and of two different and 
separate transmitting units. One is a specialized unit that 
sends the proper signal for triggering the receiver into the 
power line whenever the ambient temperature goes above 
133° F or whenever the ambient smoke concentration at the 
unit exceeds an adjustable pre -set level. 

"The other is a general purpose transmitter that feeds the 
receiver- triggering signal into the light lines when actuated 
by any one of various types of external sensors connected to 
it. It has separate inputs to accommodate normally open or 
normally closed sensors, or sensors that either increase or 
decrease in resistance with activation, and it provides latch- 
ing or non- latching activation of the transmitter by a sensor. 
Fail -safe features cause the alarm to sound if power is lost 
at the receiver or if certain critical components in either 
transmitting unit fail." 

"I don't see why a separate heat and smoke- detecting unit 
is necessary," Mac observed. "Why not just connect a sim- 
ple heat- detecting sensor to the general purpose transmitter 
and depend on it for a fire alarm ?" 

"I asked the same question, and George- that's the crip- 
pled guy's name -was ready for it. He says a fire ignites in 
some house in the nation every fifty seconds, and a death 
results from a fire every forty -four minutes in the U.S. While 
the old and physically handicapped understandably account 
for a large percentage of these victims, a surprising number 
are young and vigorous. The answer lies in the fact the in- 
halation of smoke and fire -generated gases often renders a 
sleeping person unconscious before the discomfort of mount- 
ing heat can awaken him. In the great majority of cases, 
smoke gives an earlier warning of fire than does heat; and a 
physically handicapped person, especially, needs all the ex- 
tra time he can muster to escape and summon help." 

"I see George is in there thinking." 
"I was more and more convinced of that as the evening 

wore on. Anyway, I mounted the smoke- detection unit at the 
ceiling just outside his bedroom. The general purpose trans- 
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mitter was located in the kitchen. A water- detecting sensor 
mounted at the top of the sump -pump pit in the basement 
was connected so it would sound a warning if the pump 
failed and the pit filled with water. An old but serviceable 
thermostat was connected to the transmitter to give warning 
if the furnace quit and the house temperature fell to 60 °. 
Another sensor was connected in the deep- freeze to warn of 
rising temperature. 

"Two normally open magnetic reed switches were in- 
stalled on the jambs of the front and rear combination 
screen -and -storm doors and magnets were cemented to the 
door edges so their influence held the switches closed as 
long as the doors were shut. The switches, in series, were 
connected to the normally closed input of the transmitter so 
an alarm sounded if either door were opened. George isn't 
so much looking for intruders as he is wanting to be sure the 
doors are closed before he goes to bed. Because of his wheel- 
chair, the doors can't be equipped with springs or door - 
closers; and he hates to be awakened on a cold winter night 
by the sound of the wind banging an unlatched door around 
and have to climb in his wheelchair and go shut it." 

"Where does he have this protection system receiver ?" 
"On a table right by his bed. Also on this table is one of 

those two -channel wired /wireless remote -control transmitter 
units. The living room TV set, which he can see from his bed 
through the open bedroom door, is plugged into the remote - 
control receiver for one channel, and a living room floor 
lamp is plugged into the receiver for the other channel. 
That way he can leave the light and TV both on while he 
gets into bed; then he can turn either or both off and back 
on whenever he wishes. 

"One of two master intercom units is on this table, too. 
The other is out in the combination garage and workshop on 
the rear of the lot. Slave unit speaker- microphones are 
mounted just outside the front and rear doors. When an 
early -morning caller pushes the button on the front door 
bell or the back door buzzer, George, without getting out of 
bed, can use the intercom to ask what he wants. He can also 
listen in on things out in the garage and shop to be sure 
everything is okay out there. 

"When in the shop, he can hear the doorbell or the tele- 
phone over the intercom there from the other unit by his 
bed. If it's the doorbell, he can invite the person at the door 
to come on back to the shop. Or if it's the telephone, he can 
answer it on a self -installed extension from which the ringer 
circuit has been thoughtfully disconnected so as not to 
change the normal impedance of George's private line! 
Finally, if something should happen to George in bed or out 
in the shop and his telephone would not work, he could still 
call for help over these two outside speakers." 

"I have the feeling George has a radio -controlled garage 
door." 

"Natch! We had to run out to the shopping center to get 
some wire, and he insisted we use his car. It's hand -con- 
trolled, of course, with all power features, and he handles it 
smoothly and easily. His radio control for the garage door is 
one of those high- frequency jobs that get no static from CB 
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transmitters. But he does have a CB 
transceiver in his car, which surprised 
me because he's a ham, and I expected 
him to have a powerful amateur in- 
stallation. 

"But he says the only reason he has a 
two -way radio of any kind in his car is 

purely for convenience and safety. He 
believes a handicapped person should 
devote his entire attention to his driv- 
ing and not be noodling around with a 
hobby radio. And for getting essential 
information or help while driving, CB 
is far superior to ham radio simply be- 
cause of the greater number of CB 
operators who have their receivers 
turned on almost continuously. Being 
able to talk halfway around the world 
doesn't do you much good when you 
need local information or help as quick- 
ly as possible. 

"I was interested in his reasons for 
selecting the very compact, solid -state, 
23- channel receiver with a p.a. feature 
he was using. He said he chose the 
transistorized version for compactness, 
low battery drain, dependability, and 
ability to withstand shock. It had to be 
small so as to take up minimum room in 
the driver's compartment already occu- 
pied by the hand controls. Low battery 
drain was important because in some 
situations you might have to call for 
help for hours without being able to 
run the motor. Transistors were much 
less likely to fail than tubes, especially 
under the shock of a crash." 

"Old George sounds kind of pessimis- 
tic. He's always expecting trouble." 

"He explained that, too. He says a 
non- handicapped person is much better 
able to work his way out of any trouble 
he gets into than is the physically hand- 
icapped. The latter, to the best of his 
ability, must use his imagination to an- 
ticipate trouble and provide a means of 
handling it before it happens." 

"Makes sense. But why a 23- channel 
job and why the p.a. feature ?" 

"I thought, too, a transceiver to be 
used only for talking to other CBer's 
would need, at most, only the seven 
channels authorized for contacts be- 
tween stations with different calls, but 
George says in an emergency he would 
contact a station wherever he found it, 
and that might well be a business sta- 
tion using a channel outside the Sacred 
Seven. If he really needs assistance, he 
wants to be able to yell 'Help' on all 23 
channels. 

"The p.a. feature enables him to 
switch the output of the transceiver 
modulator into a little paging -type horn 
speaker mounted under the hood. In 
some situations, he could get attention 
and help vocally where the radio would 
be useless. Also, when stopping outside 
a motel office, he can use the speaker to 
explain he can't walk and persuade the 
manager to come to the car. There are 
other situations where it's handy to be 
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able to send your voice in to where 
you can't go yourself." 

"Sounds to me as though George is 
putting CB to the use for which it was 
intended." 

"Yeah, and he also has a watt- and -a- 
half hand -held transceiver with nickel - 
cadmium batteries that he carries with 
him when he is away from home in his 
wheeled cart. He often goes to town in 
this thing, and that is a round trip of 
about four miles. He says with the 
transceiver along, he knows he can get 
help if he gets a flat tire on the cart or 
something else happens. When travel- 

ing, he takes this into the motel with 
him -just in case!" 

"He certainly sounds like the kind of 
cautious fellow who wears both a belt 
and suspenders, but I admire him for 
his foresight," Matilda said, starting to 
gather up the empty glasses. "Working 
in this shop where all we usually see 
are radios, hi -fi's, and TV sets, I some- 
times feel that all electronics can do is 
amuse and entertain. It makes me feel 
good to know how much more this 
field in which we are working can do 
for a person such as George. Electron- 
ics enables him to lead an interesting, 
active, independent life and to do it 
safely without taxing his limited physi- 
cal ability too much. The great pity is 
that so few people, handicapped like 
George, know of the existence of these 
electronic devices or have the technical 
know -how to adapt them to their pe- 
culiar needs." 

PHOTOGRAPHING SCOPE TRACES 

By E. J. ERWOOD 
Dept. of EE., The Technological Inst. 

Northwestern University 

WHEN several waveforms are to be 
photographed at the sanie time 

during an experiment, it is sometimes 
confusing as to which truce is which var- 
iable. By rposing light filters made 
from perforated metal or plastic, open - 
pore sponge sections, or ruled grid pat- 
terns, it is possible to identify one of the 
traces. 

The high -frequency waveform in the 
photo, for example, was photographed 
through a perforated metal mask placed 
on the face of the CRT. The low- frequen- 
cy waveform was photographed through 
a 45- degree angled grid pattern. (It is 
difficult to see the grid lines in our re- 
produced photo. -Editor) The film used 
is Polaroid Type 47, black and white 
speed 3000. 

Winter 1968 ELECTRONIC 

EXPERIMENTER'S 
HANDBOOK 

Special 10th Anniversary Issue! 

Complete schematics, illustrations, 
parts lists and easy -to- follow in 
structions that guarantee you per 

feet finished products. 

Spring 1968 ELECTRONIC 

EXPERIMENTER'S 
HANDBOOK 
Another big package containing over 

30 of the most challenging, futo 
build electronics projects ever! Be 

sure to order this one today! 

1968 STEREO /HI -FI 

DIRECTORY 

A giant 182-page buyer's guide to 

virtually every new audio com- 

ponent on the market today. Over 

1600 products in all! Includes 

valuable "what to look for -how 
to buy" advice! 

6 Vital 
Components 

For Knowl9 Sheer 
For Profit 

ectronics Enjoyment! 
ONLY =1.25 EACH 

*`i$sT,nc iiiv, 

fm- 

1968 TAPE RECORDER 
ANNUAL 
Contains over 130 pages, 19 corn 
plete features, covering every as 
pect of tape recording. PLUS corn 
plete directories of machines and 

accessories! 

1968 COMMUNICATIONS 
HANDBOOK 

For the ham, CB'er, SWL'er or busi 
ness radio operator. 150 pages of 
"how to do it better" information. 
Directories of ham and CB gear! 

1968 ELECTRONICS 
INSTALLATION & 

SERVICING HANDBOOK 
Now, get the tricks of the trade 
for servicing everything. A 140 - 
page "encyclopedia" that's a must 
for every serviceman and serious 
hobbyist! 

ii.1 
ZIFT -DAVIS SERVICE DIVISION Dept.W 1 
595 Broadway, New York, N.Y. 10012 
Please send me the annuals I've checked below: I 
D Winter 1963 Electronic Experimenter's Handbook I 
D Spring 1968 Electronic Experimenter's Handbook 

1968 Stereo /Hi -Fi Directory 
1968 Tape Recorder Annual I 
1968 Communications Handbook 
1968 Elect. Installation & Servicing Handbook I 

$1.25 each. In U.S.A., add I5c each for shipping 1 

and handling. Outside U.S.A., add 50c each. 1 

TOTAL ENCLOSED $ 

I 
I 
I 
I 

zip I 
I 

1I = PAYMENT MUST BE ENCLOSED WITH ORDER a 
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You Can Always Depend On Heath... 
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NEW kit 1G -57 

$13500 

NEW 
kJ IT -18 

$2495 

NOW, THE TUNER AND AMPLIFIER OF 

THE FAMOUS HEATH AR -15 RECEIVER ARE 

AVAILABLE AS SEPARATE COMPONENTS 

NEW kit AJ -15 

$18995* 

$16995* 

New Solid -State Color TV 

Marker /Sweep 
Generator ... 
15 Crystal Markers 

3 Sweep Ranges 

The IG -57 combines the features of both a 
post marker anti a sweep generator for less 
than you'd expect to pay for just one of these 
functions. This compact easy -to -use instru- 
ment has all the facilities you need for critical 
Color TV and FM alignment ... just attach 
any 'scope and you're ready. 15 crystal- 
controlled marker frequencies, 3 sweep ranges 
... all crystals included. External attenuator 
provides I, 3. 6. IO and 20 dB steps to 70 dB 

maximum; also can be used with external sweep or marker. Picture and 
sound carrier frequencies for channels 4 and 10; FM tuner. FM IF and 
discriminator alignment; TV sound IF adjustment. Complete!) isolated 
0 -15 v. variable voltage supply. Built -in 4(X) Hz modulation; Phase 
Control and Trace Reverse Switch. Blanking Switch eliminates return 
sweep and provides base line. Solid -state circuit uses 27 transistors, 
7 diodes ... 3 circuit boards. Handsome new Heathkit instrument styling. 
Order your IG -57 now, it's the best investment in Color TV and FM 
alignment facilities you can make. 14 lbs. 

NEW HEATHKIT In- Circuit Transistor Tester 
At last, a realistic price l'or in- circuit testing of transistors! The new 
Heathkit IT -I8 Tester has the litcilitics you need and it costs a lot 
less. It measures DC Beta in-or-out-of-circuit in 2 ranges from 2 to 
l(XX) (the spec. commonly used by mftrs. and schematics to determine 
transistor gain). It tests diodes in-or-out-of-circuit for forward and 
reverse current to indicate opens or shorts. Measures transistors out- 
of-circuit for ICEO and ICBO leakage on leakage current scale of 
0 to 5.(XX) tiA. Identifies NPN or PNP devices. anode and cathode 
of unmarked diodes; matches transistors of the same type or oppo- 
site types. Cannot damage device or circuit e en if connected incor- 
rectly. Big 41/2" 2(X) uA meter. 10 -turn calibrate centrof. Completely 
portable, powered by "D" cell (long battery life). Front panel socket 
lier lower power devices. Attached 3' test leads. Rugged polypropylene 
case with attached cover. Build in 2 hours. 4 lbs. 

NEW HEATHKIT AJ -15 Deluxe Stereo Tuner 
For the man who already owns a line stereo amplifier. and in response 
to many requests. Heath now offers tilt. superb PM stereo tuner section 
of the renowned AR -15 receiver as a separate unit. The new AJ -I5 I.M 
Stereo Tuner has the exclusive design FLT FM tuner l'or remarkable 
sensitivity, the exclusive Crystal Filters in the IF strip for perfect re- 
sponse curve and no alignment; Integrated Circuits in the IF for high 
gain, best liimiting; elaborate Noise -Operated Squelch: Stereo- Threshold 
Switch; Stereo -Only Switch; Adjustable Multiple\ Phase, two Tuning 
Meters; two variable output Stereo Phone jacks; one pair variable 
outputs plus two fixed outputs for amps., recorders. etc.; front panel 
amounted controls; "Black Magic" panel lighting; 120 240 VAC op- 
eration. 18 lbs. "Walnut cabinet AL -18, SI9.95. 

NEW HEATHKIT AA -15 Deluxe Stereo Amplifier 
For the ahan who already owns a fine stereo tuner. Heath now oilers 
the famous amplifier section of the AR-I 5 receiver as a separate unit. 
The new AA -15 Stereo Amplifier has the same superb features: 150 
watts Music Power; Ultra -Low Harmonic & IM Distortion (less than 
0.5;,; at full output); Ultra -Wide Frequency Response ( ±I dB, 8 to 
40,000 Hz at I watt); Ultra -Wide Dynamic Range Preamp (98 dB); 
Tone -Flat Switch; Front Panel Input Level Controls; Transformerless 
Amplifier; Capacitor Coupled Outputs; Massive Power Supply; All - 
Silicon Transistor Circuit; Positive Circuit Protection; "Black Magic" 
Panel Lighting; new second system Remote Speaker Switch; 120/240 
VAC. 26 lbs. "Walnut cabinet AE -18, S19.95. 
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For Unsurpassed Value and Quality 

Deluxe "295" Color TV ... $479 95 

(less cabinet) 

Big. 13o1J. Beautiful... With Advanced Features and Inclusive Hcalhkit 
Self- Servicing. Top quality. American brand color tube ... 295 sq. inch 
viewing area. The built -in dot generator and full color photos and 
simple instructions let Cott set -up, converge and maintain the best color 
pictures at all times. Add to this the detailed trouble -shooting chart 
in the manual and Nou put an end to costly TV service calls l'or periodic 
picture convergence and minor repairs. 

New improved phosphors and low voltage supply with boosted B :- for 
maximum color fidelity and operation automatic degaussing exclusive 
Heath Magna -Shield ACC and AGC assures color purity, flutter -free 
pictures under all conditions preassembled IF with 3 stages instead of the 
usual 2 deluxe VHF turret tuner with "memory" fine tuning choice of 
installation -wall, custom or optional Heath factory assembled cabinets 

Easy to assemble. 

kit GR -295, (everything except cabinet), 131 lbs.... 
$48 dn., 542 mo. . $479.95 

GRA- 295 -4, Mediterranean cabinet (shown), 90 lbs.... 
no money dn., $11 mo. $112.50 
Other cabinets from $62.95 

Deluxe "227" Color TV ... $41995 
(less cabinet) 

Ha. sanie 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 tir fast. easy servicing and installation. The dynamic 
convergence control hoard can be placed so that it is easily accessible 
an\tinie sou ssish to "touch -up'' the picture. 

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

GRA- 227 -1, Walnut Cabinet (shown) 
no money dn., $6 mo 

GRA- 227 -2, Mediterranean Oak Cabinet... 
no money dn., $10 mo. $94.50 

$59.95 

Deluxe "180" Color TV ... $34995 
(less cabinet) 

Same high performance features and exclusive self -sen icing facilities as 

the 6R -295 except for 180 sq. inch viewing area. I rature for feature the 
Heathkit "I811" is our best buy in deluxe color TV sies ing ... tubes 
alone list for over S245. For extra savings. extra beauty and conven- 
ience, add the table model cabinet and mobile cart. 

kit GR -180 (everything except cabinet), 102 lbs.... 
S35 dn., $30 mo. $349.95 

GRA- 180 -5, table model cabinet and mobile cart... 
(shown), 57 lbs.... no money dn., S5 mo $39.95 
Other cabinets from $24.95 

Heathkit Color TV Remote Control 
Now change \ III channels and turn sour Hcalhkit color TV On and 
off from the confort of sour armchair with this remote control kit. 
The bras-dut switch contacts are silser- plated to assure long life and 
trouble -free service. Use with Heithkii GI2 -295, GR -227 and (iR -180 
color IV's. Includes 211' cable. 

kit GRA -27, 4 lbs. $19.95 

FREE! World's Largest 
Electronic Kit Catalog 

Shows these and over 300 other easy -to -build kits 
that save up to 50v; ... Electronic Organs, Stereo, 
Marine, CB, Ham Radio, Test, Photography, Educa- 
tional for home & hobby. No skills or experience 
needed. Send for your free copy today. Mail coupon 
or write Heath Co., Benton Harbor, Mich. 49022. 
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3 HEATHKIT' COLOR TV'S 
NOW! ALL WITH 2 -YEAR 

WARRANTY ON PICTURE TUBE 

r HEATH COMPANY, Dept. 15.5 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is S - 

Please send models) 
Please send FREE Heathkit Catalog. 
Please send Credit Application. 

Name 

Address 

. plus shipping 

Gty `late 
Prices R specaicahrms sublect to change ifrithout notice. 
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with 
Greenlee 

punches 
Here's the simple speedy way to cut smooth, 
accurate holes in metal, hard rubber, plas- 
tics, epoxy, etc. 
Save hours of hard work ... punch clean, true 
holes in seconds for sockets, controls, meters, 
and other components. Easy to operate. Simply 
insert punch in a small drilled hole and turn with 
a wrench. For use in up to 16 -gauge metal. Avail- 
able at leading radio and electronic parts dealers. 

GREENLEE TOOL CO 
DIVISION OF GREENLEE SILOS. CO. 

1866 Columbia Avenue, Rockford, III. 61101 
CIRCLE NO. 114 ON READER SERVICE CARD 

Dew $ams Dooks 

Handbook of Electronic Tables & Formulas 
by Donald Herrington & Stanley tlicurhu m. NEW 
THIRD EDITION. Enlarged and updated the lead- 
ing reference source for all charts, tables. formulas. 
laws, symbols, and standards used in electronics. 
Includes invaluable sections for service t echnicians 
and 6-page color chart of t he latest l''('(' frequency 
spectrum assigmnena s. 2'2.1 pages. 
Order 20648, only $4.95 

Transistor Fundamentals Series 
An authoritative, complete 4- volume study and 
reference work on transistors. The programmed 
text is easy to understand. it begins with a de- 
scription of transistors and how they work; later 
volumes explain their applications in a wide vari- 
ety of circuits. All volumes 51¡ x t4 . 

Vol. 1. Basic Semiconductors and Circuit Principles 
by Robert .1. Brite. 240 pgs. Order 20641, only $4.50 

Vol. 2. Basic Transistor Circuits 
byChar/esA. Pike. 208 pgs.Order 20642, only $4.50 

Vol. 3. Electronic Equipment Circuits 
by Martin Gersten. 192 pgs. Order 20643, only $4.50 

Vol. 4. Digital and Special Circuits 
by Reginald H. Peniston & Louis Schweitzer. 
208 pages. Order 20644, only $4.50 

4 -Vol. Set in Slipcase. Order 20645, only $15.95 

Instrumentation Training Course 
Vol. 2. Electronic Instruments 

Edited by the Howard 1%'. Sums Technical Staff. 
Covers theory, construction, installation, and op- 
eration of many types of electronic control instru- 
ments. Examines specific instruments in detail 
and illustrates the principles involved. Invaluable 
for instrument training programs; a handy refer- 
ence for everyone involved with industrial con- 
trols. 144 pages. Order 20622, only. ...$6.95 

These and over 300 other SAMS 
Books are available from your local 
Electronics Parts Distributor . . . 

HOWARD W. SAMS & CO., INC. 
41.. .u{' t. ANA, ,MDANA 46266 
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EW Lab Tested 
(Go ni iii tii tl from page 22 

wit all increase or decrease of 2 to :I 

ells in the level of the slid -range and 
high -frequency speakers. to snit the 
specific listening environment or per 
solidi taste. 

Our tests of the speaker system were 
made in the salve indoor environment 
used for all our other speaker measure 
ments. However, this was one of t111 

first speakers that we tested using ;1 

number of microphones simultaneously, 
with their outputs electrically averaged 
rather than with a single l icrophont. 
located successively in different parts 
of the room. The final response curers 
from the two techniques are very simi- 
lar. However, the newer method ap- 
pears to be less subject to the effects of 
room resonances, except at very low 
frequencies. Below 150 IIz, it becomes 
increasingly difficult to separate the 
characteristics of the room from those 
of the speaker. Only continued experi- 
ence with the new test method will let 
us identify the inherent response of the 
MOM. 

At any rate, the average of seven 
microphone responses throughout the 
room shows the Model Five to be a 

remarkably smooth speaker. From 170 
to 14,000 IIz, the averaged response 
(toes not vary more than +2.5 dB. 
:(side from some irregularities which 
may well be caused by room resonances, 
the response remains smooth and strong 
clown to 20 Hz. Because of the very low 
harmonic distortion of the woofer, it is 
a genuinely useful low -frequency re- 
sponse. At a loud 1 -watt drive level the 
distortion was only 5%, at 30 Hz, 8% 
at 25 IIz, and down to 6% 20 IIz. 
At 50 Hz and above, the distortion was 
typically less than 1.55. 

The tone -burst response \vas very 
good throughout its full range. Al- 
though we have seen a few other speak- 
ers that have better tone -burst response 
at one or two specific frequencies, we 
cannot recall having tested a dynamic 

10 
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w 0 
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2 - o a 
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speaker system with better over -all 
tratisient response. 

An inexperienced listener when first 
exposed to this speaker might have a 
slightly "let -down" feeling. It does not 
inundate one with sparkling highs, 
project the performance into the listen- 
ing room, or shake the walls with its 
buss. In fact, it was remarkably free 
from any particular sonic' characteristic 
or coloration. Of course this is just the 
way a speaker .alms((( sound. In fact, 
the terns °coloraIioo is anathema to 
speaker designers. As we listened to the 
speaker, we became increasingly aware 
of its special virtue -a deceptively easy, 
unobtrusive quality. When called upon 
to deliver a palpable bass, or the airy 
quality of strings, it sloes so effortlessly. 
It is a fine speaker, in every way worthy 
of the manufacturer's name. The KU! 
Model Five speaker system, attractively 
finishes( in oiled walnut, sells for 
8179.95. 

LOW -FRED. PEAKS CAUSED BY ROOM RESONANCES 
, 111® 

IjFI,!UIuiIUiUIIUI*IIP'..11111 
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Midget Signal 
Generator 

By LESTER L. SCHROEDER 

Sometimes a si;rf(tl generator could make field 
ti('rlf(Y/1g ('a.sv, but often it is too big to carry. 
Here is a hand-held unit that ltiIl do the job. 

almost all phases of electronics servicing, the signal I generator or signal injector is a very useful device. 
Generally, audio sine -wave generators are used as signal 
sources but they are usually big and heavy and the elec- 
tronics technician needs a tool that is easy to carry. 

There are some small signal generators on the market 
but usually they lack either an output signal amplitude 
control or a frequency control, or both. 

This article describes the design and construction of a 
small signal injector that overcomes such problems. It can 
be hand -held and is very useful for troubleshooting audio 
circuits. The complete instrument is only six inches long 
and 3/4 inch in diameter. It has an output level control be- 
hind the pin -jack probe and the frequency control is located 
just above the center of the tube -body housing. 

Circuit Design 

Because cost and size are prime considerations in this 
circuit design, a minimum number of components is used. 
Basically, the circuit is a modification of the code -practice 
oscillator described in G -E's 1964 "Transistor Manual." It is 
a simple bistable two- transistor unit that utilizes comple- 
mentary 1 -n -p and n -p -n components. Variable resistor R5 
was added to prevent circuit overloading while capacitor 
C1 was included to keep the d.c. in the tested equipment 
out of the generator. Its value may be increased to 20 f(F for 
audio circuits or decreased to a minimum of .05 1.(F for r.f. 
circuits. Capacitor C2 was changed from 0.47 p.F to 0.1 l' 
to increase the oscillator frequency. 

The printed -circuit board must be designed carefully and 
the component layout must be exact because all the parts 
have to fit into a 3/4" diameter Bakelite tube. The complete 

Fig. 1. (A) Complementary "p -n -p" and "n -p -n" transistors 
form bistable oscillator. (B) Frequency is continuously variable 
from 600 to 1200 Hz, with a maximum amplitude of 0.5 V p -p. 

Ce01 

G-E 2N170 

R 

BI 

02 
G E 2N107 

I CI 

SI 

(A) 

RS 

OUTPUT 

R1 -5 ohm, Vz W res. 
R2 -100 ohm, t2 W res. 
R3 -1000 ohm, 1/2 W res. 
R4- 50,000 ohm subminiature pot. 
R5 -5000 ohm subminiature volume 

control. with on -off" sw., SI 
CI -2 µF, 10 V elec. capacitor 
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(B) 

C2 -0.1 µF, 3 V ceramic capacitor 
B1 -1.5 -V "AA" battery 
Q1- "N -p -n" transistor (G -E 2N170) 
Q2- P -n -p" transistor (G -E 2N107) 
1 -6" length, ßií" dia. Bakelite tubing 
1- Copper or aluminum battery holder 
1 -Pin plug 

defy.. e 
compel ition 
to top Oxford quality, variety, delivery, and prices! 

Here are the speakers with the 
quality features demanded for 
today's critical sound require- 
ments. Extra heavy ceramic mag- 
nets for wider range, with Oxford's 
exclusive "Floating Suspension 
Surround" the permanently flexi- 
ble edge that extends the low 
frequency spectrum without un- 
desirable hangover, assuring 
smoother midrange, brilliant high 
frequency response. 

Paging and talk 
Back Speakers 

All Weather Speakers 

Replacement Speakers 

ix: 
4 

Professional Musical 
Instrument Speaker 

Public Address Speakers "TEMPO" HIFi Speaker 

Match your needs from a full 
range of speakers for new highs 
in high fidelity performance. Best 
of all, they're available to you now - 

OXFORD, 
of course. 

ALMA 

Write for complete information today' 

OXFORD TRANSDUCER 

COMPANY 
A Division of Oxford Electric Corporation 

3911 S. Michigan Ave., Chicago, III. 60653 
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Delta Launches the 

OVWUTACU* 

The 
Great 
One! 

*An exclusive computer - 
tachometer for precise RPM 
measurement in easy -to- 
build Kit form! 

$2995 ppd. 
Delta, pioneers in CD ignition who pro- 
duced the fabulous MARK TEN ", now offer 
a precise computer- tachometer which obso- 
letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid -state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. Works 
on all 2, 3. 4, and 6 cylinder 2 cycle and 
with 4-6-8 cylinder-4 cycle 12 volt engines. 

0.8000 RPM range 

Perfect linearity - zero paralax 
Adjustable set pointer 
Wide angle needle sweep 

Translucent illuminated dial 

Chrome plated die -cast housing 
All -angle ball & socket mounting 
Use it with ANY ignition system 
Meter: 318" dia. X 33'8" deep 

Calibration kit included, no test eqpt. 
needed. 

Orders shipped promptly. I 

Satisfaction guaranteed. 4,4. 

Fig. 2. Components are mounted on a 
phenolic board and then slipped into a 
plastic tube of 3 /a" Bakelite. Refer to text. 

cironit assenabl\ is shown Al Pig. 2. The 
5000-ohm volume control- R5, is at- 
tached to Ont' end of the printed- circuit 
board ;old the battery, BI to the other. 
The pin ¡:u k, vv hick ScrveS ;AS a probe. 
is fastened directly to the shaft of the 
volume control and doubles as the ''on- 
off" svvitch and signal amplitude con- 
troller. For convenience, the 50,000- 
°11m frequency control (R4) is ntottntd 
nar the battery holder. The tube has 
machined brass ends. 

Operatitlg CItaraeteristies 

Output of this pally -sized generator 
is a continuously variable frequency of 
Iron' 600 to I2(1(1 Ili. \vit' a maximum 
amplitude of 0.5 -volt peak -to -peak (sec 
Pig. 1R). The output is basically a 
square \voue \yith a relatively fast rise 
tinte. Consequently. Inane harmonics of 
the base frequency are present. The 
Srtuarc -\va\(' pulses :ue positive. vv'ith 
some cliStortion, but this is not a prob- 
lem when the output is used for signal 
tracing. 

Although the instrument \vas built to 
test transistor and tube audio ampli- 
fiers, the signal infector can also be used 
as an emergency radio-frequency signal 
Source, A 

DELTA PRODUCTS, INC. 

Send check today! 
P.O. Box 1147 EW i Grand Junction, Colo. 81501 
Enclosed is S 17, Ship ppd. Ship C.O.D. 
Please send. 

COMPUTACH" Kits a $29.95 ppd 
Sold in Kit Form ONLY! 

Name 

Address 

City State Zip 
Jr 
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"What sort of attitude on the part of our 
employees bugs you, Baby ?" 

DELUXE 

RECORD AND 
TAPE CASES 

plus r/te7e cataloging forms 

PADDED BACK 

DUST PROOF 

GOLD EMBOSSED 

AL:0 
These decorative, yet sturdily con- 
structed cases are just what you've 
been looking for to keep your records and 
tapes from getting tossed about and damaged, 
disappearing when you want them most and just 
generally getting the "worst of it from constant 
handling. They're ideal too for those valuable 
old "78's" that always seem to get thrown 
about with no place to go. 
Constructed of reinforced fiberboard and covered 
in rich leatherette in your choice of nine dec- 
orator colors, the HIFI /STEREO REVIEW Record 
and Tape Cases lend themselves handsomely to 
the decor of any room, whether it be your library, 
study, den, music room or pine-paneled garage. 
The padded leatherette back (in your color 
choice) is gold tooled in an exclusive design 
available only on HIFI /STEREO REVIEW Record 
and Tape Cases. The sides are in standard black 
leatherette to keep them looking new after con- 
stant use. With each Record and Tape Case you 

Extraorder you will receive, free of charge, 
a specially designed record and tape 
cataloging form with pressure-sensi- 
tive backing for affixing to the side of 
each case. It enables you to list the 
record names and artists and will prove 
an invaluable aid in helping you locate 
your albums. The catalog form can be 
removed from the side of the case at 
any time without damaging the leath- 
erette. 

Record Cases are available in three sizes: for 7 ", 
10" and 12" records. Each case, with a center 
divider that separates your records for easy acces- 
sibility. holds an average of 20 records in their 
original jackets. The Recording Tape Case holds 
6 tapes in their original boxes. 

The Tape Cases and the 7" Record Cases (with 
catalog forms) are only $4 each; 3 for $11; 
6 for $21. 

The 10" and 12" Record Cases (with catalog 
forms) are $4.25 each; 3 for $12; 6 for $22. 

Add an additional 75c per order (regardless of 
number of cases ordered) for shipping and han- 
dling. Outside U.S.A. add $1 per case ordered. 

Ziff -Davis Publishing Company, Dept. SD IP -68 
One Park Avenue, New York, N.Y. 10016 
My remittance in the amount of $ 
is enclosed for the Cases indicated below. 

Quantity 
Tape Case at $4 each; 3 for 
sll, 6 for $21. 

_ 7" Record Case at $4 each; 
3 for $11, 6 for $21. 
10" Record Case at $4.25 each; 
3 for $12, 6 for $22. 
12" Record Case at $4.25 each; 
:i for $12. 6 for $22. 

Add 75c PER ORDER for SHIPPING and HANDLING 
Outside U.S.A. add $1 per case ordered. 

Check color choice for back of case (sides in 
black only): 

Midnight Blue [1 Red Saddle Tan 
Pine Green Orange Yellow 
Grey Black Spice Brown 

Name 

Address iw an 

City 

mo PAYMENT 

State Zip 

MUST BE ENCLOSED WITH ORDER 
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The Co -op Engineer 
(Continued Irma page -IS) 

vary from school to school. It may be 13 
weeks of work or study (quarter system), 
17-week periods (trimester system), or 
18-week semesters plus a 15 -week sum- 
mer session. The length of the work 
and study periods depends, in part, on 
student participation in the program. 

In some colleges and universities, the 
whole student body takes part in the 
co -op program. At Pratt it is a volun- 
tary program in which the student re- 
ceives one credit for each %York period. 
A student is required to maintain a C or 
better average to be eligible for coop- 
erative employment. Other schools treat 
it as an honors program where the job 
candidates are selected on the basis of 
their academic records. 

To prepare the co -op engineer in his 
freshman year for industry and to pro- 
vide him with the necessary education- 
al background are worthy challenges 
for any engineering college. To meet 
these challenges at Pratt, the freshman 
takes a course in \lethods of Engineer- 
ing and Science ( \IES) which has 
proven successful in preparing the co- 
op student for industry. For lower fresh- 
men, the MES course is designed to 
develop basic mathematical skills such 
as using the slide rule. logarithms, an- 
alyzing experimental data, applying the 
statistics of measurement, and plotting 
graphs. Conctirrentl, they learn For- 
tran II and graphics, where free -hand 
technical sketching is emphasized. 

In class the students work out en- 
gineering- type problems, many of which 
have no unique solution, and are per- 
mitted to consult with each other. This 
course is taught by senior members of 
the School of Engineering and Science 
faculty. Every effort is made to encour- 
age the student to think rather than re- 
ly on memorization of formulas and to 
learn how to apply basic methods and 
physical principles in arriving at a so- 
lution. 

In the upper -freshman year, the stu- 
dents are exposed to the basic princi- 
ples and problems found in the major 
branches of engineering. They are asked 
to solve problems in structures, heat 
transfer, fluids, pneumatics, chemical 
engineering, industrial engineering, in 
addition to problems in electrical engi- 
neering. At least five of the problems 
are solved on a digital computer 
where the student learns the use of the 
computer as a tool in analyzing the 
problems and design of simple circuits 
and systems. Exposure to various engi- 
neering fields helps the student gain 
insight into the wholeness and conti- 
nuity of engineering and also enables 
him to choose his major with some con- 
fidence. 

Freshmen are also taught to use the 
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library for information research. Under 
the supervision of the science librarian. 
each freshman receives personal in- 
struction on the use of the card file and 
engineering and science indexes and 
abstracts. In class the student then se- 

lects topics for written and oral reports 
for which he is expected to use the 
library for his source of bibliographical 
material. 

Besides the \IES course, the student 
takes freshman courses in mathematics. 
physics, chemistry. English, and social 
institutions. At the end of their fresh- 
man year, half of the co -op students 
enter industry; the other half remain, 
for their sophomore year. 

Critics have said that the cooperative 
plan caters to intellectually less able 
students and is therefore inferior to tra- 
ditional higher education. Examination 
of college grades and scores on aca- 
demic aptitude tests has demonstrated 
that this clain) is without substance. 
Programs of Cooperative Education 
draw students who are as intellectually 
talented as students enrolled in the reg- 
ular program. A recent study has shown 
that at Pratt 50 percent of the eligible 
engineering and science student body 
is enrolled in the co -op program; it k 
significant that over two -thirds of the 
Dean's -List students are co -ops. The 
median grade point is higher for the co- 
op students than for four -year students. 
The higher grades indicate that the co- 
operative %vork experience has a stimu- 
lating effect on the student's classroom 
performance. 

Summing Up 

The co -op engineering program has 
made an impact on the electronics in- 
dustry and engineering education. It 
provides industry with the opportunity 
of hiring engineers with proven ability; 
the student receives a well -integrated 
training that combines first -hand engi- 
neering experience with classroom the- 
ory. From a dollar viewpoint, it cuts re- 
cruiting costs for industry and helps the 
student to defray his educational ex- 
penses. The extra year required for his 
baccalaureate should not be viewed as 

a waste of time, but as an integral part 
of a complete engineering education. 

Finally, a Cooperative Education 
program promotes close contact anlontz 
students, industry, and faculty. This 
contact is important if schools are to 
supply industry with qualified engi- 
neers. Industry, in turn, may have to 
supply technical experts, equipment, 
and expanded facilities to help upgrade 
engineering education. 

Both industry and co-op students 
seem to be enthusiastic about the re- 
sults of cooperative engineering educa- 
tion. It appears certain that the co -op 
engineer is going to play a more signifi- 
cant role in industry in the future, 
especially in the electronics field. 

The TRUE electronic solution to a 

major problem of engine operation! 

DELTA'S FABULOUS 

MARK 

Only $44.95 ppd. 
In easy -to -build Deltakit' 

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 in - 

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 reliabilit . 

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 an 

so unique that a U.S. Patent has been 
granted. 

READY FOR THESE BENEFITS? 

Dramatic Increase in Performance and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 

Longer 

Up to 20 °o Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET - ORDER TODAY! 

DELTA PRODUCTS, INC. 

P.O. Boo 1141 cw Grand Junction, Colo. 81501 

Enclosed is $___ ___. _ ;; Ship ppd. I-j Ship C.O.D. 

Please send. 

C Mark Tens (Deltakita) á, ;29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled( ' $44.95 
6 Volt: Negative Ground only. 

12 Volt: Specify j Positive Ground 
Negative Ground 

Car Year _ -_Make 

Name__ 

Address 

City State 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
IOW, 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 
it you have a friend interested in electronics 
send his nome and address for a FREE sub - 

scription also. 

OLSON ELECTRONICS, INC. 

:920 5. Forge Street Akron, Ohio 443081 

CIRCLE NO. 104 ON READER SERVICE CARD 

MOST ADVANCED IGNITION 
SYSTEM ON THE MARKET 

JUDSON'S 
ELECTRONIC MAGNETO 
Provides Better Perform- 
ance. Reduces Fuel Con- 
sumption. Increases Plug 
and Point Life. Prevents High 
Speed Miss and Plug Foul- 
ing. You'll feel the differ- 
ence right from the start. 

The accepted 
standard in 
electronic 
ignition. 

COSTS ONLY 

$4950 
EASILY 

INSTALLED 

Write Today 
For Free 

Literature 
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Twin -T's 
(Continued frone page 37) 

Consider, for example, that oscillator 
#1 is tuned to produce a note, C, under 
normal conditions. One control system 
is provided to shift oscillator 1 quick- 
ly up to E, a major third higher. Then 
on releasing the control element, the 
tone will glide down to C. taking per- 
haps one or two seconds for the glide 
period. 

In the second system and a second 
control, the frequency of the first oscil- 
lator is shifted downward one semi- 
tone to B, and then it glides back to C, 
taking a similar second or so interval. 

At the same time, the first oscillator 
is being controlled other oscillators un- 
dergo similar actions. For example, os- 
cillator #2 might normally be tuned to 
C. The major third up -shift would be to 
F, with a similar clown glide to C #. 
The down -shift would be to C, and 
the up -glide back to C. Similarly oth- 
er oscillators producing other tones in 
the musical scale would shift and glide 
over their equivalent increments. 

In tuning the first oscillator which, 
for example, can be one of the C oscil- 
lators, R3A is first adjusted to E, when 
its lower end is grounded. Then R3B 
with its lower end grounded is tuned to 
produce the tonic C. Finally, R3C, 
which is normally grounded, is tuned to 
produce B, one semitone below the ton- 
ic Ctt. Thus the oscillator can produce 
the three tones, E, C, and B, depending 
on which point is grounded. 

The control elements are transistors 
Q2 and Q3 which serve as variable im- 
pedance elements. These elements, with 
the collectors connected to the resistor 
junctions and grounded emitters, pro- 
vide the electronically controlled 
grounding action. The transistor bases 
are connected to two sets of buses 
through decoupling resistors R5 and 
R6. Similar transistors are connected to 
similar tuning resistor elements on all 
other oscillators in the system. Note 
that the control transistors have no d.1'. 
collector supply connection, since the 
collectors go to the tuning resistor net- 
works which terminate at ground at one 
end and to the mid-point isolating ca- 
pacitors Cl and C2. 

When transistors are used in this way 
they cannot be said to be conducting 
under any condition. However, when a 
base bias is applied in the normally 
conducting direction, the transistor col - 
lector-to- emitter resistance or imped- 
ance is drastically altered. When the 
base bias is zero, the collector -to -emit- 
ter impedance is on the order of meg- 
ohms. When enough bias is applied, a 
condition of R,0, is obtained in which 
the collector -to- emitter impedance be- 
comes a lose value, usually 20 to 40 
ohms. 

At bias levels between R,a, and the 
maximum high -impedance condition 
( zero bias) , the collector -to- emitter re- 
sistance varies with bias, just as if it 
were a manually turned potentiometer. 

In one experimental system, up to 
30 oscillators have been similarly con- 
trolled. The transistor systems have the 
aspect of 30 ganged potentiometers 
electronically manipulated by single 
switches. 

I3us 13, which operates all of the low- 
er control transistors, terminates through 
R8 on the +14 -volt bus. The bias holds 
all of these control transistors in R,n 
effectively shorting all R3C resistors to 
ground. This is a normal playing posi- 
tion in which oscillator = 1 plays C. 
Normally, the storage capacitor, C5, is 
charged to the bus voltage level but 
when S2 is closed, the bias voltage on 
bus 13 is grounded out and C5 dis- 
charges rapidly. This removes the bias 
from the lower control transistors, put- 
ting the R3C tuning resistors back in 
the circuit. As a result, the tone of all 
oscillators is lowered one semitone, a 
down -key shift. Now when S2 is re- 
leased, energy starts to flow hack into 
C5 and re- establishes the bias on the 
control transistors. During the time in- 
terval required to re- establish the bias, 
the tone glides smoothly up from B to 
C and, of course, all other oscillators 
follow through on their own semitone 
glide range. 

Bus A controls in the opposite direc- 
tion. It has a charge storage capacitor 
C4, resistor R7, and a normally open 
control switch SI. Normally bus A has 
no bias voltage and the upper control 
Transistors are in their high- impedance 
state and the R3B tuning resistors are 
operative. When S1 is closed, a charge 
flows rapidly into C4, bringing bus A 
quickly up to the +14 -volt bias. This 
damps out all R3B resistors, raising all 
oscillators a major third. When Si is 
opened, the charge on C4 is dissipated 
with time, and the decreasing bias volt- 
age causes the tones to glide smoothly 
clown, back to their normal pitches. The 
shifts and glides described as a major 
third up and a semitone down are for 
illustrative purposes only. Actually, any 
shift interval or multiplicity of shifts 
can be implemented as long as they 
are within the l'/s to 11/2 octave frequen- 
cy range of the oscillator's. 

Editor's- Note: Two earlier articles On 
twin-T oscillators were written by Fred 
Maynard and published ill ELECTRONICS 
WORLD in May 196.3 and June 1964. 

In his first article, the author pre - 
sented some empirical design data for 
.simple transistorized forms- of the oscil- 
lator circuit including a convenient 
nomogram for rapid set up of an oscil- 
lator in the audio- frequency range. In 
the second article, he discussed in de- 
tail applications of the twin-T oscillator 
electronic musical instruments. 
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DELUXE LEATHERFLEX- COVERED EDITIONS AVAILABLE 
Here is a complete selection of annuals, yearbooks, directories 
and handbooks available in Deluxe Leatherflex- covered editions 
from the world's largest publisher of special interest magazines. 
These are complete editions (including the original covers) 
which are bound in rugged leatherflex to provide long -time pro- 

PHCYTOGR APHY 
ANNUAL I96 

tection and keep them looking like new even after repeated use. 
The softly textured leatherflex, gold embossed for the look of 
elegance, makes them handsome additions to your permanent 
reference library. Take a moment to review the titles below. 
You're sure to find many of your favorites. $3.00 each. 

ELECTRONIC 

EXPERIMENTER'S 

AIMIlwene 

IN.° 

PHOTOGRAPHY ANNUAL 
A selection of the World's finest 

photographs compiled 
by the editors 

of Popular Photography. 
212 Pages - 

24 in full color. 
1966 =1 

1965 =2`' 
1964 .3 

PHOTOGRAPHY 
DIRECTORY 
World's most complete 
photogriphic buying guide. 
1966 _ =22 

ELECTRONIC 
EXPERIMENTER'S 

HANDBOOK 
Many challenging 
projects for the 

electronics 
hobbyist. 

1966 
Spring Edition 

=36 
1965 

Fall Edition 
-±9 

CAR & DRIVER YEARBOOK 
A complete buyers guide 

covering virtually every 
car available in the United 

States ... Road tests ... 
Technical specifications 

Accessories and 
performance equipment 
buying guide ... 

Guide to racing 
with action-packed 

photos. 

1966 =15 

1966 TAPE RECORDER 

NVrTATIONTO = iNOTOauwn 

IN= 

INVITATION 
TO PHOTOGRAPHY 

A unique 116 page guide 
to better picture taking by 

the Editors of Popular 
Photography. Basic down - 
to-earth advice that helps 

you eliminate costly trial and 
error. time -consuming guess work 
20 complete. fact-and -photo 

packed articles in all. 
1966 =35 

AMP TAPE RECORDER ANNUAL 
Everything you need to know about 
tape recording including a complete 
directory of mono and stereo recorder, 
1966 -±.730 

COMMUNICATIONS 
HANDBOOK 

The most complete and up -to -date 
guide to the exciting world 

of specialized radio 
communications. 

1966 -t-18 

ELECTRONICS 
INSTALLATION 

SERVICING 
HANDBOOK-1966 

: le 
a 

ELECTRONICS INSTALLATION 
AND SERVICING HANDBOOK 
The only complete guide 
for servicemen 
and hobbyists to every major 
phase of consumer 
electronics servicing. 

1966 =-32 

FLYING TRAVELGUIDE 
Here's the first really useful guide 
to flying vacations. Everything you 

need to know about: lodgings, 
restaurants, resorts. sightseeing. 

recreation, sports activities, 
airport facilities, 

childrens fun, 
price information. 

and much more. 

1966 t34 
FLYING ANNUAL 

The most valuable aviation 
yearbook ever compiled ... Pilot 

reports ... Aircraft directory .. 
How to buy a used airplane .. . 

Navcom directory ... 
Learn to fly section. 

1966 =27 
1965 =28 

er. 

STEREO /Hi Fi 

DIRECTORY 
Complete buyers 

guide for virtually 
ery Hi -Fi component 

manufactured. 
1966 -29 

POLAROID 
LAND 
PHOTOGRAPHY 
Complete guide and 
only comprehensive 
and up -to -date 
handbook on 
Polaroid Land 
Photography. 
1966 =24 

SKIING 
INTERNATIONAL 

YFARBOOK 
A luxuriously illustrated 
compendium of 1965's 

important events ... A timely 
forecast of the excitement - packed 

1966 season -by the editors 
of Skiing Magazine. 

1966 _..t26 

1966 
TRAYELGOIDE 

FLYING 
ANNUAL . ,_....r STEREO/MUM 

DIRECTORY 
OLAROID 

Note: Deluxe Leatherfle't.L-,1vered Editions 
are $3.00 each, postpaid ($3.75 for oiders out- 
side of U.S.A.). The annuals lisied above are also 
available in regular editions at $1.25 each plus 
15c per copy for shipping and handling ($1.75 
for orders outside U.S.A.). To order your copies, 
check the appropriate box and circle the numbers 
of the annuals you wish to recei"re on the coupon 
to the right. 

*Available in Deluxe Edition only. 
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AVM 

Ziff -Davis Publishing Co., Dept. SD 
One Park Ave., New York, N. Y. 10016 

I am enclosing S 

E] Send me the Deluxe Leatherflex- covered editions circled below at 
$3.00 each, postpaid ($3.75 per copy for orders outside U.S.A.). 
Send me the regular editions circled below at $1.25 each plus 15e 
shipping and handling ($1.75 per copy for orders outside U.S.A.) 

1 2 3 9 15 18 22 24 26 27 28 29 30 32 34 35 36 

Name 
(Nr..r 

Address 

EW-8R 

City State -Zip Code 
PAYMENT MUST BE ENCLOSED WITH ORDER 
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BOOK 
REVIEWS 

n/151C ELL; IrcniY for CIIIvI1Nl11Y1111S 

"TRANSISTOR CIRCUIT APPROXIMA- 
TIONS" by Albert Paul Malino. Pub- 
lished by Ala:rate -hill Bonk Company, 
New York. 400 pages. Price $7.95. 

The author, who teaches electronics 
and nìath at Foothill College in Cali- 
fornia, has addressed this book to prac- 
ticing technicians, students in techni- 
cal institutes, and those in junior college 
level electronics courses. 

Because transistor characteristics 
vary from device to device, the author 
tackles his subject by considering the 
variations in tolerances of transistor 
parameters and uses approximations in 
analyzing the various transistor circuits. 

With a background in algebra and 
basic electricity, the student can learn 
about semiconductor physics; the p -n 
junction diode; large -signal and small - 
signal diode approximations; common - 
base, common -emitter and common- 
collector approximations; large -signal 
operation; bias arrangements; a.c. oper- 
ation; cascading stages; temperature 
effects; frequency response; and 11 pa- 
rameters. Problems appended to each 
chapter help the student determine his 
grasp of the subject matter. He can 
check his answers against those pro- 
vided for the odd numbered problems. 
The text is illustrated and this plus the 
informal presentation of the subject 
matter should make it easy for the stu- 
dent to assimilate. 

"NEW WAYS TO DIAGNOSE ELECTRONIC 
TROUBLES" by Jack Darr. Published by 
Tab Books, Blue Ridge Summit, Pa. 
17214. 282 pages. Price $3.95. Soft 
cover. 

From his vast store of servicing ex- 
perience gleaned from over twenty 

ears at the service bench, the author 
shares his knowledge of tested trouble- 
shooting procedures with his fellow 
technicians. 

After outlining his theory behind the 
"art" of electronics servicing, he covers 
the test sequence technique, discusses 
the typical schematic, and then goes 
on to analyze power supplies, horizon- 
tal sweep and high -voltage systems the 
horizontal output stage, color sweep 
circuit and high -voltage problems, the 
vertical oscillator and output stages, 
the picture tube and its circuits, video 
amplifier stages, video i.f. amplifiers, 
tuner, a.g.c., and sync circuits. 

Those who have been following \Ir. 
Darr's writings for years are familiar 
with his breezy and informal style. 
This book is in the sanie format, with 
extensive illustrative e\alnples to am- 
plify the text. 

DATA BOOK FOR ELECTRONIC TECH- 
NICIANS AND ENGINEERS" by John D. 
Lurk. Published by Prentice -Ilan, Inc., 
Englewood Cliffs, N.J. 180 pages. Price 
$7.25. 

This is a handy reference book for 
the libraries of both engineers and 
practicing technicians. Based on his 
long experience in the field, the author 
has selected the basic data he feels 
most electronics personnel need. 13v 
providing all of the equations and 
basic data of practical value in a single. 
easy -to- locate format, the author has 
performed a worthwhile service to the 
engineering community. 

The text is divided into ten sections 
covering a review of mathematics for 
electronic applications, d.c. circuit data, 
a.c. circuit data, inductor and trans- 
former circuit data, capacitor data, 
phase angle and impedance relation- 
ships, antenna and transmission line 
data, filter circuits, measurement calcu- 
lations and reference values, and 
vacuum-tube circuit data. A 45 -page 
appendix contains a lot of general in- 
formation which spans the entire field 
of electronics and mathematics and 
hence has not been included in specific 
sections. 

"MATHEMATICS FOR ELECTRONICS" by 
F. Barker & C. J. Wheeler. Published 
by Addi.son- 1Vcsley Publishing Com- 
pany, Inc., Reading, \lass. 01867. 732 
pages. Price $12.50. 

This volume is designed for use as 
a text in training programs in the elec- 
tronics, aerospace, and related indus- 
tries and in electronics courses at the 
technical institute, junior college, and 
technical high school level. 

The text material is presented in such 
a way that it can he used by the stu- 
dent working on his own. There are 23 
chapters, bibliography, appendix, and 
answers to the odd -numbered prob- 
lems. As far as possible, the authors 
have made each chapter a complete 
entity so that the student can skip 
around in the text and work on material 

of immediate interest to hint. With the 
problems appended to each chapter 
he can test his comprehension of the 
material he has just studied. 

The text is lavishly illustrated and 
the use of two-color diagrams to point 
up the section of the circuit under dis- 
cussion is especially useful. 

"HOW TO USE YOUR VOM, VTVM 8 
OSCILLOSCOPE" by \I,Intin Clifford. 
Published by Tab Bunks, Blue Ridge 
Summit, Pa. 17214. 189 pages. Price 
83.95. Soft cover. 

This little volume has something for 
everyone. For the electronics beginner, 
the basic information on each of the 
three types of test instrument is a 
must; for the experienced ham, experi- 
menter, or professional technician, the 
application data will be useful; for the 
teacher of electronics courses and Isis 
students, the material supplied is a 
handy one -source reference manual and 
guide. 

The text is divided into three parts 
covering the v.o.m., the v.t.v.m., and 
the scope, respectively. Each part is 
further subdivided to cover how the 
instrument works, how it should be 
used, and how to service with the in- 
strument. The text is illustrated with 
line drawings, partial schematics, pho- 
tographs, tables, and troubleshooting 
charts for various types of equipment. 
Small enough to be carried in a pocket 
or service kit, this little volume should 
earn its keep many times a day. 

"SOLID -STATE ELECTRONICS" by Robert 
C. Hibberd. Published by McCraw - 
11111 Book Company, New York, 163 
pages. Price $8.95. 

Subtitled "A Basic Course for Engi- 
neers and Technicians," this is the new- 
est volume in the Texas Instruments 
Electronics Series. It is designed to pro- 
vide the non -technical reader with a 
general understanding of solid -state 
electronics and help him become fa- 
miliar with the background and termi- 
nology involved. 

The book is divided into "lessons" 
rather than chapters and each lesson 
includes a glossary of ternis and a num- 
ber of review questions, answers to 
some of which are included in the text. 
Topics covered include an introduction 
to semiconductors, the properties of 
semiconductors, preparation of semi- 
conductor materials, the p -n junction, 
the junction transistor, characteristics 
and ratings, basic transistor amplifier 
circuits, the manufacture and testing 
of transistors, compound semiconduc- 
tor materials, other semiconductor de- 
vices, an introduction to integrated 
circuits, and trends in integrated cir- 
cuits. 

The text is well illustrated and the 
presentation is clear and straightfor- 
aard. 
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ELECTRONIC 
CROSSWORDS 

By JAMES R. KIMSEY 

(Answer on page 82) 

\(.1tOSS 
1. Cathode rays that emerge from a 

special vacuum tube through a 

thin glass window or metallic 
foil. 

4. - _ -beam tube. A five element 
tube in which the electrons flow 
in a beam between the cathode 
and plate. 

7. Compass point. 
M. _ _ .gate. This produces an 

output whenever any one (or 
more) of its inputs is energized. 

9. _ . _ ..-troposphere. A portion of 
the atmosphere about 40 or (it) 

miles above the surface of the 
earth. 

11. An impurity added to a semi- 
conductor to improve its electri- 
cal conductivity. 

12. Payable, as a service bill. 
1::. l'a fol notice I(Nollocl.). 
15. An average or norm. 
16. This goes well with coffee. 
17. - sindin' . A winding con- 

structed from individual washer - 
shaped coils. 

18. A basic chemical compound in 
the mixture used to coat record- 
ing discs. 

19. 2001 lbs is one. 
20. Physician. 
21. :\ unit of energy equal to 119 

electron volts (abbr.). 
24. In a secondary radar: The un- 

desired triggering of a transtxmd- 
er by its own transmitter 
-around. 

27. One one -thousandths of an ampere 
(abbr.) . 

29. - -- _damping. Damping obtained 
through displacement of a vis- 
cous material and the accompany- 
ing dissipation of heat. 

31. On the screen of a cathode -ray 
tube, a predetermined pattern of 

scanning lines which provide sub- 
stantially uniform coverage of an 
area. 

36. Two of a kind (abbr.). 
37. A resonant cavity consisting of 

lumped inductance and capaci- 
tance. 

DOWN 
1. _ -_ _ - __ cell. A cell in an ordi- 

nary storage battery 12 words). 
2. Pitch of a tone. 
3. County division (abbr.). 
4. An insulating washer. 
5. The holding of electrons or holes 

by any of several mechanisms in 
a crystal. 

6. An instrument used in servicing 
color -TV receivers 12 words). 

8. Exterior measurement (abbr.). 
10. Artificial bait. 
13. Skill. 
14. A ruminant mammal. 
15. A system for mass communica- 

tion (abbr.). 
16. A type of antenna. 
20. In a TV picture, a wavy or satiny 

effect produced when converging 
lines in the picture are almost 
parallel to the scanning lines. 

22. Lubricant. 
23. One of the three states of matter 

used in some tubes. 
24. An amplifier used to increase the 

voltage or power at the carrier 
frequency. 

25. Bolt accessory. 
20. An enlisted man. 
28. Exist. 
30. A type of current (abbr.). 
32. Greek letter used in electronics. 
3:3. Southern soldier (slangs. 
34. A natural quartz crystal cut to 

vibrate below 50) kHz. 
35. Government agency ¡abbr.). e I 

9 

2 3 
10 II 

4 5 6 
12 . 13 14 

15 

16 

17 

18 

9 . 
zo 21 22 

31 

23 24 25 26 27 

28 29 30 

32 33 

37 . 35 36 
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...the soldering tools 
professionals depend on 

_ 

_--;-' 
/ 

The 
original Dual Heat 

Soldering Guns 
Preferred by technicians for their 

fast heating copper tips, exclusive 
trigger -controlled dual heat, and high 

soldering efficiency. Available in 3 watt- 
age sizes, each with spotlight. 

100 /140 -watt Model 8200, 145 /210 -watt 
Model D -440, and 240/325 -watt Model 

D -550. Also in complete kits: 

Utility Kit includes Weller 
100/140 watt gun, extra tips, 
tip -changing wrench, flux 
brush, solderingaid and solder. 
Model 8200PK 

Heavy -Duty Kit features Weller 
240/325 watt gun with 
soldering, cutting and smooth- 
ing tips, wrench and solder. 
Model D -550PK 

Dependable MARKSMAN Irons 
in a size for every job 

Ideal for deep chassis work and continuous -duty soldering, 
Marksman irons outperform others of comparable size and 
weight. All five feature long -reach stainless steel barrels 
and replaceable tips. 

25 -watt, 13/4-oz. Model SP -23 with 1/6" tip (In kit with extra tips, 
soldering aid, solder -Model SP -23K) 
40 -watt, 2 -oz. Model SP -40 with 1 /4" tip 
80 -watt, 4 -oz. Model SP -80 with 35E" tip 
120 -watt, 10 -oz. Model SP -120 with 1/2" tip 
175 -watt, 16 -oz. Model SP -175 with W' tip 

Complete Weller Line includes replacement tips and solder 

WELLER ELECTRIC CORPORATION, Easton, Pa. 
WORLD LEADER IN SOLDERING TOOLS 

CIRCLE NO. 98 ON READER SERVICE CARD 
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There's more than one road 
to success. 

áX- i 

.. ... L 
,;. era LI 

...,,. 1r. -- 

I 
An integrated circuit enlarged set eral II and lime. 

RCA Institutes can help find the one best for you! 

Are you trying to find your way through a maze of career possibili- 
ties? Find out how RCA Institutes can start you on your way to- 
ward a well paying job in electronics. Send the attached card today! 

ELECTRONICS WORLD 



Learn electronics at home 
faster, easier, 
almost automatically - 
with RCA AUTOTEXT 

Are you just a beginner with an interest 
in the exciting field of electronics? Or, 
are you already earning a living in elec- 
tronics and want to brush -up or expand 
your knowledge in a more rewarding 
field of electronics? In either case, 
AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS! 

Thousands of well paid jobs in elec- 
tronics go unfilled every year because 

not enough men have taken the oppor- 
tunity to train themselves for these 

openings. RCA Institutes has done 
something positive to help men with an 

aptitude and interest in electronics to 
qualify for these jobs. 

HOME STUDY CAN TRAIN YOU FOR 
REWARDING CAREER OPPORTUNITIES 

To help fill the "manpower gap" in the 

electronics field, RCA Institutes has de- 
veloped a broad scope of Home Train- 
ing courses, all designed to lead to a 

well paying career in electronics in the 
least possible time. You also have the 
opportunity to enroll in an RCA 
"Career Program" exclusively created 
to train you quickly for the job you 
want! Each "Career Program" starts 
with the amazing AUTOTEXT Pro- 
grammed Instruction Method. And, all 
along the way, your program is super- 
vised by RCA Institutes experts who 
become personally involved in your 
training and help you over any "rough 
spots" that may develop. 

VARIETY OF KITS ARE YOURS TO KEEP 

To give practical application to your 
studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. Each kit is complete 
in itself, and yours to keep at no extra 
cost. You get the new Programmed 
Electronics Breadboard for limitless ex- 
periments, including building a work- 
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ing signal generator, multimeter, and a 

fully transistorized superheterodyne 
AM receiver. 

ONLY FROM RCA INSTITUTES - 
TRANSISTORIZED TV KIT - 
VALUABLE OSCILLOSCOPE 
All students receive a valuable oscillo- 
scope. Those enrolled in the Television 
program receive the all -new transistor- 
ized TV Kit. Both at no extra cost and 
only from RCA Institute. 

CHOOSE THE "CAREER PROGRAM" 
THAT APPEALS MOST TO YOU 

Start today on the electronics career of 
your choice. Pick the one that suits 
you best and mark it off on the attached 
card. 

Television Servicing 
Telecommunications 
FCC License Preparation 
Automation Electronics 
Automatic Controls 
Digital Techniques 
Industrial Electronics 
Nuclear Instrumentation 
Solid State Electronics 
Electronics Drafting 

ADVANCED TRAINING 
For those already working in electron- 
ics. RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you al- 
ready know. 

UNIQUE TUITION PLAN 
With RCA Institutes Training. you pro- 
gress at your own pace. You only pay 
for lessons as you order them. You 
don't sign a long -term contract. There's 

no large down -payment to lose if you 
decide not to continue. You're never 
badgered for monthly payments. Even 
if you decide to interrupt your training 
at any tine, you don't pay a single cent 
more. 

CLASSROOM TRAINING 

ALSO AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one of 
the largest of its kind in New York City. 
Coeducational classroom and labora- 
tory training, day and evening sessions, 
start four times a year. Simply check 
"Classroom Training" on the attached 
card for full information. 
JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 
SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses and 

programs are approved for veter- 

ans under the New G.I. Bill. 

RCA INSTITUTES, DEPT. EW-88 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 
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WORKMAN flere itic 
PRODUCTS. INC. vOBOX 3121 SARASOTA FLORID 773711 

MANUFACTURES A 
COMPLETE LINE OF 

FAIL 

SAFE 
IN 

MOLDED 
BLACK 
PLASTIC 

CASE 

CIRCUIT 

BREAKERS 

CUT 
AWAY 

MODEL 

Model Numbers FA1.5 to FA7 

When Red Button is depressed, 

contacts remain open, circuit is 

refused ONLY after Red Button 

is released. 

RECOGNIZED UNDER THE 
COMPONENT PROGRAM OF 

UNDERWRITERS' LABORATORIES,INC. 

CIRCLE NO. 97 ON REAUR SERVICE CMnJ 

WAVE FORM ANALYSIS 
& PEAK FM MODULATION 

worm- 
all for LESS MONEY! 

The Lamp; 205A FM Mo.:i Meter 
accurately indicates PEAK modulation on 
mobile transmitters. To shoot trouble 
visually, use your own general- purpose 
oscilloscope at the 205A rear jack out- 
put. This makes a low -cost, highly effet 
rive test combo - and a well -rounded 
shop - all for less money. 

Lompkin pioneered the PEAK voltmeter 
for FM modulation indication. 

Like to see the complete specs? Moil 
coupon today! 

Use this coupon for FREE booklet "How 
To Make Money in Mobile -Radio Main- 
tenance.' and information on Lampkin 
meters. 

Name 

Address 

City State Zip 

LAMPKIN LABORATORIES, INC. 
MFM Div., Bradenton, Fla. 33505 
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TEST 
EQUIPMENT 
PRODUCT REPORT 

Triplett Model 601 Solid -State V.O.M. 
For a copy of manufacturer's bruchirre, circle No. 37 on Reader Service Card. 

"r 

ITH more and more IC's being 
used in all types of electronic 

I yuipment, and with the v.o.m. being 
the most useful piece of general test 
equipment on the service or lab bench, 
it was only natural for a new v.o.m. to 
come along designed with IC's in 
mind. The Triplett Model 601 is just 
,tich an instrument. 

In addition to the usual v.o.m. 
ranges and functions, this newest prod- 
uct in the Triplett line of meters uses 
field -effect transistor circuitry to pro- 
vide an input impedance of 11 meg- 
ohms, not only for the d.c. ranges as 
with the usual v.t.v.m., but also on the 
a.c. ranges as well. 

Four push- button switches on the 
front panel permit the meter's polarity 
to be reversed, set it up for a.c. mea- 

surements, or allow it to be used for 
low -power resistance measurements. 
The very low voltage ranges, so im- 
portant for testing solid -state circuits, 
are noteworthy. On d.c., for example, 
the two lowest voltage ranges are only 
0.3 \' and 0.1 V full -scale. On a.c., the 
sensitivity is even greater, with the 
lowest ranges being only 30 mV and 10 
mV full -scale. Incidentally, both a.c. 
and d.c. current can be measured up 
to 10 mA. 

In addition to the 7 conventional re- 
sistance ranges, which use a supply 
voltage of 1.5 V, there are 7 special 
low -power resistance ranges. This fea- 
ture prevents electrical damage to 
transistors, or especially IC's. With an 
ordinary ohmmeter, too much voltage 
may be applied to the device being 
measured on the highest ohmmeter 
ranges, and too much current may flow 
on the lowest ohmmeter ranges. With 
the Model 601, supply voltage is kept 
so low that circuits are not damaged 
and there is none of the usual diode or 
transistor loading. In use, only 75 mV 
is applied across the device being test- 
ed and the maximum power applied is 
a mere 0.1 milliwatt. 

The meter is completely portable; 
its circuitry operates from ten easy -to- 
obtain penlight cells. These should last 
about a year in normal use. The instru- 
ment can also check its own batteries 
in one position of the rotary selector 
switch. 

Price of the Model 601 is $125, in- 
cluding batteries and test probes. A 

Telequipment Type S54 Oscilloscope 

For a copy of manufacturer's. brochure, circle No. 38 un Reader Service Card. 
WHEN one thinks of lab scopes, the WHEN 

name that comes to 
mind immediately is Tektronix. This 
leading scope manufacturer has a well - 
deserved reputation for quality instru- 
ments. There are some labs, service or- 
ganizations, or schools that would like 
to have Tektronix scopes but find that 
they are too expensive for their budg- 
ets. With a few less features and some 
simplification of circuit design, it Nvould 
be possible to cut the price consider- 
ably. 

The new Telequipment S54 oscillo- 
scope represents just such an instru- 

anent. It is manufactured by an English 
concern, recently acquired by Tektron- 
ix, as a lower- priced line. This scope is 
a solid- state, triggered -sweep unit with 
a 6 by 10 cm display which sells for 
$350. This price makes it quite com- 
petitive with a couple of lab-scope kits 
that are available. The Telequipment 
line of scopes is marketed by Tek- 
tronix and carries the same warranty 
and service policy as the company's 
more expensive instruments. 

The vertical amplifier bandwidth of 
the S5.1 is d.c. to 10 MHz which ade- 
quately covers the demands of color- 
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T\' servicing. Th^ syst'iu riselinte is 

35 ns, offering good resolution for digi- 
tal circuit analysis. Th + calibrated de- 
flection factor is 0.1 V col to 50 \' cm 
( -'- 5', ) controlled h' a convenient 
1 -2 -5 sequence step selector. An X10 
amplifier is included to increase the de- 
flection factor to 10 mV cm. at reduced 
bandwidth (d.c. to 4 \1I1í 

The horizontal features, most sig- 
nificantly, include a triggered sweep. 
Here is the difference between a wave- 

. forai monitor and a measurement de- 
vice. It gives the user the ability to 
select where On the waveform the 
sweep will start so that lie may ef- 
fectively "stop" the trace and make 
measiIreinents against the calibrated 
graticule. The S54 has botte Auto and 
Stability Trigger Level modes. The trig- 
gering signal is available from either 
the internal vertical amplifier or an 

connector Incl. most important 
to the service industry. it has provision 
for TV Frame und Line triggering. The 
sweep rates are calibrated from 0.2 
its cm to 2 sec 'cm ( .5', ) , and to 
approximately 40 ns uncalibrated 
through use of the "N Gain" control. 
which is a variable magnifier. The dis- 
play section employs a 5 -in rectangular 
CRT. 

Power supplies 
major concession 
dissipation. The 
change and ripple 

are unregulated. a 
to cost and power 
effects of voltage 
are compensated for 

in sonie unique ways. For different line 
voltage ranges there is a convenient 
range selector ou the rear panel \'hich 
provides :5 -\- steps from 100 -125 \' and 
10 -V steps from 200 -250 V. Relative to 
vertical gain, the three cascaded, long - 
tailed stages have local feedback to 
maintain constant gain as the supply 
changes. The CRT acceleration voltage 
also varies and changes the deflection 
sensitivity, helping to hold a constant 
over -all calibration factor. 

Power- supply ripple is held to a 
minimum by RC filtering and its effects 
on the trace are further reduced by 
balanced amplifier stages. The internal 
trigger pickoff amplifier is also bal- 

s 

â 
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resistors, capacitors F3 
semiconductors 

DISTRIBUTED BY 

FAIRMONT 
ELECTRONIC SALES CORP. 

We have to be fast, competitive, and reliable. 
Our specialized stock of the finest in 
resistors, capacitors, and semicondu :tors 
are ready for your next order, and we will 
back up our delivery with dependable 
service. Fairmont is as close as your phone. 

103 EAST HAWTHORNE AVENUE 
VALLEY STREAM. N.Y. 11580 U S.A. 

(516) 872 -8900 

stocks in depth 
CIRCLE NO. 115 ON READER SERVICE CARD 

LOOK! A NEW 

ELECTRONICS 

SLIDE RULE 
with complete 

instruction program 

Here's a great new way to solve electronic 
problems accurately. easily ... a useful tool 
for technicians, engineers, students, radio -TV 
servicemen and hobbyists. The Cleveland 
Institute Electronics Slide Rule is the only 
rule designed specifically for the exacting 
requirements of electronics computation. It 
comes complete with an illustrated Instruc- 
tion Course. You get four AUTO -PRO- 
GRAMMED - lessons ... each with a short 
quiz you can send in for grading and con- 
sultation by CIE's expert instructors. 

See foryourself. Learn tin to whip through 
r T 

all kinds of reactance, resonance, inductance, 
AC and DC circuitry problems in seconds ... 
become a whiz at conventional computations 
too! 

This all -metal 10" rule is made to our rigid 
specs by Pickett, Inc.... contes complete with 
top grain leather carrying case und Instruction 
Course. A $50 value for less than $25. Send 
coupon for FREE illustrated booklet and 
FREE Pocket Electronics Data Guide, with- 
out obligation. Cleveland institute of Elec- 
tronics, 1776 E. 17th St., Dept. EW -I54, 
Cleveland, Ohio 441 l4. TRADEMARK 

GET BOTH FREE! Cleveland Institute 
of Electronics 

Send 
coupon 
today -* 

1776 E. 17th St., Dept. EW -154. Cleveland, Ohio 44114 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 

promptly and get FREE Pocket Electronics Data Guide too! 

NAME 

ADDRESS 

uy 

(1'1.o. Print, 

COUNTY__- - - 

_ STATE_ 

A leader in Electronics Training 
_zii, 

since 1934 

CIRCLE NO 121 ON READER SERVICE CARD 



Deluxe ELECTRONICS WORLD 

MAGAZINE CASES 
DESIGNED TO HOLD A FULL YEAR'S COPIES 

Constructed of reinforced 
fibreboard and covered in rich 
leatherette, these durable 
cases guard against soiling and 
tearing of your magazines 
while lending themselves hand- 
somely to the decor of any 

room. The magazine cases are 
available with embossed 

gold lettering in either 
all black or attractive 

maroon back with 
black sides. 

These decorative cases are just what you've 
been looking for to keep your copies of 
Electronics World Magazine in easy-to-find order. 

$3.50 ea., 3 for $10, 6 for $19 

FULLY GUARANTEED 

I Ziff -Davis Publishing Co., Dept. SD 

I 1 Park Ave., N.Y., N.Y. 10016 
Please send_ -.. _Electronics World Magazine 
Cases. Also send cases for the magazine titles I indicated below: 

All black. gold embossed 

L] Maroon back, gold embossed /black sides 

' 
I NAME 

ADDRESS 

CITY 

STATE 7IP 

Enclosed is $ at $3.50 per case. 
3 for $10, 6 for $19 (Quantity prices apply for 

combination orders of more than one title). Orders 1 
,outside U. S. A. $4.50 ea.. 3 for $13. 6 for S25. A - (Payment must accompany order) 

MORE CONTROL 

Control of quality throughout preci- 
sion manufacturing gives you crystals 
that assure exact frequency control. 

MORE RELIABILITY 

You'll stay on frequency better with 
CQC. And. you can rely on your COC 
dealer to fill your needs promptly. 

See your dealer for prices 
and data on CQC 

CRYSTEK 
TEXAS CRYSTALS 

Division of Whitehall Elenrronics Corp. 

1000 CRYSTAL DRIVE 
FORT MYERS, FLORIDA 33901 

Plants in fort Myers and cos Angeles. Calif. 
CIRCLE NO. 199 ON READER SERVICE CARD 
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arced to reduce ripple effect on trigger 
operation, particularly at high frequen- 
cies. To prevent trace drift with supply 
change there is a heater stabilizer for 
the nuvistor input stages. All other 
stages use silicon transistors. Even the 
high -voltage power supply (4 kV) uses 
solid -state diodes. 

The circuit was designed and laid 
out on one large circuit board, with all 
components mounted on one side to 
provide accessibility for servicing, and 

flow so'.d- r`I:r ;r, ')rochtction. The fiber- 
glass board iras around 800 holes 
punched in one operation, assembled, 
and then mounted in the chassis, add- 
ing to the mechanical rigidity of the 
instrument. A cable connects all off- 
the-board components. such as front 
and rear par: el co::trols and CRT con- 
nections. The total weight of the in- 
strument i.; 17 lbs; pourer consumption 
is 30 VA; dimensions are 9" high X 
7" wide x 16" deep. 

Solitron S -100, 101, 120 SCR Testers 
For a copy of manufacturer's brochure, circle \-o. :39 on Readier Service Card. 

FOR the manufacturer who wants to 
test incoming shipments of silicon 

controlled rectifiers. or for the engineer 
or technician who wants to check a 

number of SCR's being used in a new 
design he is breadboarding, the Instru- 
ment Div. of Solitron Devices, Inc. has 
come up with a line of three new SCR 
testers. Two of these models. the S -100 
and S -101, are priced at S90, while the 
third, the S -120, is a more flexible lab- 
oratory instrument selling for $295. 

The Model S -100 is a battery -pow- 
ered unit suitable for field testing, 
while the Model S -101 is a.c. powered. 
These two instruments are "go /no -go" 
testers valuable for quick -check in -plant 
inspections. They test three important 
characteristics of SCR's: the gate volt- 
age needed to fire the SCR, up to 5 
volts; the gate current needed to fire 

the SCR, up to 50 mA; and the anode - 
to- cathode leakage, up to 8 megohms. 
Each of these testers weighs 2'.z lbs 
and measures about 5" X 7" X 3 ". 
The battery- opera:AI model is powered 
by 6 self- en:.tained penlight cells. 

The more elaborate Model S -120 
also checks gate voltage and current 
(but up to 10 \- and 100 mA), and, in 
addition, it checks anode -to- cathode 
forward breakover and peak forward 
blocking voltages up to 1000 volts, re- 
verse blocking voltage up to 1000 
volts, leakage current in either direc- 
tion up to 100 mA, and holding current 
up to 100 mA. This tester has jacks on 
the rear to supply horizontal and ver- 
tical signals to an oscilloscope to dis- 
play a calibrated dynamic volt- ampere 
firing characteristic curve of the SCR 
being measured. 

FLOATING 
MIX-AIRCRAFT carrier Itunker Ilill 

is no longer listed in tIi Naval Ves- 
sel Register. She now sent- the Naval 
Electronic Laboratory Center. San Diego 
as a system development facility where 
the newest comnunication. and weapons 
systems are tested and evaluated. 

Her 2600 -man wartime crew has been 
replaced by 36 scientists and technicians 
from NELC; by a Naval Officer and 13 
enlisted men who maintain equipment: 
and by a 12 -man security turd ship main- 
tenance force. 

To cope with the situat that mod- 
ern warships encounter requires the in- 
tegrated operi of many separate 

TEST BED 
It etc s, "ten.. These include sen - 

sing devices such as radars, commun- 
ications systems that make coordinated 
command and control possible, and data 
processing and display stems that 
provide information for the control and 
direct' of offensive und defensive 
weapons When all of these systems are 
installed within the confines of a ship. 
there are many undesirable rate s 

and interferences which must be elimi- 
nated. 

In addition to testing present -day 
shipboard equipment, the scientists are 
working on advanced designs and con- 
cepts. 

ELECTRONICS WORLD 



not by a long shot it isn't!! 
There's certainly nothing top secret about 
the classified pages in Electronics World 
Magazine. They're wide open to the search 
ingeyesofevery buyer who's in the market 
for the product or service that he knows 
can be found in Electronics World's Elec- 
tronics Market Place. 

The more than 191,000 buyers of Elec 
tronics World, largest readership of any 
magazine for electronics professionals in 
the world, are your guarantee of knowing 
that your ad is being read by people who 
are constantly looking for and buying elec- 
tronics products. It is these people to 
whom you MUST direct YOUR advertising 
as do the many key advertisers appearing 
in this issue and in each issue throughout 
the year. 

No doubt about it- there's a vast market 
of buyers searching the classified adver- 
tising pages of Electronics World and it's 
important that your ad be exposed to this 
prime buying audience. Prove to yourself 
that the leading magazine for electronics 
professionals MUST ALSO be the leader in 
sales responses to the many classified ads 
presently enhancing its pages -it makes a 

great deal of sense -give it a try. 

See classified section for rate information 
or write to 

HAL CYMES, Classified Advertising Mgr. 
ZIFF -DAVIS PUBLISHING COMPANY 

One Park Avenue, New York, N. Y. 10016 

Electronics \%orhl 
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: 
Payment enclosed - 
You get 1 extra issue L 
per year as a BONUS! 
Bill me later. 

,-AFFIX LABEL 

m 
D 

o 
ó 
á 

Ñ 

6. 

f° -.I16.._J 
Add'i postage: S1 per year outside 
U.S .. its possessions 6 Canada. 

nome please print 0232 

address 

city 

store 

August, 1968 

zip -code 

Solid -State Kits 
(Continued from page 33) 

2N708 and others. Lead forming to 
TO -5 and TO -18 pin configurations is 
available. 

FET's for Every Occasion 
Seven FET kits for seven -times- seven 

design problems are available from Sili- 
conix Inc. These kits, developed for 
laboratory engineers, have been put to- 
gether with the designer in mind. They 
can be used, in a practical way, to show 
how he can obtain the best circuit per- 
formance for the lowest possible cost. 
That is, the engineer can take several 
kit components of a certain type and 
substitute each of them for other de- 
vices in his circuit; and by experiment- 
ing and evaluating the circuit perfor- 
mance in every case, he can select the 
component that does the best job. 

The Siliconix OK 1 kit, which sells 
for $62.50, has nine p- channel FET's; 
t I Ie DK 2, which costs $75.00, contains 
'ix FET's developed especially for tel- 
emetry purposes plus two A20A (digital - 
transistor- logic) integrated circuits. One 
of the more popular kits, the DK 3 
which retails for $19.95, is made up of 
tight industrial FET's -three n- channel 
and five p- channel devices. The $75 
DK 4 has nine n- channel devices in- 
cluding one MOS (metal -oxide semi- 
conductor) . 

The three other popular designer kits, 
the DK 5, 6, and 7, sell for $29.95 
$19.50, and $84.50, respectively. The 
DK 5 contains nine current limiters 
with tolerances of 20% or better; and 
the versatile DK 6 contains six voltage- 
controlled resistor FET's which can be 
used in a.g.c. multipliers, filters, oscilla- 
tors, and modulators. The most expen- 
sive kit of all, the DK 7, is probably the 
most popular; it contains four differen- 
tial-amplifier FET's and two current 
limiters. This family of matched dual 
FET's provides a full range of differen- 
tial gate voltage versus temperature 
characteristics (5 to 40 µV / °C) for 
differential -amplifier design. 

Engineer /Experimenter Kits 
Need a zener diode? Or an SCR? 

International Rectifier Corp. has two 
kits that are boons to engineers and ex- 
perimenters alike. The silicon voltage- 
reference diode kit contains twelve com- 
ponents which can be used in a variety 
of applications such as voltage refer- 
ences, surge and over -voltage protective 
devices, square -wave generators, clip- 
pers, etc. The K545 kit sells for $6.50. 

The second kit, the K505, contains 
five SCR's rated at 50 to 200 volts and 
1.5 to 9 amps r.m.s. This kit, which sells 
for $7.95 has an instruction manual. 

IR also has a number of kits for the 
hobbyist at from $0.99 to $5.95. 

The VHF Amateur 
by Robert M. Brown, 
K2ZSQ /W9HBF. A com- 
pletely updated handbook 
packed with data on vital 
vhf subjects not available 
elsewhere. The author for- 
merly published the famous 
VHF Magazine whose back 
issues are much in demand. 

This new handbook incorporates the finest 
vhf material from the former publication, plus 
new data of great interest to both old and 
new vhf men. 160 pages. 
Order EE- 65060, only $4.50 

Amateur Radio Incentive Licensing 

\seg: rr6lin 
\av.1 ..w w..w.s. 

Study Guide 
by Robert .19. Brou -n, 
K2ZSQ /W9HBF, and Tom 
Kneitel, K2AES. Fully ex- 
plains the new incentive 
licensing which affects both 
newcomers and old- timers. 
Covers all the new FCC 

Regulations and band allocations. Includes 
multiple- choice questions and answers (as 
close to actual FCC exams as possible) cover- 
ing the new Advanced -Class, and the modified 
requirements for the Extra -Class exams. Also 
includes sample exams for Novice, Technician, 
Conditional, and General -Class licensing. 
160 pages. Order EE -050, only $2.75 

Commercial Radiotelephone 
License Q &A Study Guide 

by Woodrow Smith and Robert Welborn. An 
invaluable aid in preparing for the exams for 
the various grades of radiotelephone license 
or permit. Questions cover the first four ele- 
ments of the radiotelephone license exam. 
Answers are comprehensive and detailed and 
relevant to the pertinent subjects of the ex- 
am. 272 pages. Order EE -031, only.... $6.95 

Single Sideband: Theory & Practice 
by Harry D. Hooton, W6TYH. The one -source 
reference guide to ssb. Covers the origin and 
principles of ssb, derivation of ssb signals, 
carrier suppression techniques, sideband se- 
lection, ssb equipment, tests and measure- 
ments. Order EE -350, only $6.95 
17TH EDITION OF THE FAMOUS 

Radio Handbook 
Tells how to design, 
build, and operate the 
latest types of ama- 
teur transmitters, re- 
ceivers, transceivers, 
and amplifiers. Pro- 
vides extensive, simplified theory on practi- 
cally every phase of radio. Broadest coverage; 
all original data, up -to -date, complete. 
848 pages. Order EE -167, only .. $12.95 

Order from your electronic parts 
distributor or send coupon below. r EDITORS and ENGINEERS. Ltd. 

P.O. Box 68003, New Augusta, Ind. 46268, 
Dept. EWE -88 
Send me the following books:. 

EE -65060 EE -031 EE -350 
O EE -050 EE-167 

Name 

Address 

City State Zip 
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CAR AND DRIVER YEARBOOK 
The most exciting, most comprehensive automotive 
fact book available. A complete buyers guide for 
domestic and imported models -road tests, acces- 
sories, and performance equipment buying guide. 

1968....$1.50.... #51 
1967....$1.50.... #40 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
NO COMMERCIALS -NO INTERRUPTIONS 

`s, 

Its asy! Just plug Music Associated's Sub 
Carrier Detector into multiplex jack of your FM 
tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of con 
tinuous commercial -free music you are now 
missing. The Detector, self -powered and with 
electronic mute for quieting between selections. 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. 
Size: 51/2" x 9 ". Shipping weight approx. 7 lbs. 

KIT $4950 
(with pre -tuned coils, no alignment necessary) 

WIRED $7500 
COVER $4.95 EXTRA 
Current Lift of FM Broadcast Stations with SCA 
authorisation S1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N.J. 07043 

Phone: (201)- 744 -3387 

Rct-E MO. 106 on READER SERVICE CARD 

CAR AND DRIVER RACING ANNUAL 
An almanac of competition information covering the 
entire racing year. Feature stories of individual 
races, personality wrap-up on top driven, box 
scores on every major event throughout the world 
plus many dramatic photos. 

1967....$1.25.... #63 
Order by number from 

Ziff -Davis Service Div., 595 Broadway New York, 
N.Y. 10012. Enclose add'I 151 per copy for ship- 
ping and handling (50¢ for orders outside U.S.A.) 

PAYMENT MUST BE ENCLOSED WITH ORDER 

IGN'T° ELECTRONICS 
V.T.I. training leads to success 
as technicians. field engineers, 
specialists in communications. 
guided missiles. computers, ra- 
dar rind 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. 
C.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember, February. Dorms, cam- 
pus. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 46383 
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MONITOR FOR 
HIDDEN INDICATORS 

By E. S. KENNEDY 

When panel indicators are hard to .see. a little 
bit of noise can make servicing whole lot easier. 

1 r AI\Y tines when testing or adjust- 
ing electronic equipment it is nec- 

,s.uy to observe front -panel indicators 
or lights located remotely from the ac- 
tual equipment. This problem is usually 
solved in one of three ways: by a sys- 
tem of mirrors set up so that the indi- 
vidual doing the testing can see around 
corners; or the adjustment is made and 
t he individual must walk around to the 
ether side of the equipment to observe 
the effect of change; or another person 
is delegated as observer to relay the 
effects of adjustments to the technician. 

A fourth solution which overcomes 
most of the drawbacks of the other three 
is to use a photocell -activated ( pilot- 
light actuated) signal device with an 
audio output. This permits continuous 
monitoring of impossible -to- observe in- 
dicator lights and the audio signal 
eliminates the need for glancing back 
and forth while making adjustments. 

This device was used to troubleshoot 
intermittent circuits and cables connect- 
ed to an automatic resistance tester. 
The audio signal pickups covered the 
indicators on the tester. The technician 
shook, bent, and strained the cable and 
when a break was found, an audio 
alarm would sound. 

A device similar to this can be used 
to monitor aircraft instrument panel 
lamps while remote transducers or limit 
switches are checked in other parts of 
the airframe. Another applictAion would 
be in monitoring indicator lamps on 
computer modules when stimuli are in- 
troduced at a remote console. 

Fig. 1. Light picked up by the photocell 
causes the unijunction circuit to oscil- 
late and emit a loud 1000 -Hz audio tone. 

The unit is very simple to use. After 
turning on the switch, a rubber photo- 
cell housing is placed over the pilot - 
lamp lens to be monitored. When the 
lamp comes on, the monitor unit auto- 
matically emits a 1000 to 1500 Hz tone 
from its speaker. 

The circuit for the audio signal de- 
vice is shown in Pig. 1. Q2 with Cl and 
R3 forms a unijunction oscillator cir- 
cuit which operates at about 1000 Hz. 
Q1 acts as a switch activated by the 
Clairex photocell. When the light from 
the pilot lamp is picked up by the photo- 
cell, its resistance decreases and turns 
Q1 on permitting Q2 to oscillate. When 

BLACK LIGHT -PROOF 
HOUSING 

C- GLAIREX 
CL- 904 

TWISTED 22 
STRANDED VINYL 

4 FEET - 
OR LENGTH TO SUIT 

FILL WITH 
POTTING COMPOUND 

Fig. 2. Photoelectric pickup for the au- 
dio tester covers monitored pilot lamp. 
Lead length is not critical and may be 
varied to meet the needs of application. 

there is no light on the photocell, Q1 is 
turned off and Q2 remains quiescent. 

Details of the photocell housing are 
shown in Fig. 2. The photocell, Type 
CL -904, has a resistance of 30,000 
ohms at 2 footcandles and a spectral - 
response peak of 6900 Angstroms. This 
is a very sensitive cadmium- selenide 
type unit. Its light conduction is ade- 
quate to provide control at all pilot - 
lamp light levels. The unit is mounted 
in a hermetically sealed TO -18 case 
which makes it quite rugged for this 
application. Leads are '." long. 

The photocell is mounted in a rubber, 
light -proof housing. The lead entrance 
point at the rear of the housing is sealed 
with a small amount of potting com- 
pound. Potting compound is then flowed 
into the housing around and under 
the cell until it is level with the top 
of the photocell. It is extremely im- 
portant that the potting compound not 
cover the cell window on top. Lead 
wires can be twisted #22 stranded 
vinyl covered. 
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NEW PRODUCTS 
& LITEHA1'CRE 

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 

COLOR -BAR GENERATOR 
A new all- solid -state color -bar generator has 

been introduced as the WR -5(12A "Chro- Bar ". 
This battery- operated instrument is designed to 
provide the test signals required for adjusting 
convergence, color- phasing, matrixing, purity, 
and linearity of color -TV receivers. 

Patterns generated by the new instrument in- 
clude color bars, dots, crosshatch, vertical lines, 

horizontal lines, and blank raster. The new 
crystal -calibrated solid -state circuitry is especially 
designed to provide stable patterns with no flick- 
er. It includes slide switches for shorting out 
the control grids of the color picture tube. This 
feature enables the red, blue, and green color 
guns to be "killed" as required in convergence 
and purity adjustments. Leads are provided for 
connection to the control -grid !cads of the color 
picture tube socket. 

The generator, which weighs about 4 pounds, 
measures 61/2" x 7" x 4 ". RCA Electronic Com- 
ponents 
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DIGITAL VOLTMETER 
An inexpensive digital voltmeter- designed for 

OEM applications requiring I00 or more units 
annually -is now available as the Series 500. The 
new unit can he packaged to meet specific re- 
quirements in terms of both electronic and phys- 
ical dimensions. It has an accuracy of 0.1% ±1 
digit on 3- decade units and 0.03% ±1 digit on 
4- decade units. Units can be furnished with auto- 
matic polarity and up to 100% overrange capa- 
bility (maintaining accuracy). Visual outputs are 
indicated on 3 or 4 standard Nixie tubes. Units 
can be furnished with decimal points where 
needed or wired for remote operation. 

Complete information on the Series 500 as well 
as application guidance will be supplied on re- 
quest. Datascan 
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HOUSEHOLD SECURITY SYSTEM 
A new hume protection system consisting of 

three units: a receiver -alarm, smoke -heat de- 
tector /transmitter, and utility transmitter is now 
on the market. Using a new signaling method 
developed by Berkeley Scientific, the unusual 
"load" signal generated by these units is prac- 
tically unduplicable in normal devices or random 
noise sources, hence false alarms are extremely 
rare. 

The system can be "customized" to the user's 
needs. As many units can be used as needed. 
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Extra heat sensors can be added to the smoke - 
heat detector. The utility unit accepts any type of 
switch or sensor to guard against intrusion, fire, 
cooling, freezing, thawing, rising or receding 
water levels. and pressure changes. 

All units are solid- state. of circuit hoard de- 
sign. Installation, except for remote switches, is 

just a matter of plugging into an a.c. outlet. 
Complete information and specifications on the 
system are available on request. Heath 
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SPRING -RETURN ROTARY SWITCH 
A new family of spring- return rotary switches 

in a variety of sizes, electrical ratings, and angles 
of throw is now on the market. Diameters as 

small as 0.687" and depth behind panel of less 
than 125" (depending on the number of decks) 
are available. Make and break currents up to 1 

ampere (117 V a.c., resistive load) can be or- 
dered with this feature. 

The standard spring -return configurations 
available are: one momentary position clockwise 
to one or more detent positions; one momentary 
position counterclockwise to one or more detent 
positions; and one momentary position each side 
of a detent position. 

Bulletin # 152 provides complete information 
on this new line. Grayhill 
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FREQUENCY DISTRIBUTION 
The DS -422 frequency distribution system ac- 

cepts inputs of 5 MHz, 1 MHz, and 100 kHz 
and supplies sixteen highly isolated outputs, each 
with a level individually adjustable over the range 
of 11 to 2 V r.m.s. into 50 ohms. 

Use of PETS in each buffer amplifier chain 
assures maximum interchannel isolation; if one 
output is shorted, the level change of all other 
channels is imperceptible as the system input 
impedance remains unchanged. 

The new system serves as a convenient means 
of distributing high stability signals from a fre- 

gurney standard throughout a standards labora- 
tory, engineering laboratory, production facility, 
test area, and receiver transmitter stations. It is 

especially suited for driving several frequency 
synthesizers or frequency counters from a single 
highly stable source. Vectron 
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L. F. OSCILLOSCOPES 
A new family of general -purpose, low -fre- 

quency scopes is now available at moderate 
prices. Intended for examination of waveforms 
where interest is confined to signal frequency 
components below 500 kHz, the new scopes 
have higher trigger sensitivity (0.2 V mini- 
mum), a.c. -d.c. trigger coupling, single sweep 
capability, and d.c.- coupled Z -axis input -fea- 
tures usually associated with lab scopes. 

There are eight oscilloscopes in the new 1200 
Series: four bench types, including two single - 
channel and two dual- channel instruments, and 
four rack -mount types with the same capabilities. 

Complete specifications on the 1200 Series 
are included in a 12 -page brochure which will 
be forwarded on request. Hewlett- Packard 
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82- CHANNEL ANTENNA 
The SC- 1111111 "Super Colortron" antenna in- 

corporates a number of new and exclusive elec- 
tronic features which the company claims makes 
the unit ideal for distant pickups. 

A unique vertical beans phasing feature on all 
v.h.f. channels eliminates signal pickup from 
above and below the antenna, thus shutting out 
interference from such common sources as planes, 
cars, and diathermy equipment. The same feature 
is also said to be useful in eliminating ghosts 
and increasing v.h.f. capture area and power gain. 
A constant -focus u.h.f. screen concentrates the 
entire signal on the tetrapole collector element 
to provide the most u.h.f. signal capture area. 
Impedance is 300 ohms. Winegard 

Circle No. 4 on Reader Service Card 

DIGITAL PANEL METER 
A new. low -cost miniature tligital panel meter, 

the "DigiTec" OEM series 180, features accuracy 
of 11.115% of reading + I digit, obtained through 
the use of high -stability circuits. 

Readability is enhanced by combining the 
non -ambiguous presentation of digital readout 
with the resolute qualities of analog display. Dec- 
imal points may be placed in any desired position. 

The basic 1(1(1 mV full -scale range may be ex- 
tended to as high as 1110(1 V by choice of a single - 
range resistor installed internally or externally. 
The unit requires only 3.25" x 5.6" of panel 
space and less than one -tenth cubic foot behind 
the panel. United Systems 
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ANTENNA ROTOR 
The new AR33 "Autorotor" features fully 

automatic push- button control, precise repeata- 
bility with -±1 degree position accuracy. silent 
operation, solid -state circuitry, 360- degree corn - 
pass dial operation, and a contemporary housing 
designed by Raymond Loewy 'Wm. Snaith 
Associates. 

77 



Descriptive literature on this new TV -FM 
antenna rotor is available on request. Cornell - 
Dubilier 
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TRANSFORMER FOR PC's 
The new Size #8 Blue Chip transformer has 

been specifically designed for microcircuit ap- 
plications. The unit occupies a space of only 
0.015 cubic inch (0.25" x 0.25" x 0.25 ") and 
will meet MIL- T -27B, Grade B, Class S specifi- 
cations. 

Impedance range is 600 to 100,000 ohms, fre- 
quency range is 400 Hz to 250 kHz, and power 
range is 2 mW at 41111 Hz to 50 mW at 1 kltz. 
Inductance values range all the way from 0.1 
to 65 henrys. 

Complete electrical and mechanical details will 
be supplied on request. ADC Products 
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ROTARY SELECTOR SWITCH 
A new rotary selector switch which provides 

nine positions and "off" in a diameter of 0.5" 
yet is rated at 250 mA at 28 V d.c., resistive 
load, is now available. Contact resistance is 0.05 
ohm maximum. 

Designed for printed- circuit board mounting, 
with pins 0.187" long on 0.4" diameter circle, 
36° indexing, terminals are gold plated for sold- 
erability and long life. A special detent design 
assures that the switch will not "hang up" be- 
tween postions. Digilog 
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A. C. DIGITAL PANEL METER 
The Model 1271 digital panel meter is an a.c. 

unit with ±0.25% full -scale ±1 digit accuracy 
from line frequency to 1000 Hz in ranges from 
1 volt to 500 volts. The Model 1274, which is 
identical to the firm's original Model 1270, but 

WESTON 

VOLTS AC 

with the added non -blinking feature; and the 
Model 1273, a 3' /2-digit unit with direct reading 
over -range which extends its use well beyond the 
1.000 reading are also available. This latter 
model is offered in a choice of eight ranges: 
from 0 -150 millivolts up to 1500 volts. The 
Model 1274 can be ordered in any one of ten 
ranges: voltage from 0 -100 mV up to 1000 V, 
current from 0 -I0 pA up to 100 mA. Weston 
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75 -OHM COAX CABLE 
Colorshield is a nevi 7i-ohm u.h.f./ v.h.f. 59U- 

type coaxial cable with exceptionally low atten- 
uation loss, according to its maker. The 82 -chan- 
nel cable is constructed of a solid copper 
conductor surrounded by foam (cellular) di- 
electric insulator, a double -sided aluminum 
sheath for 100% shielding with two braided 
copper drain wires, enclosed in an all -weather 
poly jacket. Wald Electronics 
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INTRUSION ALARM 
The Model SS -1111 u.h.f. intrusion alarm sys- 

tem uses transistors rather than vacuum tubes 
to generate the 400 -MHz microwaves to detect 
human motion in the areas it is designed to 
protect. 

The system consists of a remote detector, a 
control unit, and an alarm. As soon as an in- 
truder enters the protected area, the lights are 
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turned on. Then 30 seconds later, an ear -splitting 
police -type siren sounds. Alternatively, the sys- 
tem can be connected directly to police head- 
quarters through a rented phone line or a tele- 
phone dialer. Fire sensors can also be connected 
into the control unit. Radar Devices 
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IN- CIRCUIT TESTER 
A portable, hand -held tester that checks tran- 

sistors and diodes in the circuit is now available. 
The tester gives a quick "got no -go" check for 
both conduction and cut -off characteristics. The 
battery- powered unit is just 9" long x 11/4" di- 
ameter and weighs only 6 ounces. It comes corn - 
plete with an adapter to test diodes and a set of 
leads and clips to test either transistors or diodes 
out of the circuit if desired. Telvac 
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MATV DEMONSTRATION KIT 
An 82- channel master TV antenna demon- 

stration kit has been developed to help electronic 
distributors, dealers, and TV system contractors 
show a fully operative MATV system. 

Since the "Smoothline" MATV equipment is 
solid state, the display can be fitted into a small. 
light case. It comes complete with amplifiers, 
splitters, tap -offs, and all necessary cables. One 
end of the case connects to an antenna and the 
other end connects to a color- television receiver. 
JFD 
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PORTABLE COUNTER 
With the new Model 114, frequency measure- 

ments can be made directly to 12.5 MHz. The 
readout includes four digits (5th and 6th option- 
al), an auto- positioned decimal point, a "kHz" 
annunciator, and display storage to assure error - 
free readings. Accuracy of readings is ±I count 
± power line frequency. 

Without the tilt stand the unit weighs 5 pounds 
and measures 31/4" high x 7" wide x 81/2" deep. 
Systron- Donner 
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FRONT- ACCESS READOUT 
A new miniaturized digital readout which 

features front lamp replacement and provides the 
utmost in legibility and economy, according to its 
maker, is now available as the Mono -bit. 

The new seven- segmented bar display con- 
tains nine miniature incandescent lamps which 
are easily accessible from the front, reducing 
maintenance to a minimum. The Mono -bit dis- 
plays all characters both numerically and alpha- 
betically in the same plane, allowing wide view- 
ing angles and visibility in a variety of viewing 
ranges. 

The face of a typical unit measures 0.380" x 
0.625" and is 1.000" deep. Individual units can 
be placed side by side, as required, to form a 

multiple integrated display assembly. Symbolic 
Displays 
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ZENER VOLTAGE REGULATORS 
One watt of zener power in a subminiature 

package is offered by the 1N4728A to 1N4764A 
series of voltage regulators recently put on the 
market. A full watt of power dissipation is avail- 
able from 3.3 to 100 volts in this series. The sub- 
miniature case (similar to the DO -7 case, mea- 
sures 0.20" x 0.10" diameter, with 0.030" di- 
ameter leads over 1 inch long) is molded of a 
specially selected plastic compound. 

Bulletin C -107 includes complete technical in- 
formation on the new units and will be forwarded 
on request. International Rectifier 
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MECHANICAL FILTER 
What is said to be the smallest mechanical 

filter ever is being marketed as the Minifilter. It 
is available in two packages- cylindrical brass 
and rectangular plastic. The brass version, 
F455T -150, measures approximately 0.08 cubic 
inch. The plastic version, F455W -150, measures 
0.15 cubic inch. 

Center frequency is 455 kHz. bandwidth is 
15 kHz at 6 dB and less than 30 kHz at 60 dB. 

Passband ripple is 2 dB maximum while the 
source and load impedance is 70,000 ohms. 
Operating temperature range is -40° C to 
+85° C. Collins Radio 
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ANTENNA -MOUNTED PREAMP 
A new ull- channel, antenna -mounted preamp- 

lifier that is said to more than triple the strength 
of all v.h.f. television signals is now available as 
the Model ACP- 105 -L. This new model takes 
the output from a 300 -ohm antenna and feeds 
the signals via 75 -ohm, Coloraxial cable down - 
lead to the receiver. Frequency response of this 
new Powermatc is flat to ±5 dB on any of the 
82 TV channels. The all solid -state preamplifier 
has built -in shielding and circuit protection 
against lightning surges. Jerrold 
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H. V. RECTIFIER FOR COLOR -TV 
With the introduction of a solid -state high - 

voltage rectifier, the Quasar line of color -TV 
receivers becomes solid -state throughout. The 

new rectifier combines state -of- the -art silicon 
rectifier chips of excellent uniformity with an 
unique encapsulant to provide a humidity and 
corona resistant package of good mechanical 
strength. 

Because of the modular construction of the 
Quasar line, the new rectifier can be incorporated 
il, existing receivers by means of a new high - 
voltage module. Motorola 
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HI -FI -AUDIO PRODUCTS 
DYNAMIC MICROPHONES 

The new "Sul-maker.' line of high- perform- 
ance dynamic microphones for use in pro- 
fessional broadcast, recording, and stage 
performances, as well as in home recording and 
communications applications, is now on the mar- 
ket. 

The six new cardioid and omnidirectional 
microphones include the "96" with a frequency 
response of 50- 15,000 Hz and a 3- position bass 
roll -off switch to reduce rumble and unwanted 
background noise; the "97" with 50- 15,000 Hz 
response and unidirectional pickup pattern and 
"on /off" switch; the "98" with a 40- 17.000 Hz 
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response and "on /off" switch; the "99" designed 
especially for the home- recording enthusiast and 
providing a frequency response of 80 -10,000 Hz 
and a 500 -ohm impedance; the "100 ", also for 
home recording, with a frequency response of 100 
to 8000 Hz and a 50,000 -ohm impedance; and 
the "101" with a response of 70 -9000 Hz for 
use with CB, ham, and communications equip- 
ment. It has a press -to -talk switch in the base. 
RCA Electronic Components 
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TAPE DECK 
A compact audio tape deck featuring auto- 

matic reversing and replay, simplified threading, 
sound -with -sound, and tape monitoring is now 
available as the Model 145(1. Designed to fit into 

any standard size console well, dimensions arc 
151/4" wide x 13" deep x 6' high. The deck 
weighs 29', z pounds. 

The recorder has four heads and includes pre- 
amplifiers. An optional walnut cabinet with 
smoked glass dust cover is available extra. Am- 
pex 
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PORTABLE CASSETTE RECORDER 
The Model II011 portable cassette tape unit 

provides convenient on- the -go recording in the 
classroom, office, home, or car. It may be plugged 
into any standard a.c. outlet or it can be operated 
from five "C" batteries. The snap -on a.c. adapter 
looks like part of the recorder when in use. 

This unit will record up to two hours mono- 
phonically on two tracks of the tape. The com- 
panion cassettes are available for 60, 90, and 120 
minute recording. Features include keyboard -type 
push -button operation, fast forward and rewind. 
level battery meter, and extension speaker jack. 
The recorder measures 12" x 6" x 4 ". Allied 
Radio 
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RECEIVER /TAPE DECK UNIT 
The new TDC33 is a combination of the Noc- 

turne 60 -watt solid -state receiver and the pro- 
fessional TD3 three -head tape deck, packaged 
in a single walnut enclosure. Capable of accepting 
additional inputs from a turntable and a micro- 
phone and able to drive as many as four speakers 
regardless of size. impedance, or efficiency, the 
TDC33 is a complete solid -state music system. 

The combination incorporates solid -state de- 
vices and technology. with IC's in the i.f. stages 
and MOSFET's in the FM input stages. The three - 
speed tape deck is constructed on a die -cast metal 
frame, has three balanced -coil tape heads, and 
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extremely narrow gap for extended frequency 
response for both recording and playback. A data 
sheet with full specifications is available on re- 
quest. Harman -Karden 
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LOW -POWER MONO AMP 
The AA -18 solid -state amplifier produces 4 

watts music power output with a frequency re- 
sponse of 23 to 100,011(1 Hz ±3 dB. Harmonic 
distortion is 0.7% at 1 watt while IM distortion 
is less than 1.5% at I watt. 

Using solid -state circuitry throughout, the 
AA -18 is designed for use with ceramic phono 
cartridges, mono AM or FM tuners, or any signal 
source having a "flat" output of sufficient am- 
plitude. The amplifier features a complementary 
symmetry emitter -follower circuit that eliminates 
the need for transformers. A headphone jack is 

mounted on the front panel for added conven- 
ience. The amplifier is offered in kit form. 
Heath 
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TAPE RECORDING MIKES 
The Model 281111 microphone (or Model 28114 

as a matched pair) carries a full one -year guar- 
antee and features modern styling for console, 
deck, and cassette recording applications. It is a 

dynamic, high -impedance, omnidirectional unit 
with a frequency response of 70- 15,1100 Hz and 
a -63 dB output level. It comes complete with 
a 12 -foot cable with phone plug, stand, and lay- 
Mier accessories. The matched stereo set is pack- 
aged in a convenient carrying case. Turner 
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HEADPHONE A MICROPHONE 
The Model MB -K84S M dynamic headphone 

is designed for stereo or mono listening. Its air 
cushioned carpads are of plastic and foam rubber 

to assure comfort and isolation of ambient sounds. 
Weighing only 5 ounces, it permits hours of con- 
tinuous listening. 

The MB -215 dynamic microphone has a fre- 
quency response of 60- 17,000 Hz with cardioid 
pattern. It has a built -in windscreen and is trop - 
icalized. 

Full technical specifications on these and other 
items in the line are available on request. Stan- 
ford International 
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PORTABLE STEREO UNIT 
A portable stereo compact phono unit featuring 

matched EMI speakers, a Miracord auto /manual 
turntable, and Elac STS 244 magnetic cartridge 
has been introduced as the Model 1020. 

The unit measures 15" x 26" x PS" high and 
weighs 32 pounds. It has an output of 32 watts, 
a special jack for using headphones, an auxiliary 
input jack, and a full set of component -type con- 
trols. The electronic system is solid- state. Ben- 
jamin 
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DUAL- CHANNEL CONTROL CENTER 
The Model SX390 dual -channel program con- 

trol center was developed especially as an eco- 
nomical system for small and medium -sized 
schools. It provides two separate program and in- 
tercom channels and makes available versatile 
facility expanders. 

There are inputs for three low- impedance mi- 
crophones, three high -impedance auxiliaries; 20 
station selector keys; voice call -in facilities; se- 
lective privacy on intercom; output level meter; 
talk /listen switch; all -call key; plus room to con- 
nect various facility expanders. 

Full descriptive details on the SX390 and the 
auxiliary expanders designed to be used with it 
are provided in a four -page data sheet which will 
be forwarded on request. Rauland -Borg 
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CB- HAM -COMMUNICATIONS 
RADIO- CONTROL SYSTEM 

A 27 -MHz radio- control system which fea- 
tures a 5- channel transmitter and a receiver 
using digital techniques to provide silmultane- 
ous proportional control of miniature servos, is 
now available. 

Supplied in kit form, the transmitter Model 
GDA -47 -1, has stick -type controls on four chan- 
nels. The left stick controls rudder and throttle; 
the right stick controls elevator and ailerons; 
each has trim adjustments so that center positions 
result in "straight and level" flight. The fifth 
channel has a thumb -type control and can be 

used for flaps or landing gear operation. 
The receiver, Model GDA -47 -2, features 11 

transistors, 5 silicon controlled switching de- 
vices, and 7 diodes -all mounted on two fiber- 
glass circuit boards. Power is supplied by a re- 
chargeable battery. The servos have three out- 
puts. 

The complete system including transmitter, 
receiver, two rechargeable batteries. four servos, 
all cables and connectors is available as the 
Model GD -47 or the components may be pur- 
chased separately. Heath 
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SIX- CHANNEL WWV RECEIVER 
A new dual- conversion WWV receiver :pas 

just been introduced as the LSR6 /RPA1. The 
crystal -controlled receiver covers the 2.5, 5.0, 
10.0, 15.0. 20.0, and 25.0 MHz WWV frequen- 
cies and exhibits a frequency stability of 1 p.p.m. 
In addition to its dual -conversion feature, which 
gives an image rejection better than 60 dB at 25 
MHz, the unit fuses a. 6-kHz Collins mechanical 
filter to minimize adjacent -channel interfer- 
ence. It has a built -in power supply which oper- 
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ates from either 12 volts d.c. or 115 /230 volts 
a.c. A self -contained speaker is included. 

Although designed for standard 19 -inch rack 
mounting, a tilt -up cabinet is available to house 
the receiver. Linear Systems 
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TWO- CHANNEL 5SB UNITS 
A new series of low -cost, crystal- controlled 

SSB transceivers designed for use by CAP, 
MARS, and 160 -meter operators is now on the 
market. Each unit has an input of 20 watts 
p.e.p. on single sideband and 25 watt input with 
carrier for compatibility with AM stations. The 
CAP version employs upper sideband, MARS 
upper and lower sideband, and the 160 -meter 
model lower sideband. 
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Other features of the transmitter section in- 
clude: crystal filter sideband generation; two 
channels, switch selected: fixed tuned for simple 
PTT operation; carrier and sideband suppression 
of 45 dB; and crystal -controlled frequency with- 
in -t-0.005%. 

Any of the units can be powered by the HP -13 
d.c. supply for mobile use or the HP -23 a.c. sup- 
ply for fixed -station operation. Both kit and 
assembled versions are available. Heath 
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23- CHANNEL CB UNIT 
The "Invader 23 is a -3-watt, 23- channel, 

solid -state CB transceiver which features an il- 
luminated "S" meter /r.f. power output meter, 
p.a. amplifier, mike jack, squelch control, "on/ 
off" switch, volume control, channel selector 
switch, and p.a. CB switch -all on a panel 
measuring 2' _" high x 83/4" wide. The unit is 
9'/a" deep. 

Twenty -nine solid -state devices are used in 
the circuit. The transceiver will operate on 12 
volts d.c. or 117 volts a.c., with an optional 
power supply. Mark Products. 
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MOBILE CONVERTER 
The Model 191 r.f. converter permits a car 

radio to he used to receive police and fire calls or 
aircraft, business radio, utilities, and taxicab 
transmissions. Of all solid -state design, the con- 
verter is crystal controlled. It has a 1 -MHz band- 

spread by tuning the broadcast receiver. The con- 
verter operates direct from the 12 -volt car bat- 
tery. Frequency range is 25 to 175 MHz. 

The compact. easy -to -mount case measures 
5" x 23" x 2' .a ". Mobil Electronics 
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MANUFACTURERS' LITERATURE 

LOGIC HANDBOOK 
A 512 -page book which includes a digital logic 

primer covering numbering systems, Boolean al- 
gebra, binary -coded decimal codes; 27 pages of 
module application notes; a 68 -page study of 
analog -to- digital conversion; and a 23 -page com- 
puter catalogue is now available. 

This edition provides complete technical in- 
formation on two new products lines: M Series 
integrated circuit modules and K Series industrial 
modules. The new book also includes five appen- 
dices on MIL -Std. -806B and DEC symbols; a 

powers of two table; a list of standard electronic 
abbreviations; definitions; a bibliography; and a 

price list. Digital Equipment 
Circle No. 136 on Reader Service Card 

DIAMOND NEEDLE GUIDE 
A condensed diamond needle cross- reference 

guide showing individual needle illustrations, 
cartridge name and number, tip sizes, and the 
numbers of all competitive diamond needles is 
now available for distribut:on. 
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This quick. easy -to -use guide has been specifi- 
cally designed for dealer counter personnel. 
Transcriber 
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ANECHOIC CHAMBERS 
A one -page supplement to "New Designs 7" 

describes the recently completed shielded anechoic 
chamber at the Technical University of Denmark. 
The chamber has a quiet zone 8 feet in diameter 
and 33 feet long and is lined with 80 -inch long 
pyramids of Eccosorb HPY -80. Average reflec- 
tivity is 40 dB down or more from 100 MHz to 
10 GHz. Photographs in the data sheet show 
some of the interesting features of this chamber. 
Emerson & Coming 
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AUDIO CONTROLS 
A 12 -page publication, entitled "Professional 

Audio Controls ", has just been announced as No. 
AL -1365. 

Written by Arthur C. Davis and Donald B. 
Davis, sound engineers, the booklet explains the 
merits of fixed gain amplifiers, passive control 
devices, and low- impedance transmission circuits. 
Altec Lansing 
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TECHNICAL REPORT 
A 10 -page technical report on the "Thermal 

Characteristics of Film Resistor Modules" has 
been published as TR 22.571. Written by two 
engineers, the text material is lavishly illustrated 
with line drawings, performance graphs, bar 
charts, and photographs. The authors have also 
provided a list of references and a bibliography. 
IBM Components Div. 
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PLUG -IN POWER SUPPLIES 
A two -color data sheet which describes 21 new 

a.c.- to -d.c. plug -in power supplies is now avail- 
able. The literature describes features of the 
power supplies including built -in short- circuit 
protection, instant start -up, and operation with- 
out additional heatsinking. Acopian 
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SOLDERING BULLETIN 
How to solder materials considered difficult 

or impossible to solder is described in Bulletin 
SL88A. The technique described permits solder- 
ing magnesium, aluminum, beryllium, stainless 
steels; refractory metals such as titanium, tan- 
talum and tungsten; even carbon, glass. and 
plastic. 

Methods and equipment for performing this 
work are detailed along with information on how 
to apply a solderable coating to the various metals. 
Actual applications are described and illustrated. 
Selectrons 
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READOUT DEVICE 
A new digital input /electromechanical readout 

device that enables engineers to solve many prob- 
lems in electronic systems design is described in 
a new illustrated bulletin. The publication details 
the modular design, size, power and performance 
specifications of the Vernidex which can be 

mounted in electronic equipment where a direct 
readout of numbers and or letters is required 
Vernitron 
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SPEAKER ENCLOSURE HANDBOOK 
Details on constructing enclosures for the firm's 

"F" series speakers are contained in a 14 -page 
publication, CF706 -1. Each speaker in the series 
is described and illustrated and its recommended 
application discussed. There are 51/2 pages of 
diagrams covering the construction of suitable 
enclosures. Hints on good construction practice 
are also included. JBL 

Circle No. 30 on Reader Service Card 

HEADPHONE /MIKE CATALOGUE 
A new catalogue covering headphones and ca- 

pacitor, ribbon, and dynamic microphones for 

radio and recording professionals is now available 
for distribution. Complete technical specifications 
are provided on the various models along with 
information on applications. Stanford Interna- 
tional 
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PRECISION RESISTORS 
An 18 -page catalogue describing the company's 

capabilities and precision resistor line is now 
available. Engineering information, power de- 
rating curves, load- temperature curves, as well as 
data on voltage coefficients, stability, and toler- 
ances are covered for the basic line of carbon film 
and wirewound resistors and resistor networks in 
the line. 

Terminal styles, body dimensions, etc. are de- 
tailed for high -voltage and high -frequency high - 
megohm types in the standard carbon film line 
together with similar applicable specifications for 
standard resistors in the MIL -R -93, MIL -R -29, 
epoxy sealed, commercial. and meter multiplier 
wirewound products. Resistance Products 
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PHOTO DEVICE POCKET GUIDE 
A six -panel folder entitled "Photo Device 

Pocket Guide" has just been issued. It provides a 

brief listing of parameters and applications for 
the company's light emitters, light sensors, and 
tape reader arrays. Photodiodes, phototransistors, 
and complex optical arrays are included in the 
listing. The folder, which opens out to 81/2 x I I 
inches, contains two panels of diagrams showing 
dimensions and details of the photo device pack- 
ages. Fairchild Semiconductor 
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CONDENSED SEMICONDUCTOR DATA 
The newly published 1968 condensed catalogue 

describing the major electrical specifications for 
more than 35011 individual semiconductor types 
is now available. The catalogue also includes or- 
dering information on some 12,000 of the firm's 
devices. 

A new feature of the 1968 edition is an alpha- 
numerical listing of all IN, 2N, 3N, and non- 
registered type numbers contained therein. 
Located at the beginning of this reference guide, 
the listing aids the user in the quick identification 
of device types and helps him locate more com- 
plete component information about a particular 
device. 

A 5 -page section at the end of the catalogue 
contains complete device outline dimensions for 
the more than 93 different cases in which the 
firm's semiconductors are packaged. Motorola 
Semiconductor 
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PANEL METER CATALOGUE 
A 16 -page, two -color catalogue listing a full 

selection of stock panel meters i. now available 

Answer to Crossword Puzzle 
appearing on page 67 
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as No. 35E. The new publication presents ranges. 
prices, resistances, photographs, diagrams, and 
mounting specifications for d.c. and a.c. meters 
within the 111,:t", 21/4", 31 4 and 5" sizes in 
both taut -band and pivot and jewel construction. 
The catalogue also lists models, sizes, voltages, 
and prices for the firm's line of elapsed -time in- 
dicators. vu meters. and null indicators. Honey- 
well Precision Meter 
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NEON GLOW LAMPS 
A revised, 8 -page illtisu:tcd brochure describ- 

ing neon glow lamps for indicator application. 
voltage regulators, and circuit components has 
just been published. The brochure contains cat- 
alogue information dealing with the various 
lamps in the company's line, a V series voltage 
regulator, and a reference tube chart. Signalite 
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IC ACCESSORIES CATALOGUE 
A six -page catalogue covering a complete line 

of IC accessories, including dual in -line sockets, 
Hat-pack holders, plttggable circuit cards, patch - 
cord kits, connectors. IC breadboards, and wrap- 
!sable wiring panels is now available. 

Fully illustrated and detailed with spe.ifi- 
cations, performance, and ordering data, Cata- 
logue 91 provides easy -to -use reference literature 
on the entire line. Cambridge Thermionic 
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STOCK PANEL METERS 
A new panel teeter catalogue which gives com- 

plete details on over 14(10 stock sizes and types 
or panel meters has been issued as Bulletin Nu. 
2079. New products featured in the catalogue 
include rugged seal contactless meter relays, con- 
tact -type meter relays and pyrometers. and the 
new low- height Designer Series meters. 

A table of stock meter characteristics and ac- 

curacy tolerances is included at the back of this 
28 -page publication. along with a glossary of 

ternis commonly used in the electrical indicating 
instrument industry. Simpson 
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LAB POWER SUPPLY 
A new type of laboratory instrument, which 

can serve as either a high - precision power supply 
or a power differential voltmeter is described in 
a new 12 -page brochure. 

Bulletin LS describes the basic LS Series high - 
precision power source and the two plug -in 
accessories designed for use with the basic power 
source. The illustrated brochure gives complete 
specifications, capabilities, and prices and will be 

forwarded on request. Lambda 
Circle No. 146 on Reader Service Card 

TEST EQUIPMENT CATALOGUE 
Two new hand-site e.o.m.'s and a new solid - 

state v.o.m. with a 7" scale and v.t.v.m. features 
are highlighted in a new 16 -page test equipment 
catalogue now available. 

Complete operating specifications and prices are 
given on the line of equipment designed for in- 
dustrial electronic and electrical testing. A copy 
of Bulletin 2(178 will he forwarded on request. 
Simpson 
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INFRARED TEMP CONTROLLERS 
A four -page data sheet on infrared indus- 

trial temperature controllers is now available for 
distribution. Bulletin 68 -6 contains complete de- 
tails on four models of the Opti -trot instruments 
and information on applications in specific in- 
dustries. Barnes Engineering 
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ANGLE MEASUREMENTS 
Fifteen models of high- precision angle mea- 

suring instruments used in the production testing 
of gyros. servos. or any device using synchros or 
resolvers are described in technical bulletin AMI- 
1 which is now available. 

an] COAX 
LINE SPLITTER 

For UHF /VHF 
Color/B&W TV 

The Mosley M -22 44,4 

two set, and M -24 four set 
75 ohm coax splitters for color TV /FM 
Stereo distribution systems. High inter - 

set isolation, low insertion loss. 
Models may be combined to provide 

any number of lines for larger 
amplified systems. 

Solderless. Easy 
installation. 

Write Dept. 159A for FREE detailed brochure. 

egL - 9 4610 N. Lindbergh Blvd., M f /e (/j017LUat,I:G Bridgeton Missouri 63042 
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A chart shows how the fifteen models are de- 
rived from five basic types by the selection of 
accuracies, resolutions, readout indicators, and 
feedback elements that adapt the instrument to 
specific applications. Micro Metrics 
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POLYCARBONATE CAPACITORS 
An engineering bulletin. # 1701, covering 

polycarbunate "Wrap and Fill' capacitors is now 
available. 

Types Ell EIUR. specially constructed to offer 
excellent resistance to humidity and for use 
where space is critical, are covered, including 
complete technical specifications, performance 
characteristics, and related curve material. Film 
Capacitors 
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22 Switchc: aft, Inc. 

25, 26, 27, 28 International Rectifier 

29, 32 Radio Corporation of America 

33 (top) Motorola Semiconductor 

33 (bottom) Siliconix 

34 Sony Corp. of America 

38 Trans -Lux Corp. 

39 Uitronic Systems Corp. 

40 The Bunker -Ramo Corp. 

41 Bussmann Mfg. Div. 

45 lerroid Corporation 

46, 47, 48 Pratt Institute 

60 KIN Research & Development Corp. 

72 Triplett Electrical Instrument Co. 

73 Tektronix 
74 Solitron Devices, Inc. 

THE ELECTRONIC INDUSTRY'S 
MOST CURRENT 1969 CATALOG 

FREE! 
* * * *44 BA'S ALL NEW 228 PAGE 

* e * VALUE PACKED FALL AND WINTER 
ELECTRONICS CATALOG 

** 

YOUR BUYING 
GUIDE FOR: 

Stereo & Hi -Fi Systems 
& Components Tape Re- 
corders Phonos, Radios, 
& TV's Cameras & Film 

PA Ham Gear Test 
Instruments & Kits Citi- 
zens Band Electronic 
Parts, Tubes & Tools. 
SEND FOR YOURS TODAY! 

MAIL TODAY TO .. . 
99 MERCIER ST.. KANSAS Cm.IÑ"""" u' 

BURSTEIN -APPLEBEE 
DEPT. EINT, 3199 MERCIER STREET KANSAS CITY, MO. 64111 

Name 

Address 

('icy State Zip Code 

DO YOUR FRIEND A FAVOR...ALSO INCLUDE HIS NAME: 
AND ADDRESS IN ENVELOPE WHEN MAILING YOUR REQUES "t 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or Individuals offerlrg commercial products or services. 70; per word uncluding name and address). Minimum order $7.00. Payment must accompany copy except wher ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10`;a tor 12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 400 per word (including name and address). No minimum! Payment must ac- company 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 10¢ 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. Oelrich Publications, 6556 W. 
Higgins Rd., Chicago, Ill. 60656. 
GOVERNMENT Surplus Receivers, Transmitters. 
Snooperscopcs, Radios, Parts, Picture Catalog 
25e. Meshna, Nahant, Mass. 01908. 
METERS -Surplus. new, used. panel and port- 
able. Send for list. Hanchett, Box 5577, River- 
side, Calif. 92507. 
INVESTIGATORS, FREE BROCHURE, LATEST 
SUBMINIATURE ELECTRONIC SURVEILLANCE 
EQUIPMENT. ACE ELECTRONICS, 11500 -J NW 
7TH AVE., MIAMI, FLA. 33168. 
CONVERT any television to sensitive big -screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans, $2.00. Relco -A22, Box 10563, Houston, 
Texas 77018. 
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. 

GET IT from GOODNEART! 
NEWSLETTER FOR AUGUST: 

NEW ACQUISITIONS: Wheatstone Bridge .05 aC curate. LAWS .4725. has 5 dials 0.1's thru K's and multiplier X.0001 thru X 10K. only $227.50. Lavoie .LA70A Freq. Meter for 2 -Way Mobile shops meets all FCC specs; accuracy Is .000017. and range is 10 me to 3 gc. Lavoie users swear by them! We saw one go at an auction for over $1200.00 but we bought two right, can sell them at $875.00 alter having been checked for excel- lent operation by a local 2 -way mobile shop who 
is our friend. On the way in is a Certsch FM3A freq. meter which also meets the splitband spec and will also be Checked by our friend. to sell t 
only $750.00. We bought a real cream -puff Tekt. .541A scope. blue color. round corners. A model. with an equally clean dual -trace .CA plugin in it wh,Ch we Can sell at Only $1150.00. Also a Trkt. .561A 10 me dual- trace scope like brand new . . . in original carton but has been 

u 
sed slightly 

works like a charm; includes the 1Al and the 2B67 plug,ns; only 5895.00. Also a Fairchild all- solid- state cabinet -model 25 me dual -trace scope 1766H w, 74.11A dual time base and 76.02A dualtrace amplifier) at $895.00. Also the same scope as above except with the 50 me dual -trace 
v 

rtical plugin .76-08 $995.00, Coming in is an Analab 
(Benrus Watch) audio precision scope (rack mtg) 11208 with dual -trace {Ought .700. flat dc to 500 kC with multiturn pots for high accuracy audio measurements and sensitivity as high as .1 my cm. Price $495.00. We made a good buy on a quantity of the old favorite for audio work. DuMont .304U 
so we can sell them tested and grid at only 599.50. 

We also made some real good buys in SPECTRUM ANALYZERS: Best is a Polarad SA84W 1 W means wide dispersion, 25 kc to 80 met. Tunes 10 me to 40.88 
se all with one tuning unit (included) with band switching. Tuning said to be ithin .01; so can 
be used as secondary freq. standard. Sensitivity rated -115 dbm (figures out to 0.3 uv across SO Ohms). In 1963 price list it was $6290.00. When it comes back from the calib. shop we can sell it for only $1750.00. Also acquired a good lot of the earlier Polarad spectrum analyzers TSA with a very good assortment of tuning units- Ask for our Category 25 sheet for prices. To answer inquiries for cata- logs. we printed a card listing alphabetically 54 kinds of electronic materiel we inventory. with our 'Category' number assigned to each. We keep 
these Category" listings up -to -date with scissors and paste pot and photocopy them to answer specific - type inquiries. Example: Catee. 39, SIGNAL GENERA- 
TORS. takes 5 pages. Bridges. Q- Meters. Calvos. decade boxes. potentiometers. voltage dividers. and other similar devices our Category 5. takes 4 pages. These examples indicate how impossible it Is to print a meaningful catalog when we are always sell- ing and always buying. very often in quantities of ONE! 1 WHAT DO YOU HAVE TO SELL TO US ?) So to save the time for us to send you this Card. we ask that you please tell us hat you are interested In. CLOSEOUT BARGAINS! Ask for our Category 32 on GRAPHIC RECORDERS. re-written with very low prices because we are overstocked in this type of materiel . you will find some terrific bargains! For example. a Sanborn 4- channel complete setup, all amplifiers. power supplies and preamps, good 
clean working condition, with books. that sold for $3910.00. all for only $275.00! (Model 154 -5460.1 

Everything Unconditionally Guaranteed! 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213, office 272 -5707, messages 275.5342 
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R.F. CONVERTERS World's largest selection. 
Also CCTV cameras, etc. Lowest factory prices. 
Catalog 10¢. Vanguard, 196 -23 Jamaica Ave., 
Hollis. N.Y. 11423. 

FREE ELECTRONICS (new and surplus) parts 
catalog. We repair multimeters. Bigelow Elec- 
tronics. Bluffton, Ohio 45817. 

SURVEILLANCE EQUIPMENT -NEW HIGH PER- 
FORMANCE SUBMINIATURE MODELS. ELEC- 
TRONIC COUNTERMEASURE DEVICES TO PRO- 
TECT PRIVACY. FREE DATA: SECURITY ELEC- 
TRONICS -EW, 15 EAST 43RD STREET, NEW 
YORK, N.Y. 10017. 

CRYSTALS . largest selection in United 
States at lowest prices. 48 Hr. delivery. Thou- 
sands of frequencies in stock. Types include 
HC6 /U, HC18 /U, FT -241, FT -243, FT -171, etc. 
Send 100 for catalog with oscillator circuits. 
Refunded on first order. Jan Crystals, 2400E 
Crystal Dr., Fort Myers, Fla. 33901. 

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. 

SURVEILLANCE COUNTERMEASURES BRO- 
CHURE $1.00. ENGINEERING LABORATORIES, 
BOX 1036, ANDERSON, INDIANA 46015. 

TRANSISTOR -Tube- Radio -Television- Phono, SIG- 
NAL GENERATOR, $4.00. Takoma Servicing 
School, 11808 Pittson Road, Wheaton, Maryland 
20906. 

ELECTRONIC Ignition, various types. Free litera- 
:urn. Anderson Engineering, Epsom, N.H. 03239. 
PROXIMITY switch detects nearness of human 
body! Free information. Claremont Products, 
860 Reed. Claremont North. Calif. 91711. 

SURVEILLANCE EQUIPMENT, latest devices. 
also construction plans, free catalog. FISHER 
ELECTRONICS, Box 350, N. Miami Beach, Flor- 
ida 33160. 
DETECTIVES! Precision Surveillance Devices. 
New Catalog. Free when writing on letterhead. 
Otherwise $1.00 refundable with first purchase. 
SILMAR ELECTRONICS, 3476 N. W. 7th Street, 
Miami, Florida 33125. 
DISPOSAL -$80.000.00 hi- fidelity retail store in- 
ventory. New /used equipment: Ampex, Marantz, 
Fisher, others. Hewlett- Packard test equipment. 
Free -list -Marco Electronics, Box 336 -D, Winter 
Park. Fla. 32789. 
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. 
RECTIFIERS, Transistors, other components 
Catalog free. ELECTRONICS COMPONENTS CO., 
Box 2902, Baton Rouge, La. 70821. 
REGULATED Power Supply Range 3.6V to 18V 
5A short circuit protection with schematic $9.95. 
115VAC 1000W photocell units $4.95. Alphatron- 
ics, 14251 East Colfax, Aurora, Colorado 80010. 

WHOLESALE components: Manufacturers and 
distributors only. Request free catalog on busi- 
ness letterhead. WESCOM, Box 2536, El Cajon, 
California 92021. 

BURGLAR, fire alarm. New, unusual, reason- 
able. Dealers needed. Reid's Electronics, 1221C 
E. Van Buren, Phoenix, Arizona 85006. 

ELECTRONICS' WORLD MAGAZINE COLLEC- 
TORS, find that back -issue construction project 
fast! 40 page, matrix -subject index and article 
abstracts, covers 48 issues. $2. BEL ENTER- 
PRISES, P.O. Box 381 EW, Bellflower, Calif. 
90706. 

TRIACS 
PRV 

100 
200 
300 
400 
soo 

TO 66 
5 AMP 

. -- ao 
1.40 
1.75 
2.25 
2.60 

Silicon Control Rectifiers 
PRV 

I 3A i 7A I 20A I 7OA 
50 .35 -45 .70 

100 .50 .65 1.00 I .00 
200 .70 .95 1.30 8.00 
300 .90 1.25 1.70 

i 

400 1.20 1.60 2.10 12.00 
300 1.50 2.00 2.50 
800 1.902.-40 3.00 -1-18.00 
700 2.20 2.80 i I 

100o 
1 I 5.00 124.00 

Silicon Power Rectifier; 
PRV 3A 12A 20A i 40A 
100 .09 .30 .40 .75 
200 .18 .50 .80 1.2S- 
400 .20 .70 .80 1.56 
600 .30 1.00 1.20 1.80 
800 .40 1.25 1.50 

1000 .55 1.50 1.80 

O T A 
L A L 
I T E 
D E S 

ZENERS 1 Watt 7-33V $ .50 
10 Watt 7.200V $ .75 
50 Watt 7 -200V 51.75 

N- CHANNEL FET'S TO -18 plastic 
units, low noise, low leakage, 25 volts 
source to gate, 50 ma gate current 
Gain to 9000 mho's. $1.00 

SIM to 2N3429 (NPN). SI %s" 
stud. min HFE of 30, 7.5 Amps. 

175 watts, VCe of 75 $1.75 
SILICON BILATERAL SWITCH. 
Replaces two SCR's by firing in 

either direction when breakdown 
voltage is exceeded. Used in light 
dimmers. etc.. 2/51.00 

NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO-18, SI 

Transistor. With a VCBO of 120 
3/$1.00 

SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

5.75 
500 HFe elastic transistors. 
NPN, TO -18. SI unit similar to 

2N3565 4/$1.00 

AVALANCHE MODE TRANSISTORS, 

used for TRIGGERING SCR's 8 
TRIALS, with diagrams 3/51.00 

POST OFFICE BOX 74B 

SOMERVILLE, MASS. 02143 
featuring transistors, rectifiers and 

components 
SEND FOR OUR LATEST CATALOG 
Business Address: 325 Elm St., Cambridge, Mass. 

INTEGRATED 
CIRCUITS 

LINEAR CIRCUITS 
FM IF AMPLIFIERS $2.00 
702C WIDE BAND DC AMPL. $4.50 
709C OPERATIONAL AMPL. $4.50 
710C HI SPEED DIFF. AMP. $5.00 
711C DUAL COMPARATOR $5.50 

DIGITAL CIRCUITS 
SR FLIP FLOP $ .90 
SR CLOCKED FLIP FLOPS $1.15 
DUAL AND GATES $1.00 
DUAL NAND NOR GATES $1.00 

UNIJUNCTIONS! 
Similar to 2N2419. RBB of 5.7 
stand oft ratio of .6 and Ip of 
12, with data sheet $1.50 
We promise to supply you with th, 
highest quality products at the most 
attractive prices with the fastest 
service in the industry. 

Terms: FOB Cambridge. Mass. 
Send check or Money Order. Include 
Postage. Average Wt. per package 
I/2 lb. No C.O.D.'s. Minimum Order 
$3.00 

Rated companies 30 days net 
TELEPHONE (617) 547-4005 
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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 FRO!.' aO or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE Y 

( ITEM .715 ) - - N+ndar I. I. l+l 
i,.,,'p,.,1 . +, ..d Ienn,di r 1 

, \ t?^ Ion Ion ,. r , p,h.11od Iola,. Ilk. I 0,11 , , 1 . . f 
east,,, nnnili 

i l;ïr ßo,1 
i .I mono, 

$1.50 tem,rl lullhln.lmcolom. re lurn0hed'1 al" 9Ih., 
(Ntgrnal l'oM $C,.tu. F.O.B. 

STEP -BY -STEP AUTOMATIC SWITCH 
( ITEM p17í) - - \m me uo -+mb +round _ I 

el erun -m one r l.,.phon a snitch. 118.1 Ant tank 1 

parr Irnm al lulloo. lake . n Ie1rpA ,n ...rem. 
aha hr t0191 to a I:',v control up no 100 0 0 

41/19. cater smell. parr nl Km,. 
pduns of our 101 N %l \N bargain., r - 

lel uh dul dial and , Ilri. hunk. S 

1' s s 11". 141. Ih Ihs. I ,111 no. y:}.ml, 
girt IIIñ. 

F.O.B. $9.95 
. 

,l. hn'I,rlk. 1 arw luxe. 

TYPICAL BUYS FROM OUR 1968 CATALOGS 
S 050.00- Geared 2 -hp Battery Golf Car Mots, $26.95 
S 15.00 - Westinghouse OC Ammeter, 0 to 300 S 7.11 

s 40.00 - Vacuum Pressure Pump, 12 -VDC 511.95 
- - - -10-MW Walkie- Talkies, Poe Pair Si 9.60 
- - - - Rohm, Multi -Range, AC OC Tester S 8.98 

SPECIAL SALE . p "- 
Correspondence 

Course In _ 
ELECTRICAL 

ENGINEERING `eII Fo, uo.7q $8.79 : 

I ITEM .A101 ) - - NonderLd 1 hum . lo hln Ir, lino Al lrain- 
1m e 1 , 1.1 oln I n ., hoot h, u.P'n,I.d ¢ 
.wnden,r.t. r e, Iwo a.se 11Ìlcan n1a.e,1 ap,vune,, o.h. xe ors 

dler 
ar 

limited numtx.r ot the .,hoot.. xnpl.l. 1 I,i Ir11 1 I nelnrrrine 
o r but %l01,1.1l Ole .mini ,m paper u udivc s ,. the e 

011 a 1e.5,In unit I.,ok. I +, h hook' ha, lh. r cul+r *.tarn... and 
in a ..parIr .e,11n. '.land+nl 411.... .0. to , +, to 1.1am I II,m. 

Melt x nd.r.I and. prolu..iwlllu.nIe d. 9. 
roadCoulon 4e,st s , '. i :.nd .ludo In .pus I Van, I.1 - 

1 

InIn s, hoot .,nl.na.'honhnu, e11,51 lolela suit id 
1 . . LI,..I InLnnlauon a su- 

n dtudeis l'ti. \MI II sal I.,ok to bon to Solid and op..l.i, ,,Ihnne 
l annon, n and I. spnmrnuI Il.nr h" lumnshrd S lilt each , ota.e, 

SEND 25s COIN OR STAMPS FOR CATALOGS 

All (tams FOB Lincoln Money Back G 

SURPLUS CENTER 
DEPT, EW -088 LINCOLN, NEBR. 61115111 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

ASSOCIATE Degree in Electronics Engineering 
earned through combination correspondence - 
classroom educational program. Free brochure. 
Grantham Technical Institute, 1505 N. Western 
Ave., Hollywood. Calif. 90027. 
LEARN ELECTRONIC ORGAN SERVICING at 
home. All Makes including transistors. Experi- 
mental kit -troubleshooting. Accredited NHSC. 
Free Booklet. NILES BRYANT SCHOOL, 3631 
Stockton, Dept. A. Sacramento, Calif. 95820. 
FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Write Elkins Institute, 2603C Inwood 
Road, Dallas, Texas 75235. 
HIGHLY effective horns 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 or Second Class Radiotelephone 
license in four to six weeks. Guaranteed. Day or 
night classes. Write ELECTRONICS INSTITUTE, 
2202 W. Erwin, Tyler, Texas 75701 or call 214- 
593 -0807, 

Rechargeable Eveready Ni -Cad. Batteries 

9 volts dc. 500 ma. hour (7 dry button cells) size 
2aa' x rah" dia. suitable for radios, 15.97 
phonos, test bench. labs, etc. ea. 

Small DC Motor. Swiss precision made 5000 rpm at 
6 v.dc PM type reversible. suitable for os vs, e1 models. battery phonos. etc. ..... 
Sanie motor as above with pear chain, e1.97 ca. high torque 280 rpm at 6 v.dc. ... 

Sennhciser Model 407H N. directional. dynamic micro - 
phone ¡West German Mfg.) high and low 
impedance, excellent quality for voice 
and music. ; 9 97 ea. _.. .... i 
Gould Rechargeable Ni -Cad batteries, 12 
v.de. 600 ma. hours. I IO dry AA type e9 97 ea. cells) 

:111 nierrhdnd isc i. Id nn,l rna' mut sari on It nu,rirp 
bock fausto if not nerf c i.'I. 

PEAK ELECTRONICS CO. 

66 W. Broadway, N.Y., N.Y. 10007, 212 -962 -2370 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning terms. 
frequency discounts, closing dates, etc. 
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34 

( @ .40 Reader Rate 
@ .70 Commercial Rate 1 

time(s) Total Enclosed $ 

= $ 
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NAME 

ADDRESS 

CITY STATE ZIP 

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 -868 
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-I 

World's "BEST BUYS 
in GOVT. SURPLUS 

Electronic Equipment 

RECEIVERS: 
I:r,\F nRln-1., 

1.4-:31 11(' I .1. checked: $99.95 
IIl'-1111:3=211 -7.(, \i, 1 \I I:,,',- ,1111 

pe11.illelly':tnd .,luaIch: .l;se,l, Not Checked 22.95 
l'.Itt, rtier ke,l for olnratloll 32.95 

Ill'-:11N Reeelerr-2111 1.:6110 K(' and 1.:r-!N 11l' 
44.,11-y-.1:11 l'hn,:lllx 111,1), ul \',n11,r 10111110. 
.\'(', SI\'C. Prices: l'.e.l.lÌa.. I,yn:Inlolur:, . 69.50 
tisell lens l,ynnlnolnr, uocratiolt ,'llorke,l: 79.50 

l'ossscr Suorly for Itl'-:116-115 \'.\( 18.95 

COMMAND RECEIVERS - TRANSMITTERS: 
It . 516.95 

Isl'3.-i3-G.tl'J.1 \Il . s,1t11 1,,11:11110t01 : 14.95 
It-!.-. SR' .i-1 .:,.:t.l l SIC. Ics. I l.en:llllulur. . \e..: 19.95 
It-28 1.-0; SII', 1,.s nsn:un,dur L'.c,t: 22.95 
T-124 :\Rr-2.1-:I.n SII'...11.ed: 39.95. . .\e.r: 12.95 
T-20, Altl'-4.9-9.:1 SI l'. . . l'.c,1: 56.95 . . . \c.s: 9.95 

9.95 
18.95 
24.95 
12-95 

'r.22 , \II:' .- 1.u.1'Ste -. '---'l.'neesed: 
T -.9 .%11C luií'11n Sir Sew: 
Rl'- boll -:I.n -4.11 SIC Cos-t. Reconditioned: 
iii,..i911 Modulator-Use with 

red Tr: tl 
Sl ll'nIl'\L' i- \0.111:0uero 1 ,. \l,, .u., ,,.,..n. Tr.n i 

RECEIVER - TRANSMITTERS: 

3.95 
9.95 

, I _ \ n. I( N. : $19.95 
Ivi II:.\\., IISLIt ---.:Insu Sir "1I. n,l t'1: 1 17 IuV' ,01.1113,- 

11 112 \'nC . .. .. . . . . . . . . .1te\ew: 19.95 
, il ..-, `2 Itl:rl:I\'I:II 'l'It:\\'mSII'1'T1It- \SI 1,0111. 

I II rnirol--1 nil-19d Slr.. .l.e,l: 29.95 
n \It('.:1-_IuI1.111 SIl' 14 Challlll1 1retal (lnnlrnl 

AM-:\Ircrafl EqOIP. Electric Hand rhan0e. 
R.77 .\RI -:1 lteeelser l'.,"1: 24.95 
'l' \ I l r ' . : t ' r r : l l l . u 1 1 1 1 1 r . . . . . . . . . .) b - . \ .. .It,..\e.,: 29.50 

\c . rn\ \n. 29 I1' S91.4'11/' 169rl., ,. 
Tran..-.\rrroe. 231-219 SIC. 12 /'21 \'In'- 
Two rrr.,t l'ha00e1. . . . .. . r.1,I: 18.95 

IIc:\.r1,1\'l:il 51' L'T.\lilt %M- -111-112 Sie' 
e .1.11 l'nnlrlrl. 1nw er ,r llrtll 10,11r. .r \\':I((.. 

. L'.e,1: 24.95 
I.SI Iltl.c/Cl:\l'\ SI1:T1:It-129-2n3nn1 ti1- I ls :.II 

24.95 .... -. 29.50 

BIG FREE CATALOG -Send for your copy today! 
Address Dept. EW Prices F.O.B. Lima, O. 

25% Deposit on C.O.D.'s 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 458pí 

ELECTRONICS! Associate degree -29 months. 
Technicians, field engineers, specialists in com- 
munications, missiles, computers, radar, auto- 
mation. Start September, February. Valparaiso 
Technical Institute, Dept. N, Valparaiso, Indiana 
46383. 
R.E.I.'s famous (5) week course for the First 
Class Radio Telephone License is the shortest. 
most effective course in the nation. Over 98% 
of R.E.I. graduates pass F.C.C. exams for 1st 
class license. Total tuition $350.00. Job place- 
ment free. Write for brochure Radio Engineer- 
ing Incorporated Schools, 1336 Main Street. 
Sarasota. Florida 33577 -or 3123 Gillham Road. 
Kansas City, Missouri 64109 -or 809 Caroline 
Street. Fredericksburg, Virginia 22401. 

TUBES 
TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT & COMPONENTS. Quality mer- 
chandise only! Serving engineers, Purchasing 
Agents, TV /HiFi Servicemen and Hams for 20 
years. Write for Catalog or call 212 -WA 5-7000. 
BARRY ELECTRONICS, 512 Broadway, New 
York, N.Y. 10012. 
TUBES -330 each. Year guarantee. Tuner Clean- 
er $1.09. Free catalog. Cornell, 4213 -W Uni- 
versity, San Diego, Calif. 92105. 
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 1000, NEWARK, N.J. 07101. 

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. 
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G & G SURPLUS SPECIALS! 
AN /APR -4Y FM & AM RECEIVER 
"FU" FOR SATELLITE TRACKING! 

precision lab instrument. for monitoring and 
.11111v frequency and relative signal strength, 38 n,n Mc. in 5 tuning ranges. For 110 V 60 cycle 

\, . HuiltIn power supply. Original circuit $82.50 diagram Included. Checked out. perfect, L JY LIRE NEW 
\II 'Inning Units Available for Above 

1-caR-- LORAN APN -4 
/ Ti FINE QUALITY r , NAVIGATIONAL 

EQUIPMENT 
t- chapati long range dual units. will determine exact 
, grapple position of your boat or plane. Indicator 
si receiver complete with all tubes and crystal. 

INDICATOR I126B /APN -4. and RECEIVER 
$15.00 R -96 /APN -4. complete with tubes, i xc. Used IF J 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

III.i:. 
' 
1011 t. 

, I - - I.. 1441 

u.l \I, 1411,. 1111, $ß24(o 
I s... for Luton t:.luipmettl In stuck. 

11C 2.) I. Inch Scope. With all tubes. tic .. .........................$16.95 
instructions, with diagram. for 

\ peration S .65 
.'1'N -I TRANSMITTER- RECEIVER FR 400 -450 

$8.95 Used, with all tubes, dynamotor A 

-4.-1- 
BC -221 FREQUENCY METER. 125 10 

Ke range, a adulated. Fa. ;1 
Used. 

,I 
peeke,l out. 1,111: guaranteed \vtu0:kk 

saiorder. whit all luln.,ac o, 
tai (79.50 / d ,..,.,.d rallln.,.,, bask . 

BC 221 PORTABLE CASE oils. for tit l Ft,. 
I, . . Ia.e is IIIt.1 \l, Nitt. .with bull% -In $3.9 ,uulawr .ul.nl 

Pt, NAVY BEAM FILTER. N... $2.75 
tic, 13D RECEIVER. :\M. st.,I -eon t rot le.l, I lots. to 

I Mr. Complete .ti , I, I lit.. ,out `7.50 
. I:se. l'.e,l l on,litio,, Y 

AUN S Aircraft Receiver. . Il.ed. wllll 
$6.95 .,nd erl.lal. J32.0 A s'1.13.0Ml' 

206 -C Aircraft Beacon Receiver 200 ., 
58.50 

Ann -IS COLT INS RADIO U1 Cl isI R. - 

,.,.::; ' $19.50 
ARE I PI CI IVI It n TRANSMIT Ti It 

$21.50 
$18.50 

ill.- R -a aRR.2, RECEIVER. _:11._.ri Me Tml:1lile. $7.95 ., . I, ..III. I I lnie.. Nt: \\ 

DMa2 DYNAMOTOR, Inl.n. 12 VI. , \ 'i,nl \1:. _,......I 

58.95 \L\c 

VISIT OUR NEW SHOWROOM 
AT 45 WARREN STREET, N.Y.C. 

T -20 TRANSMITTER. 1 In :..:1 'l, -. Il..,ll,l $8.75 
, n mlcimd ,amen. . i l l s t u l . . . : , i , l ,, 

BC-156 TRANSMITTER. ..:i to 7 Mr. t. $8 75 \e... In original E., .. It It tubes and .. .70 

R -22 BROADCAST OCCEIVER. ,n to ("1 .50 
NC. \t, tub. -- ... .71 

159 TI, TEST SI T _ \1,, 
$17.50 

INEW G &G CATALOG an Military lrElect oniic Gear. SEND 25C- Refunded with First Order. 

TERMS: F li t- llruaL ice Rini Full. 
311nle 

m (' )ldrr . 1x1, All shipments E.0.11. .n 
i 

ret NEC. All 
I u r landlse Snleri In prior male and price .en RS. 

G & G RADIO SUPPLY COMPANY 
Telephone: (212) CO 7 -4605 

75 -77 Leonard St., New York, N.Y. 10013 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 250. PARKS, Box 25665A, 
Seattle. Wash. 98125. 

TAPE AND RECORDERS 

RENT STEREO TAPES -750 week. Catalog. Art's 
Tape Service. 16131/ North Mariposa Ave.. 
Hollywood. Calif. 90027. 
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. 
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SCOTCH Recording Tapes. Tape Recorders. Cat- 
alog 10e. Tower. Lafayette Hill, Pa. 19444. 
RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. Stereo -Parti, 55 
St. James Drive. Santa Rosa, CA. 95401. 
TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. Arkay Elec- 
tronics, 1028 -13 Commonwealth Ave., Boston, 
Mass. 02215. 
WHOLESALE - 4 -8 -track STEREOTAPES - Car, 
Home PLAYERS -CB, Recorders, MUSICO, Box 
11045, Montgomery, Alabama 36105. 
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. 

SPEECH diagnosis including Craig Recorder, 
$48; Communications Research, Cortez, Florida 
33522. 
FREE Catalog low priced, high performance sub- 
miniature listen -in devices direct from manu- 
facturer. Dealers welcome. Audiotronix -W, 156 
Fifth Avenue, New York, N.Y. 10010. 

GOVERNMENT SURPLUS 
GOVERNMENT Surplus How and Where to Buy 
in Your Area. Send $1.00 to: Surplus Informa- 
tion EW, Headquarters building, Washington. 
D.C. 20036. 
JEEPS Typically From $53.90 ... Trucks From 
$78.40 ... Boats, Typewriters, Airplanes, Multi - 
meters. Oscilloscopes, Transceivers, Electronics 
Equipment, Used. 100,000 Big 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. 

SCOTCH RECORDING TAPE, lowest prices. 
HYPNOTISM TAPE CENTER, Box 4305, Washington, D.C. 

20012. 
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. 

PLANS AND KITS 
SHORT PROOF power supply -0.1 ohm ohm- 
meter -power diode curves. Use your Battery 
Eliminator /Charger and new E/I CONTROLLER! 
Plans $3.50. Kits. ALSYNCO, Dept. EW -81, 171 
S. Main, Natick, Mass. 01760. 
BUILD -IT- YOURSELF. Save big dollars. Transis- 
tor stereo amplifiers. Color organs. Speakers. 
Write Workshop, Box 87, Bethpage, NY, 11714. 
INTEGRATED CIRCUIT KITS; COMPUTER CIR- 
CUIT KITS; Others. New catalog free. KAYE 
ENGINEERING, Box 3932.8, Long Beach. Cali- 
fornia. 90803. 

RECORDS 
SPECIAL INTEREST RECORDS AVAILABLE, PRO- 
DUCED BY THE EDITORS OF THE WORLD'S 
LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG - 

EW, ZIFF -DAVIS PUBLISHING COMPANY, ONE 
PARK AVENUE, NEW YORK, N.Y. 10016. 
RECORDS!!! 45 rpm -15C LP's $1.00. Details 
$2.00. Records. 129 Carol Avenue, Aberdeen. 
Maryland 21001. 
OLDIES-- 45RPM. Original hits. Over 1500 
available. Catalog 25c. C & S Record Sales, Box 
197. Wampsville, N.Y. 13163. 

HIGH FIDELITY 
FREE! Send for money saving stereo catalog 

E8W and lowest quotations on your indi- 
vidual component. tape recorder or system re- 
quirements. Electronic Values Inc., 200 West 
20th Street. N.Y.. N.Y. 10011. 
HI -FI Components. Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 
day money -back guarantee. Two -year warranty. 
No Catalog. Quotations Free. Hi- Fidelity Cen- 
ter, 239 (L) East 149th Street, New York 10451. 
HIFI EQUIPMENT -Get Our "ROCK BOTTOM" 
prices on NAME BRAND amplifiers- tuners- 
tape -recorders - speakers FRANCHISED - 59 
YEARS IN BUSINESS. Write for this month's 
specials -NOW! Rabson's 57th St., Inc., Dept. 
569. 119 W. 57th St., New York, New York 10019. 
LOW, LOW quotes: all components and re- 
corders. Hi -Fi. Roslyn, Penn. 19001. 
HI -FI components, tape recorders, sleep learn 
equipment, tapes. Unusual Values. Free cat- 
alog. Dressner, 1523 R Jericho Turnpike, New 
Hyde Park, N.Y. 11040. 
ACOUSTIC RESEARCH, Dyna, Koss, Shure dis- 
count specialists. Write for free catalog. Stereo 
Component Systems Corp., 95 Vassar Street, 
Cambridge. Mass. 02139. 

AUTHORS' SERVICES 
AUTHORS! Learn how to have your book pub- 
lished, promoted, distributed. FREE booklet 
"ZD." Vantage, 120 West 31 St.. NewYork 10001. 

PERSONALS 
MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. 
Hermes, Berlin 11, Germany. 

FREE Hypnotism, Self - Hypnosis, Sleep Learning. 
Catalog! Drawer H400. Ruidoso, N.M. 88345. 
HYPNOTIZE SUCCESSFULLY - or money re- 
funded! Complete illustrated course- including 
Self- Hypnosis $1.00. Arthur Fowler, Box 4396. 
Woodbury, New Jersey 08096. 
HYPNOTIZE SUCCESSFULLY! "Instantaneous - 
One Word- Against Will ". Methods Exposed! 
Complete illustrated course including "Secret 
Nerve Pressure Technique -Self -Hypnosis " -10" 
Hypnc -Disk. $2.00. RESULTS ABSOLUTELY 
GUARANTEED. Fowler, Box 4396, Woodbury, 
N.J. 08096. 

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 - 
rir3gton. New Jersey 08007. 

UNUSUAL BARGAINS ... MANY U. S. GOV'T SURPLUS 
"FISH" WITH A MAGNET 

Uu U'va.ure huil 
Ina t t thr bullnnl: 
Fascinating fun A 

1r 
u nie. mold- 

able! Tie a to 
Magnet-- 

4111M 11 it rh. rd 
In tbay, river. lake 

Troll it or ocean. 
o hot tum- lre:,.irl.. il:,;t 10' :. wl- 

hn rd 
ran 

tors ':tn- rho,. nel:,. ainabÌe -Ih. \I:r: nel I. .utplu--\II ien \' Ts i ...it Lifts over 15U ID.,, on I:uuÌ-uno'11 g,c:rtrr w.ighl.. undar 
.:,,,.,.." 

. 

10.14 \a. : ,75IAK N13.5I1 rn,i stock \o. :,,.5:R.115. 

3" ASTRONOMICAL TELESCOPE 

See the stars. moon. 
phases of Venus. 
planets close up. do 
Mixed aÌÌwoaAu.,1i1 
:t- diameter fl. 
primary Inlrrnr. Ven. 
Ilpde.l cell. Equa- Ì). 1n 1l with 
locks 'soh axes. tuliheil with Ot. 

and moUnted eyepiece joli :ix Ilnd. 
r MÌr.rnnr. 11111,1. 

, 1 Irlin.l. Inelnole,t tlll't:: 'VTAIf CIIAItT" 272-png "HANDnooK ol' lIl'.1\'I:\ri"; "11111\' TO USE yOl'It Tt:l.l's. 
stock No. o- o\I: .. .8 211.95 Pid st.ok N.,. rii.11..\I. . . Ii I" 1i11I ,'TOR M1.511 Villi sInek \o. s5,11ri1.\1. ,'" ,:IIII eT111:,.s11111.5n 11111 

Order by Stock No. -Check or M.O.-Money-Back Guarantee 

EDMUND SCIENTIFIC CO., 300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 

MAIL COUPON for FREE CATALOG 
148 Pages- 1000's of Bargains! 
EDMUND SCIENTIFIC CO. 300 EDSCORP 
BUILDING. BARRINGTON, N.J. 06007 
Completely new 19ax edition. New Denlr. 

IrROrlrs. Illuaf rüllons. Ilnrens ..f eleelrleal 
mid eleclrom arm' le parts. n .rlrt. 

normous selection or A,.l nnv,i,,i i 'fric. 
.ropes, Miernseopes. Nlm,rub. rt. %tag,, ltrrt. 
Magnets. Lentes. isms. M.nty ., nrplu. 
Hera: for hobl'.yls, s. ,sperimrntrr +.s col,- 
shop. factory. Mail coupon fer retains "AK ". 
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-GREGORY ELECTRONICS 

New! Exciting! 

LOW- PRICED! 

FM 

POCKET 

RECEIVER 

'59" 
WITH DRY BATTERY 

Add 57.50 for nickel -cad- 
mium battery. Add $20 
for crystals and tuning to 
your frequency. 

30 to 50 MC or 150 to 170 MC. 

all units new. 
Completely solid state, with modular - 

assembly construction. 
17 transistors. 
adjustable squelch. 
Sensitivity 0.3 microvolts to break 
squelch. 
Dual conversion crystal controlled. 
Designed for use with conventional dry 
cell or rechargeable nickel -cadmium bat- 
tery. (Battery can even be charged with- 
out removing it from unit.) 
Easily set up on the desired operating 
channel. 
Compact -unit weighs less than 1 lb. and 

measures 65/8"x21/2"x1 L /4 ". 
Unit comes equipped with leather carry- 
ing case. earphone and sho.ilder strap. 

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 '68 Catalog- Write: Wire or Phone! 

GREGORY 
ELECTRONICS 
CORPORATION 

249 RT. 46. Saddle Brook, N.J. 07662 

Phone: (201) 489 -9000 
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PRINTING 

POSTPAID Specials: 1,000 81/2 x 11 Offset - 
$5.75. Mimeoprinting: 500 -$3.75. Electronic 
Stencils: $1.00. Free brochures. SEAVIEW, 
8115 -R Ave. "L' , Bklyn, N.Y. 11236. 

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 Bool:s sold 
and rented. Money back guarantee. Catalog 
free (Courses Bought). Lee Mountain. Pisgah, 
Alabama 35765. 

August, 1968 

RUBBER STAMPS 

RUBBER ADDRESS STAMP $1.50. SIGNATURE 
$3.50. FREE CATALOG. JACKSON, BOX 443 -G, 
FRANKLIN PARK, ILL. 60131. 

STAMPS 

RUSSIA HIGH -VALUE COLLECTION. 32 different 
Russia -some over 50 years old! Commemo- 
ratives Czarist Issues. Airmails. Catalog price 
$2.99. Special Get -Acquainted Offer -all for only 
100 H. E. Harris, Dept. GG-13. Boston, Mass. 
021 17. 

WOW! 110 All Different Germany 10¢ --Com- 
memoratives, Airmails. High Values. Big catalog. 
Bargain lists also, fine stamps from our ap- 
proval service, which you may return without 
purchases and cancel service at any time. 
Jamestown Stamp. Dept. A88EG, Jamestown, 
N.Y. 14701. 

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 informa 
tion, write Dept. 42. Wall Street Invention Bro- 
kerage. 79 Wall Street. New York, N.Y. 10005. 

INVENTORS! Receive tree 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 Search 
Bureau, 711 14th Street. N. W., Washington. D.C. 
7CCO5 

ABOUT YOUR 
SUBSCRIPTION 
Your subscription tOELECTRONICSWORLD 

is maintained on one of the world's most 
modern, efficient computer systems, and 

if you're like 99% of our subscribers, 
you'll never have any reason to complain 

about your subscription service. 

We have found that when complaints 
do arise, the majority of them occur be- 

cause people have written their names or 

addresses differently at different times. 
For example, if your subscription were 
listed under "William Jones, Cedar Lane, 

Middletown, Arizona," and you were to 
renew it as "Bill Jones, Cedar Lane, Mid- 

dletown, Arizona," our computer would 
think that two separate subscriptions 
were involved, and it would start sending 
you two copies of ELECTRONICS WORLD each 

month. Other examples of combinations 
of names that would confuse the compu- 

ter would include: John Henry Smith and 

Henry Smith; and Mrs. Joseph Jones and 

Mary Jones. Minor differences in addresses 
can also lead to difficulties. For example, 
to the computer, 100 Second St. is not 

the same as 100 2nd St. 

So, please, when you write us about 
your subscription, be sure to enclose the 
mailing label from the cover of the mag- 
azine-or else copy your name and ad- 

dress exactly as they appear on the 
mailing label. This will greatly reduce any 
chance of error, and we will be able to 
service your request much more quickly. 
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BUSINESS OPPORTUNITIES 
$200.00 DAILY In Your Mailbox! Your Oppor- 
tunity To Do What Mailorder Experts Do. Free 
Details. Associates. Box 136 -K, Holland, Mich- 
igan 49423. 
INVESTIGATE ACCIDENTS: Earn to $1000 
monthly. Men urgently needed. Car furnished. 
Business expenses paid. No selling. No college 
education necessary. Pick own lob location. 
Investigate full time or earn to $8 hour spare 
time. Write for FREE information. No obligation. 
Universal Schools. CZ -8. 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! 
Specimen copy $1, deductible. Dee, 10639-W 
Riverside. North Hollywood. Calif. 91602. 
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-"ARCTURUS" SALE- 
Tube bargains. to name lust a few: 

.6146.._ 52.95 5725, 6AS6 79e: «6Aß5 61C 
3 for $2.00 

.6300 3.50 #5842/417A 2.50 =6807 94e 

.6688... 3.50 = 5847/404A 2.50 446CG7 59c 
= 6939.... 3.50 = IAX2 49e 5 for 2.00 =616 .... 49e 
.7025... .59 r6K7.... 39e 3 for 1.00 .678 .... 88e 
.7788 3.75, = 12BN6 59C 3 for 1.49 =6U8 70e 
= 2021.... .491 =25L6 59e: 3 for 1.491 =12AU7 59e 

Tube cartons: 6AU6 etc. size, $1.95 per 100. 
6SN7 etc. size. 52.35 per 100. 5U4GB size, $2.75 
per 100. 541-1G size..03e each. 

Obsolete tubes: #UX200. $1.69; #80. $1.20; 
710Y. 69c. 

7 inch 90 degree TV bench test picture tube with 
adapter. No ion trap needed. Cat. =7BP7. 57.99. 

Silicon rectifier octal -based long -range replace- 
ment for 51.14. 5Y3. 5AS4. 5A W 4. 574. 5V4. 5Z4. 
With diagram. Cat. = Rect I. 99e each. 

Silicon rectifier replacement. octal based. for OZ4. 
Cat. = Rect 2. 99C each. 

10 silicon rectifiers. 750 MA., 50 to 300 p.i.n. 
Cat. = 330F. 99e each. 

RCA -I10 degree flyback transformer. latest type. 
Produces 10 KV. Includes schematic diagram appli- 
cation for any TV. Cat. = BR-1 $2.99. 

Transistor circuit hoards containing up to 6 
transistors. plus diodes. resistors, capacitors. etc. 
Cat. = TBIO. 99c. 

Needles: values such as # AS22 sapphire. 39C: 
diamond. il9c. 

Color yokes. 70 degree for all around color CRT's. 
Cat. = X RC7O. $12.95. 90 degree for all restangular 
19 to 25 inch color CRT's. Cat. # X RC90, $12.95. 

Transistorized U.H.F. tuners used in 1965 to 1967 
TV sets made by Admiral. RCA. Motorola. etc. Re- 
movable gearing may vary from one make to another. 
Nerd only 12 volts d.c. to function. No filament volt- 
age needed. Easy replacement units. Cat.. U.H.F. 
567. 51.55. 

Flyback transformer in original carton. Made by 
Merit or Todd. Most with schematic drawing of unit. 
Please do not request specific type. Cat. = 506. 99C 
each. 

Kit of 30 tested germanium diodes. Cat. # 100. 
99c. 
Send for our free catalog listing thousands of similar best buys in tubes. parts. kits. transistors. 
rectifiers. etc. Orders under 55.00. add 50c handling 
charge. Include 4 0 of dollar value of order for 
postage. Canadian postage 51.00 extra. 

ARCTURUS ELECTRONICS CORP. 

502 -22nd St., Union City, N.J. 07087 Dept. MEW 
Phone: 201 -UN 5568 
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FREE BOOK "990 Successful, Little Known Busi- 
nesses." Work home! Plymouth 245H, Brooklyn, 
New York 11218. 

EMPLOYMENT INFORMATION 
BOOMING AUSTRALIA pays travel allowance to 
get You! Good jobs, Adventure. Latest factual 
Handbook describing allowances, entry require- 
ments, advantages, opprotunities $1.00, Buck- 
eye, Box 1032VD, Fairborn, Ohio 45324. 

REPAIRS 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, III. 60632. 

EMPLOYMENT OPPORTUNITIES 
SR. TECHNICIAN -If you have RF, UHF, or Mi- 
crowave background and are interested in join- 
ing a growing electronics company located in 
Southwestern Connecticut, write or call us col- 
lect for an interview. ANZAC ELECTRONICS 
COMPANY, 121 Water Street, Norwalk, Connecti- 
cut 06854. 203 -853 -9411, Ext. 23. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 7208, Minne- 
apolis, Minn. 55412. 
WATCHES AND CHRONOGRAPHS -Import from 
Switzerland, save 50';,,. Color catalog. DFI, West 
Dennis, Massachusetts 02670. 
PINS, BUSHINGS, SCREWS Made To Order. 
21225 Vandike. aWrren. Michigan 48089. 
EMPLOYMENT Resumes- Get a better job & 
earn more! Send only $2.00 for expert, corn - 
plete Resume Writing Instructions. J. Ross, 
80.34 Kent St., Jamaica. N.Y. 11432 Dept. EW. 
TEN Winemaking Recipes and Winemaking Sup- 
plies catalog 10c. Country Winemaker, Box 
191E, RFD 1, Mattapoisett, Mass. 02739. 
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the 
new 
generation 
of amplifiers 

...from 
KENWOOD 

pof course) 

MODEL KA -2000 all silicon transistor stereo amplifier 40 watts music power low IM distortion wide 
power bandwidth h gh damping factor exclusive transistor prctection circuit $89.95" 
MODEL KA -2500 solid state stereo amplifier 60 watts music power 2 pairs of stereo speaker outputs 
and phono inputs front panel speaker switch, tape recorder output jack and stereo phone jack $119.95* 
MODEL KA -6000 solid state stereo amplifier 170 watts music power extreme'y wide power bandwidth 
and IM distortion low level phono inputs 2 pairs of stereo speaker outputs and phono inputs front panel 
speaker switch pre -amp ifier outputs main amplifier inputs blue light indicators for input selector 
switch $249.95 
MODEL SUPREME 1 :65 watts 3 channel stereo amplifier with frequency divided filters 6 all transistor- 
ized amplifiers in one chassis finest sound reproduction by driving the woofer, middle range and tweeter 
speakers separately through a multi -channel amplifier free selection of crossover frequency and level of 
each channel $695.00'` 

the .sound approach to quality 

"price includes cabinet 

For complete specifications, contact your nearest franchised 
KENWOOC dealer or write direct to: 

3700 S. Broadway Plc., Los Angeles, Calif. 90007 
69-41 Calamus Avenue, Woodside, N. Y. 11377 
Exclusive Canadian Distributor - Perfect Mfg. & Supplies Corp. 
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The woofer that lost its whistle 

L' The woofer cone in a very small 
enclosure must move a long way 

to provide all the bass you want to 
hear. In the new E -V EIGHT, for 
instance, the 6 -inch cone moves back 
and forth over one -half inch. But in 
most woofers something strange hap- 
pens as it moves. It whistles! 

You see, the air trapped inside the 
speaker is literally "pumped" in and 
out past the voice coil. The whistle is 
almost inevitable. Except, that is, in 
the E -V EIGHT. 

We did two things almost nobody 
else bothers to do. First, we vented 
the woofer. Air can't be trapped inside. 
Then we punched six big holes in the 
voice coil form. Air can't be pumped 
back and forth. And that's how the 
E -V EIGHT lost its whistle (and gained 

... and other stories. 
almost 2 db extra efficiency in the low 
bass in the bargain)! 

The E -V EIGHT tweeter was another 
story. We aimed to eliminate the "buzz" 
and "fuzz" so typical of modestly 
priced speaker systems. What was 
needed was a better way to control 
cone motion at very high frequencies. 
And it literally took years of testing 
to solve the problem. 

The answer looks deceptively simple. 
We put a ring of short -fiber polyester 
felt behind the cone, and a precisely 
measured amount of viscous vinyl 
damping compound under the edge. 
Plus a light- weight aluminum voice 
coil to extend the range to the limits of 
your hearing. Highs are remarkably uni- 
form and as clean as a (oops!) whistle! 

Even the E -V EIGHT enclosure is 

high fidelity speakers and systems tuners, amplifiers, receivers public address loudspeakers 
microphones phonograph needles and cartridges organs space and defense electronics 
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unusual. Examine the walnut grain 
carefully, especially at the corners. It's 
a perfect match because we use one 
long piece of wood, folded to form 
the cabinet! And we add a clear vinyl 
shield on every finished surface, to 
protect the E -V EIGHT from the mars 
and scratches of day -to -day living. 

There are so many good ideas inside 
the tiny new E -V EIGHT, you may 
wonder how we found room for them 
all. Chalk it up to top -notch engineering 
talent and facilities, plus a very real 
dedication to the ideal of better value 
in every product. 

Listen to the E -V EIGHT with the 
whistle -free woofer at your nearby 
Electro -Voice high fidelity showroom 
today. Then ask the price. At no more 
than $44.00 it's the best story of all. 

ELECTRO- VOICE, INC., Dept. 884N 
629 Cecil St., Buchanan, Michigan 49107 

Send me catalog information on the E-V EIGHT and the 
complete line of Electro -Voice high fidelity products. 

Name 

Address 

City- State Zip 


