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he woofer that lost its whistle

...and other stories.
,

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 happens 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

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 uniform and as clean as a (oops!) whistle!
Even the E -V EIGHT enclosure is

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. 184N
629 Cecil Street, Buchanan, Michigan 49107

57e.e.Zroka
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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Send me catalog information on the E -V EIGHT and the
complete line of Electro -Voice high fidelity products.
Name

Address
City

State
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You are now in Radar Sentry Alarm's

Don't move

a

muscle!

This security system is so sensitive, it can be
adjusted to detect the motion of your arm turning
this page.
And if this Portable Model Unit were within 35 feet
of you and you moved ... people up to a half -mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.
What does a burglar alarm have to do with you?
Just this: Radar Sentry is no ordinary alarm. It is
the most modern and effective security system available. And it's also electronic.
That's why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sentry Alarm are men who know electronics. This is a product that sells itself when demonstrated properly.
It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Demers in the past year
sold a system on their first demonstration.
And that's why we need men with technical knowledge and experience.
Men like you.

-

How about it?
Do you want to start a business of your own ...
or expand your present business with a product that in
8 years has become the world -wide leader in its field?
Da you want to earn up to $5,000 a year in
your spare time?
Do you want to earn $20,000 and more full time?
We'll show you how.
O.K., now you can move.
Fill out the coupon and get complete Dealer /Distributor

information ...free.

r--

-

--

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

Please tell me how can have a business
of my own d stributing Radar Sentry Alarm
I

Systems.

I

understand there is no obligation,

Name
Address
EW-1

City
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MALLORY Tips

for technicians JJfLtiv_

Why some filter capacitors develop hum ...

and some don't

t.

Aluminum electrolytic capacitors are widely used as filters in
DC Power Supplies. This is because of their large capacitance
in relatively small size. All in
all, they do an efficient job of
II
reducing ripple (hum) to acceptable levels.
However, all electrolytic capacitors are
not alike. This is often why some types
seem to allow hum to rise to objectionable levels more
quickly than do others. In order to understand why, we
must investigate actual construction methods.
As you know, electrolytics are basically made by depositing
a film of aluminum oxide on aluminum foil to form the
positive anode. The oxide is the dielectric. A semi-liquid
electrolyte surrounds the anode and is actually the negative
cathode. In order to connect this semi -liquid cathode to a
terminal, a second piece of aluminum foil is used. This is
often called the cathode, but it is not. It is actually only
the cathodic connection. (The preceding describes a " polarized" electrolytic capacitor.)
When high ripple currents are applied to polarized electrolytics, a thin oxide film forms on the so -called "cathode ".
It begins to assume the characteristics of a second anode.
This in turn, has the same effect as placing two capacitors
in series. Consequently, overall capacitance is reduced.
Inevitably hum increases.
This action is especially noticeable in electrolytics which use
plain foil as the "cathode ". This is simply because the oxide
builds up over a relatively small area.
Mallory avoids this problem by etching the "cathode" on
electrolytics. As a result, oxide build -up is spread over a
vastly increased area. Therefore, ripple currents are maintained at very low levels for very long time periods.
Of course etched " cathodes" cost a lot more to make. But
you get them from Malloy at no extra cost.
Meanwhile, see your local Franchised Mallory Distributor
for capacitors, resistors, controls, switches, semiconductors,
and batteries. Or write Mallory Distributor Products
Company, a division of P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.

--

DON'T FORGET TO ASK'EM
2
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THIS MONTH'S COVER
ties in with the three special feature stories and the
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the subject of color television. It shows the first
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modular- construction color
set-the Motorola TS -915
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one rectifier tube, and one
integrated circuit. In the
interest of providing simplified production and maintenance, no less than ten
plug -in modules are used
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instead of time -consuming
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and replaces the entire
module in which the fault
has been localized. Photograph by Dirone -Denner.
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DON'T MISS... POLICE

and

CO MING

FIRE ACTION
PERFECT FOR

EIN'f roni(sAt)tid

NEXT

INDUSTRIAL, COMMERCIAL
and GOVERNMENT USE

OSTH

CD1fMGHICÄ

SPECIAL FEATURE ARTICLES ON:

COMMUNICATIONS SYSTEMS
"-

DUAL CONVERSION
SMALL SIZE LOW POWER DRAIN
STABILITY CRYSTAL CONTROLLED

HIGH
Specifically designed for simplicity of operation
. efficiently
engineered to give you years of
service. Fits the smallest auto yet powerful
enough to deliver a clear signal. Operates on 6
crystal controlled frequencies. Dual limiter &
Foster Seeley discriminator. Quadruple tuned
RF stage for greater image rejection. Noise Free
squelch, PLUG IN crystals for instant frequency
change. Compatible with major continuous tone
systems. Operates on 117VAC and 12VDC.'Size:
67/8" x 2s/a

x 81/2 ". Wt. 3 lbs. 8 oz.

FR-104

Complete with

(25.50 MHz)

DC

FR 105

less

AC

and

power cables,
ryst

bracket,

crystals.
Crystals $5.00 ea.

(150.175 MHz)

SONAR RADIO CORPORATION
73 Wortman Ave., Bklyn, N. Y. 11207
FM

Monitor Receivers.

Name
Address

City

__________Zone

State

LISTEN TO:

POLICE, FIRE and
WEATHER REPORTS!
Perfect for Industrial,
Commercial, Utility
and Government Use

0

SONAR SENTRY
VHF MONITOR
RECEIVERS
Designed and engineered for simplicity
of operation, compact
enough to fit a shirt

pocket yet powerful
enough to deliver a

FR -103
150.175 MHz

FR-106
25.50 MH;

With Battery,
Earphone, &
less Crystals
Crystals
$5.00 ea.

clear clean signal-it's
dependable Operates
on two crystal con
trolled VHF channels
plus broadcast band
Completely solid state
for long life use
Visible battery indicator to
show battery condition
at all times
Built in

antenna

57/8" H x
21/2" W x 1i%" D. Wt.
11 oz.

SONAR RADIO CORPORATION
73 Wortman Ave., Bklyn, N. Y. 11207 Dept. 599
Please send me information on Model
VHF Monitor Receivers.
Name
Address ..............................

City

Zone

..

.

State
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AIRPORT SURVEILLANCE

Radar is "in- in Europe. Airfield Surface
Detection equipment, once rejected as
ineffective by our Federal Aviation Administration, is making new inroads. The
Europeans say that the numerous advantages of the system were overlooked
by the Americans.

Dept. 599

Please send me information on Model
FR104/105

Have you tried to call Europe lately? If so, you may have used a touch -tone to place
your number and had the message beamed over there by a communications satellite. Modem communications technology and satellites have teamed up to bowl over distance, accessibility, cost, and time; once these were almost insurmountable barriers to effective
communications. In this issue, Martin Nabut of Bell Telephone Labs gives us the secret
behind touch -tone operation, and W. Jack Hill of Lenkurt Electric Co. tells us how hundreds
of voices can be carried simultaneously on a single wire pair.

PLASTIC POWER TRANSISTORS:
ADVANTAGES AND APPLICATIONS

Plastic power (ran.sistors have burst upon the semiconductor market with all
the brilliance of an exploding meteor.
Half a dozen big manufacturers are now
making them, and they say plastic transistors lower cost while snaking circuits
more reliable.

INFRARED
TEMPERATURE MEASUREMENTS

Like Elliot Ness, infrared electromagnetic waves are tracking down bad semiconductors and terminal boards. Author
William Hamlin discusses some of the
most recently developed instruments
that are being used with other "untouchables" like plastic, steel, and paper.
ELECTRONIC FIRE
AND SMOKE DETECTORS

When an alarm rings, it may already be
too late. Fred W. Holder tells us about
some recently developed devices that
detect fire and smoke quickly. These are
for industrial use, but modified versions
may soon be developed for the home.

All these and many more interesting and informative articles will be yours in
the February issue of ELECTRONICS WORLD . . . on sale January 18th.
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What Does electronics Mean To You?
As you know, this is the "electronics age." And
electronics technology is changing so rapidly that
the average technician's store of knowledge is
highly obsolescent. He must get more education
or get out of this field! He must understand fundamental principles and concepts. Only on the basis
of such understanding can he easily adapt to the
swift changes now occurring.
The technician who knows only the "how" of
electronics is left behind again and again by new
designs and techniques. But by comprehending
well paid and
the "why," he remains an expert
respected in his field.
Where Do YOU Go From Here?
Are you standing still? If you mean to be an electronicsman, get with it. You must prepare for the
swift changes which are now occurring. Grantham
strong-foundation training in electronics engineering technology leads to non -obsolescent skills
to skills which are based more on reasoning than
on merely doing.
Earn Your FCC License and Associate Degree
The entire Grantham educational program is five
semesters in length. Semesters 1, 2, and 4 are offered by correspondence. In the first two semesters
(by correspondence'`) you earn your first class
FCC license and radar endorsement. But you don't
have to stop there.
In today's world of electronics employment, an
FCC license is important and worthwhile, but it's
not enough! Without further education, you can't
make it to the top. Train with the School which
gives associate -degree credits for your license training, and offers you the opportunity to advance beyond the FCC license level to a college degree in
electronics. The entire curriculum is as follows:

-

3

-

-

Basic Electronics Technology
1
(by correspondence,* 80 lessons)
Semester 2 Communications Circuits & Systems
(by correspondence, * 80 lessons)

Semester

At this point you are prepared to pass the FCC examination for
your first class radiotelephone license.

Electronics Laboratory
(in residence, or credit given for practical experience)
Advanced Technical Mathematics
Semester 4
(by correspondence, 80 lessons)
Circuit Design, & Computer Technology
Semester 5
(in resident classes)

Semester 3

Upon completion of the five -semester curriculum, you are awarded
the Degree of Associate in Scienc e in Electronics Engineering.

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

Telephone:
(213) 469 -7878

818 8th Street, N.W.
Washington, D.C. 20006
1

or

Telephone:
(202) 298 -7460

Credit for Practical Experience
Technicians who have had extensive practical experience in electronics may receive credit in
advance for Semester 3, thus reducing the resident instruction requirement for the associate degree
Semester 5. Also, credit for
to one semester
by the passing of an
obtained
be
1
may
Semester
Details concernexamination.
-standing
advanced
current School
in
our
found
are
credits
ing these
copy.
free
your
for
Ask
Bulletin.
Accreditation, and G.I. Bill Approval
Grantham School of Electronics is accredited by
the National Home Study Council, and is approved
under the G.I. Bill. For seventeen years, Grantham
has been preparing men for successful electronics
careers.

-

It's Your Move
The move you make today can shape your future.
Begin now with a step in the right direction
and then follow through with Steps
Step #1
and
#4.
#2, #3,
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 radiotelephone LICENSE and radar endorsement. You
complete this step in the first two semesters of
the Grantham educational program.
Step #3 is earning your ASEE DEGREE. This
degree is conferred when you have earned credit
for all five semesters of the Grantham curriculum.
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.
*Semesters 1, 2, and 3 of the Grantham electronics curriculum are available also in resident classes at our Washington, D.C. school at the address shown below.

-

Grantham School of Electronics,

1

-68 -EW

505 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.
1

Age

Name
Address

City

State

Zip

J
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WM. A. STOCKLIN, EDITOR

TV Servicing -the Modular Approach
shortage
qualified TV service technicians hen,ing more and more acute. With color sets finding wider
T
acceptance and with the increasing use of transistors
The

of

is

co

and,
more recently, integrated circuits, the service industry seems
to be encountering rising problems.
The industry is fully aware of these problems. RCA has a
special recruiting drive under way for technicians; the EIA
recently appointed a full-time service staff and is now sponsoring special nationwide training courses; and technical
training schools have stepped up their advertising to lure
more men into the profession.
Motorola has a different approach. It has 40 fully qualified
TV service representatives who do nothing but travel from
one franchised Motorola service shop to another. They spend
approximately 21/2 days at each shop discussing the problems and reviewing the latest service techniques. But even
with this sizable staff it would take Motorola four to five
years to cover its 15,000 to 20,000 service dealers.
In our April, 1967 issue we offered some solutions to the
problem:
(1) Develop an automatic tester and have TV-set test
points brought out to a common terminal strip or jack.
(2) Computerize servicing. (Let the service technician
call in symptoms to a centralized computer for analysis.)
Both ideas are still under consideration by at least
one major TV manufacturer. At that time, we discussed
modularization as a possible solution. Although this approach has proven extremely satisfactory in all- military electronic systems and fairly satisfactory in some commercial
products, it was felt that the cost of modularizing consumer products would be prohibitive. Yet much to our surprise Motorola has taken this approach and only recently
announced a complete line of transistorized and modularized
color -TV sets. ( See pages 38 and 42.) Some 10 individual
plug -in printed -circuit boards make up the entire assembly.
Without a doubt, this approach could revolutionize TV
servicing. There are many facets to this new approach. During warranty, a service technician need only remove a faulty
board and exchange it at any Motorola distributor for a new
one
and the customer simply pays a service -call charge.
Outside of warranty, the service shop might decide
to continue on an exchange basis. Motorola distributors will
continue to provide assembled replacement boards, or the
company might prefer repairing its own circuit modules.
There is also the possibility that eventually, when sufficient
business is generated, independent repair shops might be set
up to do nothing but repair these solid -state circuit modules.
This would be no different from independent automotive
carburetor and generator rebuilders and TV -tuner specialists.
To the technician
this means that home calls will
change. Motorola claims that the cause of approximately
90% of all color -TV service faults can be determined by
simply using a v.o.m., viewing the screen, and making front panel control adjustments. Servicing, then, would involve
removing the faulty board and replacing it with what will be
known as a "rebuilt" unit. This should eliminate the need
for carrying bulky test equipment. It should also eliminate
the need for making parts substitutions or for pulling the set
into the shop. It does mean, however, that the technician
will have to carry replacement modules. The cost to the customer would range from $6 ( with trade -in) for the simplest
board to about $14 for the most complicated horizontaldeflection module. The average stocking cost for substitute
modules would be rather high for the service shop and

...

...

whether or not the shop would have to carry more than one
set of modules would depend on the amount of servicing
handled.
To the customer
it means that the cost per call will
most likely be predetermined, i.e., a fixed fee for each
unit replaced. Obviously the cost of the service call would
have to be added to this fee, and if the set required other
adjustments-such as for full purity and convergence-an
additional charge would have to be made for that service.
The cost per call, depending on the module involved, may
seem high. Yet from past experience it has been found that
transistorized designs, especially with printed circuits
and modular construction, are much more reliable and require fewer service calls. In the long run, servicing should be
more professional, more reliable, and cost less per year.
To the manufacturer ... it means a construction technique
which, it is hoped, will find wide acceptance. It could
mean more set sales and fewer servicing problems, thus
wider acceptance by the servicing fraternity. In the beginning it means higher assembly costs but it is estimated that
if the same basic chassis can be used for the next three years,
engineering and production costs could be amortized. This
"freezing" of the design in no way precludes changes or improvement. Each circuit module should be considered a
'black box." As long as the input and output requirements
remain the same, the manufacturer can make any changes
desired within the circuit, including the application of IC's.
The entire idea is revolutionary in the TV industry. There
are several areas in which there remains some uncertainty.
One is whether Motorola will stick to its present warranty
program. Present plans are to tenninate complete board replacements under warranty at the end of June, 1968. From
that point on, only the regular one -year parts warranty (not
complete modular assemblies) will be in effect.
This is extremely confusing and will only lead to controversy between the service technician and his customer. We
feel that, in time, Motorola will find it advisable to change

...

this policy.
Second, what about the parts dealer? If Motorola continues
to supply assembled modules, one would expect parts dealers and distributors to object. On the other hand, if the independent service shop repairs its own modules, the situation won't change from present practice.
There are obviously many problems yet to be solved which
will influence future trends but, without doubt, modularization is one of the most promising solutions to the shortage of
good technicians. This should reduce multiple trips and at
the same time eliminate transporting the set to the
shop for repairs. It should standardize service charges and
bring about more realistic salaries for service personnel. In
the long run, it will also mean lower consumer cost over a
period of time and this can only lead to greater confidence in the abilities of the service technician.
But most of all, it means the technical proficiency of the
technician need not be of near -engineering caliber. It means
that less technically knowledgeable personnel (and therefore greater numbers) will be available to service sets. Even
though the technical proficiency requirements are lowered,
this need not reflect adversely on the servicing profession.
These men will be better qualified to service the simplified
modular sets than most service technicians are in servicing
today's complex color receivers. Therefore the service industry as a whole will be looked upon with greater respect hN
the consumer.
A
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POLAROID SWINGER
Regular Price $19.95
Club Member's Price $14.25

r
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POLAROID COLOR CAMERA
Regular Price $50.00
Club Member's Price $37.88

INFORMATION ON HOW TO BUY

MANNING BOWMAN POWER SAW
Regular Price $28.00
Club Member's Pria $16.65

MANNING BOWMAN ELEC. DRILL
Regular Price $14.95
Club Member's Price $7.40

BRAND NEW CARS
Any Make or Model

-Full

Warranty

SAVE UP TO $1,000.00
L

Now You Can Sage Up To 1ST

Everything You Buy!!!

On
SCHICK ELEC. RAZOR
Regular Price $19.95
Club Member's Price $9.88

EVERYTHING BRAND NEW, TOP QUALITY, FULLY
GUARANTEED! MANY BELOW WHOLESALE!
THOUSANDS OF ITEMS! Appliances, TV sets, automobiles, watches, jewelry,
radios, stereo sets, furniture, gift items, housewares, toys, furs, hosiery, clothing,
shoes, and much, much more -such great names as General Electric, Westinghouse, Dormeyer, Polaroid, Gruen, Presto, Kodak, Remington, Firestone, Shick,
Webcor, Sunbeam, International Silver, and many, many more!

ROTO -BROIL ELEC. CAN OPENER

Regular Price $19.95
Club Member's Price $5.40

irastopa
nIIIIt\UI
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1st QUALITY FIRESTONE TIRES

Regular Price $25.00
Club Member's Price $12.00

`+`

STOCKINGS -First Quality.
400 needle, 15 denier seamless,

100% nylon.
Reg. Price

$9.50 per dozen pair

Club Member's Price
$2.90 per dozen pair

HOW DO YOU GET IN ON THIS FABULOUS DEAL? It's easy! All you do is join the
Wholesale- Discount Buyers Club. 100,000 folks have already joined and are
receiving all the Club benefits.
HOW MUCH DOES IT COST TO JOIN THE CLUB? You pay only

full

WHAT ELSE DOES THE CLUB DO? As a Club member you immediately receive
a huge color catalog with pictures and descriptions of hundreds of items at
lowest, low Club member's prices! You also get the automobile catalog with
information on where you can get late model Fords, Dodges, Chevrolets and
Plymouths as low as $595.00. Pictures, descriptions, and prices of the cars
are included! And Club members get special free gifts, too!

MONEY BACK
GUARANTEE

4

Were so certain that you'll

Club member, we'll return your $3.00
fee at anytime, for any reason, with no questions
asked!! You have nothing
to lose and everything to
gain.
be

$595.00

a

completely satisfied!

Also, information on where to buy
reconditioned fleet cars
like these: f-

1966 FORDS AND DODGES

$3.00 for

year's membership! There are no other costs or charges of any kind whatsoever!
And your $3.00 fee will be refunded to you in full at any time if you are not

thrilled

as

a

WHOLESALE DISCOUNT BUYERS CLUB
Dept. 658-1

333 Old Tarrytown Road

White Plains, New York 10603

enclose $3.00 payment in full for a year's membership in
WholesaleDiscount Buyers Club. Please send full information
merchandise and automobiles, immediately. Also put me on the
am
understand that
to receive the regular special mailings.
obligated to buy anything and that I will receive a full refund of
asked.
no
questions
with
$3.00 membership fee at any time,
I

I

I

the
on

list
nct
the

NAME

If you want to order anything in this ad at the prices
shown, you may do so at the
same time you send your
$3.00 membership fee.

January, 1968
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Discover the ease
and excitement of NRI's

D)

of ELECTRONICS
TV -RADIO TRAINING
10 HOME -STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI's three dimensional method of home study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom designed training equipment, programmed
for the training of your choice to make Electronics come alive in an exciting, absorbing,
practical way. Ask about NRI "bite- size" texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achievement Kit
training equipment
bite -size
texts
the three dimensions of home -study
training; the essentials you must have to make

...

...

...

OVER 50 YEARS OF LEADERSHIP

learning easier, more interesting, more meaningful. You get them all from NRI.
Whatever your interest . . whatever your
need ... whatever your education ... pick the
field of your choice from NRI's 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3- DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Electronics Division, Washington, D.C. 20016,
.

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

IN ELECTRONICS TRAINING

a

ELECTRONICS WORLD

www.americanradiohistory.com

Start Fast with NRI's New
Remarkable Achievement Kit
The day you enroll with NRI this new starter kit
is on its way to you. Everything you need to make

significant start in the Electronics field of your
choice is delivered to your door. It's an outstanding way of introducing you to NRI training
methods
an unparalleled "first dimension"
that opens the way to new discoveries, new knowledge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has anything like it. Find out more about the NRI
Achievement Kit. Mail the postage -free card today.
a

...

NRI "Bite- Size" Lesson Texts

Program Your Training
Certainly, lesson texts are a necessary part of
any training program
but only a part. NRI's
"bite- size" texts are simple, direct, well illustrated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the "second dimension" in NRI's training
method. Here are the fundamental laws of electronics, the theory, the training of your choice,
presented in a manner you'll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you.

...

2

Custom- Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you build, experiment,
explore, discover. Here is the "third dimension"
... the practical demonstration of things you read
about in NRI texts. NRI pioneered and perfected
the use of training kits to aid in learning at home.
NRI invites comparison with equipment offered by
any other school, at any price. Prove to yourself
what 750,000 NRI students could tell you ... that
you get more for your money from NRI than from
any other home -study Radio -TV, Electronics school.
Mail postage free card for your NRI catalog. (No
salesman will call.)

-

AVAILABLE UNDER NEW GI
BILL If you served since January 31,
1955, or are in service, check GI line in
postage -free card.
January, 1968
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REPORT
EW

TESTED BY HIRSCH -HOUCK LABS

LAB TESTED

Shure M75 Stereo Phono Cartridge
Electro -Voice RE -15 Microphone

Shure M75 Stereo Phono Cartridge
For copy of manufacturer's brochure, circle No. 33 on Reader Service Card.

to protect the jewel against careless
handling.
Several diamond styli are offered for
the M75. In the M75 -6 there is a 0.6mil conical stylus designed to track at
from 11/2 to 3 grams. The M75E, which
we tested for this report, is fitted with
a 0.2 x 0.7 -mil elliptical diamond, tracking at from 3/4 to 11/2 grams. A rarely
found feature among modern cartridges
is the ability to play 78 r /min discs.
The N75 -3 stylus, of 2.5 -mil radius,
may be easily installed in an M75 cartridge body for playing old records at
a tracking force of 11/2 to 3 grams.
Aside from stylus characteristics, all
versions of the M75 are identical. They
have standard 1/2" mounting centers,
operate into 47,000 -ohm loads, and, because of the lightweight plastic body,
weigh only 6 grams. This ranks them
among the lightest magnetic cartridges,
a desirable feature if they are to be
installed in low -mass tonearms.
We measured the frequency response
of the M75E using the CBS STR100
test record. The curve was plotted automatically, together with the stereo
crosstalk. Response was smooth and
uniform up to about 10,000 Hz, rising
to a peak of 4 to 5 dB at 15,000 Hz
and falling off at 20,000 Hz and above.
The stereo separation was quite good,
averaging about 20 to 30 dB up to
about 9000 Hz, 20 dB at 10,000 Hz,
and reducing to much less separation
at still higher frequencies. (Editor's

AFTER its introduction earlier this
year, the Shure V-15 Type II stereo phono cartridge was widely recognized for its outstanding ability to
track high- velocity recordings with low
distortion. Since the high price of the
V -15 Type II kept many music lovers
from adding it to their systems, Shure
engineers are now offering a new moderately priced series of cartridges designed around the same performance
goals.
The M75 cartridges offer high tracking performance which the manufacturer claims is second only to the V -15
Type II. Like the company's other high fidelity cartridges, the M75 series are
moving magnet types and the styli are
easy to replace without the use of tools.
A swing -down stylus guard is an integral part of the cartridge. It flips up
out of the way when the cartridge is
in use and hinges down at other times

--
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Note: Using a slightly greater tracking
force or another test record with somewhat reduced recorded velocity, such
as the RCA 12 -5 -71, the manufacturer
has found that the frequency of the
small high- frequency peak is moved up
to 17,000 Hz.)
In order to track the test bands on
the HiFi /Stereo Review test record, a
tracking force of 1.35 grams was necessary. We used 1.5 grams for our other
tests on this cartridge. Intermodulation
distortion was measured with the monophonic RCA 12 -5 -39 record at tracking
forces of 1.0, 1.5, and 2.0 grams. At
all three forces the IM was a very low
0.6% or less up to about 12 cm /sec
velocity, which corresponds to a rather
loud passage on most recordings. Above
that velocity the distortion rose sharply when using 1.0 gram, reaching 4%
at 14 cm /sec. Increasing the force to
1.5 grams, the rated maximum and the
value which we found to be optimum,
kept the distortion below 1% up to
22.5 cm /sec and 4% at the 27.1 cm /sec
maximum level on the test record. At
2.0 grams, the distortion was only
1.4% at 27.1 cm /sec, but we do not
consider it worthwhile to exceed the
rated maximum tracking force for this
small improvement.
The output of the M75E was 6.4
millivolts per channel at 5 cm /sec.
The shielding against induced hum
was very good, among the best we
have found. The square -wave response,
with the 1000-Hz square waves of the
CBS STR110 record, showed negligible
overshoot, one very slight ringing cycle,
and a slightly rounded top characteristic of small rise in low-frequency response.
To evaluate the tracking ability of
the cartridge, we used the "Audio Obstacle Course" record issue by Shure
to demonstrate the performance of the
V-15 Type II. We have developed our
Own rating system, assigning numerical values to the varying degrees of
audible mistracking, which we have
found to correlate very well with the
over-all sonic performance of a cartridge. Aside from the V-15 Type II,
only one of the more than a dozen
(Continued on page 76)

CIRCLE NO. 101 ON READER SERVICE

CARD-*

$695.00
(and at last)

No Needless

Needles

WHY?
Because Non -Linear Systems introduces (X -3), a
solid -state integrated circuit DVM "(VTVM)" with
extras for $695.
DC Volts:

10mvto10Kv

.1%

1

digit

100 Megohm input

impedance, entire
range
10 Microvolts resolution

AC Volts:

200 Millivolts to 300 volts

Millivolts resolution
3 °f° Accuracy

LOOK AT THESE EXTRAS

20 Hz to 500 MHz
10 Megohms Input

Over-load Indicator
Over -load Protection

10

Impedance

Resistance:
10 Ohms to

2000 Megohms
.1%
1 digit to 200K

100% Over -range Digit

Automatic Polarity
Display S-orage
High CMR
Unique Low, Medium, and
High Range Selector

Current:
10 Nano

Amps to

200 Milliamps
.1% L 1 digit
Yes, all these extras for
$695 (including probes)

Originator of the Digital Voltmeter

NON -LINEAR SYSTEMS, INC.
DEL MAR, CALIFORNIA 92014
[114] 755 -1134 /TWX: 910.332-1132

Everyone wants the
Same Public Address Speaker ...
The Right One!
And the right one is University! For every place,
every purpose. You'll find them below the scoreboard at Comiskey Park. On helicopters in Viet
Nam. Aboard ships in the South Pacific. In hushed
auditoriums
busy offices
noisy loading
docks Wherever people -to- people communications
.

.

.

.

.

.

are particularly important.

Only University offers over 120 combinations

of integrated commercial sound speakers . . . the
world's highest powered sound column . . . such
exclusives as the Omni -Lok Swivel Mount. Plus
more built -in protection against obsolescence!

Let University supply the right public address
speaker. See your University dealer, or send for
University's FREE COMMERCIAL SOUND PRODUCTS CATALOG '67 today. WRITE DESK A85.

LISTEN -UNIVERSITY SOUNDS BETTER

UNIVERSITY
SOUND
DIVISION OF LTV LING ALTEC, INC.
A

9500 W. Reno
Oklahoma City, Oklahoma 73101
CIRCLE NO. 88 ON READER SERVICE CARD
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B y WALTER H. BUCHSBAUM/Contributing Editor

Horoscope By Computer

-.<zk

news

To the many scientific uses of computers, a new, pseudo-scientific application has now been added.
Time Pattern Research Institute of Valley Stream, New York has combined the talents of an astrologer, Katina Theodossiou, with the astronomical data obtained from the U. S. Naval Observatory and
the Royal Greenwich Observatory to provide detailed horoscopes on an individual basis. Working together with Computer Centers Corporation, they have developed a program for the IBM 360 which will
generate a 10,000 -word narrative horoscope based on the time, date, and location of a client's birth.
The last item has to be converted into latitude and longitude. so that the computer can calculate the
positions of the sun, moon, and planets for that particular time and place.
The positions of the sun, moon, and planets with respect to various parts of the earth for the past 80
years are stored in the memory. In preparing a horoscope, the computer first obtains the significant
constellation and then, based on the astrological interpretation programmed in originally, it will select
the appropriate narrative phrases to make up the 20 -page personal horoscope.
The promoters of the computer -prepared horoscope estimate that 40 million Americans are interested in astrology, and in other parts of the world the "wisdom of the stars" is even more popular. While
we cannot put much faith in astrology, our faith in the application of computers to every possible facet
of human activity is high.

Electrochemical Timing Cell
A new, all -electronic, miniature device is now available to control timing circuits from 30 seconds to
12 days or longer. One unit, made by Bissett- Berman, looks like a small tantalum capacitor about á;
of an inch long and contains two electrodes separated by a column of electrolyte. Silver is deposited at
one electrode and is moved at a low current (1 to 120 microamperes) to the other electrode. To set
the desired time delay, the current is reversed after the first timing cycle and the silver is carried
back to its starting point. When all silver has been returned, the current stops. If the voltage remains constant, the return cycle takes exactly as long as the first timing cycle. One such cell and a flip flop can provide an extremely compact, low -current, recycling timer adjustable from seconds to days.
A slightly different version is produced by Curtis Instruments. Here a column of mercury is interrupted by a gap filled with electrolyte. As current flows, the electrolyte gap moves from one end of
the glass tube to the other, indicating the time or current that has passed. The glass tube is about 'á
of an inch in diameter and less than 1 inch long. This device is primarily used as an elapsed -time meter
but can be converted into a timer by having a light and photocell sense the position of the translucent
gap. Curtis Instruments furnishes its units in a variety of mountings and scales, with 1000 hours being

the standard value.
Both devices are rugged and reliable enough to meet MIL standards. The basic Curtis Instruments
glass tube lists for $5 while the Bissen- Berman package lists for $25 in small quantities.
In the past, electronic timers have depended on the RC time constant which requires large capacitors and high resistances for long time periods. Beyond 10 minutes, electromechanical timers have
been used almost exclusively. The new devices, which are based on the old electroplating principle,
promise to be very accurate and reliable. Small timers should be invaluable as fuses, battery- charging
controls, and operating-time indicators.

New Emergency Warning System
The emergency broadcast system now in effect requires every radio and TV station to monitor the
special emergency frequency of the Office of Civil Defense. During tests or in a real emergency, these
stations would then either go off the air or broadcast on one of the two assigned emergency frequencies. A new "standardized signal" has been developed to alert the general public as well as the broadcast stations. A special two -tone signal will activate emergency receivers on a specific frequency. Until
additional field tests are completed, neither the signal tone coding nor the emergency frequency itself
will be finalized but the FCC suggests that broadcast equipment now available may be obsolete within a short time.
When the new system goes into effect, private citizens as well as volunteer organizations will be able
January, 1968
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to buy receivers tuned to the emergency frequency. These will use little power until activated by the
special tone -coded alert. Then the receiver will generate the required audible alarm or perform other,
pre-scheduled functions.

Spray -Can Hazard
A new source of potential danger was recently revealed by the death of two thrill- seeking youngsters who inhaled dangerous gas from some spray cans used for cooling and cleaning. While Freon
is not a noxious gas, its rapid refrigerating ability can cause freezing of the breathing apparatus for
a long enough time to let the victim die of asphyxiation. Popularly used to chill drinking glasses,
electronics technicians find Freon in spray cans useful for temporary cooling of circuit components
when investigating intermittent defects. Other sprays, usually containing a fluorocarbon, are used as
cleaning agents or lubricants for electrical contacts and potentiometers.
The reader who works with these spray -can chemicals should not inhale them or intentionally direct
the spray towards the nose or mouth. A brief accidental exposure of the direct spray is relatively
harmless but it is advisable to keep the spray cans away from young people, whose misguided sense
of adventure can sometimes lead to tragedy.

TV for Police Helicopters
The New York City Police Department plans to add TV cameras to its helicopters to transmit pictures showing traffic conditions as well as crowd and emergency situations to headquarters. The present method of voice reporting is quite inefficient since it takes many words to describe a particular
scene which then has to be plotted on a map before a command decision can be made. The TV pictures received from helicopters give police officials a detailed view of the action; such pictures can be
recorded on video tape or film, and a complete understanding of traffic or crowd conditions is gained
by comparing transmissions from several helicopters hovering over different critical areas of the city.
Since most of the traffic problems occur in morning and evening hours when there is little illumination, image- orthicon cameras will probably be used. A special, rapid- shutter mechanism will have to
be provided to protect the sensitive camera tube from accidental burnout due to the morning sun. The
mounting of the TV camera requires considerable vibration isolation as well as easy pan, tilt, and
focus control by the operator. Another problem is the transmission of the TV signal from the helicopter to the ground. In New York, reflections and obstructions can be expected even at normal
helicopter altitudes. Directional antennas would require a complex tracking system. For the first tests
at least, omnidirectional antennas will be used at both ends. A 2000 -MHz transmission link, developed
by Microwave Associates, will be employed.
The use of TV on police helicopters may improve the ability of the police to control traffic and
handle all emergencies much more effectively. We predict that some people will object on the basis
that this is another instance of "Big Brother is watching."

Human Power Supply
Military requirements have spurred the development of better batteries, but the most promising
power sources today are thermoelectric generators and fuel cells. Each of the three services has silent
thermoelectric generators either under development or in the field, and they all have significant programs under way to improve fuel cells. One source of electrical power has, until recently, been overlooked. The human body converts food into energy and some of this energy could be used to generate
electricity. A scientist at the University of Pennsylvania has assembled a fuel cell which converts the
chemical energy of glucose, a form of body sugar, into electricity.
Experiments with monkeys have proven the value of this biological fuel cell and indicate that there
are no detrimental effects to the body, even over several months. The amount of power available from
this fuel cell is on the order of a few milliwatts, just sufficient to power present -day pacemakers. This
new glucose fuel cell (implanted and connected to the circulatory system) could eliminate the batteries externally supplied or implanted in the approximately 15,000 persons whose heartbeat is electronically controlled at the present time. In theory at least, the biological fuel cell would operate without
replacement or change as long as its human carrier continued to function.
One of the problems which have plagued the designers of space suits for our astronauts has been
the need to conduct away the heat continuously generated by the human body. The average thermal
output of an unclad man at rest at room temperature is approximately 100 watts. Even with the present relatively low efficiencies of thermoelectric generators (3% to 10%), it should be possible to provide about 500 milliwatts or so from only a portion of the human body. This would be enough to power
a host of small devices for personal communications and general body telemetry.
16
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COLOR SPECTRUMTM. ANTENNAS

are "signal customized"

for better color reception...
"the ANTENNA that captures the RAINBOW"

-

-

FINCO has developed the Color Spectrum Series of antennas
"Signal
Customized"
to exactly fit the requirements of any given area.
There is a model scientficaliy designed and engineered for your area.

Check this chart
STRENGTH OF
UHF SIGNAL
AT RECEIVING
ANTENNA
LOCATION

NO

for the FINCO "Signal Customized" Antenna best suited for your area.
Strength of VHF Signal at Receiving Antenna Location

NO VHF

VHF SIGNAL
STRONG

VHF SIGNAL

MODERATE

VHF SIGNAL
WEAK

VHF SIGNAL

W

W

VERY WEAK

UHF

)))))
CS-V3

CS-V5

CS-V7

$1).95

CS-V10

$17.50

CS-V15

CS-V18

$24.95

$35.95

$48.50

$56.50

UHF SIGNAL
STRONG

)))))

CS-UI

CS-Al

CS-B1

$9.95

CS-C1

$18.95

CS-C1

$29.95

$43.95

$43.95

F

UHF SIGNAL
WEAK
)))))

CS-A2

CS-B3

CS-C3

CS-D3

$22.95

$49.95

$59.95

$69.95

UHF SIGNAL
VERY WEAK
)))))

F®ll//mad
.r /

CS-U3

CS-A3

CS-B3

CS-C3

$21.95

CS -D3

$30.95

$49.95

$59.95

$69.95

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

THE FINNEY COMPANY
34 West Interstate Street
January, 1968

Dept: 410

Bedford, Ohio 44146
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-NTS TRAI

YÓÌYVE ONLY S&RMC

THE SURFACE IN
ELECTRONICS..
Only NTS penetrates below the surface. Digs
deeper. Example? Take the above close -up of the
first transistorized digital computer trainer ever
offered by a home study school.
It's called The Compu -Trainer ® -an NTS exclusive. Fascinating to assemble, it introduces you to
the exciting world of computer electronics. Its design includes advanced solid -state NOR circuitry,

flip -flops, astable multivibrators and reset circuits.
Plus two zener and transistorized voltage- regulated
power supplies. The NTS Compu- Trainer® is capable of performing 50,000 operations per second.
Sound fantastic? It is! And at that, it's only one of
many ultra -advanced kits that National Technical
Schools offers to give you incomparable, in -depth
career training.

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE. LATEST,

MOST ADVANCED KITS AND COURSES EVER OFFERED BY A HOME STUDY SCHOOL.
ELECTRONICS WORLD
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...THE FIRST HOME STUDY SCHOOL

NTS

TO OFFER LIVE EXPERIMENTS

WITH INTEGRATED CIRCUIT KITS

You build a computer sub -system using the new,
revolutionary integrated circuits. Each one, smaller
than a dime, contains the equivalent of 15 resistors
and 27 transistors.
And your kits come to you at no extra cost. These
kits are the foundation of the exclusive Project Method home study system ... developed in our
giant resident school and proven effective for thousands of men like yourself.
With Project- Method, all your kits are carefully
integrated with lesson material. Our servicing and
communication kits are real equipment -not school designed versions for training only. As you work on
each of the projects, you soon realize that even the
most complicated circuits and components are easy
to understand. You learn how they work. You learn
why they work.
NTS Project- Method is a practical- experience
approach to learning.The approach that works best!
An all- theory training program can be hard to understand difficult to remember. More than ever before
you need the practical experience that comes from
working with real circuits and components to make
your training stick.

COMMUNICATIONS
This transceiver is included
in Communications courses.
You build it. With it, you
easily prepare for the F.C.C.
license exam. You become

25"

COLOR

IVY

a

fully- trained man in com-

munications, where career
opportunities are unlimited.

Included in Color TV Servicing
Courses. With it you advance

yourself into this profitable
field of servicing work. Color is
the future of television, you
can be in on it with NTS training.

-

YOUR OPPORTUNITY IS NOW

NTS SENDS YOU KITS TO BUILD THESE

IMPORTANT ELECTRONICS UNITS!

25" COLOR TV
21" BLACK & WHITE TV
SOLID -STATE RADIO
AM -SW TWIN- SPEAKER RADIO
TUBE -TESTER
TRANSCEIVER
COMPU- TRAINER

New ideas, new inventions, are
GET THE FACTS! SEE ALL NEW
COURSES AND KITS OFFERED IN

THE NEW NTS COLOR CATALOG.
SEND THE
CARD
OR
NTS GUIDE,

COUPON

TODAY!

ELECTRONICS;

There's no
obligation.
We have no

salesmen.
That means
lower tuition
for you.

opening whole new fields of

opportunity. The electronic
industry is still the fastest growing field in the U.S. There's a
bigger, better place in it for the
man who trains today. So, whatadvanced
ever your goals are
color TV servicing, broadcasting,
F. C.C. license, computers, or

-

industrial controls,

VTVM
SIGNAL GENERATOR
IN

See them all illustrated in
the new NTS Color Catalog.

u
CLASSROOM TRAINING AT LOS ANGELES: You can take classroom training at Los Angeles in sunny California. NTS occupies a city
block with over a million dollars in facilities devoted exclusively to
technical training. Check box in coupon.

NATIONAL

U

SCHOOLS

WORLD -WIDE TRAINING SINCE 1905

APPROVED FOR VETERANS

li

Accredited Member: National Home Study Council
Accredited Member: National Association of
Grhocls
Trade and

NI

.

4000 S. Figueroa St., Los Angeles, Calif. 90037
Please rush Free Color Catalog and Sample Lesson, plus
information on field checked below. No obligation.
MASTER COURSE IN

PRACTICAL TV &

COLOR TV SERVICING

RADIO SERVICING

COLOR TV SERVICING

FCC LICENSE COURSE

MASTER COURSE IN

INDUSTRIAL & COM-

TV & RADIO SERVICING

PUTER ELECTRONICS

MASTER COURSE

STEREO, HI FI &

IN ELECTRONIC

SOUND SYSTEMS

COMMUNICATIONS

BASIC ELECTRONICS
AGE

ADDRESS
111
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DEPT. 240-18

NATIONAL TECHNICAL SCHOOLS

NAME

4000 So. Figueroa Street, Los Angeles, Calif. 90037

NTS has a

highly professional course to
meet your needs.
a

CITY
Check

ZIP

STATE

U

ii

i

if interested in Veteran Training under new G.I. Bill.
Check if interested ONLY in Classroom Training at Los Angeles.

IN

www.americanradiohistory.com
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Shure Brothers, Inc.

SINGULAR!
in no other way can
$67.50 create such a
hearable sound improvement
The Shure V -15 Type II costs about $30.00
more than "second- echelon" (good) cartridges. This same $30.00 would barely pay
for a different finish in loudspeakers; or

provide minimal convenience -type im-

provements in a good quality turntable; and
would have virtually no noticeable sound
difference if invested in a better amplifier.
With the V -15 Type II, you will HEAR a
difference, always.
World -wide, critics say that all of your recordings will sound better and last longer
when played with the revolutionary Shure
V -15 Type II Super -Trackability phono
cartridge.

Independent testing organizations say it is
alone in its ability to track passages which
have been cut at a sufficiently high recording velocity to insure precise and definitive
intonation, full dynamic range, and optimum signal -to -noise ratio ... at one gram
(or less) force!
WRITE FOR COMPLETE LITERATURE, or
send $3.95 for the definitive Shure track -

ability test record "An Audio Obstacle
Course ". (Record is free with a V -15 Type
II.) Shure Brothers, Inc., 222 Hartrey Ave.,
Evanston, Illinois 60204.
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By FOREST H.

BELT /Contributing Editor

Three- Dimensional TV Soon?

news

One hangup which has dampened hopes of 3 -D television is bandwidth. Transmission of holographic
information -so far the most promising technical method of achieving full- dimension viewing-takes up
many, many megahertz of spectrum. Estimates are that one holographic TV channel would occupy as
much frequency spectrum as 10.000 standard TV stations. A way has been found to reduce that bandwidth requirement. Douglas B. Brum, of the Institute of Science and Technology at the University of
Michigan. and Kenneth A. Haines, of Holotron, Inc. in Wilmington, Delaware, have demonstrated that
a piece of frosted, ground, or marbled glass can diffuse the light that carries holographic information.
The end result of this discovery is a bandwidth reduction as much as 1000 times. Detail is affected, but
the reproduced image is still highly viewable-and from wide angles.
Three -dimensional TV for the home? Not right away, but this new technique puts it a giant step
closer. Additional work will undoubtedly turn up finer diffraction techniques with improved types of
glass. Experiments with alternate modulation systems, some perhaps unheard of yet, are likely to trim
bandwidth even more. Not tomorrow or next month, but next year or the year after, someone will probably put a 3 -D TV signal on the air
only experimentally. This particular item makes us wonder
how full -color holography is progressing.

-if

New Role for CATV
Speaking of spectrum crowding, one of the chief convictions of cable -television, proponents is the
promise of unlimited channel capability within a cable. This view is applauded by land -mobile two way -radio interests who eye the television -band spectrum for their own frequency -hungry operations.
Cable- industry seers insist that 80% to 90% of U.S. homes will be wired for cable in less than 10 years.
This combination of viewpoints focuses on a concept of cable TV which differs from that prevailing
at the time of CATV's inception. Cable TV was originally "community antenna television ", intended to
bring off -the -air signals to areas where ordinary housetop antennas were inadequate. First there was an
increase in the number of stations that could be received by any cable subscriber, next public- serviceoriented programs were offered, and then there were hints of tying cable systems into a nation -wide
network. Experiments now being suggested include pay -TV "cultural" or "special" offerings, an idea
stoutly denied during the early days of cable operations.
The newly emerging concept-of cable systems conserving space in the television broadcast spectrum
-depends on diverting cable systems further from their original intent, which was to rechannel transmitted TV- station signals into wired distribution networks. To save spectrum space, television broadcast
stations would have to be deactivated as such and then converted into wire -feeding stations instead of
antenna- feeding stations.
Even if this doesn't become the case, running cable into virtually all TV- owning homes opens the door
to a wide variety of other services: facsimile newspapers; data of all sorts on request; electronic shopping via television; telephone- Picturephone tie -in; emergency communications; education; remote information storn_re and retrieval; library access; and others, limited only by imagination.

Direct- Broadcast Satellites
Cable TV may have some effect on these, too. At a recent conference, George W. Bartlett, Vice- President of Engineering for the National Association of Broadcasters, expressed the opinion that direct broadcast satellites pose a greater threat to local TV stations than cable TV does. If that is true, then an
interesting triangle is developing.
Direct -broadcast satellites are promised for Europe within the next few years- early 1970's, at the
latest. For the U. S., they seem a little further off, but easily achievable within the next 8 or 10 years.
However, if cable systems supplant off -the -air TV reception, direct -broadcast satellites will be unnecessary. Looking at it another way, however, cable systems will be unnecessary if a workable system of
satellites makes possible good- quality TV reception by all homes in the country regardless of where
they are situated. And, of course, as pointed out by Mr. Bartlett, local TV stations won't be necessary
either, given such a satellite system. The solution of this triangle will be an exercise far more interesting
-and complicated -than mere trigonometry.
January, 1968
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Economics and Electronics
Price rises at the year end throughout the country's economy are showing up in the home- entertainment segment of the electronics industry. The biggest increases have been in post- introduction prices
for color -television sets. What at introduction time was a small across - the -board reduction in prices has
become just the opposite. Almost every manufacturer has announced price increases for most models.
The first increases to be announced sparked some stepped -up buying in the last quarter of the year, but
purchases by dealers dropped back to "normal" as the Christmas retail season approached.
In another area, the Electronic Industries Association reports that tape- recorder and tape sales are
steadily rising, despite earlier holdbacks. Production is about to start keeping up with demand for both
tapes and machines. The cartridge is responsible for the boom. Sales of prerecorded tape cartridges have
jumped and jumped, but they still aren't cutting into disc sales, as might be expected. Consumers are
buying music of all kinds, in all the forms in which it is offered. It looks like 1968 will be a banner
year for all facets of hi -fi music.

Integrated Circuits -Reliable?
Many words have been pronounced and printed about the advantages and disadvantages of IC's. Now
that large -scale integration (LSI) produces yields of 100 or more devices per silicon chip, prices of IC's
are increasingly attractive. LSI technology hasn't yet reached the stage where complex linear and FET
devices can be reproduced in these cost -cutting quantities, but that's only a matter of time.
One great concern has been reliability. Do integrated circuits, made by either normal -yield or large scale processes, have the stamina to hold up under the indeterminate use they get in consumer electronic
equipment? A panel of experts at last fall's National Electronics Conference in Chicago said "yes" and
offered evidence. IC's are just as reliable as their individual transistor counterparts. Longevity tests that
have been run apply to new plastic IC's as well as to hermetically sealed devices.
Improved reliability and lower cost foreordain more and more linear integrated circuits in home entertainment devices. There's hardly a manufacturer who isn't seriously investigating how integrated
circuits can be incorporated into existing designs. Just around the corner is the next step, the opposite
approach: designing new equipment around existing digital and linear IC's.

No- Power -Transformer

Transistor TV

There is nothing that sounds new in that revelation, and yet there is The news is that the step-down
power transformer that has been necessary in every transistor television set no longer is. Why? Two
companies have almost simultaneously come out with a horizontal- output transistor that can withstand
the high B+ voltages ordinarily developed by a transformerless half -wave rectifier power supply. Matsushita (Panasonic) and Amperex announced the new units within a week of one another. Both transistors are n -p -n types and use mesa -collector, planar-emitter construction. The savings will be in both
weight and cost, for neither transistor will be much more expensive than the power transistors presently
used in horizontal- output stages.
The next big hurdle in eliminating transformers from transistor TV sets is the flyback itself. When
we get rid of that and the vertical- output transformer, we will have a truly transformerless transistor TV.

Where Have All the Technicians Gone?
There are nearly 40,000 independent electronics service dealers in the United States, according to
National Electronic Associations, Inc. (NEA) . Of these, about 50% are full -time, one -man businesses.
Richard L. Glass, Director of Training for this coalition of state and local technicians' associations,
points out that the 40,000 does not include manufacturer or distributor service departments. The 20,000
two -or- more -man shops employ more than 50,000 technicians, and they do about 75% of all the servicing work in the country. A recent survey shows that the immediate need for qualified technicians in
these shops exceeds 15,000. That figure represents men who could be hired immediately.
There has been some debate over whether there really is a technician shortage. This survey seems to
corroborate that there is. Some say it is because pay scales are low ; few young men will take the training needed when earnings afterward aren't satisfactory. Whatever the answer, training is becoming more
and more available. The Electronic Industries Association has endorsed its new Service Technician Development Program to the tune of $100,000 per year, according to Richard W. Tinnell, Director of Education and Training. International Correspondence Schools will introduce a new practical course in
television servicing early in 1968. The National Alliance of Television Service Associations (NATESA)
is working on apprenticeship programs; so is NEA. Virtually every domestic TV -set manufacturer has a
program of some-sort. It shouldn't be long now until the "technician gap" begins to close.
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Amazing "power tool"
for electronics men
Still working electronics problems with that old- fashioned
manual tool, the pencil? You're not alone. And that's
kind of a shame in this wonderful age when power
tools have speeded up so many manual jobs.
It"
Now here is an amazing "power tool" that zips
>
`:;\
through electronic calculations like a power
saw through soft pine. The CIE Electronics
Slide Rule. It has a special scale that
works reactance problems in seconds.
And another scale that does the same
for resonance problems . Plus two more
scales that tell exactly where the
decimal points go.
No guesswork. No paperwork. No rough
calculations. You get an accurate answer in 20 seconds or less.
It also does the things ordinary slide rules do . Like multiply,
divide and extract square roots in one setting. Or find reciprocals
for resistance formulas, logarithms for decibel formulas, and trigonometric
functions for AC circuitry formulas. And work the formulas in seconds.
The Electronics Slide Rule is easy to use even if you've never worked
a slide rule before. It was developed by CIE, one of America's leading electronics
schools. And it comes with a 4- lesson course that turns you into an expert.
Not just an instruction manual, but a real Instruction Course. With assignments
you may send in for grading by our instructors . And when you finish, a Certificate
of Achievement that "tells the world" you're an electronics slide rule expert.
The slide rule and course are sold together -- for about half what we think
they're worth. It's our way of getting acquainted with men around the country
who want to get ahead in electronics.
Mail the coupon for FREE booklet describing this Electronics Slide Rule.
Or write to Cleveland Institute of Electronics, Dept. LW-147, 1776 E. 17th Street,
Cleveland, Ohio 44114. No charge or obligation.

r
pOCKE-r
ELECTRDNICS
DATA
GUIDE

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

GET BOTH

FREE!

Please send me without charge or obligation your FREE booklet, "How To Solve Electronics
Problems In Seconds," describing the CIE Electronics Slide Rule and Instruction Course.
Name

How to Solve Electronics Problems in Seconds

(please print)

Address
ci

With new Electronics Slide Rule Ana

I.161/UM OWN

SEND COUPON TODAY

January, 1968

City

State

Zip

Also free it you act now -our famous shirt -pocket Electronics Data
Guide with useful formulas, conversion tables, color codes, and more.
Accredited Member National Home Study Council

A
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Leader in Electronics Training... Since 1934
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BESTSELLER SPECIAL FROM

HOWARD W. SAMS!

STEREO FM

LETTERS
FROM OUR
READERS

THE COMPLETE KNOW -HOW
AND BUYING GUIDE
A.S.E.E.'S AND B.S.E.E.'S

YOURS
FOR
ONLY

To the Editors:
I am an electrical engineer currently
engaged in laser research for the National Aeronautics and Space Administration. Prior to obtaining a degree in
electrical engineering, I graduated from
a technical institute and worked as an
electronics technician for nearly twelve
years. During five of those years, I
served as an instructor and technical
writer on guided missile electronics.
Functioning both as a technician and
an engineer has given me a fairly unusual view of the electronics industry.
A disturbing aspect of the industry

that I have observed
A "MUST" FOR EVERYONE
INTERESTED IN HI -FI & FM!

FACT -PACKED VOLUME:
Nothing else like it! Brings you the
how and what of stereo, hi -fi, and FM.
Highlights components, console sys-

tems, tape recorders, auto stereo, tape
recorder /player systems- dozens of

important articles by recognized
authorities. Includes:

What stereo is -and why only FM can
broadcast quality sound
How to select a stereo system
How records and tapes are made

Tips on selecting a tape recorder -facts
on cartridges, cassettes, reels
Speaker systems -exactly what to look
for and how to save
How to select turntables, styli, and
cartridges
All about stereo tape players, including
auto installations
All about transistors, integrated circuits and other solid -state devices
Stereo terms and specs made plain
FM station list and facts
About FM antenna needs
Buyers guide for all types of equipment
and directory of manufacturers
AN INDISPENSABLE REFERENCE

AVAILABLE NOW FROM
ANY SAMS DISTRIBUTOR

ORDER YOUR COPY TODAY!

or write to
HOWARD W. SAMS & CO., INC.
4300 W. 62nd Street, Dept. EW -1
Indianapolis, Ind. 46268
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is the profound
ignorance of many engineers with regard to the training given by the nation's technical institutes -the schools
offering associate degree programs in
electronics technology. Few engineers
or engineering supervisors appreciate
the technical depth of these programs.
As a product of both a technical institute and a university, I have been
greatly disturbed by this lack of understanding. I have seen a number of instances where gross underutilization of
the skills of the technical institute graduate has occurred simply because his
supervisor believed that he had received only very low level training.
JOHN

H. MCELROY

New Carrollton, Md.
We certainly agree with Reader McElroy. He submitted, along with his
letter, a most interesting article backing
up his premise. He compared the
courses given at a number of universities with those given at a number of
technical institutes and found that the
technical institutes came off quite well.
The article will appear in a forthcoming
issue. We suggest our readers watch for
it.- Editors
*
*
*
ELECTROSTATICS

To the Editors:
I have read with interest Edward A.
Lacy's article on static electricity in
your July, 1967 issue.
Other uses for static electricity not
mentioned by the author are in office
duplicating equipment (by Xerox and
other manufacturers) and in the rubber industry. Here electrostatic charges

play an important role in the mixing
of rubber. By measuring the changes
in electrostatic potentials during mixing, it is possible to determine the
breakdown of the rubber, the time for
incorporation of pigments, and the
proper sequence and timing of the mixing operation.
ROBERT S. HAVENHILL

Sun City, Ariz.

Thanks to Reader Havenhill for this
information and for sending us a copy
of a paper written by him along with
H. C. O'Brien and J. J. Rankin on the
subject "Electrostatic and Tensile Properties of Rubber and GR -S at Elevated
Temperatures." The paper appeared
in the Journal of Applied Physics.
Editors
*
*
*

-

SPECIAL SECTION ON SWITCHES

To the Editors:
Your October special section on
switches is, without reservation, excellent. I would be very interested in receiving a listing of available technical
reprints of other special sections.
E. L. STANLEY, Test Engr.
Thermoid Div.
H. K. Porter Co., Inc.
Richmond, Ky.
To the Editors:
I am writing you in reference to your
October issue with its special section
on switches. I found the section most
interesting. It was fortunate that I received this issue when I did since I was
in the market for certain types of
switches that were described.
H. R. SCHROEDER
West Trenton, N.J.

Unfortunately, we do not have too
many extra reprints of the special section on switches. However, we still have
reprints of the special sections on batteries, semiconductor diodes, variable
resistors, relays, transistors, and chokes
and coils. These are available directly
from us at 25¢ each. -Editors
*

*

*

STANDARD COMPUTER SYMBOLS

To the Editors:
Before we create another one of those
historic "confusion factors ", might I suggest that we take steps immediately to
ELECTRONICS WORLD
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standardize the symbols used in logic

PERFORMANCE from
your Car! Buy The Best!

Get Top

DELTA'S Remarkable, Proven

diagrams ("Digital Computer Logic:
What the Symbols Mean", p. 46, August issue)?
I feel we would do well to use the
symbols shown here and set forth in
Military Standard MIL -STD -806B in

-DAND

-D-

GATE

OR

CAPACITIVE DISCHARGE

IGNITION SYSTEM

GATE

--D-

"NAND" GATE

"NOR" GATE

FLIP -FLOPS, CLOCKS,
NON -GATE FUNCTIONS

INVERT

order to avoid any further confusion.
Major manufacturers of digital logic integrated circuits have already adopted
this Standard, and only good can come
from the rest of the industry following
suit.
WILLIAM K. HEINE

Training Administrator
Precision Instrument Co.
Palo Alto, Calif.
*

Available in Easy -to -Build

$2995
ppd

You've read about the Mark Ten in Radio Electronics, Electronics World,
Mechanix Illustrated, Electronics, Popular Mechanics and other leading publications! Now discover what dramatic improvement in performance with
capacitive discharge ignition is yours for your car, truck, jeep, boat -any

vehicle! Delta's remarkable electronic achievement -on the market since
saves on gas, promotes
1963 and so unique that a patent has been granted
better acceleration, gives your car that zip you've always wanted. Even
Detroit has finally come around. Delta's Mark Ten, the original, the proven
winner from Sebring to Suburbia, has set new records of ignition benefits
attested to by thousands of satisfied purchasers. No re- wiring necessary.
Works on literally any type of gasoline engine. Satisfaction guaranteed.
Order from coupon below, specifying car make, voltage and polarity. Like to
build your own? Order a Deltakit® and save!

To the Editors:
I was very much interested in your
September article "The .Common Slide
Rule for Reactance Calculations" (p.
93) . I think the idea is great but I believe that if Mr. Houck would check,
he would find that )z r is equal to 1.57
and not 1.59 as stated in the article.
If I am correct, this would make the

reactance approximately 2430 and not
2390 as stated in the article.
T. E. WILLIS

-

COMPARE THESE PROVEN BENEFITS!...
DRAMATIC INCREASE IN ACCELERATION
LONGER POINT AND PLUG LIFE
IMPROVED GASOLINE MILEAGE
A MORE COMPLETE COMBUSTION
SMOOTHER PERFORMANCE
Order Your Mark Ten Today! Shipped Postpaid at Once.

DELTA PRODUCTS, INC.
P.O. BOX 1147EW

Enclosed is

$

Mark Tens (Assembled)

Specify

6

@ $29.95
Mark Tens (Deltakit®)
(12 volt positive or nePative ground only)

Volt: Negative Ground only.
Positive Ground
Volt: Specify

12
Car Year

-GRAND JUNCTION, COLORADO 81501
Ship C.O.D.
Ship prepaid.
@ $44.95

Negative Ground

Make

Address
Zip
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Wahpeton, N.D.
The article in question actually
showed the formula correctly although
in a somewhat misleading form. The
factor involved is not times 7, or 7/2,
but is the reciprocal of 27 or 1/(27).
This turns out to be 0.15915. Since the
decimal point is not taken into account
on the slide rule, the index mark is
made at 1.5915 as stated.- Editors
*

*

*

AUTO DIAGNOSTIC CENTERS

To the Editors:
Just a note of appreciation for your
excellent article on automobile diagnostic centers which appeared in the May
issue. We thought your handling of the

brake analyzer and the dynamometer
was the best we had ever seen.
We appreciate your granting us
permission to reprint the article for circulation to our field men and distributors
-with credit to your fine magazine, of
course.

Name

City /State

*

SLIDE -RULE CALCULATIONS

D E ITA KIT®ONLY
ASSEMBLE IT
YOURSELF!

*

WILLIAM O. MERRITT
Clayton Mfg. Co.
A
El Monte, Calif.
ELECTRONICS

WORLD

loin the PHOTOFACT-OF- THE -MONTH Club
and receive each and every month

THE WORLD'S FINEST TV -RADIO SERVICE DATA

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

Howard W. Sams now offers
this great new monthly package
exclusively for P.O.M. members!

A. SIM;

t5-

RH SET_NO
PHOTOFACT TM DER

FOLDER SET NO.
SA1A'. PHOTOFACT

You get your 6 new PHOTOFACT Sets every
month in sturdy new file folders sealed in
factory carton to insure perfect condition
and completeness- easier -than -ever to file
and use. Now -only $10 per month and
you get 20',c, MORE COVERAGE!

moos. 124

826

NOW! ONLY

,

lOPER

MONTH

822

brings you

NOW more current model
coverage each month to keep
you ahead earning more

-

20% MORE

AND YOU SAVE OVER
$60 PER YEAR!
As a PHOTOFACT-OF-THEMONTH CLUB member, you get
6 new PHOTOFACT Sets every

PHOTOFACT®

month -the world's finest
TV -radio service data -with
all the time -saving, profit -

coverage!

boosting help you want!
complete current coverage of
at least 50 chassis each and
every month for less than

20e

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

r

per chassis model!

(individually purchased sets now sell for
$2.50 each) -join the PHOTOFACT -

To stay ahead, to save money

OF- THE-MONTH CLUB

see how

EWF -1

oQ

Enroll me for a 3 -month membership in the Photofact-of-the Month Club. agree to pay $10 per month, and understand t
will receive 6 current Photofact Sets monthly for 3 months to
be delivered by my Sams Distributor (named below).

now!

I

PHOTOFACT boosts your earning power!

Name
Shop Name

SUBCRIBE TODAY THROUGH

Address

YOUR SAMS DISTRIBUTOR OR
USE THIS HANDY ORDER FORM

City
)11111111r
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HOWARD W. SAMS & CO., INC. Dept.
W. 62rd St., Indianapolis, Ind. 46268

4300
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A FLEXIBLE PREA M PLuIE
At one time, the function of a preamplifier was simply to increase the level of a signal. Then, as the art of sound reproduction has become more sophisticated,
additional functions have been added.
First came tone controls, then

equalization, filtering,

tape monitoring, blending, and so on.
What was once a simpie amplifying circuit and
_G O o o o o
a volume control is now a control
.. --..- ° B 9 ñ R
center, handling a variety of sources
with input signals ranging from
a few millivolts to several volts (a range of 1000 to 1), and
which must impress special response characteristics on some
of these signals. Requirements for distortion now are far more
stringent than in the past. Distortion levels which were once
significant laboratory achievements are now common in commercial equipment.
The resùltant increase in complexity of the preamplifier
has caused some confusion. The knobs and switches which
the audio hobbyist considers mandatory for proper reproduction bewilder and dismay family and friends.
The Dynaco PAT -4 is a preamplifier which simplifies operation so that the basic functions are readily utilized by the uninitiated. The illuminated power switch tells you the system
is on -and transistors eliminate any waiting. The two large
knobs are the primary controls -one selects all sources (including the tape recorder) and the other adjusts the volume.
[A third similar knob on the companion stereo Dynatuner completes the radio controls.] The smaller knobs and remaining
switches contribute the complete versatility and unlimited
flexibility so much appreciated by the enthusiast.
A separate front panel input lets you plug in a tape recorder,
or an electronic musical instrument. Its special design even
makes it possible to mix a guitar, for example, with a microphone, records, or radio. There's a 600 ohm output on the
front panel, too, which enables easy connection of a recorder,
and has sufficient power to drive medium impedance headphones without the need for a power amplifier.
You may save a power amplifier in another way, too. If you
need a remote speaker system, or a center or third stereo
channel, the PAT -4's exclusive "blended- mono" mode is all
set to provide this from your regular stereo amplifier, where
B

PAT -4

-Kit

dy111203 INC_

other preamps having center channel outputs require an additional power amplifier.
A sharp 3- position high frequency filter cuts the scratch
with minimal effect on the music, and there's a low frequency
filter, too. The "Special" low level input can provide for a
second phonograph input, or for a special equalization position when you want to listen to older discs. Dynaco's patented
"X" type tone controls provide smooth continuous tonal adjustments with the precise "center -off" assurance of step
type controls, without the complication of separate switches.
The overall quality of parts, ease of construction for the
kit builder, accessibility for service, and audio performance
are in the Dynaco tradition of acceptability to the perfectionist.
On every performance count, the PAT -4 is exceptional. Noise
and distortion are almost non -existent. Equalization is precise.
Frequency response is superb, resulting in outstanding square
wave and transient characteristics. There is not a trace of socalled "transistor sound ". And finally, there is the undeniable
virtue of complete independence from the power amplifier,
so that you can choose the power, price, and tube or transistor design as your requirements dictate.
The PAT -4 is of the quality standard set by the world famous PAS -3X. That preamplifier has been widely accepted
and acclaimed for many years as
the finest quality and reasonably
priced. How does the PAT -4
compare with the PAS -3X?
Well, the quality of both is
fully comparable. It is
doubtful that it would
be possible to hear any
difference between
them on careful listening tests. The PAT -4
-

does have some extra features which
justify its slightly higher
cost for many users.
The PAT -4 is very much in demand, and it will be many
months before it is in ready supply. If you are willing to forego
its extreme flexibility, the PAS -3X will match its quality, with
the added virtues of economy and availability. If you want the
ultimate in flexibility along with quality, please wait for the
PAT -4. It is worth waiting for.

$89.95; Assembled $129.95

3060 JEFFERSON
IN EUROPE WRITE:

STREETO ,
AS,
DYNAC
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COLOR -T4

in the
Vlarketplace
Although the growth rate of color set sales is not what the optimists predicted,
sales of sets are still healthy and increasing. With only 20% of the country's
56 million TV homes with color sets, there's still a large market to be satisfied.
UMORS are flying around the electronics industry
about its glamor -child, color-TV. Certain facts support pessimistic views, but not many trend -watchers
are convinced that color -TV has entered a declining phase
or even a plateau. To formulate your own opinion, you need
facts about the color -TV market as it stands at year's end.
First of all, what is the dilemma all about? The truth
is that more color -TV sets were sold in 1967 than ever before. We didn't have year-end figures at press time, but
predictions were that by the time the Christmas rush of sales
is finished, 5.5- million color -television sets will have been
sold in 1967. That will be nearly one million more than
in 1966, so no one can truly say that sales are falling off.
Sales are, in fact, continually increasing. Cause of the
pessimism is the rate of sales increase. It is this rate that is
declining and causing all the talk. Let's look at the record
(Fig. 1) .
In 1962, when color -TV sales really took off, sales nearly tripled; 1961 had recorded fewer than 150,000 color sets
sold, 1962 increased to nearly 440,000. In 1963, sales were
up 75 %-750,000 sets. In 1964, the figure almost doubled
nearly 90% increase; sales amounted to 1.4-million receivers.
By now the industry was a little spoiled. Another "almost
100 %" year, 1965, saw 2.7 million more sets go into American homes.
Predictions for 1966 were understandably over-optimistic.
There were more than 5- million color sets already in use,
and buying seemed to be moving along at a fast clip. Color
programming had by that time taken over all three networks, and the public was very color -TV conscious. Sales
forecasts for 1966 ranged from a "conservative" 5 million to
an optimistic 6.5 million. When the year ended with only
4.7- million sets sold, disappointment made some people in
the industry unnecessarily pessimistic -even though that is
a respectable 75% increase!
Everyone hoped the percentages would stay high. Some
experts predicted sales above 7 million for I967- still a
50% increase. As the year wore on, experience dampened
these hopes. Sales were softer than expected through most
of the year. Although they picked up some as the late-fall
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selling season progressed, only a real Christmas rush could
push the figure to 6 million.
So it looks as though any gloom you hear about is not
because there will be fewer color -set sales this year; Fig. 1
proves this. The gloom is because of the lowering trend
in sales. With only 20% of the country's 56- million TV
homes owning color sets, industry worries over the lag.

Maybe More Incentives
In the 1968 lines (described technically elsewhere in
this issue) there are innovations that may capture the
imagination of the color-set -buying public and stir up sales.
For example, the solid -state color set. At the beginning
of 1967, industry spokesmen were saying all- transistor color
was probably three years away. Such a thing seemed a little
hard to figure, with nosediving transistor and integratedcircuit prices, but the spokesmen seemed to know. Then,
within one week in June, two companies introduced all transistor color receivers. The glamor of solid -state may
hypo color- receiver sales slightly.
TV viewers do not like twiddling three or four knobs. Up
to now they had to click the channel selector, make sure
Fig. 1. The color-TV market is still growing, but at a rate less
than in 1964 -65. Market growth in 1968 will be substantial.
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rush also dampens buying for a month or so afterwards)
Looking beyond the first quarter, long -range planners
expect a loosening economy for 1968. That could help sustain the growth rate of color -TV sales. Such predictions
are never sure, however, and must not be taken as gospel.
From our best information, we see color-TV sales for 1968
around 25% higher, about the same percentage increase as
in 1967. That makes our prediction for the year 1968
around 7- million color sets to be sold.
.
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COLOR TV SALES IN MILLIONS

Fig. 2. The actual number of color -TV sets sold has grown
each year since 1961. A continued growth seems probable.

the fine tuner was set correctly, then brightness and contrast, and finally the color and hue controls. New models
sport seven- and eight- channel remote controls, automatic
fine tuning (a.f.c. in the tuner), and stabilizing improvements throughout the chassis that make color viewing easier
than ever before. The art has reached the state where manufacturers can concentrate on simplification.
The other factors in the new lines may prove more attractive to buyers than the mere glamor of solid -state or the
convenience of simplified controls. Although General Electric has had its 11 -inch Porta -Color available for nearly
two years, the 1968 model introductions saw the first widespread lines of portable color sets-from at least eight
companies. Although the portables must still be plugged
into 117 -volt a.c. power lines, some are light enough to
be carried around. Portables may provide sales incentives
for the gift -giving season that precedes Christmas.
At introduction time, several new models carried lower
price tags. But later price increases have worked their way
through most models of most manufacturers. There are still
some low- priced portable models that may stimulate sales:
G-E's 10- incher at $199.95, RCA's 15- incher at $329.95, and
from Sears a 15- incher at $279.88.
New table model prices range from Emerson's 15 -inch at
$279.95 and Sears' 18 -inch at $289.95, through Sylvania's
best 18 -inch model at $379.95, to Motorola's top 23-inch
table set at $489.95. There are many prices and sizes in
between those limits.
Consoles start at $399.95 (Admiral), with several makers
selling console color sets at $449.95. The highest priced
console is a 23" solid -state Motorola in a Drexel cabinet
at $1200. Some combinations go higher than that.
Model for model, 1968 color receivers are as much as
$50 cheaper than 1967 models. Remote control, automatic
fine tuning, detented u.h.f. tuning, and other extras account for more dollars on deluxe models, keeping their
prices the sane or higher. In some parts of the country,
discounting on certain high -end models brought price cuts
of up to $100, but this was at the dealer level and not
an industry-wide trend. Over-all, the American public can
buy color sets cheaper than ever before. That should help
sales.
An interesting point was unearthed by a researcher a
little over a year ago. He found that families buying color TV were in the above-$8000 income bracket. That figure
is dropping. The lower limit in 1968 is expected to be
around $7000. The drop is traceable to lower prices.
One other factor may help boost the end-of- the -year total and carry over into the early 1968 sales picture. Money
is not as tight as it was during 1967, although it may
tighten a little during the early part of the year. If it remains loose, credit will be easy and sales may have a

healthy upswing. If credit tightens again, what with the
proposed tax increase also biting into wages, the first
quarter of 1968 will be bleak (the Christmas and New Year
32

X-Radiation in Color Sets
Last June's x-radiation scare has ceased to be a scare,
but manufacturers can't be sure it didn't dampen color set sales. The noise started when 100,000 G -E sets got out
with faulty high -voltage regulators. A bulletin issued in
May informed dealers and distributors that high -voltage
regulators 6EA4, 6EF4, and 6LC6 permitted "soft x-radiation in excess of desirable levels because of inadequate
shielding
" Replacements were 6EH4, 6EJ4, and
6LH6, respectively.
The story developed when some news media made a
rather big issue of it and some self-appointed researchers
undertook to prove that color -set radiation levels could
harm viewers. An industry committee showed that radiation from virtually all color receivers is far below the limit
deemed allowable by the National Committee on Radiation Protection (NCRP) -0.5 milliroentgen per hour (mR/
hr) at a distance of 5 cm from the set. But Congress held
hearings anyway. The resultant publicity in national consumer media may have upset the buying public enough to
slow down color purchases a bit, but apparently not drastically. The industry can only conjecture what the sales picture would have been without the unsavory publicity.
So far, few changes have been made in set -makers' procedures for checking radiation. The procedures in use are
adequate. Underwriters' Laboratories Inc.- safety watchguard over home appliances -has changed its acceptable
x- radiation limit to 0.5 mR /hr to agree with the limit set
by the NCRP; UL's limit was formerly 2.5 mR /hr. The new
standard is barely above the normal background radiation
which exists in our surface atmosphere.

Color -TV and Integration
Integrated circuits (IC's) haven't had as much impact
as was hoped for on color -set sales, possibly because only
a few are in use. By late 1968, IC's will probably be used
heavily in color sets. A number of possible applications
have been developed around integrated circuits already on
the market -some in multiple-stage uses such as RCA's
sound -i.f.- detector IC (used in black -and -white sets for the
second year, now).
Other IC uses are in the works. Some say an all -IC set
is several years away, but such forecasts are often disproved. Cost is what delays an all -IC color set, along with
a few technological hangups like the power requirement
in sweep stages.
Texas Instruments has a design that uses a single hybrid
( thick -film) IC. Amperex, General Electric, Fairchild Semi-

conductor, Motorola, Philco -Ford, Texas Instruments, RCA,
and Westinghouse all have integrated circuits that fit into
color -TV applications. Rest assured, the late -1968 models
introduced in the spring will have IC's sprinkled around
lavishly. 1969 models will sport even more IC's.
Integrated circuits won't trim costs much, if at all -at
least not right away. Once production is heavy and the
cost of multi- circuit IC's comes down to $1 or so, look for
real price slashes in color sets. Right now the chief attraction of IC's is reliability ( and glamor)
.

Selling by Size
Sizes of color sets are proliferating as wildly as in blackand -white sets. Ten different sizes were introduced for
ELECTRONICS
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early 1988, ranging from the 7 -inch Chromatron by Sony
to the standard 25 -inch (now called "23 viewable inches ").
Table 1 shows screen sizes now available, along with their
old designations for reference. Square-inch classifications
are included since some manufacturers persist in referring
to their sets in those terms.
It is too soon to judge the impact of small- screen sets
on color sales. Many manufacturers (those without small screen models) insist the market won't be ready for small
screens until there is greater penetration with standard
color sets. Those in favor of small-screen sets, particularly
when they are accompanied by lower prices, hope to
capture the second-set market as it develops.
It seems that, actually, there will be three market segments. One will be made up of those who simply aren't
convinced they want color; lower prices may trigger buying.
The second -set market is another segment, small in numbers
but significant in purchasing power. The third segment comprises those who feel they can't afford a full -price color
set but will, instead, buy the lower -cost small-screen portable; that segment could easily be the largest of all.
So far, however, the trend to small color sets stops at
11 -inch models. Most color sales are still in the 18 -inchand-up models, but 14's and 15's are rapidly gaining momentum that might readily sweep them into the mostpopular category later in the year.

Color-TV Worldwide
The United States isn't the only country preoccupied

with color television. For example, in Mexico, where color
telecasting is only a few months old, the advent of color has
slowed sales of black- and-white sets. But hopes for a color
boom were short- lived. The prices of color sets in Mexico
are too high for that low per- capita -income country. It will
be some time, and many price cuts, before Mexico attains
any degree of color -receiver saturation.
That isn't the way it works everywhere, though. In West
Germany last summer, the major set makers got ready to introduce their $600- and -up PAL receivers to an eager market. Color programming was to start in August. A company
named Koerting suddenly offered a table -model color set
for $460. Before the price drop, fewer than 10% of West
German families felt they could afford color. Afterwards,
the percentage rose to nearer 15 %.
The standards feud in Europe is over for all practical
purposes. However, you still hear rumblings from there,
like the suggestion that PAL be used for long- distance
transmission here in the United States. It wouldn't be difficult, since standards converters are practical to build.
PAL -to -NTSC- and -back shouldn't be tough. TelefunkenAEG in Germany has developed a "transcoder" that makes
it possible to receive SECAM transmissions on PAL receivers. The Netherlands started color programming in
September. At press time, France was expecting to start
any time, and Great Britain in December. With satellites
dotting the sky, standards converters at earth stations would
make a world -wide color television network a reality.
While we're on the subject of other countries, it's a
good time to mention the influx of color sets from Japan,
that electronics -conscious exporter. Japanese sets sold in
the United States during 1967 exceeded 500,000.

Among the Broadcasters
Among the chief reasons for color -TV's finally "taking
off" in 1962 were the efforts by networks and TV stations
to get color programming on the air. Who would buy a
color set if there were almost nothing to watch?
There are presently about 700 TV stations on the air;
both u.h.f. and v.h.f. Among them, about 200 can originate programs and commercials in color. Virtually all stations can offer color programs furnished by networks.
For a long while, the rush to color put the makers of
January, 1968

VIEWABLE
DIAGONAL

CRT

SQUARE

SIZE

INCHES

(inches)

(inches)

Chromatron

7

n.a.

10

11

60

11

12

70

14

16

113

15

16

117

18

19

mask

21

180

round

mask

20

21 & 22

226

22
23

23

270
295

25

Table 1. Color -TV screen sizes are proliferating. Here are
the sizes seen in the 1967 and 1968 sets, now in production.

filmed commercials in a bind. There weren't sufficient production facilities to meet the demand for color -filmed commercials. About the time an answer was found-color capable video tape recorders-the color-film industry began to
catch up. Many programs are produced on tape, though, so
stations have been forced to include color VTR's in their
equipment lineups. There are almost as many stations that
can use color video tape as can show color film.

And Others
This all means dollars to the entire electronics industry.
The continuing boom (we don't accept a mere slackening as
a sign of the end) will keep on creating auxiliary sales
in the millions of dollars. The more color -TV sets sold,
the more components must be manufactured and sold for
building the sets and for maintaining them in future years.
Even though prices of transistors and integrated circuits
are coming down rapidly, their numbers are rising at such
a phenomenal rate that the dollars spent for them alone
will be many millions; a good portion of these components
will be used in color-TV.
Solid-state entries in the 1968 line notwithstanding,
tubes are still a major factor in color television, particularly
picture tubes. CRT makers in the U.S. have turned out
more than 7 million color CRT's in 1967, mostly for new
receivers. The rectangular shape is almost universal now.
Another quarter- million or so of picture tubes will be imported, mostly as replacements for foreign -made color sets
but a few for use in domestic receivers. Other receivingtube types are doing well, and a part of their prosperity is
due to strong sales of color sets.
Antenna makers are among the chief beneficiaries of
the color television boom. Some low-cost antennas that
were okay for black- and -white are inadequate for color.
Color sets need stronger signals and the need is greater
to rid the picture of ghosts.
Test equipment makers are busy designing instruments
that make color servicing easier and more foolproof. No
startling innovations came forth in 1967, but definite improvements have shown up in most lines. The chief bugaboo among color generators has been instability. Every
manufacturer who introduced a color generator in 1967
added some feature to help overcome that problem. Sales
of other test instruments -particularly wideband oscilloscopes and v.t.v.m.'s -have risen with the onslaught of
color-TV service problems. Color-set troubles don't respond
Nvell to the old hunt -and -try methods.
There isn't space for more than this general picture of
the color television market and its effect on electronics
as a whole. Although color -TV has diminished slightly in
acceleration of its growth, it certainly has not diminished
either in sales or in impact. In home entertainment, in
education, in industry-color television is a strong economic
factor -creating jobs by the tens of thousands and generating sales dollars in the tens of millions.
33

RECENT

DEVELOPMENTS
IN ELECTRONICS

Laser Photography. (Top left) A new laser beam image reproducer, part of a revolutionary TV system that produces
images of photographic quality, is being demonstrated here.
The unit is recording by laser beam an image consisting of
5000 TV lines on a 9 by 9 inch photo plate. Such images are
transmitted to the laser by a new "return -beam vidicon" TV
camera, shown in background, that produces pictures 10 times
sharper than those produced by a standard TV camera. Designed by RCA for use in a proposed earth resources observation satellite (EROS), the new system is also expected to find
important uses in the manufacture of integrated circuits, in the
preparation of graphic arts materials, in the transmission of
news photos overseas, and in other industrial photo processes.

Circular -Polarized FM Antenna. (Top right) The four black
pyramid- shaped radomes enclose the elements of a new FM
broadcast antenna recently installed atop N.Y.'s Empire State
Building. Four other such elements are on the othér sides of
the tower. The elements are crossed dipoles whose ends are
bent back 60 degrees, working in conjunction with reflector
screens. By feeding the elements 90 degrees out of phase, a
circular polarization results. This means that listeners with FM
sets in their cars and those using line -cord antennas should be
able to obtain better reception of signals produced by WCBS
FM, the user of the new antenna. Several other N. Y. City
FM stations are also using circular polarization. Antenna is
located between horizontal -dipole elements of WCBS -TV (Ch. 2)
and vertical slotted waveguide antenna of WNYC -TV (Ch. 31).
Laser Rescue Light. (Left) This battery- operated laser "gun"
developed by Sperry Rand "shoots" a beam of light that is
visible for up to four miles in daylight or at night. The gun
could be used as a signaling device by pilots downed behind
enemy lines. The beam can only be seen by someone looking
directly at it (it was made visible for the photo). To a pilot
of a rescue helicopter, it would appear as an intense flash of
red light. The completely self- contained gas laser gun weighs
less than two pounds. Its beam is only 5 to 50 feet wide at a
distance of one mile and it will not harm the eyes of an observer at distances of over ten feet from the light source.
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Highest V.I.f. Radio Tower. (Right) The Navy has raised the
highest man -made structure in the Southern Hemisphere to
improve communications to the Fleet in Far Eastern waters.
Standing 21 feet taller than the Empire State Building (without its TV tower), the tower is a 1271 -ft structure. The installation is at North West Cape, an extremely remote and
desolate area in Australia. Feeding the giant tower is a one
million -watt radio transmitter operating on the v.l.f. band.
-

Electronics Measures Golf Drives. (Center) For the first time
in any golf tournament, electronic precision measuring instruments were used recently at the Westchester (N. Y.) Classic
to determine the exact length of drives of the competing
players. Drive distance was measured within inches by transmission of microwave energy between master and remote
stations that were set up at several of the holes on the course.
The equipment used, manufactured by Tellurometer, provided
immediate readout of drive distances and these measurements were relayed by means of radio to the central scoreboard.
Computer-Drawn Color -TV Pictures. (Below right) These images of NASA's Lunar Modules and the Command & Service
Module do not exist -except in the memory of a computer.
Built for the Manned Spacecraft Center in Houston, the computer is fed numbers that describe mathematically the shape
and colors of an object. It then draws the object on a color -TV
screen. The viewer can "fly" around and inside the object
simply by manipulating an aircraft -type control stick. The
computer was designed and built by G -E, and it will be used
to evaluate control systems for rendezvous and docking. The
numbers that describe a particular scene are on tapes which
are read into the computer's memory initially and remain
there until deliberately erased or until a new tape is read in.
Since the "models" are only computer tapes, it is possible to
change from one simulation task to another in a matter of
seconds. Currently the device that generates the images is
ground- based. However, through the possible future use of
large -scale integrated circuits, it would appear feasible to
produce equipment for the cockpit of a plane or a spacecraft.
Modern Microwave Tower. (Below left) Neatly dressed in aluminum solar screening is this new microwave tower located
in downtown Columbus, Ohio. The Alcoa screening panels
conceal structural members of the local telephone company's 150 -foot antenna tower which is located atop the
company's nine -story office building. The structure is able to
withstand sustained winds of up to about 100 miles per hour.

35

This G -E tED is housed in modified TO -S case for direct mounting on o PC board.
Note the hemispherical lens shape of the light -emitting surface at top of case.

LIGHT -EMITTING DIODES

off
By DAVID L. HEISERMAN

These new semiconductors emit light directly from their "p-n" junctions.
They are beginning to be used in photoelectric circuits because of their
long life, resistance to shock and vibration, and transistor compatibility.
capable of emitting light from their p -n junctions are the latest addition to the expanding field of
optoelectronics. A cousin of the more exotic laser
D[ODES
diode, the light -emitting diode (LED) changes electrical
energy into light without going through the intermediate
thermal stage that typifies incandescent lamps.
Today, the LED is not only beginning to take over tasks
usually performed by small incandescent lamps, but it is
also making possible vast improvements upon circuits that
seem to have no obvious connection with photoelectric operations.

Theory of LED Operation
The quantum energy diagram for an LED is shown in
Fig. 1. About 1.4 volts applied in the forward direction will
add enough energy to the electrons in the n material to force
them "uphill" against the p-n junction potential. Once in
the p material, the electrons spontaneously lose their excess
energy and fall back down across the forbidden gap to the
hole conduction band. This electron -hole recombination in
the p material results in a burst of excess electron energy,
designated DE.
In silicon or germanium rectifier diodes, electrons in the
p material fall across the forbidden gap through an "indirect" path, and their AE is dissipated in the form of thermal energy. On the other hand, the special properties of
forward bias is applied to the LED,
electrons in the "n" material gain enough energy to move
"uphill" across the "p-n" junction. Once in the "p" material,
the electrons spontaneously lose their excess energy and
fall back across the forbidden gap to the hole conduction
band. This electron -hole recombination results in the emission
E.
of a photon with an amount of energy that is equal to
Fig. 1. When about 1.4 V
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LED materials, such as gallium arsenide, allow about ten
percent of the recombining electrons to fall through a "direct" path, and AE is discharged as a photon.
The wavelength of the emitted light from a direct semiconductor material can be determined by the equation:
A= ch /AE, where X is the wavelength of emitted light
energy, AE is the energy emitted by an electron -hole recombination, h is the Planck constant, and c is the speed of
light. This equation shows that the wavelength of light
emitted by an LED is inversely proportional to the energy
change at the instant of electron -hole recombination in the
p material.
For example, most GaAs LED's have a AE of about 1.37
electron -volts at room temperature. At the instant of electron -hole recombination, the device will emit light at a
wavelength of about 9000 A. This wavelength is in the near
infrared range of the light spectrum and falls, conveniently,
within the operating range of most cadmium sulphide light sensing devices.
General Electric, to cite another example, has developed
a gallium phosphide light -emitting diode with an energy
gap of 2.25 eV. With a AE nearly twice that of GaAs, its
output wavelength is on the order of 5500 A which is well
within the visible green region.

Spectral Bandwidth

&

Output Intensity

The examples given imply that the LED has a coherent
output frequency determined by a single value of DE. This,
however, is a highly idealized case -practical light-emitting
diodes, unlike their laser diode counterparts, emit a relatively broad spectrum of wavelengths. Fig. 2A shows the
spectral output of a typical infrared -emitting GaAs LED.
In this case, the diode's rated X peaks at about 9000 A, and
the spectral bandwidth between half -power points is about
200 A.
To date, the semiconductor industry has not developed
standard means of specifying the output intensity of its
light -emitting diodes. As a result, LED manufacturers list
all intensity specifications in terms of percentage of maximum light output.
Fig. 2B illustrates the nearly linear relationship between
the amount of forward current and relative light intensity.
This direct relationship can be explained by simply noting
that a change in the rate of electron flow through the p -n
junction will cause a corresponding change in the rate of
electron -hole recombinations within the p material.
Unfortunately, ambient temperature also influences LED
output light intensity. According to Fig. 2C, LED light out ELECTRONICS WORLD
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put decreases with an increasing ambient temperature. This
inverse effect is actually a reflection of the fact that the
efficiency of an LED decreases with increasing temperature.
At temperatures near absolute zero, nearly all recombining
electrons follow the direct, light- emitting path. As the tern perature increases, however, the system becomes more inefficient and a majority of the electrons drop across the
forbidden gap via the indirect, heat -producing path. An
LED operating at 25 °C has an efficiency rating of 4 to 6%.

LED Geometry & I -V Characteristics
It is inevitable that investigations into the new technology
of optoelectronics would lead to a study of optics as well as

electronics. Fig. 3A shows a cut-away diagram of a lightemitting diode. If light energy emitted from the p -n junction
strikes the semiconductor-to -air interface at an angle less
than 16° (with respect to the interface), the energy reflects
back into the n- material, contributing to the inefficiency of
the device. The hemispherical shape shown in Fig. 3A minimizes the interface problem.
This lens -like configuration also allows a photosensitive
device to respond to emitted light at angles up to 45 ° on
either side of the optical axis. Fig. 3B shows the output
intensity of an LED as a function of the angle from the
optical axis. LED's with narrower cones of light are also
available.
The forward I -V characteristics of an LED ( Fig. 3C) show
an unusually high forward voltage drop. Although not shown
on the I -V curve, the LED is peculiar in another respect

-

light output

of this diode fills a 45- degree radius cone.
Other diodes are available, however, that will fill only a
10- degree radius cone. (C) Forward I -V curve for an LED.
Device has high forward voltage drop. Although not shown on
this curve, the typical LED has peak reverse voltage of 2 V.
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LED Applications
Present -day applications of the light-emitting diode fall
into three general categories: (1) replacement of miniature
incandescent and gas -filled lamps, (2) transmission of modulated light signals over several inches of space, and (3)
coupling of electronic circuits with total electrical isolation.
As a replacement for incandescent lamps, the LED's
long life, high resistance to shock and vibration, and
direct compatibility with transistor circuitry make it an excellent source of light in computer and complex control systems.
The infrared diodes are especially useful for non -visual operations such as card and tape reading, encoding, and
character recognition.
The present position of incandescent and gas -filled lamps
in visual operations, such as numerical displays, seems to be
a safe one for the moment. Using arrays of red and green
light -emitting diodes, however, the electronics industry can
look forward to a new low-voltage light source that will eventually be less expensive and more reliable than today's visible light sources. Some of these are already available from
such companies as RCA and Monsanto.
Efficient high- frequency modulation of light has been an
engineer's dream for decades. The 50 -MHz response of the
LED makes it possible to transmit a number of multiplexed
audio and video signals to a
(Continued on page 67)
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it has a reverse breakdown potential of only 2 volts. Thus,
the light- emitting diode can be used as a source of light
energy, but can never be used as a rectifying element.

Fig. 3. (A) Physical configuration of an LED. The hemispherical shape reduces the chances of an emitted photon striking
the semiconductor -air interface at less than the critical
angle of 16 degrees. (B) Relative output intensity as function of "viewing" angle from the optical axis. The effective
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terize the laser diode. (B) There is a nearly linear relationship between the amount of light output and the forward
current. (C) Relative light output as function of the operating temperature. LED is more efficient at low temperature.

makes it unsuitable for optical operations that charac-

V'o.

0

OPERATING TEMPERATURE

(8)

Fig. 2. (Al Spectral output of GaAs light- emitting diode.
The LED's rated output wavelength is the wavelength at peak
power output at 25° C. The wide non -coherent output of the
LED
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Troubleshooting
NEW
COLOR

CHASSIS
By LARRY ALLEN

"Briefcase" packaging makes the new Motorola solid -state all -color chassis easy fo reach
for servicing. Plug -in modules are in warranty for year, can be exchanged when defective.

The new sets are easier to service and adjust, but
added features are increasing the complexity. Hence
the technician must keep up with the newest circuits.
SERVICING is a necessary part of the television business. Manufacturers have found out that, try as they
will, it is economically impossible to build a television
receiver that is failure-proof, or even nearly so. They and
their dealers have learned that when a new set can't be
used because of a breakdown that isn't repaired right away,
the incident causes that customer plus his friends, neighbors, and relatives to have a poor, and often vocal, opinion
of that brand. Like it or not, manufacturers have a growing
interest in making sure the buyers of their television receivers
have competent service available when, and if, it is needed.

Making the Job Easier
Competent color -TV technicians are long in demand and
short in supply. Because of this, service charges are rising,
a trend which has depressed color -set sales somewhat. In
most areas of the country, the price increase is justified, because it brings service -technician wages more into line with
those of other skilled trades. However, it does nothing to
change the average color -TV owner's basic dislike for service
calls.

There are two approaches to the color -TV servicing problem. One is to have better trained technicians. Better wages
in the field will go part of the way toward this since higher
caliber men will be attracted to television servicing. New
training programs by manufacturers, industry associations,
and forward -looking technical schools take further steps.
Better-trained men do a more thorough job, in less time.
This results, in the long run, in servicing costs that are
lower, and increased customer satisfaction.
A second approach to reducing service costs involves the
set itself. Many manufacturers are designing for reliability,
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hoping their color sets will need less service. At the same
time, they are trying to make their sets easier to service.
They try to make components more accessible and quicker
to test, chassis and cabinets easier to get into, and adjustment procedures faster and more certain. By continuous
effort, color-receiver manufacturers have come up with innovations that will make the servicing job easier and thus
less expensive.
Some examples of this trend to serviceability have appeared before this model season. One is the hinged vertical
chassis that swings out for easy access to both sides of the
chassis pan. Setchell Carlson has long used "unitized" chassis construction, which divides an entire color receiver
among six subchassis -low- voltage supply, horizontal sweep
and high voltage, vertical sweep, video and sync, i.f. and
sound, and color. This is the modular approach, and speeds
in -home troubleshooting provided the technician carries a
set of spare subchassis; the defective subchassis then has to be
mocked up in a jig at the television service shop for repair.

Solid -State Modular Color -TV
The 1968 model season saw more innovations in the direction of easy servicing. Motorola modularized its solid state color set (see "Solid-State for '68," page 42). The
entire chassis slips out at the front of the cabinet for quick
access and ten etched -circuit modules plug into the chassis.
Replacing a module board is simple; just pull it out and
plug in another. A board with a defect of any kind can be
exchanged for a good one at the nearest Motorola distributor, which makes it unnecessary for a service technician to
get involved in circuit troubleshooting at all. However, the
transistor circuitry in the receiver is not especially compliELECTRONICS WORLD
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cated and a good TV service technician will be able to repair the circuits himself after the one -year exchange warranty has expired.
The speed of this way of servicing depends, as it does
with the modular-subchassis arrangement, on the technician's carrying a stock of the plug -in modular boards with
him. This could represent a sizable investment, since modules are expected to be priced from about $6 (with a trade in board) to a high of $42 (without a trade -in) for the
horizontal-deflection module. Although the technician uses
little time in tracking down the faulty board and installing
a replacement, he may have to run to the distributor frequently for exchange boards so he'll have good ones for
the next day's calls. If he runs into two calls on the same
day that have trouble in the same board, he will either
have to have two boards with him or make a trip to the
distributor to pick up one before he can finish repairing
the set. That also means two trips to the customer's home,
and those trips are costly.
The real advantage in plug -in modular construction is
accessibility. The competent color technician may save time
in the long run by tracking down the faulty part in the first
place. If he does, he can unplug the module it is in and
replace the part conveniently -without trying to solder in
dark, unreachable corners. He may even develop the habit
of "pulling the module" to the shop for service rather than
lugging in a bulky chassis. A mockup chassis in the shop
could speed repairs of the etched -circuit modules. With this
kind of arrangement, a home -call technician need not be as
highly trained. Only the benchman needs to be versed in
circuit theory and the usual transistor-troubleshooting
techniques.
Whichever system of servicing wins out after the modular
color sets go out of warranty, the module idea is a sure bet
to cut servicing costs over the long haul. There are so many
ways to get the job done on them on a high -speed basis.
The added reliability of transistors and integrated circuits
is bound to be of help, too.

"The Servicing Position"
Manufacturers have taken more steps this season to make
home and shop servicing less strenuous and inconvenient.
As an example, early color sets were hard to converge
partly because the controls were so unhandy to reach. Then
one color-set maker put the controls up front, inside a soap dish-like recess. This wasn't a good location from an engineering viewpoint, although it was convenient, so the
problem was finally licked by making the convergence control panel detachable; it could be clipped into a convenient position for servicing and put away after adjustments were complete. The most recent arrangement places
the convergence panel up front again, but this time on a
separate subchassis instead of on the main chassis. You
simply remove the speaker panel (with speaker attached, on
some sets) and there's the convergence panel in a very
convenient location.
In the service shop, there are "servicing positions" for
many of the assemblies and subassemblies that accompany
a color chassis in its cabinet. These provisions speed servicing by making it more convenient to reach controls and
circuits during servicing and troubleshooting. In RCA color
receivers, the entire tuner mount is a separate assembly
that can be fastened in a servicing position, and the panel
containing the auxiliary operating controls has its own servicing position. Watch for these innovations in modern color
sets; they make servicing easier and safer.

-

Troubleshooting Charts
To speed up servicing of its solid -state color receiver,
Motorola put together a small booklet that has charts that

point the way to quicker servicing. The chart takes you
step -by -step through a series of "yes /no" questions, telling
January, 1968

Convergence boards are moving up front. In this Zenith set,
lust snap the speaker panel out to give access to controls.

you what tests to make in order to answer the questions
listed.
The series of charts makes troubleshooting the Motorola
color set a single operation that requires only minimal training in electronics. The charts take the troubleshooter only
as far as which plug -in module holds the fault. It takes a
competent transistor -TV technician to proceed any further.
And there is the matter of color adjustments after the modular board is replaced; no neophyte can do the thorough
job that may be necessary if the set needs a full purity -andconvergence routine.
Be that as it may, troubleshooting charts are handy in
any servicing situation, particularly as a training device to
teach apprentice color technicians logical troubleshooting.
The charts can even be made more elaborate, to carry the
technician further down into the circuits and to the exact
part. Charts of this nature can be made for any television
receiver, and may be a handy tool for home -service technicians. The top technician in the shop can work out the
troubleshooting steps and put them into chart form for the
novices and apprentices. Just a few of these charts will
work for a large number of television models.

Solid -State Troubleshooting
With the advent of the Motorola color set, and with all
the other brands that are using transistors and integrated
circuits in increasing quantities, the successful technician
must develop his ability to troubleshoot solid -state devices.
Transistors have been around so long that most technicians
have learned how to service equipment using them. Integrated circuits are something else.
ELECTRONICS WORLD recently had a two -part article
(July and August 1967) that described how to troubleshoot
integrated circuits. The functional approach -that is, looking at the integrated circuit as a "block box" that performs
certain input- output functions-seems to be the most practical. As you can see from the diagram of Fig. 1, the integrated circuit is presented in this manner on the schematic
diagram, being represented by a pair of triangular symbols.
Since there is nothing you can repair inside an integrated
circuit, your tests have only to reveal whether the defect is
inside the IC or in one of the discrete components associated
with it. The two triangles in Fig. 1 are a single integrated
circuit, the combination sound i.f. /discriminator /preamp
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1. Integrated circuit in the
sound system of Motorola color set.
Once the rest of the audio stages
prove out okay, signal injection can
be used to check the audio part of
the IC. Alignment is also a good
over -all check of the i.f. and the
discriminator sections of the chip.

Fig.
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step forces the audio through one of the IC's diodes, but
does check the operation of the audio preamps inside the IC.
A modulated 4.5-MHz signal applied from your generator, first at terminal 5 and then between terminals 1 and 2,
will produce an audio sound in the speaker; from 1 and 2,
the signal is amplified by the IC and should be louder.
But, the usual generator signal is amplitude modulated and
is no check on how the discriminator is functioning. Instead, feed in an accurate 4.5 -MHz unmodulated signal (if
you don't have a 4.5 -MHz crystal oscillator, use the TV
station signal). Connect your v.t.v.m. to terminal 9; you
should read an approximate 0.7 volt there. With an alignment tool, turn the secondary slug of the discriminator coil
slightly in either direction. The voltage should change
sharply. If the change is quick, turn the slug slightly in the
other direction. The change should be quick that way too.
Turn the slug back to where you started, using the voltmeter to make sure you end up with the same reading you
had at the beginning.
Similar techniques work out well for other integrated
circuits. The automatic fine tuning circuit (Fig. 2) in RCA's
new CTC 30 chassis uses an integrated circuit. Troubleshooting it is approximately the same as with the one in Fig. 1. The
main difference is that the output of the a.f.t. integrated
circuit consists of two d.c. voltages instead of an audio output. An easy way to check action of the differential outputs
is to connect a v.o.m. between terminals 4 and 5 (past the
output resistors is best) The v.o.m. should read exactly
zero when a precise 45.75 -MHz signal is fed into terminals
6 and 7. Turning the slug in the secondary first one way
and then the other should result in sharp changes in differential voltage between the two output leads. Always leave
the slug set at zero meter reading. If the circuit action is
normal, then go through the regular alignment procedure
in the manufacturer's service data.
From these examples you can see that the simplest method of checking out an integrated circuit is indeed the
systems, or functional, approach. Just look at the entire
stage as an input -output device. Check its supply of power
and then apply the normal input and check for the proper
output. Usually this technique will reveal trouble in any
IC or in any component associated with it.
.

Integrated circuit in RCA CTC 30 automatic fine
tuning. Troubleshooting can be simplified by checking voltages in external circuit and aligning differential detector.
Fig. 2.
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Aligning A.F.T. Circuits
Since automatic fine tuning is so common in color sets
this season, familiarity with adjustment procedures for the
systems can save a lot of wasted time when one of them
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Fig. 3. Uncomplicated Zenith tuner- a.f.c. arrangement. The
same troubleshooting and alignment techniques apply to this.

that is becoming popular for television sound systems. The
external components consist of capacitors for bypassing
(decoupling) and frequency compensation, the discriminator transformer, some power -supply divider resistors, and
a zener diode. ( One integrated circuit of this type has a
built -in voltage regulator.)
Here is how you can test the circuit of Fig. 1. The tests
will reveal a faulty IC or trouble in the external circuit.
First, check the power-supply voltages at terminals 10 and
5; both should equal the zener breakdown voltage of diode
Dl. If the voltage is low at terminal 5, the primary of the
transformer is obviously open. With the audio signal generator, apply a signal to terminal 9, to make sure that the
transistor stages that follow are functioning; you should
hear the audio note in the speaker. Apply the same signal
to terminal 6; it should be louder at the speaker. This last
40

needs realignment.
Take for example, the Zenith system in Fig. 3, a system
that is very simple. Zenith calls its system "tuner a.f.c."
instead of a.f.t. Here is how you can align it without any
complicated sweep -alignment procedures:
1. Turn the tuner-a.f.c. switch to "off".
2. Tune in a program.
3. Turn the a.f.c. switch back on.
4. Disconnect the a.f.c. output lead (usually white).
5. Connect your v.t.v.m. to the a.f.c. output terminal.
6. Adjust the fine tuning toward the "sound" end of its
rotation, until you get maximum negative d.c. voltage.
7. Adjust input coil Ll for maximum reading on the
v.t.v.m.
8. Switch the v.t.v.m. to read positive d.c. voltage.
9. Turn the fine tuning to the opposite end of its rotation, until you get maximum positive d.c. voltage.
10. Adjust the bottom slug (primary) of discriminator
transformer Ti for maximum positive d.c. voltage.
11. Disconnect the meter and reconnect the a.f.c. output
lead.
12. Turn the a.f.c. switch "off".
13. Fine tune a program as correctly as you can.
14. Turn the a.f.c. switch on again, and notice if there is
(Continued on page 84)
any pull -in effect.
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Here are the main innovations in the new models. Transistors and
IC's, modular design, new a.f.t. circuits and remote controls, and
a 3 -gun Chromatron picture tube are some of the items described.
FACH new model year brings a rash of new developments that require service technicians to stay on their
toes if they are to do an intelligent job of servicing
when the sets develop their share of technical troubles later.
In addition, engineers from each company's consumer -electronics division want to know what the competition is doing.
Here, rounded up for your convenience,
are the chief innovations you'll find in
the early 1968 models of color- televi-

with automatic fine tuning systems-those devices which assure the color viewer precise fine tuning at all times.
One of the bugaboos of color has been the difficulty some
viewers have in fine -tuning each channel. If the tuner isn't
adjusted accurately, the color burst may be lost and the
viewer thinks the color circuits in his receiver have quit
47
NPO

sion receivers.

Although there are many new circuits, and improvements in old ones,
the principal news this season lies in
four areas: automatic fine tuning (a.f.t.) ,
now available on dozens of models; remote controls, now more sophisticated
and certainly more popular on all models than ever before; integrated circuits
and transistors, seldom used before in
color sets; and the long -talked -about
Chromatron, expected in a single -gun
version but appearing with three guns.
All of these features have received unusual attention in the 1968 line of color
sets. Many set-makers have simply improved past circuits, but there are
enough new designs to justify special
attention to these details.

Automatic Fine Tuning
It isn't easy to decide whether it is
a.f.t. or integrated circuits that is attracting the most attention and which
will be the more popular among buyers.
In any case, we'll begin the discussion
Magnavox tube -type automat:cfine- tuning control circuit is the forerunner of many solid -stale systems that are
used in various 1968 color -TV receivers.
Fig.
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Fig. 2. Zenith transistor u.h.f. tuner with Varicap for automatic
frequency control. The bias for the fine- tuning diode comes from
the control circuit; it is the discrimina'or's "resting" voltage.
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working. Manufacturers have tried for years to get technicians to instruct color-set owners properly and have furnished
instructive brochures with each set, but the problem has
persisted.
A couple of years ago Magnavox added an automatic frequency control circuit to one of its chassis and applied the
correction voltage to the tuner oscillator. A few other manufacturers soon did the same, but 1968 is the first model year
in which automatic fine tuning (as tuner a.f.c. has come to
be called) is included in most color -TV receivers. Automatic fine tuning is still confined to the higher priced models because of its extra cost, but most major brands have at
least one chassis with a.f.t. included.
The circuit isn't really anything to get excited about, at
least in terms of complexity. The system used in Magnavox
color receivers is shown in Fig. 1, an amplifier tube and a
pair of semiconductor diodes. This one is not new, but will
serve to introduce you to a.f.t. methods. The input tuned
circuit is peaked at 45.75 MHz ( the picture i.f.) and receives a healthy signal at this frequency from the third
video i.f. of the receiver. The 6BA6 tube .amplifies the 45.75 MHz signal and applies it to the discriminator diodes. When
the signal from the tuner is exactly at 45.75 MHz, which
means the tuner oscillator is right on frequency, there is no
output from the discriminator. If the tuner oscillator shifts
frequency for any reason, a correction voltage is developed
in the discriminator and returned from point A to the
tuners.
The oscillator portion of both tuners is also shown in Fig.
1, along with the automatic-fine -tuning diodes and their
biasing networks. Notice particularly the v.h.f. oscillator.
Resistors R1 and R2 divide the 135 -volt supply in a 100:1

SOLID -STATE FOR '68
both. the u.h.f. tuner, in addition, is a slide -rule type that is pushbutton controlled, very much like in o car radio (the manner of setting
the push- buttons is the same, too). With a.f.t., the push- button u.h.f.
tuner is quite practical.
Some of Motorola's new circuits may be unfamiliar. For example,
following the video detector is a transistor called the video detector
output amplifier. This emitter -follower provides power gain to drive the
season.
low- impedance first video and first color amplifiers.
When the company said solid- state, they meant solid -state. The only
Three diode pairs are used in the color demodulator circuit. The
tubes in the Motorola TS -915 and TS-919 chassis ore a high -voltage rectidelayed Y signal is fed to oll of them from the second video amp, in
fier and the picture tube. There are 62 transistors, 28 diodes, and one
parallel with the chrome signal from the secintegrated circuit. That's solid -state!
ond color i.f. amp (Motorola's name for the
Motorola's new solid -state cot Motorola really fired its big guns with the
bandpass amplifier). The 3.58 -MHz reference
or television chassis is packed
solid -state model. The fact that it is solid together so it could fit into
c.w. signol is fed directly to the green destate is only part of the news. For one thing,
a large briefcase. Ten etched
modulator, is shifted -90° for the blue deit is the first TV chassis of any kind to use
circuit boards plug into the
modulator by a coil and +90° for the red
plug -in modular construction throughout. Ten
main chassis. They are easy to
demodulator by a capacitor. After demoduetched -circuit boards plug into the main chasremove for replacement or for
lotion, each color is fed through two stages
sis. Even the power -supply section can be
conventional testing and repair.
of transistor amplification to the cathodes of
removed from the rest of the chassis, which
the picture tube.
serves mostly for interconnection and for
An automatic brightness limiter (a.b.I.) cirmounting transformers and other heavy parts.
cuit controls beam current in the picture tube.
Something else new is the sliding potentiFocus voltage varies with beam current in this
ometers used for the volume, brightness, conchassis, and its changes ore sensed by a contrast, intensity (color), and hue controls. Simitrol transistor and developed into an emitter
lar in construction and operation to those
bias for all three video driver transistors. The
used in modern broadcast- station control condriver and output transistors are d.c.- coupled
soles, they are provided with number scales
to the picture -tube cathodes so their conducfor resetting to previous adjustments.
tion controls picture -tube conduction. The
A round control marked "Tint" may be misa.b.l. circuit also protects the horizontal outleading, since this label is used for the color put transistors in a roundabout way: It keeps
phase control in some color sets. In the Mothe beam current from overloading the high torola it is a shading control that affects gray
voltage and flyback circuit which would overscale; the color -phase control is labeled
load the transistors.
"Hue ". The "on -off" switch is a push- button
in the upper right -hand corner.
Solid -State Prototypes
Practically all modern color sets use trano week of the Motorola solid -state
Within
sistor u.h.f. tuners, but not many use transistor
debut, Sony made public its prototype of an
v.h.f. tuners; the Motorolo uses transistors in
EVERYONE expected it, but there were plenty of conflicting opinions
about when. It shouldn't have been any big surprise, then, when
Motorola first unveiled its new pride and ¡oy for 1968 -an all- solidstate color television receiver (see cover). It hod to be a surprise to
those who were predicting 1969 or 1970 for a solid -state color set.
Nevertheless, here it is, and it is the big news for the 1968 color-TV
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ratio. The 1.35 volts is applied to the cathode of the
a.f.t. diode by R3. The a.f.t. diode is a varactor-a voltagedependent capacitor- acting in series with the 6.8 -pF NPO
capacitor across channel-tuning coil L1. The correction
voltage from point A in the a.f.t. circuit is applied through
the 27 -k resistor to the anode of the a.f.t. diode. As you can
see, the capacitance of the varactor is determined by the
difference between the reference, or bias, voltage from R3
and the correction voltage from the a.f.t. discriminator.
Normally, the correction voltage is zero volts. The voltage
across the varactor diode is 1.35 V. Suppose the tuner oscillator drifts lower. The i.f. is lowered and a slight negative
correction voltage appears at point A, say -0.8 volt. This
negative voltage, being on the anode of the diode, makes
the difference across the diode rise to 2.15 volts. Capacitance is reduced, the frequency of the oscillator is raised,
and the i.f. is raised to normal. An upward shift in oscillator
frequency produces a positive correction voltage that reduces the voltage across the diode. Capacitance increases
and oscillator frequency is lowered to normal. The a.f.t.
correction voltage is also applied to the u.h.f. tuner, so it
will control that oscillator.
The u.h.f. tuners in almost all color receivers are now
transistor types. Another typical one is shown in Fig. 2, a
Zenith u.h.f. tuner with a.f.t. The varactor diode ( Varicap) in this particular tuner is biased by the "resting" voltage from the a.f.t. control circuit. Shifts in oscillator frequency change the i.f. and are detected by a discriminator,
as in all a.f.t. systems. The output voltage of the discriminator raises or lowers the 3 -volt nominal output, according
to the oscillator shift. The Varicap is a part of a tuned circuit formed by Cl, L1, and C2. Its capacitance varies with
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all- solid -state color set using a special three -gun Chromatron picture
tube. (More about this receiver on page 45.) Within a month, two
other prototype solid -state color receivers have been unveiled, one
by Fairchild Semiconductor and another by Texas Instruments. Both
companies built their display sets as a means of demonstrating to the
industry the feasibility of solid -state color receivers. Thanks to Motorola, feasibility was already proven.

manufacturer, Amperex, has developed a horizontal output transistor
that can work in a circuit (also of Amperex design) without o damper
diode. The same company has a vertical output transistor, and o solid state high -voltage rectifier that will work at up to 27 kV- plenty for
color -TV. About all that remains now is for someone to develop a solid state color picture tube.
A lot of talk has gone around about a tuner that does away with
Nevertheless, there were some interesting innovations in the Fairbulky ganged switches and drums presently used. Telefunken has a
child and TI demonstration sets. The Texas Instruments receiver used
prototype u.h.f.- v.h.f. tuner that uses special varactor diodes to tune
tubes in some circuits, special new TI transistors in others, and one TI
the TV bands, and a set of switching diodes to change from v.h.f. to
thick -film integrated circuit. The bipolar transistor v.h.f. tuner and i.f.
u.h.f. The entire u.h.f. and v.h.f. bands can be tuned with less than a
strip achieved high gain with a very low noise figure and freedom from
dozen push -buttons and a ganged potentiometer (for fine tuning).
cross -modulation. This design seems well suited to fringe -area recepThere is heavy emphasis in 1968 on integrated circuits. Most of the
tion. The a.g.c. circuit used planar silicon
leaders are concentrating on monolithic
transistors and a special sync separator used
Front panel of new Motorola
types. Companies include Amperex, Fairchild
an epitaxial type. The HC 1001 hybrid (thick solid -state set. Slider -type conSemiconductor, General Electric, Motorola,
film) integrated circuit served as sound i.f.
trols are a major feature, but
Philco -Ford, RCA, and Westinghouse. Texas
amplifier, FM detector, and two -stoge audio
push- button u.h.f. tuning is
Instruments is also working heavily on hybrid
something
new, too. The latter
preamp; it was followed by a TIP27 audio
types -they feel thick-film modules are a fastwouldn't
be possible without
output transistor.
er way to inexpensive, consumer-type inteautomatic frequency control
The Fairchild color receiver used semicongrated circuits. All will be announcing new
in transistorized u.h.f. tuner.
ductors throughout the video i.f., sound syscircuits for color -TV regularly.
tem, and chroma section. The sound system
The next big step in color television is unused a µA717 integrated circuit and the chrodoubtedly an all -IC receiver. Who will come
ma section a µA703E IC. Both IC's are monoup with that? And how soon'?
lithic types. The use of transistors in the color
After the manufacturers get this set in prodemodulator arrangement was so efficient
duction some time in the future, we can exthat only one additional stage of R,G, and B
pect to see concentrated work on a solid amplification was needed to drive a 19EYP22
state color picture tube. Quite a bit of
picture tube. The entire solid -state section of
work is now going on in the laboratories to
the Fairchild color receiver seemed surprisdevelop solid -state monochrome display deingly uncomplicated -a feeling duplicated
vices. Most of these have been for military
when you examine a full schematic of the TI
use, particularly in locations where there
prototype or of the Motorola solid -state set.
is very limited
space, as in aircraft or
space vehicles. Problems so far have inMore Solid Sfata Parts Coming
cluded insufficient brightness and inadeThe difficult sections in solid -state TV sets
quate resolution. Once these problems have
of any kind are still the deflection and high been solved, a full -color display would be
voltage stages. All the semiconductor manuthe next step. So, our color set of the future
facturers are working toward more dependmay be a large flat panel, with built-in IC's,
able high -voltage, high -current devices. One
that can be hung on the wall like a picture.
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Fig. 6. Integrated circuits in color -set

a.f.t. control circuits.

a.f.t. voltage and thus controls frequency in the transistor
oscillator.
The Zenith a.f.t. control circuit is typical of several in this
year's color receivers. General Electric, Motorola, RCA, and
Sylvania all have transistor a.f.t. control circuits. They vary
in the way they do the job, but are essentially the same in
intent and purpose.
Fig. 3 shows block diagrams of the four mentioned, from
which you can see the principal differences. The Motorola
represents the main departure among transistor systems,
because of its tuning indicator. The RCA system is interesting because it uses the junction capacitance of a transistor for frequency control in the v.h.f. tuner instead of a
varactor.
The simplified diagram in Fig. 4A shows the important
operating parts of the RCA system used in the CTC -28
chassis. The a.f.t. control circuit uses a d.c. amplifier following the discriminator. The important difference is in the
KRK -131 v.h.f. tuner (Fig. 4B) which has a new way of
controlling oscillator frequency (the RCA u.h.f. tuner this
year uses a regular Varicap diode). In series across the
v.h.f. oscillator tuning coil are two 5 -pF capacitors and the
base -collector junction of the p -n -p transistor. It is the
capacitance of that junction which is varied by the correction voltage from the d.c. amplifier in the a.f.t. control
system.
The emitter of the oscillator -control transistor in the
tuner is held at 5 volts by a reference voltage from the
a.f.t. discriminator circuit. The correction voltage at the collector of the d.c. amplifier is also 5 volts, when the oscillator
is exactly on frequency and the i.f. is correct.
When oscillator frequency shifts, the correction voltage
rises or falls. If it rises, caused by a downward oscillator
shift, the collector of the oscillator -control transistor becomes
more positive -the wrong condition for a p -n -p transistor.
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The control transistor is effectively backward-biased and its
junction capacitance is lower. Less capacitance in the oscillator tuned circuit makes the frequency go back up to
normal. The a.f.t.-defeat switch shorts the correction line to
the reference line, thus holding the control transistor at a
fixed zero bias. In that condition, the set's regular fine- tuning
knob has control of the oscillator frequency.
The Motorola a.f.t. system is called "Fine- Tuning Lock"
(FTL) and includes an indicator (FTI) to show the viewer
when fine tuning needs manual adjustment. Many Motorola
sets not equipped with the a.f.t. system have the indicator
anyway, to aid manual tuning. The combined system is
shown in Fig. 5. You already saw in Fig. 3 how the two
sections interrelate, but a little more detail is in order, particularly since the Motorola system controls a transistor
v.h.f. tuner.
The input, as usual, is from the third i.f. amplifier. The
emitter follower, Q1, feeds the signal to both a driver transistor, Q2, and a tuning -indicator detector transistor, Q3.
For a.f.t. action, Q2 drives the discriminator, which is adjusted for a center frequency of 45.75 MHz-the correct
picture i.f. If the oscillator drifts, an incorrect i.f. is produced
and the discriminator develops a correcting voltage to send
to the tuner.
Meanwhile, a high -"Q" tuned circuit in the base-emitter
circuit of Q3, peaked at 45.75 MHz, couples the correct i.f.
signal to Q3 very efficiently. If the i.f. signal isn't exactly
45.75 MHz, the signal fed to Q3 is cut down drastically.
The base -emitter junction rectifies the correct signal and
feeds a strong biasing d.c. voltage to the base of Q4. That
transistor, heavily forward-biased, acts as a short across the
lamp and prevents it from glowing. If the i.f. shifts, because the oscillator is no longer held at correct frequency by
the a.f.t. control circuit, less of the signal is available to be
rectified by Q3. The bias on Q4 is reduced and the short is
removed from the lamp. Its glow is a sign to the viewer
that the set needs to be fine-tuned. Since the a.f.t. pull -in
range is fairly narrow, as most are, the receiver has to be
fine -tuned manually to almost the correct frequency. The
indicator helps.
Newest among the a.f.t. circuits, and most advanced as
far as industry technology is concerned, are the integratedcircuit systems. Basically, they are IC adaptations of designs already shown. Fig. 6 shows them in block form. The
Clairtone uses a d.c. amplifier to gain a wider range of control voltage. The RCA system has one major variation: It
uses a differential d.c. amplifier at the output and thus
comes up with two correction voltages.
You can understand the two -output system a little easier
if you refer back to Fig. 4. Notice that there are two points
for feeding voltage to the oscillator-control transistor. One
is labeled "Ref. ". In the single -ended control system already
described, a fixed voltage is applied at the reference input.
The bias for the transistor is determined by which direction
and how far the control voltage (the other input) varies
from the 5 volts nominal. Thus, it is the difference between
the two that really controls the oscillator frequency. The
two outputs of the differential amplifier are at the same
potential when the a.f.t. system senses that the oscillator is
on- frequency. When the frequency drifts, the a.f.t. system
develops -via the differential amplifier-a pair of voltages
whose difference and relative polarity depend on the amount
and direction of frequency shift. The result is a system that
is even more sensitive to changes than the single -ended system, and which will pull the tuning back on- frequency over
a wider range of error.
There are other a.f.t. systems, but those shown are representative of what you will encounter in the 1968 line of
color sets. You will, however, run into a few receivers besides Motorola that have tuning indicators of one kind or
another. These include Andrea, General Electric, Philco,
and Setchell Carlson. Tuning indicators are not new with
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these brands, but they are one of the 1968 features that
are making it easier for the viewer to obtain a good color
picture.
(Editor's Note: In one color receiver, made by Westinghouse, the picture tube is used as a tuning indicator. Two
vertical bars appear on the screen when the set is mistuned.
The user simply manually fine -tunes the receiver until the
two bars coincide, then depresses a switch to remove the
bars. For details, see p. 68 of last month's issue.)
Remote Controls for Color
The general method of remotely controlling color -TV receivers is much the same as has been used for years with
black- and -white. A series of tones are produced by a handheld transmitter which contains a battery- operated ultrasonic oscillator. Buttons on the transmitter select the tone
to be sent via the transmitter's transducer. In the remote controlled TV set, a microphone picks up the tones and
feeds them to a special receiver that amplifies them and
applies them to a selective group of tuned circuits. The
tuned circuit that is resonant to the particular tone being
transmitted applies the tone signal to a transistor detector,
which in turn operates a relay; this, in turn, activates the
control function.
As a quick example: The viewer pushes the button
marked "Color Up" on the transmitter. If the system is an
RCA, a 44.75 -kHz tone is transmitted ( see Table 1 for the
tones in various systems) The receiver microphone picks up
the tone and sends it to an amplifier. It is then fed to all the
tuned circuits, but only the 44.75-kHz tuned circuit can
pass this particular tone on to its detector transistor. The
transistor activates a relay, which connects power to the
clockwise lead of the color- control motor. The color control
is turned up.
Color receivers need more elaborate remote-control systems than black- and -white receivers do, because hue and
color saturation are extra controls to be turned. The most
elaborate system this season, and the most advanced technologically, is the RCA 8- function system. Since it is the
most elaborate unit, an explanation of its operation will
apply to most other systems.
The remote-control chassis employs an integrated- circuit
.

Admiral Motorola
6 -tone
3-tone

RCA
7

RCA

-tone 8 -tone

Sylvania
7 -tone

Zenith
4 -tone

Volume "Up"

42.5

41.5

43.25

43.25

37.25

37.75

Volume "Down"

42.5

40.0-

38.75

38.75

38.75

38.75'*

Color "Up"

41.0
39.5

---

44.75

Color "Down"

Tint Red (CCW)

36.5

Tint Green (CW)

38.0

V.H.F. Channel

35.0

U.H.F. Channel

--

44.75

43.25

37.25 37.25

40.25

---

38.5*

35.75

35.75

44.75

40.25 **

41.5*

34.25

34.25

35.75

41.25 **

38.5

40.25

40.25

41.25

41.25(up)

--

--

41.75

--

40.25(down)

`40.0 mutes sound and act'vates hue controls. ''38.75 mutes sound and
activates hue controls in place of channel change.
Table 1. Listing of remote-control tones (frequencies in kHz).

preamp. The microphone picks up whatever tone is sent
by the transmitter. The preamp builds it up and it is fed to
the tuned selector circuits. All eight tuned circuits are in
parallel, so any tone is fed to all of them. Only one tuned
circuit is resonant to any one tone, however, so only one of
the eight detector transistors receives the tone. The d.c.
output of that detector transistor is filtered by a 10 -AF
electrolytic capacitor and fed to the relay, which then actuates the appropriate control motor in the TV set.
For a remote -control system like the RCA, several special
motors are needed. The volume control, which also contains the "on -off" switch, is driven by a two- directional
motor. So are the tint control and the color control. The
v.h.f.- channel selector is operated by a unidirectional motor,
as is the u.h.f.- channel selector on this particular model
(which has a detented u.h.f. tuner). This model is the only
one that uses a driving motor for the u.h.f. tuner.
One less function is needed by the 7 -tone RCA and Sylvania systems, since no u.h.f. motor is used. You can figure
this out from Table 1. Both systems use preamps with
several transistors and a detector transistor for each tone.
The Admiral 6 -tone system is (Continued on page 72)

"CHROMATRON -íc" SURPRISE
FOR many months in Japan there hos been
talk of o solid -state color receiver for the
U.S. market. American engineers had kicked
the idea around and decided there was o
strong possibility it would use either the Color netron picture tube that had already been introduced in a 9 -inch color set in Japan, or
the Chromatron, o single -gun version of the

Lawrence tube, which Fairchild Semiconductor
had already built into a transistorized prototype. Instead, when the Japanese prototype
was introduced a few months ago, it turned out
to be an all- transistor model built around a
three -gun version of the Chromatron.
If you remember your Chromatron theory, you
know that the Chromatron does away with the
shadow mask and dotted phosphor, and depends instead on vertical stripes of colored
phosphor. The beam that sweeps back and forth
across them is sequentially switched so that
only R color information gets to the red stripes,
G to the green stripes, and B to the blue. This

Only 8 x 10 x 13 inches in size,
this 7 -in picture tube Sony color set is solid -state and produces very bright color picture.
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arrangement eliminates convergence circuitry,
the shadow mask which requires frequent degaussing, and the need for three separate
beams.

The Chromatron used in the new Sony color
receiver has three color guns, but uses them to

form one beam. That beam is switched at a
3.58 -MHz rate which offsets it just at the moment it crosses each stripe, so that the beam
strikes and activates only the colors contained
in the chroma signal. There is greater light output from the Chromatron phosphors, at least
double the output from typical shadow -mask
phosphors. Beam efficiency is claimed to be
80% compared with 15% for the shadow -mask
tube (recent new phosphors in American tubes
may hove slightly higher efficiencies).
We saw the Sony color- receiver prototype in
operation. The picture was indeed bright and
in colors that were very true even though the
set was displayed in a room that was bright with
fluorescent lighting. If the Chromatron picture
has a slight bluish tinge, it could be blamed on
the color temperature of the room lighting.
As for as the viewer is concerned, operation
is the same as a shadow -mask set. There are
only two color controls -hue and saturation. In
all other respects, the little set looks and acts
just as any 7 -inch portable color receiver would
(the smallest U.S. set is G -E's 11 -inch model).
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Medical

Instrumentation
Systems
By

Intensive -care monitoring unit permits continuous monitoring of patients'
blood pressure, respiration, electrocardiograms, and electroencephalograms.

JOSEPH H. WUJEK, Jr.

How electronics is helping medicine in the areas of diagnosis and patient
monitoring, in therapeutic systems, and for important biomedical research.
THE birth of medical electronics may be said to have
occurred before the birth of electronics itself-for
in 1895 Roéntgen discovered x-rays, predating by
more than ten years DeForest's invention of the triode
vacuum tube. In the intervening years, medical electronics
has tended to lag behind developments in other areas of
electronics. But the last decade has seen a closing of the gap
between electronics instrumentation in general and the application of these systems to the medical art. In this article
we'll take a look at some of the instrumentation systems
presently finding application in medicine -systems which
have long existed in industrial practice but whose use in
medicine has been more recent, as well as systems developed expressly for medical research.
1. Peak heart rates of astronauts during launch, reentry.
Compare these with the normal adult rates of about 70 beats /min.

Table

GEMINI
MISSION

PEAKS RATES DURING
LAUNCH (beats /min)

PEAKS RATES DURING
REENTRY (beats /min)

3

152
120

165
130

4

148
128

140
125

5

148
155

170
178

6 -A

125
150

125
140

7

152
125

180
134

8

138
120

130
90

9 -P

142
120

160
126

10

120
125

110
90

11

166
154

120
117

12

136
110

142
137

Normal rates about 70 beats /min.
Data courtesy NASA Manned Space Flight Center, Houston.
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We can begin by classifying these instruments in three
general categories. Some areas overlap, but they furnish
broad guidelines in helping us understand the principal function of the instrument system. These categories are: 1. diagnostic/patient monitoring systems; 2. therapeutic systems;
and 3. biomedical research systems.

Diagnostic /Patient -Monitoring Systems
As the name implies, diagnostic systems are those systems which assist the doctor in diagnosing or determining
the nature of the patient's ailment. The x -ray is a familiar
example of a diagnostic tool, enabling the physician to observe bone fractures, ulcers, ingested foreign bodies, and
the like.
Perhaps less well known is the electrocardiograph ( ECG
or EKG) for heart -signal measurements and the electroencephalograph (EEG) for signals produced by the brain.
These systems are basically low- noise, high -gain amplifiers
with read -out via strip -chart recorder and /or oscilloscope.
Signals are derived from electrodes attached to the patient
by a conductive paste or as is sometimes the case with the
EEG, by needle-like electrodes implanted in the scalp.
The resultant signals picked up by the brain electrodes
are on the order of 10 to 100 µV on the surface of the scalp
and about 50 to 100 µV on the surface of the brain. Heart
signals may have somewhat greater amplitude. High amplifier gain and low noise are important. Equally important is
the means for rejecting common-mode signals, that is, signals which appear in -phase on both signal lines simultaneously. A differential amplifier is generally used for the
input stage, amplifying the algebraic difference of signals as
they appear on the input lines. Bandwidth requirements are
not severe although low- frequency response should be good.
Generally speaking, a passband of from d.c. or a fraction of
one hertz to several kilohertz is adequate for research instruments while many clinical instruments do not cover
frequencies much beyond 40 to 60 Hz.
The records obtained by ECG and EEG furnish the medical analyst with a means of comparing the patient's response
to that of a known healthy specimen. These systems are
capable of detecting a wide variety of heart or brain disorders which cannot be detected by other means.
We are all familiar with the bulb and arm-band method
used by physicians in recording blood pressure. In some
cases this method is being superseded by electronic techniques. For long -term monitoring of blood pressure, as during surgery or in an intensive -care unit, a small transducer
ELECTRONICS
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may be implanted in the patient. The transducer output is
then amplified and displayed on an oscilloscope or strip chart recorder. Similar probes can be attached to the patient to monitor pulse and respiration rate, while a temperature probe can be used to measure body temperature. This
data is then transmitted to a central console where a nurse
can oversee the condition of several patients simultaneously.
The central console may also incorporate a warning system
so that if any of the patient's parameters go beyond preset
limits an alarm is activated. While rather impersonal as
compared to the bedside nurse used in intensive -care cases,
the system allows closer monitoring of the patient's conchlion than was possible with traditional techniques. The system also permits better utilization of manpower, since one
attendant may monitor the needs of several patients, depending on the seriousness of the particular patient's condition.
An important application of patient monitoring occurs
each time a manned space flight mission is carried out. By
means of a telemetry link, the important physiological
parameters of the astronauts are monitored by an aerospace
medical team. The data thus acquired is at least as important as the engineering and scientific data gathered on
these missions. Clearly, there would be no future in having space systems capable of lifting a man to the moon if
the occupants of the spacecraft could not survive the physical rigors of the journey. Table 1 gives the results of monitoring the heart rates of the astronauts during each of the
Gemini missions, 3 to 12.

Therapeutic Systems
The x -ray machine, in addition to its use as a diagnostic
tool, is also useful in therapy. In particular, the x-ray is
used in the treatment of malignancies, although radioactive
sources have taken the place of, or supplemented, x -ray
therapy in many institutions. But x-ray therapy remains an
important technique in medicine.
The diathermy machine has long been used by physicians
to apply heat deep within the body. The instrument is
basically an r.f. power oscillator which can be directed to
focus its energy over a relatively small area. The resultant
heating of the area often proves beneficial in the treatment
of certain physical afflictions.
The ultrasonic machine is used to provide rapid massage
of muscle strains and similar injuries. A frequency, above
the audio range but well below the r.f. region, is applied to
a transducer which then couples sound ( sonic) energy to a
liquid medium or directly to the patient. These systems
are, in principle, not unlike the industrial ultrasonic cleaner. By observing differences in reflectivity of sonic energy
from tissues, other types of ultrasonic machines function as
diagnostic systems. The principle is similar to sonar.

Biomedical Research Systems
In this category we include electronic instruments commonly used in the field of medical and biological research
as well as instruments used in clinical laboratories.

Perhaps the most widely
used instruments in this category are the pH meter, the
titrator, and the blood -cell
counter. The pH meter measures the relative acidity or
base properties of body fluids.
The solution to be tested has
electrodes placed within it
and then the solution under
test is compared with a
known (reference) solution.
Different types of pH meters
exist, but most compare current flow in the sample with
that of the reference.
The electronic titrator is
Two electrodes are attached
used to prepare a solution of
to scalp of astronaut Frank
Borman to permit NASA
given pH. The titrator is simMedical officers to monitor his
ilar in principle to the pH
alertness during the flight.
meter, except that the information obtained is used to open and close valves to add
either acid or base to the solution.
The electronic cell counter is used to determine the number of red or white cells in a blood sample. The most common type of cell counter employs a light source and a
photomultiplier tube. The light is filtered, focused, and
then passed through the blood sample. The amount of light
which passes through the sample and reaches the photo multiplier tube is inversely proportional to the cell concentration. The instrument is calibrated by placing a sample
of known cell concentration in the light path.
Several other systems should be mentioned although not
clearly belonging to any of the general categories.
A dramatic development in recent years is the heart stimulator which consists of a low- frequency pulse oscillator
that supplies stimulus to the heart muscles, causing contractions, and hence pumping, of the heart. This device has
already proven itself as a lifesaver, and with future refinements will undoubtedly find ever -increasing application.
Related to the heart stimulator are the systems used to
bypass various organs during surgery or to periodically
serve in place of diseased or removed organs. For example,
the mechanical heart is used during open-heart surgery to
replace the patient's heart. The artificial kidney is called
upon to perform the kidney's function, with the patient reporting to the hospital periodically for this service. While
these machines are basically mechanical in nature, they
have an electronic feedback control system. The control unit
keeps fluid pressures, temperatures, flow rates, and other
system parameters within preset limits. In this manner the
electronic system functions as the "nervous system" while
the mechanical parts act as the muscles and tissues.
Of great use to medical researchers are the so-called
models of biological systems. These are mathematical in
nature and employ both analog and digital computers. By
devising a model of a particular (Continued on page 86)

The three main components of the

e.ectrocardiogram signal are shown
separately in these two displays in
order to enhance the amount of
information obtainable. At the left
is single -plane vs time portrayal of
the three components while in the
display at the right the three corn p3nents produce closed -loop patterns that appear to be at right
tingles to each other, generating
a
three -dimensional -like pattern.
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HIGH -VOLTAGE, HIGH -POWER

SEMICONDUCTORS
By JOSEPH H. WUJEK, Jr.

Description of some of the new solid -state devices having
breakdown voltages above 100 volts with power ratings in
tens of watts; current ratings in excess of tens of amps.

This high -powered SCR is one of many used to control speed of the rollers in a large steel rolling mill.

OVER the past decade we have experienced an enormous increase in the use of transistors for military,
industrial, and consumer electronics. In addition to
the popular broadcast -band transistor radio, we find transistors and, recently, integrated circuits being used in hi -fi,
television receivers, and communications systems. But it is
only within the past few years that high- voltage high-power
semiconductors have become available for these systems.
Largely due to economic considerations and partly to technological limitations, these devices were not widely used.
More recently, however, significant improvements in the
area of high- voltage and /or high -power semiconductor technology have been achieved, while maintaining low cost as
an objective. This article will describe some of these new
devices and cite examples of applications. For our purposes,
"high voltage" means devices having breakdown voltages
above 100 volts, while "high power" will mean those devices capable of dissipating at least tens of watts and /or
having current ratings in excess of tens of amperes. Many
devices will satisfy all of these requirements.

The State of the Art
Rectifiers: By paralleling units between heat -sink plates,
the current -carrying capability of silicon rectifiers can be
increased substantially over single -unit operation. Some of
these assemblies also use water cooling to improve heat
transfer efficiency.
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The Motorola MR 1290 -1297 series are water -cooled assemblies capable of 1000 -ampere continuous currents, with
peak, non- repetitive surge current ratings of 18,000 amps,
(% cycle at 60 Hz). These units are available with d.c.
blocking voltage ratings of up to 400 volts. With adequate
cooling, these devices can be operated at up to 1500 amps
continuous current. At 1000 amperes the forward voltage
drop (case temperature of 150 °C) is specified at 0.4 volt
maximum.
Among single -chip rectifiers, the General Electric A296
series is typical of available high -current devices. With an
average current rating of 500 amps and peak reverse voltage
up to 1800 volts, these rectifiers find widespread use in industrial systems.
An example of what can be done by way of packaging is
the h.v. assembly by Microsemiconductor Corp. A voltage
multiplier is constructed by connecting capacitors and high voltage diodes together in a ladder-like configuration and
driving the input with an a.c. signal. Assemblies furnishing
an output voltage of several tens of kilovolts have been
fabricated by this method.
Transistors: Much of the development work in transistor
technology has been directed to the production of h.v. transistors at low cost. The market potential for transistors for
TV receiver high- voltage generation is providing much of
the impetus for this work.
The M.S. Transistor Corp. recently announced a series
of silicon diffused- junction devices having breakdown voltages as high as 1000 volts. Leakage currents at these voltage levels are on the order of 200 µA. Microsemiconductor
has published tentative specifications on a similar device.
Costs of these devices are presently in the tens of dollars (in
quantities less than 1000) but can be expected to decrease
as market volume increases.
In high- current transistors, Silicon Transistor Corp. has
developed a diffused- junction n -p -n device rated at 150 amps
collector current. Saturation voltage is specified at 1.5 volts
for a collector current of 100 amps with a base current of 15
amps. These units are available with breakdown voltages
of up to 150 volts. With heat-sinking maintaining the case
at 100 °C, up to 300 watts can be dissipated. A minimum
beta of 10 at a collector current of 100 A is specified.
Westinghouse has developed a silicon transistor rated at
250 amperes and 625 watts for a 75 °C case temperature.
With a collector voltage rating of 120 volts and a gain bandwidth product of 1 MHz, the device should be useful
for sub -microsecond switching and power amplification.
Motorola is supplying a 150 -ampere switch composed of
three p -n -p germanium transistors, packaged on a heat-sink
assembly. The unit is optionally available in an epoxy encapsulant. The three transistors are chosen for good characteristics matching and connected in parallel on the heat sink.
At the rated maximum collector current of 150 amperes and
a base current of 15 amps, the VCF.'(xat) is only 0.30 volt
maximum. Breakdown voltage (VcEO) of up to 75 volts may
be had.
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In addition to the transistors and firms already mentioned,
RCA, Delco, Bendix, and others can supply transistors with
collector current ratings in the tens of amperes range. In
general, the higher the current rating, the slower the device

In conventionally cooled SCR's, current -carrying capabilities of up to 400 amps r.m.s. may be had in devices pro-

duced by Westinghouse and General Electric. These units
are normally stud mounted, but in the lower current ranges
"press -fit" types are also available. Blocking voltages of between 800 and 1800 volts are obtainable, depending on the
maximum current rating of the device.
Along with the improvements in SCR technology has
come a drastic price reduction in unijunction transistors
(UJT). The UJT serves as a convenient means of triggering
SCR's. A simple UJT oscillator may be constructed with
only one UJT, a capacitor, and 2 or 3 resistors. The oscillator then provides trigger pulses for the SCR's. If isolation
is required between the UJT oscillator and associated control
circuitry, a low -cost pulse transformer may be used. Unijunction transistors suitable for SCR triggers may now be
purchased in small quantities for about one dollar. Production quantities (10,000 and up) are available at a cost of
50 cents each.

switching time and the narrower the gain-bandwidth product. This result is due to the longer base -emitter region required of high- current devices and the general increase in
size of the transistor chip. This increase in size yields higher
capacitance in the junction and longer carrier lifetimes,
hence an inherently slower device.
SCR's: The past few years have witnessed important developments in silicon controlled rectifiers. In particular, cost
of these devices has dropped steadily, while current -carrying
capabilities have been extended. The lower costs mean that
we can expect to see more SCR's designed into consumer
products as well as in industrial systems. In addition to the
already familiar use of SCR's as motor -speed controls and
lamp dimmers, SCR's are, or will be, used in electric ranges,
dishwashers, clothes dryers, washing machines, and furnace
temperature controls.
In some cases the use of SCR's will permit continuous
control, rather than the discrete switched control now widely used. A case in point is the electric range, where normally
only 4 or 5 heat ranges are available. Use of SCR's will
permit any setting between zero and very nearly 100% of
line voltage to be applied to the heating element. The oven
control can also regulate to closer limits, allowing more
precise temperature control. And because the mechanical
switching of high currents is eliminated, appliances should
have a longer useful life.
In high-current SCR's, General Electric is supplying the
industry with an a.c. switch capable of delivering 1200 amperes (r.m.s.) continuously. The switch consists of two
SCR's connected in inverse-parallel, with both gate leads
brought out to terminals. The unit is water -cooled and is
rated at 1800 volts continuous blocking voltage. The switch
can withstand a one-cycle surge (at a frequency of 60 Hz)
of 7000 amperes.

Silicon rectifiers are gradually replacing vacuum tubes
and motor /generator sets in a.c.-d.c. converter systems and
power supplies. An example of what can be done with
present -day devices is the power supply manufactured by
Westinghouse for the U.S. Information Agency transmitter
at Greenville, North Carolina. An existing vacuum -tube diode power supply was retrofitted with silicon diodes. The
supply is rated at 15 kV at 100 amperes, or 1.5 megawatts.
The solid -state supply operates over long periods without
replacement of diodes, unlike the earlier tube version. In
addition to the increased reliability afforded by the conversion to semiconductors, there are significant cost savings in
maintenance. The elimination of tube heater power supplies
and special cooling equipment previously required is also a
decided advantage.
The advantages of a.c. power in industry have long been
recognized, particularly in the ease with which different

High -voltage high -power silicon rectifier assembly is shown
here in a broadcast transmitter. Rated at 15 kV and 100 A,
system replaces vacuum -tube rectifiers in much less space.

Westinghouse 240 -ampere silicon rectifier which is designed
for 1000- to 2400 -volt applications. This rectifier is able
to withstand a single -cycle current surge of 4500 amperes.
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voltages may be generated by transformers. It is also true,
however, that in many industrial processes a d.c. motor is
more desirable as a prime mover than an a.c. motor. Hence,

rectification is required.
Originally, most rectification systems were motor /generator sets, where an a.c. motor is coupled to a shaft which
rotates a d.c. generator. These units were cumbersome and
required frequent inspection and maintenance, especially
bearings and brushes. Later on, ignitrons and thyratrons replaced many of the motor /generator installations. The use
of tubes was an improvement, but maintenance and replacement costs were still relatively high. Now, with high -power
semiconductor rectifiers available, these tubes are being
phased out in favor of the newer and more efficient solid state devices.
In the autumn of 1965 the Electro- Motive Div. of General Motors announced a new diesel -electric locomotive using

solid-state rectifiers. The diesel engine powers an alternator to
generate a.c. power. The a.c.-to -d.c. conversion is accomplished in order to take advantage of the excellent torque
characteristics of the d.c. motor, a prime consideration in
traction service.
Other important areas of application for power semiconductors are in static inverters and frequency changers. Inverters convert d.c. to a.c. and are used on most aircraft for this
purpose.
Frequency changers, as the name implies, convert the
frequency of a power system to a different frequency. A common use for frequency changers is in the conversion of standard 60-Hz commercial power to 400 Hz for use in standby
aircraft. While on the ground, the aircraft is serviced by a
standby vehicle which allows the on -board electronics to be
operated at 400 Hz instead of using the aircraft's battery/
inverter system. Inverters and frequency changers represent
important applications of power rectifiers, transistors, and
silicon controlled rectifiers.
The SCR, while replacing the ignitron and thyratron in
many designs, can also replace magnetic amplifiers and relays, as well as mechanical switches, in a wide variety of
systems. The SCR is finding ever increasing use, as indicated
by sales figures and projections released by the EIA. In 1966,
factory sales of SCR's totaled $46 million, while estimates
for 1968 and 1970 are $63 and $78 million, respectively.
Considering that SCR prices continue to drop as technology
improves and competition grows stiffer, the increases are all
the more significant.

What's Ahead in Power Semiconductors

General Electric

SCR

handles up to 235 A at up to 400 volts.

Motorola transistor switch has a minimum beta of 15 at a
maximum collector current of 150 A. The assembly is shown
in unencapsulated form along with an epoxy -molded version.
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One domain which has as yet remained untouched by
semiconductors is the high-power, linear- operation area of
electronics. Specifically, we do not now have transistors capable of delivering thousands of watts of power as required in
some communications systems. The vacuum tube continues
to be the only element which can furnish sufficient power in
the required frequency band to make possible long -range
radio communications. Using the communications techniques now in common practice (AM, FM, PCM, etc.)
semiconductors do not appear to offer a challenge to tubes
in the near future. However, feasible schemes may some
day be devised to allow pulse synthesis of an AM or FM carrier, which would alter the picture drastically. At present,
and in the foreseeable future, tubes appear to have a monopoly in the r.f. -power region below microwaves.
The automotive industry can well adapt high- voltage
high -power semiconductors to their products. Already, power rectifiers are used in the alternator /battery charging circuits of most automobiles. Somewhat prosaic elements, such
as the horn relay and starter solenoid, are vulnerable to replacement by power transistors and /or SCR's. The more
obvious use in ignition systems has already been exploited,
but can be improved by elimination of the mechanical
coupling between engine and ignition system. Other possible
automotive applications were discussed in several articles
which appeared in the May 1967 issue of this magazine.
Nearly twenty years have passed since William Shockley,
John Bardeen, and Walter Brattain announced their development of the point-contact and junction transistor. By 1956,
when the trio shared the Nobel Prize in physics, transistors
were beginning to phase out vacuum tubes in many applications. The years since then have witnessed rapid developments in the semiconductor field.
The next decade promises even more: new MOS and
junction integrated circuits, fabrication of large -scale integrated (LSI) arrays of fantastic complexity on a single chip,
circuits which operate at power dissipation levels in the
nanowatt regions, and faster and cheaper linear IC's. Power
semiconductors, too, will receive some measure of attention.
The years ahead will produce some even more startling
results.
A
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Photos of the scope traces produced with no modulation lr.f. only), 50- percent modulation, and 100 -percent modulation.

AMPLITUDE MODULATION
TESTER
By D. STEPHAN V' /Brookhaven National Laboratory

Design of novel instrument that operates directly off the transmitter
and produces an unusual CRT display of the percentage of modulation.
F you are involved in commercial, and especially marine,
communications, how often have you had problems in
measuring percentage of amplitude modulation of the
transmitter, especially when there was no a.c. power available?
The author has developed an instrument that operates on 6
or 12 volts d.c., is small in size, independent of voltage variation, reliable, and accurate. Also, it is able to measure amplitude modulation without opening the transmitter.
The device consists of two resonant -tuned circuits connected to a CRT as shown in Fig. 1A. A one-inch tube, such as
the 1CP1, is satisfactory for this application. One resonant
circuit is tuned to lead at the frequency of interest by 45
degrees and the second to lag by 45 degrees. The coils of the
tuned circuits are wound on a single form and are loosely
coupled to the transmitter antenna. The author used a 3 -foot
adjustable whip for coupling to the transmitter antenna.
Resistors across the coils lower their "Q" to prevent them
from "locking" in phase.
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Unmodulated r.f. will appear as a circle on the CRT due
to the 90- degree phase shift (Fig. 1B). Modulated r.f. will
produce an annulus bounded by two circles of radii, Rl and
R2 (Fig. 1C) with the percentage of modulation equal to
[(R2 R1) /R2 + Rl)] X 100. At 100% modulation there will
appear a shaded circle and a dot in the center (Fig. ID).
Excessive brightness at the dot will represent over 100%
modulation. Non -uniform variation in the shading of an annulus is an indication of distortion.
The test was performed on various bands from 1 to 160
MHz. One can make plug -in coils for the different bands of
interest. The inductance values which are required for two
frequencies of interest are shown on the complete schematic
diagram of Fig. 2.
The instrument has superior display compared to an oscilloscope, and you don't have a sync problem to worry about
when using voice as a signal source for the modulation
check.
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organs is now available -from the very

small combo for teenage ensembles to the
large "theater" type for family enjoyment.
WHILE the musical- instrument industry is enjoying
a tremendous growth, it is. at the same time faced
with its greatest change. The many teenage musical ensembles that have sprung up across the country are
looking for individuality-their hair, dress, and even their
musical instruments are all part of this trend. Each wants
to be different, and the more unusual the musical instruments are and sound, the more desirable they become.

Electronic guitar amplifiers with their vibratos and tremolos were the start and now, to continue this trend, new and
yet- to -be- designed electronic instruments will be the vogue.
The guitar -organ developed by the Thomas Organ Corn -

pany and the electronic saxophone by Selmer-Paris and
Electro -Voice are just two examples. Combo organs of all
sizes, prices, and complexities comprise another area of
interest.
Electronic musical instruments are not restricted to teenagers. The electronic organ, for example, is finding its way
into many homes as a family instrument. In fact, there are
more electronic organs than pianos sold today and there
is a good reason for this. There is not another musical instrument that provides as much personal enjoyment. To be
able to combine the voices of a complete orchestra gives a
sense of satisfaction that cannot be described. On any of the
reasonably sized organs, with both solo and accompaniment
manuals as well as foot pedals ( pedal claviers) , one can
make combinations of literally a dozen different instruments -yet it is simpler to play than a piano.
A key of an organ is strictly an on /off switch; its tonal
response is not influenced by lightness or heaviness of touch,
whereas that of a piano is. The piano is also a percussive instrument; its tones drop off rapidly. An organ, on the other
hand, will maintain its tones as long as the keys are depressed. Therefore, it can be played much more slowly
while learning, without the annoying staccato -type response
one would get from a piano.
Early attempts at electronic organ design involved photoelectric techniques and a spinning disc. Other designs used
electrostatic and magnetic means of developing tonal characteristics. Electro -Voice today makes an electrostatic model (costing over $10,000) based on a French patent. Hammond Organ Company's early popularity derived from the
firm's unique magnetic design. Magnets on a rotating drum
52

The

Heathkit- Thomas "Paramount" theater organ.

developed their particular tonal response. Of course, Ham mond's famous chord organs, which are easier to play than
conventional organs, also helped promote the popularity
of this manufacturer's line. (It has just come to our attention that the Defense Supply Agency has awarded a contract to Hammond for 28 organs totaling $44,490. Some 35
companies were invited to bid.)
It wasn't really until the advent of transistors and other
solid -state devices that we were able to produce instruments as compact and inexpensive as those popular today.
Today's organs are all quite similar in their basic operating
principles. Oscillators are used to develop the various frequencies. In some organs, 12 oscillators (one octave) are
used and dividers are employed to develop all other tones.
In other organs, separate oscillators are used for each key
and pedal. In order to develop the various voices, mixing
circuits and filters are employed.
Although most( new organs utilize the same principle of
design, no two organs produced by different companies
sound alike. Each engineer has his own unique idea of how
the tonal characteristics should be obtained and what each
tone and voice should sound like. Wurlitzer has just announced a new addition to its line of electronic organs-a
single -manual, 49 -key combo aimed at the teenage market.
Of particular interest is the fact that this new organ uses
36 integrated circuits as double flip -flops for frequency division. Most combo organs have limited voicing facilities and
are designed for use with conventional guitar amplifiers.
There are two manufacturers, Heath and Schober, who
market electronic organ kits. There are four designs in the
Schober line, all of which use 12 individual tone generators.
Heath has three organs in its line. All are actually standard
Thomas organs which have been packaged by Heath as kits.
The largest of the three, and the one with which we are
most familiar, is the Heathkit- Thomas "Paramount" theater
organ. It has solo and accompaniment manuals with 44
keys each and a 13 -pedal clavier, providing 15 manual
voices and four pedal voices. The solo manual consists of
16', 8', 51/3' and 4' pipes, providing ten different voices:
diapason, bass clarinet, trumpet, English horn, oboe, violin,
and four woodwind tibia (flute) voices. The accompaniment manual covers 8' pipes and has five separate voices:
diapason, saxophone, French horn, oboe, and cello. The
ELECTRONICS WORLD

pedal clavier has diapason 16', major
flute 8', bass clarinet 8', and string
bass 8' voices.
The organ also has three tremolant
tabs (vibrato, tremolo, and slow) that
affect all the voices, and percussion tabs
that provide a means of selecting different percussion effects (short, medium,
and repeat). In addition, it has various
tabs that permit combinations of solo
and accompaniment manuals and pedals to be switched back and forth between two separate power -amplifier
systems. One amplifier drives two 12"
speakers and the other drives a 2 -speed
Leslie rotating-baffle speaker system.

Voices of the Organ
All musical instruments have their
individual timbres, not solely as the resuit of a harmonic series or overtones,
but also because of what we refer to as
formant. Each instrument has its own
dominant frequency range with its
specific harmonics and overtones in definite relationship. Another fact affecting formant is the growth and decay
patterns of the tones. The violin voice
of an organ should sound like a violin.
Similarly, flutes, clarinets, etc. should
sound like their respective counterparts.
Instruments vary-string instruments,
for example, produce a smooth response (mostly harmonic) up to as
high as lox the fundamental at middle C and up to 30x on low notes. Circular stretched membranes of skin or
parchment (as in drums, banjos and
the like) produce a response with only
an odd number of anti-nodes. The
fundamental frequency depends on
size, mass, and tension of the membrane.
One of the oldest tone -producing devices known is the tuning fork. When
fixed at one end, it produces overtones
at frequencies of 6.27x, 17.55x, and
34.40x the fundamental. When placed
on a resonating box, only the fundamental is heard and at a greatly amplified level. Since the fundamental is
a sine wave, it is void of harmonics and
its tone is relatively lifeless and flat.
This response is typical of the harmonica, saxophone, clarinet, piano- accordion, and others.
This same tuning fork, in the form of
an unclamped bar, produces overtones
of 2.75X, 5.40x, and 8.93X the fundamental. Its performance is typical of
such instruments as the glockenspiel,
xylophone, and marimba.
Large, 4-manual pipe organs may
have as many as 100 voices which
could evolve from the mixing of tones
of some 7,000 separate pipes-each pipe
having its own specific characteristic.
It has been found that open pipes have
anti -nodes at each end and produce all
odd and even harmonics. Pipes closed
at one end have anti -nodes at the open
end and nodes at the closed end -and

BUILDING THE TO -67 ORGAN KIT
rf HERE

is always a feeling of personal accomplishment in building kits, no matter
how simple or how complex. This feeling, in many cases, surpasses that of simply
trying to save money. Our first reaction to the Heathkit /Thomas TO-67 organ kit was
frustration because of the great number of parts--but the feeling quickly changed to
one of "If this works, we should be able to build an IBM 360 computer."
One can visualize the various parts that go into an organ -each of the keys, some 88
of them; 13 foot pedals, all broken down so that one must add the springs, contacts

and cushions; the various circuit boards (there are 12 oscillator circuits alone) -yet
there is much sameness to the kit. The oscillators are basically all the same, and the
keys for both manuals are identical. So in the final analysis, construction is not difficult.
only time -consuming.
Heath suggests that from 80 to 100 hours be allotted for the over-all construction,
which is a more realistic figure than the 68 hours it took us. We did spend another
15 hours tuning the tone circuits.
In constructing the kit, our time was equally divided between mechanical and
electronic assemblies. The organ is an all- solid -state design with conventional printed circuit boards throughout. We were, however, extremely impressed by the various
mechanical assemblies, and especially with the keyboards and voicing tabs. The keys
themselves, when assembled, operated very smoothly and were light to the touch
without any feeling of an "on -off" switch operation. This degree of perfection must
have evolved through years of gradual improvements. One of the greatest advantages of
this organ is the wedding of many years of design experience by Thomas Organ Co.
to the kit "know -how" of the Heath Co.
Our greatest enjoyment came from tuning the oscillator circuits. We tried several
different methods simply to see what accuracy we could attain. The kit is shipped
with the "C" tone generator built and pretuned, the suggested method being to beat
successive tones in a predetermined procedure. This is a relatively accurate method
which does not require test equipment. We followed the procedure and then checked
the performance against a Hewlett -Packard audio oscillator. This was simpler but did
not increase the accuracy. Just out of curiosity we also checked the tone generators
against the General Radio Model 1150-B digital frequency counter and this proved
interesting. Obviously, the accuracy we could attain with this instrument (less than 1 Hz
out of 1400 Hz) was much better than required, and our previous settings were found
to be within 0.006 %.
The subject of tuning organs-and pianos -is a most interesting one. In all organs
using 12 tone generators (one octave), recommended tuning follows the tempered scale.
This scale divides the octave interval into 12 parts, each having a frequency ratio of
the twelfth root of two. The same procedure is used in tuning pianos but applies only
to the center range of the keyboard. At the extreme low and high frequencies, the correct procedure, according to the pros, does not follow a fixed frequency progression.
In practice, piano tuning is done by ear and the low-frequency tones are slightly lower
than normal while the highs are slightly higher. The degree of variation changes from
instrument to instrument and depends on various overtones. One of the advantages of
organs that employ separate oscillators for each key is that this type of tuning is
possible. In reality, only professionally trained musicians or critical listeners can tell
the difference resulting from the different tuning procedures.
Building the kit was, as we had expected, an enjoyable project. Upon completion
it worked, also as we had expected. Learning to play the organ was another challenge. The writer had played the violin for some 11 years and, on various occasions,
tried his hand at the Hawaiian guitar, Spanish guitar, and piano.
The writer's first thought was that the organ would be almost impossible to play
because it requires great coordination of hands and feet. Yet, by following the simplified
-ons and phonograph records available, it wasn't too difficult to learn to play reasonably
ell. Actually, the organ proved to be easier to play than any of the other instruments
the author had tried. By its very nature, the organ can be played slowly and, when using
multiple voices, the over -all tonal response is enjoyable. Like any other instrument,
though, to become proficient requires many hours of practice. Learning to play can be a
"do -it-yourself" project with very rewarding results!
Just as we were going to press we were able to add the Heath "Band Box" to the
organ. This is one of the advantages of a kit of this type in that you can add at your
onvenience and as funds permit. The Band Box is a complete assembly in that it protides its own power supply, voicing circuits, etc. Its only connections are to the accompaniment and pedal keyboards. It provides 10 additional voices (crash and brush
ymbals, bass and snare drums, drum roll, bongos 1 and 2, block, clave, and castanet).
adding this unit to the organ presented no problems but it did take about 8 hours. In
playing the Band Box, one can simply push individual buttons for the various voices or
they can be connected, individually or in groups, to accompaniment or pedal keyboards.
Playing the Band Box with its various cymbals, drums, and such turned out to be a
lot of fun even for a novice, but adding these voices properly is an art in itself. Obviously, the more proficient one is at playing the organ, the more enjoyment one can get
from the Band Box.
Apparently there is no end to musical ideas ... we just heard that Heath has developed
a "Playmate ". This new kit will provide 15 dance rhythms and will simplify the playing
of the Band Box. We hope to add this as soon as possible.
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of different pipes that are used in large cathedral -type
pipe organs.
Although engineers attempt to duplicate electronically
the tone of a pipe organ, the end result is only a close
approximation if for no other reason than that, with an
array of pipes, the sound is produced over a broad front
usually in a large hall -and not from small individual
speakers. Also, the wind of a pipe organ is lacking in an

-

electronic organ.

Tone Structure
From the foregoing, it is obvious that the tones of mus= ^al instruments are made up of sine waves -sometimes
wit, all harmonics and sometimes with only odd or even

available in kit form, and the
Wurlitzer Compact Combo. The Combo organ uses 36 integrated circuits as double flip -flops for frequency division.
The Schober recital organ,
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Fig. 1. IA) shows how the addition of even harmonics to a
sine wave results in a saw-tooth output. (B) shows how the
addition of only odd harmonics results in a square wave.

produce only odd harmonics. Size, shape, and other characteristics influence the sound of an organ pipe. A straight,
open pipe produces the diapason voice so familiar as the
conventional organ sound; a stopped metal pipe will produce a flute -type voice; and reed pipes result in a trumpet
or oboe response. These are only a few of the thousands

harmonics.
Fig. IA shows how a fundamental sine-wave frequency
is converted to a saw -tooth waveform by the addition of
the second, third, fourth, and fifth harmonics, and so on
up to 30 harmonics added at progressively reduced levels.
The sine wave by itself, since it is devoid of harmonics, is
a pure tone that usually becomes tiring and irritating in
time. Therefore, in almost all cases, there is a dire need
for harmonic reinforcement. The saw -tooth wave is a
most desirable one since it contains both even and odd
harmonics. The saw -tooth or staircase waveform can also
be developed by adding harmonically related square waves
at progressively reduced levels.
If we add only the odd harmonics to a sine wave, the
evolution of a square wave results, as shown in Fig. 1B.
All odd harmonics have been added at progressively reduced levels. This type of wave is of great value for
simulating such sounds as the stopped diapason, clarinet,
and bassoon.
The heart of the Heathkit-Thomas TO -67 organ consists of 12 individual tone generators covering an octave
range from F #4 (739.989 Hz) to F5 (1396.913 Hz) These
master oscillators are basically modified Hartley circuits
that deliver an output signal as shown in Fig. 2. The output from these oscillators is rich in both the even and odd
harmonics that are so essential to good organ tone. The
leading edge of this signal provides the trigger signal for
the first frequency- divider network.
To cover the complete frequency range of the organ,
the 12 notes above the master oscillator up to F6 (2793.826 Hz) are produced synthetically by band -pass filters
tuned to the second harmonic of the master oscillators.
All other frequencies below the master oscillators are obtained from Eccles -Jordan bistable flip-flop frequency -divider circuits. The first, second, and third divider circuits,
along with their waveshapes, are shown in Fig. 2. The output of any one of the divider circuits is exactly one-half
the frequency of its input. Each tone -generator circuit
board has four output signals: one master oscillator output
and three divider outputs. An alternate output signal is
also available from the third divider circuit, which is only
used in connection with the F -tone (Continued on page 92)
.

Fig. 2. Circuit diagram of one of the tone generators and its 1st, 2nd, and 3rd divider stages. Also shown are waveshapes obtained.
-1-15V
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By MELVIN CHAN /Ampex Corporation

Design of an instrument which produces on a scope a definitive
family of characteristic curves that can be measured as well as
interpreted to derive principal parameters for most transistors.
TRANSISTOR -checking instruments assume many
forms. These include: the v.o.m. which will identify
polarity and indicate shorts, but will not evaluate
transistors; the forward- transfer -ratio indicator, which is
more useful but will not reveal significant characteristics; the
simple curve tracer, which requires a scope and provides a
single curve that is indicative of condition but does not provide more than a relative measurement of beta; and increasingly elaborate instruments that measure and check every

imaginable characteristic.
The practical needs of the engineer or technician are satisfied by the unit to be described, which displays a definitive
family of characteristic curves from which the parameters of
principal interest may be interpreted. This instrument does
this at a parts cost of less than $50. In addition, this curve
tracer facilitates exploring a wide range of interesting transistor phenomena, such as effect of temperature on electron
mobility, effects of nuclear radiation, or effect of light en-

ergy. If your interest lies in this direction, you will find
many fascinating areas to explore.
Families of characteristic curves simplify the solution of
transistor design problems that are otherwise tedious, difficult, or impossible. For instance, they are useful for selecting
matched pairs of transistors, for selecting complementary
pairs, for determining beta (hFE) under a chosen condition
or at a particular point on a characteristic curve, and for determining linearity of IE or IC versus III.
The design criteria for this instrument included the following:
1. Have the ability to test p -n -p or n -p -n types of transistors.
2. Establish peak collector sweep voltage (VeE) in the
range from 12 to 15 volts.
3. Provide a selectable current increment between traces
(i.e., III, or the incremental base -current range) in predetermined steps from 1 to 500 µA.
(Left) Clean layout of front panel typifies the construction
of this special transistor tester that can trace gain curves.

(Below) Top view of curve tracer shows power -supply and
the switching systems. Leads are kept as short as possible.

(Below left) Smoothest layout and compact construction with
PC board. Note clip -on heat sinks used on three transistors.
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(see Fig. 2) . The other lead of R29 will be common -connected with R19, C6, the emitter of Q4, and the emitter of
Q11 at T.P.2. Connect one end of each shield, and the indicated lead of C11, to chassis ground (special symbol in
Figs. 1 and 2) .
The group of resistors (R31Á through F) that set base
current in the prototype are 5% units. You may use 1% resistors for greater precision in setting the base-current increments of the transistor under test. The resistance of R31F is
not in direct ratio to the others; instead, it is a compromise
value that is needed to test transistors whose beta is less than

4. Provide a readout of emitter current (JE) in steps of
and 50 mA per 0.1 -volt deflection on the oscillo-

1, 5, 10,

scope display.
5. Use only readily available components.
The final design includes all of the design criteria and is a
compact 3" X 6K" X 5 ". The layout of the control panel
provides a symmetrical and functional grouping of the controls. The control labels may appear to be quite abbreviated
but the constructor will find them entirely adequate by the
time he has completed the alignment.
Many of the components will be found among your collection of salvaged electronic parts; the others may be purchased
from your electronics parts supplier.

10.

Rotary switches S2 and S3 must be of the make-beforebreak ( shorting) type so the bias applied to each element of
the transistor under test is not interrupted when either
switch is reset.
Potentiometer R36 should be a multi-turn miniature, because a small change in the setting greatly affects the symmetry of the staircase waveform.
Zener diodes D5, D6, and D9 should be rated at 1 watt.
D5 and D6 should be 3.9-volt zeners identical within 10%.
D9 should be a 12 volt with 10% tolerance.
The power-supply section of the tracer unit is a conventional voltage doubler which uses a readily available power
transformer (Fig. 3). It should be built at the rear of the
chassis. Zener diode D9 provides the 12 volts reference;
transistors Q12 and Q13 provide the series -shunt regulation
which minimizes ripple.
Note that the negative common (marked with the conventional ground symbol) is not grounded to the chassis.
Chassis ground is switchable for testing p -n -p and n -p -n
transistors, respectively. An examination of Figs. 2 and 3
will reveal that Si selects the p-n -p or n -p -n test functions
and, at its center position, turns off the power supply. Note
also that the n -p -n terminal of each section of switch Si is
identified by a square and that the p -n -p terminal is identi-

Construction
The placement of components is not especially critical.
However, the layout adopted should group them to allow
short leads and to avoid unwanted interstage coupling.
The complete circuit of the curve tracer section (excluding the panel controls and the power- supply section) may be
built on a printed- circuit board or it may be hand wired.
The printed- circuit board permits the greatest compactness,
if this is a factor; the hand -wired technique is usually the
simplest, least fragile, and the easiest to troubleshoot. The
circuit board is mounted vertically, in a plane that parallels
that of the control panel.
The transistors in the tracer section may be grouped by
their circuit functions, as indicated in Fig. 1. Power transistors Q3, Q7, Q8, and Q9 must be mounted on a heat sink;
clip -on heat sinks may be used on the other transistors. Unijunction transistors Ql and Q4 should be the 2N2646 (G -E,
Motorola) because of its low cost and adequacy for the job;
more expensive types offering similar characteristics may, of
course, be substituted.
Use shielded wire between the base connection of the test
socket and switch S3, and between the base of Q5 and R29
Fig. 1. Showing interrelationships among the

twelve sections of the tracer. Selector switches shown

as

functional sections.
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fled by a circle. Si is turned fully clockwise for the n -p -t)
function and fully counterclockwise for the p -n -p function.
Neon indicators PL1 and PL2 show which test function is

fore represents emitter current versas collector voltage under
one condition of constant base current.

The control panel includes the selector switches for test
function, base -current increment between traces, and emitter
current for the transistor under test. It also includes the test
socket and the vertical and horizontal drive outputs for the
scope, and the neon indicators that show the test function
selected.
Switch S1 and the neon indicators were described earlier.
Switch S3 (near the upper right corner of the control panel)
picks out the base -current steps (LIB) between traces;
switch S2 (at the center of the control panel below the test
socket) selects the emitter current. The signal across the
dropping resistor chosen by S2 is the vertical- amplifier drive
signal for the scope.
You can follow the circuit description in Figs. 1 and 2.
Unijunction transistor Ql is a relaxation oscillator which
generates the low- frequency sawtooth waveform and develops sync pulses at the same repetition rate. The setting of
potentiometer R34 establishes the frequency of the sawtooth
signal. During the alignment procedure, R34 is set for
approximately 400 Hz. The sawtooth waveform from the
emitter of Ql is applied through level potentiometer R35 to

selected; when neither is lighted the power supply is "off ".
Do not connect the d.c. outputs of the power- supply section to the curve -tracer section until you are directed to do
so during the alignment procedure.

Theory of Operation
The time relationships of the waveforms that are generated in the instrument to produce a family of characteristic
curves in the oscilloscope display, are shown in Fig. 4. In
essence, low- frequency ( approximately 400 Hz) and high frequency ( approximately 4000 Hz) sawtooth waveforms
are mixed to produce a staircase waveform that drives the
base of the transistor under test. The high- frequency sawtooth is also applied to the collector and is used to drive the
horizontal amplifier of the scope. The vertical sweep signal
for the scope is taken from the emitter of the transistor under test.
Each step of the staircase signal sets the duration of one
horizontal sweep; each step is of constant amplitude for each
trace. Each trace in the family of curves displayed thereFig. 2. Schematic

diagram of the tracer section. The circuit uses eleven transistors, three zener diodes, three

1

N34's.
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R1, R13- 470,000 ohm, 1/2 W res.
R2, R5, R7 -470 ohm, 2 W res.
R3 -6800 ohm, 1/2 W res.
R4 -1 megohm, 1/2 W res.
R6, R20, R21, R23 -10,000 ohm, t/2 W res.
R8, RIO, R12, R14 -2200 ohm, t/2 W res.
R9- 330,000 ohm, t/2 W res.
R11, R15, R16, R30 -1000 ohm, t/2 W res.
R17, R18-360 ohm, 2 W res.
R19- 15,000 ohm, 1/2 W res.
R22 -27,000 ohm, 1/2 W res.
R24- 120,000 ohm, t/2 W res.
R25 -33 ohm, V2 W res.
R26, R27-22,000 ohm, 1/2 W res.
R28-47,000 ohm, V2 W res.
R29-100,000 ohm, 1/2 W res.
R31A -1 megohm, 1/2 W res. ±5 %n
R31B- 200,000 ohm, 1/2 W res. ±5 %a

R31C -100 000 ohm, 1/2 W res. ±5 %a
R31D- 20,000 ohm, 1/2 W res. ±5%
R31E- 10,000 ohm, 1/2 W res. ±5%
R31F -1800 ohm, t/2 W res. ±5%
R32A -100 ohm, 1/2 W res. ±1%
R32B -20 ohm, 1/2 W res. ±1 %a
R32C -10 ohm, 1/2 W res. -±1%
R32D -2 ohm, 1/2 W res. ±1 %u
R33- 33,000 ohm, 1/2 W res.
R34-10,000 ohm linear -taper pot
R35 -50,000 ohm linear -taper pot
R36-200 ohm, multi -turn linear taper pot
(Bourns 236P or equiv.)
R37 -5000 ohm linear -taper pot
C1 -10 /zF, 50 V elec. capacitor
C2, C4, CS -1 µF, 6 V elec. capacitor
C3, C8 -1 p,F, 50 V elec. capacitor
C6, C9, C10 -0.1 µF, 200 V non -polarized capaci-

tor

January, 1968

C7-10 µF, 6 V elec. capacitor
C11 -1 /2F, 50 V non -polarized capacitor
S1 -10 -pole, 3 -pos. non -shorting sw. (Centralab
PA -2031 or equiv.)
S2, S3 -S.p., 12 -pos. shorting sw. (Centralab
PA -2000 or equiv.)
The unused positions of S2 and S3 serve as tie

points.

SOI- Transistor test socket (Cinch -Jones 2TS-4

or equiv.)
D1, D2, D3, D4-1N34A or equiv.
D5, D6 -3.9 V, 1 W zener diode (Z1100, Motorola 1N4730, or equiv.)
QE, Q4- 2N2646 unijunction transistor
Q2, Q6 -2N699 transistor
Q3, Q7- 2N3741 transistor
Q5, Q10- MPS834 transistor (Motorola)
Q8- 2N3767 transistor
Q9, Q11- MPS2894 transistor (Motorola)
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+80V

FI

R38- 100,000 ohm, 1/2 W res.
R39 -22 ohm, 11/2 W res.
R40 -680 ohm, 1 W res.

C12

CIA

+44V
(SEE TEXT)

R44
117 V A.C.

R43

LR42

0 +12v
8

TI-Power trans. 117/25.2 V, IA (Stancor

D

CI6

CIS

C17

O

/1

C13

NEGATIVE COMMON
RETURN (SEE TEXT

CHASSIS GROUND

R41, R42 -1000 ohm, 1/2 W res.
R43- 120,000 ohm, 1/2 W res.
R44- 10,000 ohm linear -taper pot
C12 -300 µF, 6 V elec. capacitor
C13 -0.1 ¡F, 200 V non -polarized capacitor
C14, C15 -500 µF, 50 V elec. capacitor
C16, C18-50 14F, 50 V elec. capacitor
(Mallory TC or equiv.)
C17 -250 µF, 12 V elec. capacitor
F1 -1/2 A "slow- blow" fuse
PLI, PL2 -NE-2 or NE -51 neon lamp

I

P-6469 or equiv.)
D7, D8- 1N4003 silicon rectifier
D9-12 V, 1 W zener diode (Z1112, Motorola
1N4742, or equiv.)
Q12- 2N3767 transistor
Q13 -2N699 transistor

Fig. 3. Regulated power supply for curve tra-cr. Two sections of switch Si are in the power supply.
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Fig. 4. A staircase voltage applied to the transistor .,u.e,
and a sawtooth applied to the collector, combine to display
the transistor's 11; /V, curve for a given set of constant
base -current settings. Sawtooth that is applied to collector
of transistor is also used to sweep the scope horizontally.

the base of mixer Q2. Negative-going sync pulses are taken
from base 2 of Q1, through diode D2 to the base of common collector sync amplifier Q11. The resulting negative -going
sync pulses at the emitter of Q11 are applied to the top of
high- frequency timing capacitor C6, which is common with
the emitter of unijunction Q4.
The sync pulses synchronize the ( approximately ) 4 -kHz
sawtooth waveform generated by Q4. They cause the ramp
of the 4 -kHz sawtooth to begin at the proper time with
respect to the negative-going excursion of the 400 -Hz saw tooth from Ql.
The 4 -kHz sawtooth at the emitter of Q4 drives voltage
amplifier Q5, which provides two outputs. The collector output of Q5 is applied through the slider of potentiometer
R37 and capacitor C3 to the base of phase splitter Q6. In
effect, the setting of R37 (during alignment procedure)
establishes the amount of voltage ultimately applied to the
collector of the transistor under test. Meanwhile, the emitter

output of Q5 is applied to the emitter of mixer Q2 through
potentiometer R36. The setting of R36 controls the symmetry of the staircase waveform which is developed at the
collector of Q2. The final setting of R36 is also determined
during the alignment procedure.
The staircase waveform is applied through d.c.- restoring
network C1 -D1 to the base of phase splitter Q3, (Note that
the collector output of Q2 may be monitored at T.P. 3.)
The collector output of Q3 is connected to the n -p -n terminal
of switch SIA; the emitter output of Q3 is connected to the
p -n -p terminal.
The emitter output of phase splitter Q6 is connected
through d.c.-restoring network C5 -D4 to the base of saw tooth amplifier Q7, whose emitter output is connected to the
p -n -p terminal of S1B. The collector output of Q6 is connected through d.c.- restoring network C4-D3 to the base of
amplifier Q8, whose emitter output is connected to the n -p -n
terminal of SIB.
The collector terminal of the test socket is connected
through R25 to the slide of S1B and directly to the n -p -n
terminal of SIC. The emitter terminal of the test socket is
connected through R28 to the slide of S1D, then through
zero -level restorer D5 -D6 and switch S2 (the IE selector)
and one of the R32 resistors to the swinger of S1E; the base
terminal of the test socket is connected to the swinger of
S3 and through one of the R31 resistors to the swinger of
SiA.
Zener diodes D5 -D6 slightly offset the voltage applied to
the emitter of the transistor under test so that emitter bias
will exceed the starting levels of test signals Ve and IB.
Phase inverters Q9 and Q10 are used only when switch
S1 is set for testing p-n -p transistors.
The horizontal amplifier of the oscilloscope is driven by
the signal selected by the setting of S1C; the vertical amplifier is driven by the signal that has been selected by the
setting of switch 51F.

Alignment Procedures
The alignment procedure requires a d.c. oscilloscope and
a reasonably accurate d.c. voltmeter with a sensitivity of
1000 -ohms -per -volt or higher. All voltages and waveforms
are measured with reference to the negative common -not
to chassis.
Preliminary Checks
1. Refer to Fig. 3 and carefully check the wiring of the
power-supply section; refer to Fig. 2 and carefully check the
wiring of the curve- tracer section. Inspect the quality of
each soldered connection. If there is evidence of underheating, reheat the connection; if there is evidence of overheating, remove the old solder and resolder. Check the polarity
of all diodes and polarized capacitors.
Power Supply
2. Temporarily connect a 27,000 -ohm resistor in shunt
ELECTRONICS

58

www.americanradiohistory.com

WORLD

Surprising
what you can pickup
in a good week's work.

Play along with us and we'll see that you'get a
little something extra to take home. Like a shiny
new toaster or an electric percolator. Maybe a fishing reel or a Harris Tweed jacket.
For that matter, we'll get you a toboggan, if
that's what you want most.
What we ask in return is that you use Sylvania
tubes when you're repairing TV sets -both our
own make and others.
As you know, we make color and black & white
picture tubes and receiving tubes for virtually
every make set on the market. In fact, 15 out of 21
color set manufacturers use some Sylvania picture
tubes as original equipment.
So you shouldn't have much trouble moving a
lot of our tubes, week in and week out.
When you use our tubes, you get our Sylvania
January, 1968

Bright Guys award certificates as a bonus. They're
not quite the same as money. But they will get you
the kinds of things only money can buy.
Your distributor is the man to contact for details. He'll give you a Sylvania Bright Guys award
kit (which includes a catalogue listing the good
things we offer -about
1500 in all).
Naturally, the more tubes
you buy from him, the
more certificates he'll
give to you.
It's a pretty fair way to
work, wouldn't you say?

CIRCLE NO. 81 ON READER SERVICE CARD

SYLVANIA
dEÑERAI TELEPHONE & ELECTRONICS

59

www.americanradiohistory.com

with capacitor C12. Connect the power cord to 117 volts
a.c. Turn switch Si in either direction. Connect the negative
lead of your voltmeter to negative common return.
3. Touch the positive lead of your voltmeter to the 50 -volt
terminal and adjust potentiometer R44 for 50 volts. Move
it to the 44 -volt terminal, and make sure this voltage is within ± 1 volt. Move the lead to the 12 -volt terminal; this voltage should be within the tolerance of the 12 -volt zener
diode.
4. Use a fingertip to test the components in the power
supply for excessive heating. If any are too hot to touch,
return S1 to center position and recheck connections or
polarity or test parts for an internal short.
5. Turn off line power. Remove the 27,000 -ohm resistor
installed in Step 2.
6. Connect the 50 volts, 44 volts, 12 volts, and the negative common to corresponding terminals of the curve -tracer
section.
Sawtooth Waveform Generators
7. Set switch S 1 at the n -p -n position; the n-p -n neon
indicator should glow. Recheck the positive d.c. supply
voltages at the power-input terminals of the curve -tracer
section. If the 50 -volt level has changed, re- adjust potentiometer R44 in the power -supply section. Measure the difference between the 50- and the 44 -volt terminals, which
should be approximately 6 volts.
8. Set the oscilloscope for an a.c. display. Connect the
scope ground to the negative common. Touch the probe to
T.P. 1 and make sure the frequency of the sawtooth waveform is approximately 400 Hz and that its amplitude is 4 to
5 volts peak -to -peak.
9. Move the probe to T.P. 2 and determine that the frequency of that sawtooth waveform is 10 to 15 times that of
the waveform at T.P. 1 (i.e., in the region of 4 to 6 kHz)
and that its amplitude is 4 to 5 volts peak -to -peak.
10. Move the probe to T.P. 3. Adjust potentiometer R34
for the number of steps shown in staircase waveform A.
The number of steps should be two more than the number of
characteristic -curve traces desired. If there are to be seven
such curves, there should be nine steps. Note that the setting
of R34 also affects the sync and the angle of rise of the steps
in the staircase waveform.
11. Adjust R35 for a sync level that stabilizes the staircase display. Adjust R36 until the tops of the steps are horizontal. Trim the adjustments of R34, R35, and R36 to make
Scope waveforms of curve tracer. (Al Staircase signal at
test points 3,5, and 7. (B) Staircase at test points 4,6.
(C

A

60

and

D)

Germanium- transistor curves that are traced at

i 6
D

the staircase display as symmetrical and as well defined as
possible.
12. Move the probe successively to T.P. 6 and T.P. 7 and
adjust R37 until the amplitude of the staircase signal is 15 to
20 volts peak-to -peak at both test points (waveforms B and

A).
13. Set the scope for d.c. display. Place the probe successively at T.P. 4, 5, 6, and 7 and check all waveforms for
proper relationship to the negative common return. The
two opposite -phase h.f. sawtooth signals at T.P. 6 and 7 may
exhibit some distortion by being flat át the top and bottom;
this distortion will not impair operation of the unit.
14. Connect the vertical and horizontal outputs (on the
control panel) to the corresponding inputs of the scope.
Reset the oscilloscope for an a.c. display. Turn switch S3 to
the 1 -µA position. Turn switch 2 to the 1 -mA- per-0.1 -volt
position. S1 remains at the n -p -n position. Adjust the horizontal gain of the scope until the full width of the trace can
be seen.
15. Turn switch Si to center (i.e., power "off" position).
The display should recede vertically and horizontally to a
dot and neither neon indicator should be lit.
"N -p -n" Test Function
16. Select an n-p -n transistor whose V0E is known to be
at least 12 to 15 volts. Determine that both neon indicators
are unlighted (i.e., power "off"), then insert the C, B, and E
leads in the respective receptacles of the test socket.
17. Set the scope vertical amplifier for 0.1- volt-per -inch
( or cm) on the scope graticule. At this scope setting, each
unit of the screen represents the emitter current (IE) corresponding to the setting of S2. Turn switch Si to the n -p -n
position.
18. Manipulate switches S2 and S3 until the display resembles waveform C or D. Then turn S1 to its center position (to turn power "off ") and remove the transistor from
the test socket.
"P -n -p" Test Function
19. Testing p -n -p transistors is identical to testing n -p -n
except that switch S1 must be set at the p -n -p position
which, through phase inverters Q9 and Q10, reverses signal
polarities applied to the transistor under test.

Final Adjustments
The family of characteristic curves that are produced by
(Continued on page 66)
this particular curve
(E) Curves of high -beta "n -p -n"
silicon unit. (F) Curves showing breakdown; these caused
by high VcE. This unit tested "good" on a I.v. tester.

low and high currents.
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STEREO TEST RECORD
FOR
HOME AND LABORATORY
USE
ExYRA:
POSSBIE
AS A DEMONSTRATOR OF THE HIGHEST
F OEUIY. THd RECORD INCLUDES A
PROGRAM OF MUSIC RECORDED DIRECTLY ON THE MASTER.WITH NO MFpRENI NG TAPE PROCESS

NOW...GET THE FINEST

STEREO TEÑI'RECORD
for just

ever produced

$4.98

Featuring Tests Never Before Available
Outside Of The Laboratory
Why We Make the Model 211
Available Now
Although there are many stereo test records on the market today, most critical checks on existing test records
have to be made with expensive test equipment.

Realizing this, HiFi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, accurately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory -and versatile enough for you to use in your

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S
MODEL 211 STEREO TEST RECORD

Warble tones to minimize the distorting effects of room acoustics
when making frequency- response checks.
Warble tones used are recorded to the some level within ±
db from 40 to
20,000 cps, and within ± 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency
limits of each warble are within 5% accuracy.
White -noise signals to allow the stereo channels to be matched in
1

level and in tonal characteristics.
Four specially designed tests to check distortion in stereo cartridges.

home.
The result: the HiFi

STEREO REVIEW Model 211 Stereo

Test Record!

Stereo Checks That Can Be
Made With the Model 211
Frequency response -a direct check of eighteen
sections of the frequency spectrum, from 20 to
20,000 cps.

-

Pickup tracking
the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble -foolproof tests that help

you

evaluate the actual audible levels of rumble and
hum in your system.

Flutter -a test to check whether your turntable's

1

flutter

is low, moderate, or high.

-

Channel balance
two white -noise signals that
allow you to match your system's stereo channels
for level and tonal characteristics.

I

Separation -an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum -from mid -bass to high treble.
Stereo Spread

ALSO:

Speaker Phasing
Channel Identification

PLUS SUPER FIDELITY MUSIC!
The non -test side of this record consists of music recorded directly on the master disc, without going through

the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

January, 1968

Open -air recording of moving snare drums to minimize reverberation
when checking stereo spread.

All Tests Can Be Made By Ear
HiFi STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind -contains the widest range of check -points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!
Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances -affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT -ORDER NOW
The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be

filled by ELECTRONICS WORLD promptly upon receipt. At the low price of $4.98, this
is a value you won't want to miss. Make sure you fill in and mail the coupon together
with your check ($4.98 per record) today.

FILL IN AND MAIL TODAY!
Stereo Test Record
P. O. Box

3110

Church St. Station, New York, N.Y. 10008
Please send
test records 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
(PLEASE PRINT)

Address
Ew.1

City
State

Zip Code
PAYMENT MUST BE ENCLOSED WITH ORDER
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he sophisticated wide -band triggered -sweep scope does much more
than just display waveforms. You can make accurate amplitude
plus time and frequency measurements with its calibrated controls.

THE LABORATORY OSCILLOSCOPE
WITH Christmas and New Year's over, Barney, sec-

ond banana at Mac's Service Shop, thought things
were pretty well settling back to normal until
that January morning when his employer came through the
door of the service department lugging a shiny new-and
obviously heavy -oscilloscope and heaved it up on the service bench.
"That's the heaviest forty pounds I ever carried," the
older man said, breathing hard. "Having to hold it away
from your body to keep from bumping it with your knee
makes it seem twice as heavy."
"So what's wrong with our old scope?" Barney asked.
"Not a thing, but for some time I've had a growing yen
for a new d.c., triggered, delay -line scope; so I splurged and
bought myself a Heathkit I0-14 for Christmas and have
spent the last several nights putting it together, calibrating
it, and trying to figure out all the unfamiliar circuitry. This
morning I decided I might as well bring it down here so
we both could learn to use it."
"Judging by the odd-ball names above these knobs,
switches, and indicator lights, that's going to take a little
doing," Barney observed and went on to read aloud from
the face of the instrument: `A.c. -D.c.' `Balance,' ` Uncal,'
`Volts/Cm,' `Stability,' `Trigger Level,' 'Auto -Norm,' `Time/
Cm,' `Mag On,' `Trigger Source' -hey! where's the old familiar Xl, X10, X100 step attenuator? the sweep -frequency
selector switch? the sync- selector switch?"
"They are like the cost of the traveling salesman's new
coat and his expense account," Mac replied with a grin.
"Remember? `It's there, but you just can't see it!' Every one
of those basic scope functions is present behind that panel,
but it's called a different name and does the job a little differently.
"For example, that `Volts /Cm' switch is actually a frequency-compensated step attenuator calibrated in p-p volts.
It's the input terminal voltage that yields a centimeter of
vertical deflection on the screen. This, of course, is with the
vertical amplifier operating at a preset fixed gain level; but
since you have a choice of .05, .1, .2, .5, 1, 2, 5, 10, or 20
volts /cm, you rarely need to cut in the continuously variable gain control just above the `Volts /Cm' switch to display a signal properly on the 6-cm-high graticule. When in
use, the variable control roughly fills in the gap between
any two settings of the `Volts /Cm' switch, but naturally the
calibration feature is lost. That's why a warning 'lineal'
light comes on when the variable control is turned away
from its extreme clockwise `Cal' position."
"I get it!" Barney interrupted. "This type of scope is actually a peak -to-peak v.t.v.m. as well as a scope. All I need
do is notice how many centimeters high the trace is on the
graticule and multiply this by the value indicated by the
`Volts /Cm' switch and I have the peak -to -peak amplitude
of the signal without having to take another reading with a
v.t.v.m. or use a voltage calibrator with the scope. That
should be a servicing time- saver."
"Right. The other main difference between a lab -type and
a good wide -band service-type scope lies in the horizontal
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sweep circuits. As you know, our old scope employs a recurring saw -tooth sweep oscillator to spread out the trace
across the screen. A step -type frequency-selector switch
backed up by a vernier control permits setting the free running oscillator frequency near that required to display
the desired number of cycles of the signal. Then a sync
signal taken from the vertical amplifier is used to lock the
sweep generator to the proper submultiple of the signal
frequency so that any rhythmic recurring signal is made to
stand still on the screen. The sync signal can be made either
positive- or negative -going so that the trace can be initiated
on the upward or downward excursion of the display.
"The difficulty is that we have only a rough idea of the
sweep frequency. The oscillator is either free-running or is
tied to some submultiple of the signal frequency. There is
no simple way to determine the signal frequency by examining the trace on the screen.
"A triggered-sweep scope solves this problem. The sweep
generator is basically a one -shot oscillator. When triggered
by a signal, it sweeps the spot across the screen once and
then snaps it back to the left side of the screen where it
rests until another triggering signal initiates a second
sweep. The length of the horizontal trace is fixed at a little
more than the 10-cm width of the graticule, and then the
sweep generator is calibrated so that the spot moves at
selectable and predictable uniform speeds across the face of
the tube. In this instrument, for example, by proper setting
of the Time /Cm' switch and a '1, 2, 5 Multiplier,' the
spot can be made to sweep a centimeter of horizontal
distance in exactly 1, 2, 5, 10, 20, 50, 100, 200, or 500
microseconds, or 1, 2, 5, 10, 20, 50, 100, 200, or 500 milliseconds."
"Yeah," Barney again interrupted, "and if you know how
fast the spot is sweeping horizontally and can see how
many centimeters one cycle occupies, you can easily figure
the frequency of the signal being observed."
"Right again. All you do is multiply the length of one
cycle in centimeters by the product of the settings of the
Time /Cm' switch and the `Multiplier' switch and you get
the period of one cycle. The frequency is simply the reciprocal of the period. For example, if one cycle of the signal occupies 5 cm when the Time /Cm' switch is on 1 ms
and the `Multiplier' is on 2, the period is 5 X .001 X 2, or
.01 second. The frequency is 1 /.01, or 100 hertz. I might
also mention that you can, at a flip of a switch, spread out
that horizontal sweep to five times its normal length. That
means that what formerly occupied 2 cm on the graticule
now fills the entire 10-cm width. It also means, of course,
that the sweeping speed of the spot is accelerated five
times so that the top sweeping speed is increased from
1µs /cm to .20/cm.
"However, when the magnifier is on the accuracy of the
Time /Cm,' calibration is degraded from 3% to 5 %; the
Nag On' light comes on to remind you of this."
"That scope is not only a p-p v.t.v.m., it's a frequency
meter, too," Barney marveled.
"A triggered sweep does much more than let you read out
ELECTRONICS WORLD

frequency," Mac said. "For one thing,
it's much easier to get a linear slow moving sweep with this arrangement.
With the Time /Cm' switch at .1 second and the `Multiplier' switch at 5,
the spot requires five whole seconds to
traverse the 10 -cm width of the graticule. This, in conjunction with the
d.c.- coupled vertical amplifier, permits
the observation of very slow changes in
input level -changes that are not
rhythmic and that may occur only
once.'
"You say that the vertical amplifier
is direct- coupled for reading d.c., and I
know that removes all limits to the
low- frequency response; but according
to this switch on the front you can
switch to a.c. coupling."
"That's right. All that switch does is
put a capacitor in series with the input
so that the d.c. component does not
deflect the trace. By switching from
a.c. to d.c. and noting how far and in
which direction the display moves, you
can determine immediately the polarity and amplitude of the d.c. voltage
present at the point where the signal
is being observed. Another time -saver!"
"How about the upper frequency
limit of the amplifier ?"
"With this particular instrument,
that is in excess of 8 MHz. Many general-purpose lab scopes, costing from
$1000 upwards, go much beyond this.
But actually, the frequency response of
a lab scope is usually given in nanoseconds of rise time, which brings up
another important feature of a triggered scope. When a near -perfect
square wave is put through the amplifier and the time is noted that is required for the leading edge of the
wave to increase from 10% to 90%
of its full value, you have a measure of
the upper frequency limit of the amplifier, the point where the response is
down 3 dB. It is given by the formula
.33 /rise time equals frequency response. The rise time of the scope
amplifier is given as 40 nanoseconds,
so .33/ (40 x 10-") yields a frequency
response of about 8.25 MHz.
"The only joker is that you have to
be able to see the leading edge of the
square wave when the writing speed is
high enough to give appreciable inclination to even a fast -rising trace. But
ordinarily such a trace has already
`risen' before the sweep gets moving.
The answer lies in incorporating calibrated delay lines between the vertical
amplifier and the deflection plates so
that the display signal is delayed a
quarter of a microsecond after the
sweep is started. That renders the leading edge easily visible."
"Just one thing bugs me," Barney
said. "I see how the triggered sweep
works fine on a single sweep, but how
about when I want to look at a rhythmically repeating signal, such as an
January, 1968

ordinary sine wave? Won't the sweep
be triggered haphazardly by succeeding sine waves and produce traces that
do not coincide?"
"Not at all. You see, the `Trigger
Level' control permits you to adjust
the d.c. level, in either a positive or
negative direction, at which the sweep
is triggered. This means the sweep will
always be triggered at precisely the
same point on succeeding sine waves
so that the resulting traces are perfectly superimposed. In fact, you
haven't seen a rock -steady trace until
you see it on a triggered scope. What's
more, that sweep -starting triggering
point can be moved to any desired
spot on the wave."
"Aren't there any drawbacks at all
to using triggered scopes ?"
"You bet there are, and the first is
price. Most laboratory scopes cost
hundreds or even thousands of dollars.
And I do not mean to imply that this
one will do everything quite as well as
one costing a thousand dollars or so.
But Heath's Model I0-14 and Allied

FROM HiFi STEREO REVIEW

DELUXE
PADDED
DUST -PROOF RECORD
AND TAPE CASES
plus FREE cataloging forms

These decorative, yet

sturdily constructed cases are just what you've
been looking for to keep your records and

Radio's Model KG-2100 lab scope kit
provide instruments in kit form that
will outperform the technician's wideband service scope at a price he can
afford.
"But you can't realize the full capabilities of either of these or of any other
good lab scope without having a high quality, fast -rise -time pulse- or square wave generator to go with it. In fact,
you must have such a generator -since
Heath candidly admitted their own
square -wave generator wasn't satisfactory for the job, I borrowed a Hewlett
Packard generator just to calibrate the
I0-14 and properly match the delay
line impedances and compensate the
attenuator. Such a generator is quite
expensive at present, but I'm hoping
that the growing demand for such generators plus the possibility of adapting
logic- circuit IC's to their construction
will bring the price down to where the
technician can afford one to use in testing and in recalibrating his instrument
when he has to change a tube -and
don't forget the I0-14 uses 26 tubes!
"However, the d.c., triggered scope
is the kind the technician will encounter if he goes to work in any research
and development or industrial laboratory, and before long it will be the
standard service scope; so the sooner
he becomes familiar with its operation
the better. Finally, a good scope is the
best `teaching machine' for an electronics technician that has ever been invented.

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 decorator 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-

h,

stant use. With each Record and Tape Case you
Erosorder you will
eceive , ree of
arge
a specially designed
record ancd tape
cataloging form with pressure- sensitive 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 leatherette.
Record Cases are available to three sizes: for 7 ",
10" and 12" records. Each case, with a center
divider that separates your records for easy accessibility, holds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes.
The Tape Cases and the 7" Record Cases (with
catalog forms) are only $3.25 each; 3 for $9;
6 for $17.
The 10" and 12" Record Cases (with catalog
forms) are $3.50 each; 3 for $10; 6 for $19.
Add an additional 75c per order (regardless
of number of cases ordered) for shipping and
handling.

Ziff -Davis Publishing Company, Dept. SD

One Park Avenue, New York, N. Y. 10016
My remittance in the amount of $
is enclosed for the Cases indicated below.

Quantity
Tape Case at $3.25 each;

3

for

$9; 6 for $17.

7"

Record Case at $3.25 each;

3 for $9; 6 for $17.
10" Record Case at $3.50 each;
3 for $10; 6 for $19.
12" Record Case at $3.50 each;
3

for $10;

6

for $19.

Add 75c PER ORDER for SHIPPING and HANDLING
Check color choice for back of case (sides in

black only):

(Editor's Note: For further information
on the Heath 10 -14 and Allied Radio's
"Knight -Kit" KG -2100, refer to the test equipment reports that appeared in our
October, 1966 and June, 1967 issues,
respectively.)
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Midnight Blue

Red

Pine Green
Grey

Orange

Saddle Tan
Yellow
Spice Brown

Black

Name

EW1
Address

-

City

State

PAYMENT MUST BE
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ENCLOSED

Code

WITH

ORDER
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NEW KITS FROM HEATH...

For The Whole Family .. .
New Deluxe "227" Color TV
Exclusive Heathkit Self- Servicing Features. Like the famous Heathkit
"295" and "180" color TV's, the new Heathkit "227" features a built-in
dot generator plus full color photos and simple instructions so you can
set -up, converge and maintain the best color pictures at all times. Add
to this the detailed trouble-shooting charts in the manual, and you put
an end to costly TV service calls for periodic picture convergence and
minor repairs. No other brand of color TV has this money-saving selfservicing feature.
Advanced Features. Boasts new RCA Perma- Chrome picture tube for 38 %
24,000 v. re227 sq. in. rectangular viewing area
brighter pictures
improved phosphors for brilliant, livelier colors
gulated picture power
new improved low voltage power supply with boosted B + for best
exclusive Heath Magna-Shield to
operation . .. automatic degaussing

...

...

...

...

...

...

ACC
protect against stray magnetic fields and maintain color purity
and AGC to reduce color fade and insure steady, flutter -free pictures under
preassembled & aligned IF with 3 stages instead of the
all conditions
usual 2 ... preassembled & aligned 2 -speed transistor UHF tuner ... deluxe
VHF turret tuner with "memory" fine tuning . .. 300 & 75 ohm VHF antenna inputs ... two hi-fi sound outputs ... 4" x 6" 8 ohm speaker ... choice
of installation wall, custom or optional Heath factory assembled cabinets. Build in 25 hours.
Kit G R-227, (everything except cabinet)... $42 dn., as low as
$419.95
$25 mo... 114 lbs.
$59.95
GRA- 227 -1, Walnut cabinet... no money dn., $6 mo
G RA-227-2, Mediterranean Oak cabinet (shown above)
$94.50
no money dn., $10 mo

...

Kit GR -227

$419.95

(less cabinet)
$25 mo.

-

New Remote Control

For Heathkit Color TV

Kit

$349.95

$479.95

(less cabinet
& cart)

(less cabinet)
S42 mo.

$30

Deluxe Heathkit "295" Color TV

Same high performance features and exclusive self-servicing facilities
as new GR -227 (above) except for 180 sq. in. viewing area.
Kit G R -180, (everything except cabinet), 102 lbs...
$349.95
$35 dn., $30 mo.
GRS- 180 -5, table model cabinet & mobile cart (shown
$39.95
above), 57 lbs....no money dn., $5 mo.

Other cabinets from $24.95
Re-

cord Course

With Either

Heathkit/

Thomas Organ!
A $50 Value 1Includes four 331/4

rpm records.
music book &

leatherette
album.

Kit TO -67

$995
(including bench)
$200 dn.,
as

low

as $29 mo.

Heathkit® /Thomas
"Paramount" Theatre Organ
Save Up To $500! Build in 80 -100 hours. All Thomas factory-made parts
15 manual, 4 pedal voices; instant -play Color -Glo; all- transistor circuit; 200 watts peak power; 2 -speed rotating Leslie plus main speaker

...

system with two 12" speakers; 44 -note keyboards; horseshoe console
with stop tablets; 28 -note chimes; 13 -note bass pedals; repeat & attack
percussion; reverb; headset outlet; assembled walnut finish hardwood
cabinet & bench; and more. 265 lbs. 7", 331/2 rpm demonstration
record 50c.
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mo,

Deluxe Heathkit "180" Color TV

...

295 sq. in. viewing area. Same features
Color TV's largest picture
and built -in servicing facilities as new GR -227. Universal main control
panel for versatile in -wall installation. 6" x 9" speaker.
Kit G R-295, (everything except cabinet), 131 lbs...
$479.95
$48 dn., $42 mo
G RA-295-1, Walnut cabinet (shown above), 35 lbs
$62.95
no money dn., $7 mo.
Other cabinets from $94.50
40-Lesson

RA-27

Kit GR -180

Kit GR.295

FREE...

G

$19.95

...

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

America's Lowest Cost
Solid -State Organ
Kit GD -325B

$394.90

$40 dn., $34 mo.

Save Up To $205! Instant play Color -Glo; 10 voices;
13 -note bass pedals; repeat
percussion; 37 -note key-

boards; 75 -watt peak power;
vibrato; assembled walnut
cabinet & bench. 172 lbs.
7 ", 33'/3 rpm demonstration
record 50c.

Box Percussion
ExclusiveorBand
manually adds 10 percusAutomatically

sion voices to any Heathkit /Thomas organ.
Build & install in 12 hours.
Kit TOA -67 -1, no money dn.,
.. $145.00
$14 mo...

Rhythm Maker
Exclusive Playmate
rhythms to any Heathkit /
Adds 15 fascinating
Thomas Organ. Requires Band Box percussion (above) for operation.
Kit TOA -67 -5, no money dn.,
S18 mo

.. $189.90
ELECTRONICS WORLD

COUPON BELOW TO ORDER NOW

USE

NEW! VOX "Jaguar"
Transistor Combo Organ By Heathkit

NEW! Deluxe Solid -State Combo

Amplifier & Speaker
System ... Choose Kit
Or Factory Assembled
Amp ifier
Kit TA -17

Kit

$175

TO -68

517 mo.

$349.95
S35

(Assembled
TAW -17 $275)

dn., $30 mo.

Special

Combination Offer
Amplifier & Two
Speaker Systems
Save 520

Kit TAS -17 -2

$395

Speaker System
Kit TA -17 -1

$120
511

mo.

540 dn.
534 mo.

(Assembled
TAW -17 -2 $545)

(Assembled
TAW -17 -1 $150)

To $150 on the world's most popular combo organ with this
new Heathkit version. Features the most distinctive sound of any
combo organ. Ha^ a special bass output that gives a brilliant stereo bass
effect when played through a separate or multi-channel amplifier, 4
complete octaves, vibrato, percussive effects and reversible bass keys.
Includes hand crafted orange and black cabinet, fully plated heavy -duty
stand, expression pedal and waterproof carrying cover and case for
stand. Requires a bass or combo amplifier like Heathkit TA-17 (opposite page).
Save Up

Kit TO -68, 80 lbs.... $35 dn., $30 mo.

.

$349.95

...

All the "big sound" features every combo wants
tremolo, built-in
"fuzz", brightness, reverb, separate bass and treble boost and more.
Delivers a shattering 120 watts EIA music power (240 watts peak
power) through two TA -17-1 speakers
or 90 watts through one
TA -17-1 speaker. Features 3 independent input channels, each with
two inputs. Handles lead or bass guitars, combo organ, accordion,
singer's mike, or even a record changer. All front panel controls keep
you in full command of all the action.
Speaker system features two 12" woofers, special horn driver and
matching black vinyl- covered wood cabinet with casters & handles

...

for easy mobility.

NEW! Lowest Cost Solid -State

Stereo Receiver

Kit AR -15

$329.95

Kit AR -17

(less cabinet)
$28 mo.

$72.95
(less cabinet)
58 mo.

Assembled
ARW -15 $499.50
(less cabinet) $43 mo.

Features wide 18- 60,000 Hz response © ±1 db at full 5 watts RMS
power per channel
14 watts music power
inputs for phono and
auxiliary
automatic stereo indicator
outputs for 4 thru 16 ohm
speakers
adjustable phase for best stereo
flywheel tuning . .
and compact 91/4" D. x 2 %" H. x 111/4" W. size. 12 lbs. Optional factory
assembled cabinets (walnut $7.95, beige metal $3.50).
Kit AR -17, (less cab.) 12 lbs.... no money dn., $8 mo... $72.95
Kit AR -27, 7 -Watt FM Mono Only Receiver (less cab.)
9 lbs.... no money dn., $5 mo
$49.95

...

...

...

...

...

...

.

Professional

Acclaimed by owners & experts for features like integrated circuits &
crystal filters in IF amplifier; FET FM tuner; 150 watts music power;
AM /FM and FM stereo; positive circuit protection; all -silicion transistors; "black magic" panel lighting; and more. Wrap- around walnut
cabinet $19.95
Kit AR -15 (less cab.), 34 lbs.... $33 dn., $28 mo
$329.95
Assembled ARW -15, (less cab.), 34 lbs.... $50 dn.,
$43 mo.
$499.50

NEW! Solid -State Portable

10 -Band

So Handy, So Low Cost we call

Shortwave
Receiver
Kit SB -310

$249
$23 mo.

...

s

Covers 49, 41, 31, 25, 19 & 16 meter shortwave
80, 40 & 20 meter
ham
11 mete CB Includes 5 kHz crystal filter for AM, SSB and
CW listening. Features selectivity that slices stations down to last kHz;
11 -tube circuit; crystal -controlled front -end and more. 20 lbs. SB -600
8 ohm 6" x 9" speaker in matching cabinet $18.95.

...

World's Most Advanced Stereo Receiver

it "every man's" meter. Just
right for homeowners, hobbyists, boatowners, CBer's, hams
. it's even sophisticated enough
for radio & TV servicing! Features 12 ranges ... 4 AC & 4 DC
volt ranges, 4 ohm ranges; 11
megohm input on DC, 1 megohm input on AC; 4'/2" 200 uA
meter; battery power; rugged
polypropylene case and more.
Easy 3 or 4 hour kit assembly.
Ideal gift for any man! 4 lbs.

Volt- Ohm -Meter
Kit 1M-17

$19.95

rHEATH COMPANY,
HEATHKIT 1968

10. r;«

Dept. 15 -1
Benton Harbor, Michigan 49022
In Canada, Daystrom Ltd.

NEW
FREE 1968

Enclosed is $

CATALOG!

Please send model (s)
Please send FREE Heathkit Catalog.
Please send Credit Applicatioi.

Now with more kits, more color.
Fully describes these along with
over 300 kits for stereo /hi -fì,
color TV, electronic organs, electric guitar & amplifier, amateur

radio, marine, educational, CB,
home & hobby. Mail coupon or
write Heath Company, Benton
Harbor, Michigan 49022.
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including shipping.
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Address
City

State
Prices & specifications subject to change without notice.
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Transistor Curve Tracer
(Continued from page 60)

FREE:
fI

BRAND NEW
FALL AND WINTER
RADIO -TV

ELECTRONICS
CATALOG

'1

YOUR BUYING GUIDE
Stereo & Hi -Fi
FOR:
Systems & Components
Tape Recorders Electronic Parts, Tubes, Tools

Phonos & Records
Ham Gear Test Instruments & Kits Cameras & Film PA Citi-

zens Band Radio & TV
Sets
Musical Instruments

MAIL TODAY TO:

BURSTEIN- APPLEBEE
Dept. EWM

1012 McGee, Kansas City, Mo. 64106

Name
Address
City
Zip Code

State

CIRCLE NO. 122 ON READER SERVICE CARD
A

SELECTION OF

ANNUALS STILL AVAILABLE
FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

pHOTHQRRPRVI
r^ DIRECTORY

BUYING GUIDE

CAR & DRIVER YEARBOOK
complete buyers guide covering sir.
tually every car available in the United
Technical
States
Road tests
Accessories and
specifications
.
performance equipment buying guide
Guide to racing with action packed photos.
A

...

...

1967
1966
1965

--

.

$1.50- -.-#40
1.25...._.. #15
1.25......... #17

T11IPE RECORO..

r

nor*

ro.

PHOTOGRAPHY DIRECTORY

World's most complete
photographic buying guide.
1967
1966

--

1.25._....#41

1.25__#22

ERmi

=.aw.:`.,w

TAPE RECORDER ANNUAL

STEREO /Hi Fi DIRECTORY

Complete buyers guide for virtually
Everything you need to know about
every Hi Fi component manufactured.
tape recording including a complete
directory of mono and stereo recorders.
1967
i1.25......_#45
1.25_......-#42
1967
1966
i1.25....._.#29
$1.25..-- ...#30
1966
1965
1.00..._.. #31
Order by number from ZINDavis Service Division ,595' Broadway, N.Y.,N.Y.10012.
Enclose add'i 15¢ per copy for shipping & handling (50¢ for orders outside U.S.A.)

--

--

tracer represents base current (IR) versus emitter current
(IF). Thus there is no direct measure of collector current,
which is necessary for the formula IC /IB by which beta (or
hFR) is properly calculated. However, the collector current
can be calculated from the curve -tracer data by subtracting
the base current from the emitter current (IB- IB =IC).
The exact number of traces displayed is the choice of the
constructor; it is determined by the setting of R34. However, the base -current interval between traces has great
significance, and requires calibration of the unit by the following procedure:
20. Determine that line power is "off" (i.e., S 1 set at
center position) Insert the leads of an n -p -n or p -n -p transistor in the socket and set S1 for the type inserted. Temporarily disconnect the vertical and horizontal leads from
the scope, but leave the ground leads connected.
21. Decide the number of traces you want to display, a
practical number is 7 to 10.
22. Place the scope probe at T.P. 4 or 5. While observing the staircase display, adjust potentiometer R34 until two
more steps than the number of traces desired appear in the
staircase waveform. If the range of R34 does not permit the
number of steps desired, change the capacitance of C2 or
C6 as necessary.
23. Adjust potentiometer R35 until the voltage difference
between successive steps is exactly 1 volt. For example, if
the staircase waveform includes 9 steps, its maximum amplitude should be set at 9 volts.
24. Adjust potentiometer R36 for the most symmetrical
staircase waveform obtainable. If non -linearity is observed,
favor the symmetry of the highest steps.
25. Turn S 1 to its center position (power "off ") and remove transistor from test socket. Reconnect vertical and
horizontal drive outputs of the curve tracer to scope.
.

Operating Notes
a. Remember to turn power "off" before a transistor is
connected to or removed from the test socket.
b. The staircase waveform needs no adjustment when
you switch between the n-p -n and p-n -p test functions. However, the number of traces may be fewer for one than for
the other because of their different offset values.
c. An error in selecting the test function will be indicated
by a failure of the display to show a vertical sweep or by an
exhibit showing breakdown by reverse junction voltage. The
current -limiting feature of this instrument will generally
protect the transistor under test.
d. The maximum power available for a transistor test is
250 mW. However it is possible to set the base current above
the tolerable limit of a low-beta transistor.
e. Because the retrace is quite rapid and does not interfere with the characteristic curves, no retrace blanking is
necessary or provided.
f. The choice of the 0.1-volt -per-unit vertical sensitivity
on the scope facilitates calculations; the use of 1 volt or more
per unit would introduce errors.
g. Waveforms C and D illustrate curves for typical germanium transistors. Waveform E illustrates the typically
flat or linear curves of silicon transistors. Waveform F illustrates an instance where a low- voltage test indicated that
the transistor was OK, but higher voltages exhibited a
breakdown.
Although this particular transistor curve tracer is a fairly
elaborate piece of test equipment, its versatility and the
highly useful display of a complete family of characteristic
curves should more than repay the constructor for his time
and effort. Even for those who do not contemplate building
the unit, a study of the circuity will be fruitful.
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The editors of Popular
Light- Emitting Diodes
Photography proudly present (Continued from page 37)
a dramatic, sophisticated
photosensitive device. Although the disand colorful tribute to the
tance is limited, computer R&D laboraloveliest subject in the
tories are seriously considering replacing
short runs of interconnecting wires with
world .. .
multiplexed LED

Thinking of college
and a
space age career in

electronics?

signals.

POPULAR PHOTOGRAPHY'S

`WOMAN
1968
an exciting
insight into
the world of beautiful women
by the great photographers
of our time!
POPULAR PHOTOGRAPHY'S WOMAN
1968 is a collection of superb photographs

-the finest, most searching works of leading

Taking advantage of the LED's flat
audio frequency response, the Norton
Company has developed what may be
the first economical home movie sound
system. With all circuitry inside the camera, the incoming audio signal intensity
modulates an LED focused upon one
edge of the film. When the film is processed, the amateur movie maker has a
true sound track that is perfectly synchronized to the picture.
A similar AM light system developed by General Electric is shown in
Fig. 4. The high impedance of a crystal microphone is matched to the LED
by means of a modified Darlington
amplifier. Such a circuit may be used
for either optical recording or transmission of AM light signals through air

professional photographers including Gowland, Steckler, Sokolsky and Lyon. They or fiber
optics.
bring the woman into focus
her many
The first commercially available demoods, her countless expressions, her unpredictable reactions, as she plays her varied vice to take advantage of the virtually
roles in modern life. From girl next door to infinite impedance between an LED
girl friend. From movie queen to mother. and a phototransistor is Texas InstruFrom fashion model to temptress. And alments' "optically coupled isolator".
ways-glamorous, subtle and enchanting.
Included in a 20 -page Playboy feature sec- With the output of one circuit connecttion is a portfolio of never-before-published ed to the LED, and the input of the
photos taken by 6 of Playboy's best pho- following stage connected to the phototogs
. another outstanding section analtransistor, the rated interstage impedyzes Blow -Up
the motion picture that ance is better
than 1013 ohms. The
probes the relationships of a photographer
with his cameras and models. To celebrate voltage isolation between stages is up
the 100th anniversary of Harper's Bazaar, a to 15 kV.
special photo album depicts Harper's stylSuch optoelectronic isolators are findish effects on the woman of today.
ing their place as replacements for
POPULAR PHOTOGRAPHY'S WOMAN electromechanioal relays in
the high-G
1968
128-page gallery of fine photography is essential as a reference work for environments of missiles, rockets, and
every photographer. A section of the pub- aircraft electrical systems.
lication is devoted to technical data includModulating a single phototransistor
ing camera, lighting, exposure time, film, with a number of pulsed LED's
forms
filters and technique used for each photothe basic idea

-

-

-a

behind the new concept

graph.

POPULAR PHOTOGRAPHY'S WOMAN

1968 is a masterful study of the loveliest
subject in the world. It is destined to become a collector's item for every person who
appreciates great photography. Order your
copy today!

POPULAR PHOTOGRAPHY'S
GET THE HANDSOME

LEATHERFLEX-BOUND
EDITION for just
$3 POSTPAID!

WOMAN 1968 is also available in
a splendid deluxe edition. Rugged
Leatherflex cover provides lasting
protection yet is softly textured
and gold- embossed for the look of

of optical mixing. Since this optical
scheme eliminates old problems such
as crosstalk between input stages, NASA
is experimenting with optical mixing
as part of its advanced satellite telecommunications systems program. Other
interesting uses are in the works.
A
Fig. 4. AM modulation of LED with an
audio signal. Two Darlington amplifier
stages match the high impedance of the
crystal microphone to the LED's low impedance. This circuit can be used in an
optical recording system or as means of

-a

elegance. A collector's item
superb addition to your permanent
reference library.

I-

ZIFF -DAVIS SERVICE DIVISION
DEPT. WO
595 Broadway
New York, N.Y. 10012
Please send me a copy of POPULAR PHOTOGRAPHY'S
WOMAN 1968 as checked below.
$1.25 enclosed, plus 15c for shipping and handling. Send me the regular edition. ($1.75 for
orders outside the U.S.A.)
$3.00 enclosed. Send me the Deluxe Leatherflexbound edition, postpaid. ($335 for orders outside
the U.S.A.) Allow three additional weeks for

Send for this booklet on
ENGINEERING TECHNOLOGY
AND ENGINEERING
Learn how you can prepare for a
dynamic career as an electrical or
mechanical engineering technician or
engineer in such exciting, growing
fields as avionics, missiles, reliability control, fluid mechanics, data
processing, metallurgy, microelectronics, and advanced aerospace
research.

residence study pro
grams leading to these degrees in
MSOE offers

engineering technology and engineering:
years -Associate in Applied Science
4 years- Bachelor of Science
2

Also get facts about scholarships and
financial aids, job placement and
other student services, plus photographs of MSOE technical laboratories and student activities.
For your copy, just mail
the coupon
no obligation.

-

Programs approved for veteran training.

SOE

transmitting

amplitude-modulated light
signals over relatively short distance.
í2v

Milwaukee School

Electrical fields
CRYSTAL

address

city

(..,..PAYMENT MUST

January, 1968

W

state
BE ENCLOSED WITH

i

Engineering

1025 N. Milwaukee St.,
Milwaukee, Wisconsin 53201
Please send the "Your Career" booklet.
I'm interested in

delivery.

print name

of

Dept. EW -168,

Name

Mechanical fields
Age

MC.

Address

zip

ORDER._.

City

State
ZIP
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"He's a goodworker.

I'd promote him
right now if he had
more education
in electronics."

Couldtheybe talking about you?
You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced education. Many doors will be closed to you, and no
amount of hard work will open them.
But you can build a rewarding career if you supplement your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.
Going back to school isn't easy for a man with a
68

full -time job and family obligations. But

CREI Home

Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.
CREI Programs cover all important areas of electronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.
ELECTRONICS WORLD

The Capitol Radio Engineering Institute
A

Divis,on of McGraw -Hill, Inc.

Dept.1101G, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010
Please send me FREE book describing CREI Programs. I
am employed in electronics and have a high school education.
NAMF

You're eligible for a CREI Program if you work in
electronics and have a high school education. Our
FREE book gives complete information. Airmail postpaid card for your copy. If card is detached, use coupon at right or write: CREI, Dept.1101G,
Founded 1927
3224 16th St., N.W.,
Washington, D.C.

20010.

ADDRESS
CITY

STATE

ZIP CODE

EMPLOYED BY
TYPE OF PRESENT WORK
I

CREI

Accredited Member
of the National Home Study Council

AG

G.I. BILL

am interested in
Electronic Engineering Technology
Space Electronics
Nuclear Engineering Technology

Industrial Electronics for Automation
Computer Systems Technology

L

J

APPROVED FOR TRAINING UNDER NEW G.I. BILL

January, 196E
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STATEMENT OF OWNERSHIP, MANAGEMENT AND
CIRCULATION ACT OF OCTOBER 23, 1962: SECTION 4369, TITLE 39, UNITED STATES CODE) .
1. Date of filing: October 1, 1967. 2. Title of
publication: Electronics World. 3. Frequency of
issue: monthly. 4. Location of known office of pub-

lication: 307 N. Michigan Avenue, Chicago, Illinois
60601. 5. Location of the headquarters or general
business offices of the publishers: One Park Avenue,
New York, New York 10016.
6. Names and addresses of publisher, editor. and
managing editor: Publisher, Phillip T. Heffernan,
One Park Avenue, New York, New York 10016;
Editor, William A. Stocklin, One Park Avenue. New
York. New York 10016; Managing Editor, Milton S.
Snitzer, One Park Avenue, New York, New York
10016.
7. Owner: Ziff -Davis Publishing Company, One
Park Avenue, New York, New York 10016; William
B. Ziff, One Park Avenue, New York, New York
10016; Priscilla R. Stafford, One Park Avenue, New
York, New York 10016.
8. Known bondholders, mortgagees, and other
security holders owning or holding 1 percent or
more of total amount of bonds, mortgages or other
securities: None.
9. Paragraphs 7 and 8 include, in cases where
the stockholder or security holder appears upon the
books of the company as trustee or in any other
fiduciary relation, the name of the person or corporation for whom such trustee is acting, also the
statements in the two paragraphs show the affiant's
full knowledge and belief as to the circumstances
and conditions under which stockholders and security holders who do not appear upon the books
of the company as trustees, hold stock and securities in a capacity other than that of a bona fide
owner. Names and addresses of individuals who are
stockholders of a corporation which itself is a
stockholder or holder of bonds. mortgages or other
securities of the publishing corporation have been
included in paragraphs 7 and 8 when the interests
of such individuals are equivalent to 1 percent or
more of the total amount of the stock or securities
of the publishing corporation.
10. Extent and nature of circulation:
Average No.
Copies Each Single Issue
Issue During Nearest to
Filing Date
Preceding
12 months
A. Total no. copies
printed
(net press run)
225.860
233.290
B. Paid circulation
1. Sales through
dealers and
carriers, street
vendors and
counter sales
42,650
40,000
130,550
2. Mail subscriptions 136,220
170,550
C. Total paid circulation 178,870
D. Free distribution
(including samples)
by mail, carrier
1,660
or other means
1,660
E. Total distribution
172,210
180,530
(Sum of C and D)
F. Office use, left -over,
unaccounted, spoiled
53,650
52,760
after printing
G. Total (Sum of E & F
-should equal
net press run
225,860
233,290
shown in AI
I certify that the statements made by me above
are correct and complete.
PHILIP SINE, Treasure

AT
LEARNEngineering
systems,

(Coniinned from page 45)
similar, except that the relay driven by
the 42.5-kHz detector activates a pilot
relay that drives a stepper relay which
connects resistors in the volume-control circuit to control the sound output
level. If the 42.5-kHz button on the
Admiral transmitter is depressed once,
it turns the receiver "on ", with low volume; again, and the volume is increased
to medium; again, and the volume is
at whatever maximum has been preset by the regular volume control;
again, and the set is turned "off".
The Zenith 4 -tone and the Motorola
3-tone systems use a function-switching relay to make single tones do two
jobs. Take the Zenith, for example, in
Fig. 7. (Incidentally, Zenith is the only
manufacturer that still uses mechanic al- rods -and- hammer to generate the
ultrasonic tones in the transmitter.)
The 37.75 -kHz coil and detector transistor drive a pilot relay which turns
the "on -off- volume" stepping relay. The
38.75-kHz coil and transistor drive a
pilot relay that activates a muting and
function relay. When it has been actuated, this relay alters the functions of
the 40.25 and 41.25 tones. Under ordi-

IC's and Solid State
The 1968 model year isn't quite the
year of the IC in color. The IC hasn't
taken over by any means, but it has
shown up in several brands and models. The most common use is in the
sound i.f. and detector section, the use
pioneered by RCA in its 1967 black and -white sets. The RCA line of color
sets this year uses an IC followed by
one or two transistors as audio amplifier and output.
There are plenty of ways IC's are
put to work in color, though. As already pointed out, RCA uses one in
the remote- control receiver preamp;
Clairtone, RCA, and Zenith use them
ill their a.f.t. systems; Motorola, RCA,
and Sylvania use them in sound i.f.'s
and detectors. IC's are no longer strangers to color -TV.

Transistors are catching on in a big
way. Only one manufacturer made a
full commitment to transistors in a
color chassis (see page 42 for data on
the Motorola solid-state set) but many
others
have
transistors
scattered
throughout their sets. Practically all
manufacturers use u.h.f. tuners with
transistors, and have for a couple of
years, so that isn't anything new or different. However, here are some uses
that transistors are being put to in 1968
color chassis:
By Admiral, in one chassis -the PCT 198: the entire sound system, the entire chroma section, and for low -voltage regulation.
By General Electric, in the KD chassis: as first video amplifier and a pair

nary circumstances, with the function
relay not actuated, the 41.25-kHz coil transistor-relay combination turns the
v.h.f.- channel selector toward higher
channels; the 40.25 -kHz stage turns it
toward lower channels. When the
38.75-kHz function relay is activated,
it transfers the contacts of the 41.25
and 40.25 relays so that they operate
the hue control motor clockwise or
counterclockwise, respectively.
The Motorola 3 -tone system operates
in much the same way. A 40 -kHz tone
switches the function relay. The 41.5-

HOME

learn transistors,
Fix TV. design automation
complete electronics. College level Home Study
understand them. Earn
courses taught so you
in the highly paid lectronics industry. Comrs, Missiles, theory and practical. Kits furnished.
Over 30.000 graduates now employed. Resident
classes at our Chicago campus if desired. Founded
19:14. Catalog. "Vets-write for information about
a t Bill 'rr:,i vin'-i."
American Institute of Engineering & Technology
Chicago, III. 60614
1141 West Fullerton Parkway
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capacitors, gravity, rotating electric charges,
unified field theory, the electronic spring, 5th
dimension, instill postulate. the ferrette, light
transmission, etc.
Price $2.50

37.75kHz

HUE
CCW

*ON

.--

STEPPER
RELAY

ON

OFF VOLUME CONTROL

TO CATHODE OF
BANDPASS AMP.

COLOR
TRAC
TO SLIDER

to be
in demand by industry since 1945. Industry- recognized courses in Electronics. TV, Drafting. Why not
earn credits towards an Associate In Science degree
while learning a vocational skill? Long term USAF
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*WITH
38.75

of Zenith "Space Command 600" remote control
receiver. Four tones per form five functions (six, if
you count "on- off "). Motorola uses similar setup
to get extra functions with out need for extra channels in remote receiver.

EACH BOX ABOVE
REPRESENTS: TUNED COIL, DETECTOR TRANSISTOR, AND RELAY
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The Six Keys To The

kHz tone, instead of operating the volume control, then turns the hue control
clockwise. The 38.5-kHz tone turns the
channel -selector motor; if preceded by
a 40 -kHz tone, a 38.5-kHz tone turns
the hue control counterclockwise.

The 1968 Color Sets
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to operate the tuning meter that is used.
By Hoffman: a pair to operate a
color- reception indicator light; in another chassis, a single transistor in a
Color -Trac circuit (Fig. 8) which helps
chroma gain follow the settings of the
contrast control.
By Motorola: in the entire solid -state
chassis; in all remote -control receivers;
and in pincushion correctors of TS -918
tube color chassis.
By Philco, who has used a hybrid
chassis for several seasons: entire i.f.
system, a.g.c. system, and as video output amplifier.
By RCA: in some a.f.t. chassis, in
remote -control transmitters and receivers, as chroma a.c.c. (automatic color
control), and as color killer.
By Sylvania: in D10 chassis, for entire picture i.f., a.g.c. circuit, first and
second video amps, audio and audio
output amps, sync system, noise gate,
a.f.t., and remote -control transmitters
and receivers. In the D06 chassis, transistors are used sparingly -as second
video amplifier, as color killer, and as
noise amplifier and gate.
By Toshiba, in TAC -2210 chassis: in
picture i.f. strip, in a.g.c. system, and
as sound i.f. amplifiers. Also, the v.h.f.
tuner is all -transistor.
By Zenith: as first video amplifier,
in remote -control receivers, and in the
a.f.t. circuit.
From this, you can see that solid state circuits are definitely finding their
way into color -TV, in the form of IC's
and transistors as well as the old faithful semiconductor diodes. Some semiconductor manufacturers- notably Amperex, Fairchild, and Texas Instruments
-have built prototype color receivers
to show off more of their solid -state
products. Solid -state color receivers
seem destined to become commonplace within a short time.

Other 1968 Circuit Changes
There have been so many small
changes in color sets this model year
that there isn't room to show all of
them schematically or to explain all of
them in detail. The following list calls
attention to some of the more interesting ones. If you are asked to service
one of the models, the following list
and last year's schematic may be all
you need to understand the circuits.
This list may omit a few changes, but
it is as inclusive as we can make it
from information we have been able to
get from manufacturers. Where it
seems important, a schematic is included. Carryover chassis are not mentioned, unless there are major improvements.
Admiral. Chassis H10. Horizontal
output tube 6KG6, used in late production runs (not interchangeable with
6KD6 and 6KN6 used in earlier runs)
Late runs also use 6JD6 i.f. amplifiers.
.

January, 1968

Conar (National Radio Institute).
This is a new chassis, Model 600, which
will be part of an NRI course in servicing color television. Comes in kit form
and is built a section at a time.
General Electric. The KD chassis is
mostly a repeat of the KC chassis of
1967, with some changes in the highvoltage section. The h.v. rectifier is
changed to a 6CN3 from the old 3A3.
In the schematics we've seen, the
high -voltage regulator is listed as 6LJ6.
(This is not one of the obsolete types
that G -E has been rounding up because
of x-radiation. Those bad ones were
6EA4, 6EF4, and 6LC6-all replaced
by okay types, respectively: 6EH4,
6EJ4, and 6LH6. None of the bad ones
got into 1968 models. )
Heath. Newest addition to the color Fill in coupon for a FREE One Year SubTV kit line is Model GR -227. Chassis
scription to OLSON ELECTRONICS' Fantastic Value Packed Catalog - Unheard of
will be similar to holdover Models GRLOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
180 and GR -295.
Amps, Tuners, CB, Hi -Fi's, and thousands
Magnavox. There are a number of
of other Electronic Values. Credit plan
available.
changes in the chroma section. The
NAME
6GU7 color -difference amplifiers have
ADDRESS
been replaced by 6MD8's, the 6EW8
CITY
STATE
burst amplifier makes way for a return
GIVE ZIP CODE
to the 6GH8A, the 6JU8 diodes have
If you have a friend interested in electronics
been eliminated in favor of semiconsend his name and address for a FREE sub
ductor diodes in the killer and phase
cription also.
detectors, and the 6GU7 blanker has
OLSON ELECTRONICS, .INC.
been replaced by the triode section of
a 6GH8A. In the focus circuit, the
784 S. Forge Street Akron, Ohio 44308
2ÁV2 rectifier is used in a few early
CIRCLE
NO. 100 ON READER SERVICE CARD
1968 models, but has been exchanged
in most for the old standby 1V2; a 3.3ohm filament resistor is needed with
the 1V2. The audio output, formerly a
6GC5, is back to a 6ÁQ5, except in
SUBSCRIBER SERVICE
chassis that are part of a combination.
Packard Bell. In the 98C17 chassis, Please include an address label when writing about
similar in many ways to the 98C15 your subscription to help us serve you promptly.
last year, there are a few changes. Tube Write to: Portland Place, Boulder, Colo. 80302
,-AFFIX LABEL---+
differences include the horizontal oscil- CHANGE OF ADDRESS:
Please
let
know
you
us
lator, formerly a 6B10 that included
are
at least
the a.f.c. diodes, replaced now by a four moving
to six weeks in
6FQ7 and a semiconductor dual diode, advance. Affix magaand the damper tube, formerly 6DW4 zine address label in
and now 6CL3. In the picture -tube space to the right and
new address bedrive circuit, a 10- megohm resistor and print
low. If you have a
a 3900 -ohm resistor have been added question about your
(Fig. 9) to improve gray -scale track- subscription, attach
ing during brightness shifts. The 10- address label to your
megohm resistor senses wide bright- letter.
ness shifts by their effect on the h.v. TO SUBSCRIBE:
boxes below.
regulator grid and changes the d.c. po- Check
New
Renewal
tential at the top of the drive controls
5 years $21
slightly. The 3900 -ohm tracking-range
3 years $15
ö
year $6
resistor can be connected or not for
o
best gray -scale adjustment.
SPECIFY:
RCA Victor. As usual, there is a
Payment enclosed
You get 1 extra issue L
whole raft of new color chassis from
per year as a BONUS! Add'I postage:
RCA. Biggest change is a series of new
per year outside
Bill me later.
u.s., its possessions & Canada.
picture tubes: 19GWP22, 22JP22, and
25XP22. The red phosphor in all these
is highly efficient, so the new chassis name
please print
0196
include a "Red Drive" control -formerly
omitted. A 6CL3 damper tube is used address
in place of the old 6DW4. The "Ser
city
vice" switch is changed to a push -pull
type, in place of the conventional slide state
zip -code
-
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NEW CONAR
All- Channel

COLOR TV KIT

$366.00
Model 600UK

Easier to build because
it's designed for learning

-

Complete with cabinet
nothing else to buy!
Tops for quality, simplicity of
design, ease of building, the new
CONAR 600 gives you the latest
advances in the art of color TV
receiver construction. In addition
to 21 tubes, this all- channel receiver incorporates a transistor
UHF tuner, transistor noise cancellation circuit and 16 solid state diodes. Separate gun killer
switches and a cross hatch generator are built in. All hardware
is engineered for accessibility.
Attractive bronze -tone steel cabinet with durable wood- grained
vinyl covering.
For information write Dept.

CONAR

switch; it still has three positions: "Normal /Service /Raster".
The CTC -30 is the top of the 1968
color line. It has the integrated circuit a.f.t. and 8- function remote control already described, and an improved
a.c.c. circuit. The unusal innovation in
this chassis, however, is detented u.h.f.
timing. The tuning range of the u.h.f.
tuner is divided into 24 segments of 3
channels each. A 25 -stop detent wheel
makes it possible to snap the u.h.f.
tuner from channel to channel the same
as you do the v.h.f. tuner, and also
makes possible motorized u.h.f. tuning
-hence the extra channel on the remote- control system.
At any position of the tuner, the
u.h.f. fine-tuning knob can be turned
by the viewer to tune any one of the
three channels indicated in the u.h.f.
dial window. For example, if a nearby
u.h.f. station happens to be channel 31,
the viewer switches the u.h.f. tuner to
31- 32 -33, which are all at one detented
position of the u.h.f. tuning dial. With
the fine-timing knob, the viewer finetunes the station just as he would operate the preset -type fine tuning of a
v.h.f. tuner. This tunes that position of
the u.h.f. tuner solidly to channel 31,
which will then appear every time the
u.h.f. selector is rotated to that stop.
This is done for each local u.h.f. channel. Then the u.h.f. tuning motor operates just like the v.h.f. one, and the
extra function on the remote control
can be used to actuate it.
Sylvania. The D06 chassis is a parallel- filament version similar to last season's D05, but with several additions
and changes. First, new tubes: the
6LN8 burst gate clipper is changed to
a 6BL8; 10JT8 video output and color

AB8C
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killer tube replaced by 12HL7 video
output tube and 2N3694 transistor color killer; 6CL8 horizontal oscillator and
high-voltage regulator exchanged I for
6BL8 oscillator and control tube and
standard 6BK4 shunt regulator for high
voltage. The change in horizontal oscillator necessitated a few wiring changes
in the a.f.c. diode circuit. Better operation of the horizontal output tube is
achieved by changing its screen supply
from the 150 -volt line to a 340 -volt
source. Also in the video amplifier, the
SE1002 transistor is replaced by a
2N3694, and the circuit arrangement
changed considerably. There is a new
tone -control circuit. Finally, a couple of
diodes are omitted from the convergence board.
The Sylvania D10 chassis is the top
of the 1968 line. It was described earlier, in the section about solid- state,
since a whole series of transistors are
being used, and an IC in the sound i.f.
and detector. This chassis includes
transistor a.f.t. and a 7- function remote
control.
Zenith. Not too many changes this
time. Some in the hue circuit: the hue
control is now across one half of one
winding of the burst -phase transformer
( Fig. 10) There is also a slight circuit
improvement in the color killer. The
6JS6 horizontal output tube has been
replaced by a longer-life 6LB6 or 6LF6
(depending on the run) ; the new tube
has been found to withstand up to 15
minutes of no -drive operation without
damage. The convergence board is up
front ( remove the speaker panel) , a
feature in some other brands this season. Convergence should be easier, because of the labeling system on the
newly laid out board; it shows which

TO GREEN CRT CATHODE

VIDEO
CIRCUITS

TO BLUE CRT CATHODE

1

Fig. 9.
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Complete buyers guide for virtually
every Hi Fi component manufactured.
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Order by number from
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ZIffDavis Service Division,

595 Broadway, New York, N. Y. 10012.
Enclose an additional 15¢ per copy for shipping
and handling (50¢ for orders outside U.S.A.)
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particular raster area each control affects.

What's Coming Next?
Few color -set manufacturers will
commit themselves before model-introduction time. Any information they
offer is therefore off-the -cuff and tentative. However, we can surmise what's
in the wind for the Spring (the late 1968 models) from a little nosing
around and listening. Here are a few
features you can expect, either this
Spring or later in the year when the
1969 color receivers make their debut.
More transistors worked into top
models of all major brands, particularly in chroma sections. More transistor
v.h.f. tuners, at least by 1969 models.
A better color -phase control system by
one manufacturer, to help overcome
the "green face" syndrome. Integrated
circuits in the sound sections of more
models, and integrated circuits in at
least one chroma section. Another allsolid-state color chassis. Another approach to modularization, possibly but
not necessarily similar to Motorola's.
Hybrid (thick -film) integrated circuits
in at least one brand, perhaps two;
IC's used so far are monolithic types.
A push-button v.h.f. tuner, using Varicap diodes as tuning capacitances. A
signal-seeking automatic continuoustype u.h.f. tuner.
Whatever innovations are forthcoming, this year and next are bound to
witness great strides in color television receiver manufacture.
PIPE -PLUG HEAT SINKS
By C.C. MORRIS & J.E. PAPE

OFTEN the need arises for special size

heat sinks for use with semiconductor devices. Most suppliers stock the
more conventional sizes but quite often
space or packaging limitations prohibit
their use. In many instances, available
heat -sink devices are physically larger
than necessary.
One solution to this problem is to design and make your own heat sink for
your particular application. An easy way
to do this is to use copper pipe and plugs
which are readily available in assorted
sizes at most hardware dealers. These
plugs are the sweat- solder cup -shape type
designed to fit inside open ends of copper tubing or pipes.
These plugs are easy to drill and can
be finned by cutting slots in their side
walls with a hacksaw. If desired, various
types of mounting tabs can be soldered
to these plugs. Upon completion, the
plugs may be painted with black spray
paint to increase emissivity.
,-3

OR MORE SLOTS CUT WITH SAW

SOME SHOP OWNERS DO MORE BUSINESS THAN
OTHERS BY DOING BASIC THINGS LIKE THESE:

Reading

leading

what's new in
technical mag.

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

azines.

their caddies
Keeping accurate track of
4 Making
are organized and prop5 their time
job.
erly stocked.
sure

on each

... often ... both
6 Smiling
and off
job.
on

the

DIFILM' BLACK BEAUTY '...
Ultimate in molded tubulars

DIFILM'

ORANGE

DROP...

world's finest
radial -lead capacitor
The

7 INSTALLING

SPRAGUE DIFILM` CAPACITORS

These two great Sprague capacitors are expressly made for men
who are in the TV service business to do business
as it should
be done. Both feature the ultimate in tubular capacitor construction
to keep you out of call -back trouble:
Dual dielectric
combine best properties of both polyester film
and special capacitor tissue.
Impregnated with HCX® to provide rock -hard capacitor section.
Because impregnant is solid, there's no oil to leak, no wax to drip.
Designed for 105 °C (220 °F) operation without voltage derating.

...

...

DIFILM® ORANGE DROP®
Dipped Tubular Capacitors

DIFILM` BLACK BEAUTY®

A "must" for applications where

World's

only radial -lead capacitors will fit.

molded capacitors. Feature tough,

Perfect replacements for dipped

protective outer case of non -flam-

capacitors used in most leading

mable molded phenolic

TV sets. No other dipped tubular

cannot be damaged in handling

capacitors can match them. Dou-

or installation. Will withstand the

ble- dipped in rugged epoxy resin

hottest temperatures of any radio

for positive protection against ex-

or TV set

treme heat and humidity.

most humid climates.

Molded Tubular Capacitors
most

...

humidity- resistant

...

which

even in the hottest,

For complete listings, ask your Sprague distributor
C -617, or write to Sprague Products
Company, 51 Marshall Street, North Adams,

for Catalog

Massachusetts 01247.
MTG. HOLE FOR SEMICONDUCTOR
PIPE END PLUG

SAME PLUG
AS PURCHASED
MODIFIED
NOTE: PLUGS ARE AVAILABLE IN MANY DIFFERENT SIZES
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SPRAGUE

DON'T FORGET TO ASK YOUR CUSTOMERS
THE MARK OF RELIABILITY
"WHAT ELSE NEEDS FIXING ?"
66.)116
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EW Lab Tested

(Continued froh page 12)

Earn
Your
Degree
ELECTRONICS
ENGINEERING
through HOME STUDY
HIGHLY EFFECTIVE
HOME STUDY COURSES IN,

Electronics Engineering Technology
- Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in ElecWere a forward
tronics Engineering.
looking school. Outstanding lesson material- thorough and easy to understand.
Engineering taught on the basis of application and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a law paying technician job and
a
high paying engineering position. Low
tuition cost with low monthly payments.
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin A, no salesman will call on you.

COOK'S INSTITUTE
0/ ecfronici en9ineerin y

e

Southern Regional Office
2705 Gallatin Road -P.O. Box 4689
Nashville, Tenn. 37216
Established 1945
Formerly Cook's School of Electronics
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WORLD'S
FINEST

EASIN

MULTICOßE

cartridges tested surpassed the M75E
in its ability to reproduce high -level
transients, particularly in mid- and
high- frequency ranges, without shattering distortion. The difference between
one of these cartridges and the M75E
was small enough to be well within the
limits of our judgment in assigning
numerical scores to the cartridge performance on the various test bands.

We therefore agree with the manufacturer's contention that the M75E is
an exceptionally fine cartridge in all
respects. The 15,000 -Hz peak adds a
trace of sparkle to its sound, but no
stridency or significant coloration. It
is thoroughly smooth and clean sounding at all times, as a good cartridge
must be.
The Shure M75E sells for $39.50.
The M75 -6 with a conical stylus and
essentially the same performance is only
$24.50, which makes it an outstanding
value.

Electro -Voice RE -15 Microphone
For copy of manufacturer's brochure, circle No. 34 on Reader Service Card.
The cardioid pattern produced by this
microphone is obtained by opening ports
at the rear of the diaphragm which alfrom the side
lows sound waves enteri
or rear to cancel the signals entering from
the front. Although the cancellation cannot be complete, a front -to -back ratio of
15 to 20 dB is obtainable. In its simplest
form, this type of microphone may exhibit good directional properties at middle and high frequencies, but often has
little or no directionality at low frequencies. One of the principal reasons for usTHE Electro -Voice Model RE -15 mi- ing a cardioid microphone is to reduce
crophone is termed by its manufac- pickup from speakers or sound sources in
turer a "Super Cardioid." It is one of the front of the user and, obviously, if some
frequencies are not rejected, there refirm's "Professional Series" microphones
designed for critical public address, re- mains a possibility of feedback occurring
or of an unnatural sound balance from an
cording, or broadcast applications.
Like most other microphones intended off-axis source.
The "Continuously Variable -D" confor this type of service, the RE -15 is a
dynamic unit. It is a low- impedance mi- struction of Electro -Voice sub- professional or general-purpose microphones,
crophone rated at a nominal 150 ohms.
the
which have a row of openings extending
-magnetic
and
is
non
The diaphragm
rearward along the body of the microcase is steel, for magnetic shielding as
phone, allows a good directional pattern
As
cardioid
ruggedness.
as
physical
well
magnetic microphones go, the RE -15 is to be maintained over a wider frequency
exceptionally compact and unobtrusive. range. In the professional RE -15, this
technique has been further refined to the
Its over-all length is 67/t4;", and for most
extent that the frequency response is
of that length the diameter is only i'/td'.
The microphone structure proper is practically the same at any angle over the
housed in a 13/8" diameter bulbous end of full rated 80- 15,000 -Hz frequency range
of the microphone. Also, the maximum
the unit, about 11/2" long.
On the slim body of the microphone is rejection is at an angle of 150 degrees to
the axis of the microphone instead of the
a recessed switch which rolls off the bass
normal 180 -degree angle. This allows the
hertz.
For
hundred
a
few
response below
certain room conditions or for close talk- RE -15 to be operated at a more usual 30degree angle to the horizontal while reing, this helps to maintain a pleasing
taining maximum rear rejection in the
sonic balance. The roll-off amounts to
A
horizontal plane. (This characteristic is
Hz
region.
50
to
80
in
the
about 5 dB
Cannon connector is built into the end of referred to by the manufacturer as "Suthe handle and the 18 -foot shielded cable per Cardioid". )
Our usual microphone test procedure
supplied with the RE -15 is fitted with a
is
to
compare the output of the test miplug.
mating
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crophone with that from our calibrated
capacitor microphone, with both in identical positions relative to a wide-range
loudspeaker. The difference between the
two automatically run response curves,
corrected if necessary for the slight departures from flatness of the reference
microphone, can be considered as the
frequency response of the test microphone. Although the measurements are
made indoors in a fairly "live" room, we
operate within 12" of the speaker to
minimize room reflections.
This method, although far from rigorous, yields fairly good results when testing an omnidirectional microphone since
our reference microphone has that characteristic. When the test microphone is
directional, however, sizable errors occur, particularly at high frequencies.
This is true since the test microphone
does not respond to signals arriving at an
angle in the same manner as the reference microphone.
In spite of this difficulty, we found the
RE -15 to have an unusually smooth frequency response, quite superior to any
of the better sub -professional dynamic
microphones we have tested. The response was within ±2.5 dB from 100 to
7000 Hz. At higher frequencies, the interference effects mentioned previously
prevented measurement of its true response. At lower frequencies it followed
closely the manufacturer's published
curve, falling off gradually and smoothly
to -5 dB at 60 Hz.
As a final, definitive check we make
tape recordings in which the test microphone is compared with other microphones of known performance. The RE15 showed its true mettle in this test,
producing the most natural male voice
sounds we have heard from any microphone short of our much more expensive
laboratory microphone. It is unusually
free from blasting or bassiness in close
talking, sounding practically the same at
one inch as at one foot from the speaker.
Speaking at an angle to the microphone
axis resulted in much weaker output, but
with relatively little of the "off-mike"
hollowness which most cardioid microphones exhibit in this situation.
The microphone comes in a metal case
with a fitted styrofoam insert to protect
it. It is finished in non -reflecting matte
satin nickel, which adds to its unobtrusive appearance. It should make an excellent addition to a high-quality tape
recording system, being one of the few
microphones at a reasonable price that
can do justice to the quality built into
modern tape recorders. Its output is too
low for use with most recorders having
high-impedance inputs, but a matching
transformer (502B) is available from
E -V which steps up the microphone output for use with high-impedance amps.
The E-V RE -15 sells for $153 (net).
The 502B matching transformer is about
$10.00.
January, 1968

ALIGNMENT OSCILLATORS
DESIGNED TO MAKE SERVICING EASIER
BOTH NEW FROM INTERNATIONAL

-

MODEL 812
(70 KHz

20

MHz)

The Model 812 is

a crystal controlled
oscillator for generating standard
signals in the alignment of IF and
RF circuits. The portable design is
ideal for servicing two -way radios, TV
color sets, etc. This model can be
zeroed and certified for frequency
comparison on special order. Individual trimmers are provided for each
crystal. Tolerance .001%. Output
attenuators provided. Battery operated. Bench mount available.
Complete (less crystals) $125.00

MODEL 814
(70 KHz

-

20

MHz)

The Model 814 is identical in size to
the 812. It does not have individual

trimmers for crystals. Tolerance is
%. Battery operated. Bench mount
available.
Complete (less crystals) $95.00
.01

Both the Model 812 and Model
814 have positions for 12 crystals and the entire frequency
range is covered in four steps.

Write for catalog

INTERNATIONAL
CRYSTAL MFG. CO., INC.
10 NO

LEE
OKLA. CITY. OKLA. 73102
CIRCLE NO. 108 ON READER SERVICE CARD
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"CIE training helped pay
for my new house,"
says Eugene Frost

of Columbus, Ohio

Gene Frost was "stuck" in low-pay TV
repair work. Then two co- workers suggested
he take a CIE home study course in
electronics. Today he's living in a
new house, owns two good cars and a
color TV set, and holds an important
technical job at North American Aviation.
If you'd like to get ahead the way
he did, read his inspiring story here..

FYOU LIKE ELECTRONICS -and

are

in a dull, low- paying jobIthetrapped
story of Eugene Frost's success

can open your eyes to a good way to
get ahead.
Back in 1957, Gene Frost was
stalled in a low-pay TV repair job.
Before that, he'd driven a cab, repaired washers, rebuilt electric motors, and been a furnace salesman.
He'd turned to TV service work in
hopes of a better future -but soon
found he was stymied there too.
"I'd had lots of TV training," Frost
recalls today, "including numerous
factory schools and a semester of ad78

vanced TV at a college in Dayton. But
even so, I was stuck at $1.50 an hour."
Gene Frost's wife recalls those days
all too well. "We were living in a
rented double," she says, "at $25 a
month. And there were no modem
conveniences."
"We were driving a six -year -old
car," adds Mr. Frost, "but we had no
choice. No matter what I did, there
seemed to be no way to get ahead."

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

paring for better jobs by studying electronics at home in their spare Itime.
"They were so well satisfied," Mr.
Frost relates, "that I decided to try
the course myself."
He was not disappointed. "The
lessons," he declares, "were wonderful -well presented and easy to understand. And I liked the relationship
with my instructor. He made notes on
the work I sent in, giving me a clear
explanation of the areas where I had
problems. It was even better than taking a course in person because I had
plenty of time to read over his comments."
Studies at Night
taking
the course from CIE,"
"While
Mr. Frost continues, "I kept right on
With my regular job and studied at
night. After graduating, I went on
with my TV repair work while looking for an opening where I could put
my new training to use."
His opportunity wasn't long in
coming. With his CIE training, he
qualified for his 2nd Class FCC License, and soon afterward passed the
entrance examination at North American Aviation. "You can imagine how
I felt," says Mr. Frost. "My new job
paid $228 a month more!"
ELECTRONICS WORLD

Currently, Mr. Frost reports, he's
an inspector of major electronic systems, checking the work of as many
as 18 men. "I don't lift anything
heavier than a pencil," he says. "It's
pleasant work and work that I feel is
important."
Changes Standard of Living
Gene Frost's wife shares his enthusiasm. "CIE training has changed our
standard of living completely," she

replacing components. You need to
really know the fundamentals.
Without such knowledge, you're
limited to "thinking with your hands"
...learning by taking things apart and
putting them back together. You can
never hope to be anything more than
a serviceman. And in this kind of
work, your pay will stay low because
you're competing with every home
handyman and part -time basement
tinkerer.
But for men with training in the
fundamentals of electronics, there are
no such limitations. They think with
their heads, not their hands. They're
qualified for assignments that are far
beyond the capacity of the "screwdriver and pliers" repairman.
The future for trained technicians
is bright indeed. Thousands of men
are desperately needed in virtually
every field of electronics, from 2 -way
mobile radio to computer testing and
troubleshooting. And with demands

says.

"Our new house is just one example," chimes in Mr. Frost. "We also
have a color TV and two good cars
instead of one old one. Now we can
get out and enjoy life. Last summer
we took a 5,000 mile trip through the
West in our new air- conditioned
Pontiac."
"No doubt about it," Gene Frost
concludes. "My CIE electronics
course has really paid off. Every minute and every dollar I spent on it was
worth it."
Why Training is Important
Gene Frost has discovered what many
others never learn until it is too late:
that to get ahead in electronics today,
you need to know more than soldering connections, testing circuits, and
January, 1968

ENROLL UNDER 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.

like this, salaries have skyrocketed.
Many technicians earn $8,000, $10,000, $12,000 or more a year.
How can you get the training you
need to cash in on this booming demand? Gene Frost found the answer
in CIE. And so can you.

Send for Free Book
Thousands who are advancing their
electronics careers started by reading
our famous book, "How To Succeed
In Electronics." It tells of the many
electronics careers open to men with
the proper training. And it tells which
courses of study best prepare you for
the work you want.
If you'd like to get ahead the way
Gene Frost did, let us send you this
40 -page book free. With it we'll include our other helpful book, "How
To Get A Commercial FCC License."
Just fill out and mail the attached card.
Or, if the card is missing, write to
CIE at the address below.

CIE
Cleveland Institute
of Electronics
1776

E.

17th St, Dept.

EW -40

Cleveland, Ohio 44114

Accredited Member National Home Study Council
C
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PRODUCT REPORT

"Knight -Kit" Model

KG -687 Sweep /Marker

Generator

For roar/ n/ uiouufacturer's brochure, circle No. 35 on Reader Service Card.

SWEEP alignment of the tuned circuits in a TV receiver or an FM set
is not a job that the technician has to do
every day. However, when components
are replaced or when heat and aging detune the critical circuits, a good sweep/
marker generator is absolutely essential to permit the technician to readjust such circuits for optimum performance. We have even found some
brand -new inexpensive FM receivers
that must have gone through the factory alignment line quite rapidly. When
such receivers were sweep-aligned, improvements in sensitivity, distortion,
and tuning characteristics were readily
made. Of course, sweep alignment
should only be attempted if the technician has complete information from
the receiver manufacturer on the frequencies to be used, the bias voltages

required, and the proper procedure.
A new piece of test equipment that
will help do this job is the "Knight -Kit"
Model KG-687 sweep 'marker generator. This is one instrument in the manufacturer's new line of distinctively
styled, all -solid -state test equipment.
The generator uses 9 silicon transistors
( see block diagram ) and 7 diodes. The
heart of the unit is a 5 -band saturable
reactor in the tuned circuit of the
sweep oscillator that is used to generate fundamental frequencies from 3
to 220 MHz in five bands. A control
winding on this reactor has 60 -Hz a.c.
applied to it, which changes the inductance of the windings in the tuned circuits and swings the center frequency
of the oscillator over a range that has a
maximum value of up to 18 MHz on the
82

highest band of frequencies produced.
In order for this type of generator
to produce an accurate response curve,
it is necessary that the output level be
kept quite constant as the frequency
swings back and forth. This is accomplished in the KG -687 by an automatic
level control (a.l.c.) circuit. The circuit
samples the sweep output and then
readjusts the output amplitude of the
sweep oscillator to keep it flat. This
circuit performs beautifully, as evidenced by the straight -line traces we
saw on our scope over the entire operating range of the instrument.
Along with the sweep generator, the
unit has a built -in separate marker

generator covering from 2 to 75 MHz
on fundamentals and up to 225 MHz
on calibrated harmonics. A crystal oscillator is also incorporated so that very
accurate markers can be produced. A
4.5 -MHz crystal is supplied for marking the TV sound i.f. frequency exactly.
Other crystals, such as for 10.7 MHz
and 5 MHz, are available separately for
plug -in. Both crystal and v.f.o. markers
can be used together in order to put
several "birdies" on the response curve.
We found the frequency calibrations
on the marker -generator dial quite accurate and the tracking good over all
the bands.
Incidentally, this instrument, like
several of the better sweep generators,
uses a post -injection marker system.
In other words, the circuit is arranged
so that the markers do not pass through
the tuned circuits being aligned but
are added after detection. As a result,
the markers are not distorted or reduced in amplitude if they happen to
fall outside the bandpass of the circuit
being adjusted.
Still another useful feature of the
new generator is a pair of isolated 0 to
-20 volt regulated and calibrated voltage supplies. These are used during
alignment to supply the required bias
voltage to the stages being adjusted.
In some cases, different voltages are
required for, let us say, the r.f. and i.f.
stages. With two voltage sources, this
requirement can be met conveniently
without having to jury -rig an extra biasbox.

The instrument wiring, which is all
point -to -point rather than printed, is
really spread out so that there is plenty
of room to work or to do any servicing
that might be required. As a matter of
fact, the absence of tubes makes the
top of the chassis look quite empty.
Construction of the instrument kit is
simple and straightforward. The Model
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KG -687

measures 14 %" by 7 %" by
It is priced at $120 in kit

101/4' deep.

form only and is available from Allier)
Radio Corporation.
A

Monsanto Model 100A Counter /Timer
For copy of manufacturer's brochure, circle No. 150 on Reader
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LAFAYETTE
Power Packed
Yl`Jq
a.r

ice Card.

5

WATTS

Hand Held Power

Illy

6

(fillllÌ,EI

CHANNELS

Switchable Crystal
Control For All 23 Channels

Plus New Revolutionary

,mot

99- 3150L*
INTEGRATED

CIRCUIT
Leather
Shoulder Strap
9995

ANEW compact 5 -digit counter /
timer, the Model 100A, in which
virtually all active elements are integrated circuits, has been announced by
Monsanto's Electronics Technical Center. The instrument is "half- rack" size,
measuring only 41/2" high by 71/2"
wide by 9" deep. It is suitable for a
wide range of production applications
or for laboratory use. The manufacturer calls the timer a "true fourth -generation" instrument, not only because
of the full use of the latest integrated
circuits, but also because it has been
simplified in design and operation so
that only the most important basic
functions have been incorporated. As
a result, cost has been kept down to
$575, a truly respectable figure for a
5 -digit instrument.
The timer provides capabilities which

*

include measurement of average frequency from 5 Hz to 12.5 MHz, frequency ratio from 1 to 10'l, time interval
from 10 microseconds to 1011 seconds,
and single periods from 10 microseconds
to 10" seconds, in addition to totalizing
from

O

*
*

*
*

to 10e.

The Model 100A employs a crystal controlled clock having an aging rate
of better than 5 parts in 107 per day
after a 72 -hour warm -up. The instrument has a basic sensitivity of 50 mV,

*
*
*

F.M.S.

The final decade carry-pulse is available at a rear -panel connection, permitting cascading of slave units to extend
range and /or resolution in multiples of
5 digits. Additional features of the timer
include front -panel overrange and gate
indicators as well as a built -in check
system.

10 db S + N/N Ratio
Mechanical Filter for Superior
Selectivity
Automatic Compressor Range
Boost
Variable Squelch and ANL
Public Address External Speaker
Jack with PA Switch and PA
Volume Control
Mobile Operation with Cigarette
Lighter Plug -in Adapter
Jacks for External Battery Pack,
Mobile Battery and Battery/
Charger Eliminator ,Imported

512
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Model 161 Transistor Tester
For copy of manufacturer's brochure, circle No. 36 on Reader Service Card.
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Superheterodyne Receiver with
Less Than 1µV Sensitivity for

FREE

B &K

TRANSISTOR testers are coming
from the test- equipment manufacturers almost as rapidly as new transistors are being introduced. The latest
one to come to our attention is the new
B&K Model 161 "Dynamic Transistor
Analyst."
This new tester performs checks for
a.c. beta without removing transistors
from their circuits. In addition, out -ofcircuit tests are performed for a.c.
beta and for collector -to -base leakage
current (I,.,;c;). Values of beta are read
directly in two ranges on the 7 -inch
mirrored -scale meter: from 2 to 100
and from 10 to 500. Leakage current
is also read directly on a single expanded scale with a maximum range up to
5000 1tA. Transistors are readily identified as to whether they are p -n -p or.
n -p -n types simply by flicking a switch
on the front panel. Front -to -back resistance of diodes can also be measured
with this new instrument.
As an added feature, the testet may
be personalized by inlaying the own-

Integrated Circuit (IC) plus 12
Transistors and 5 Diodes for
Super Performance

I
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NO. 680

Everything in Electronics
for Home and Industry
from the "World's Hi-Fi
Electronics Center"
LAFAYETTE Radio Electronics
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t
S

CAÄ

pages
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PHOTOGRAPHY ANNUAL
selection of the World's finest photographs compiled by the editors of Popular Photography. All
A

editions $1.25 each:
1967

-$1.50........#38

--

$1.25............ #1
1966
1964
$1.25............#3
Order by number from
595 Broadway New York,

Ziff-Davis Service Div.,
N. Y. 10012. Enclose add'' 15t per copy for shipping and handling (50¢ for orders outside U.S.A.)

er's name on the carrying handle. The
Model 161 comes with a transistor
specifications handbook and a basic
transistor "brush -up" manual.
The instrument measures about 7
inches square and 3% inches deep. It
is a.c.-powered and costs $89.95.
A

MAKE REAL MONEY

WRITING
COMEDY
big
comedy and humor writing proThe

-pay

fession needs trained men and women NOW!
We teach you at home to write for TV,
movies, magazines, ads, etc. Endorsed by
Morey Amsterdam and top writers. Send today for free brochure containing full details.
Approved for Veterans
HOLLYWOOD SCHOOL OF COMEDY WRITING
90038
Dept, EL -81922 N. Vine, Hollywood, Calif.
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Troubleshooting Color Chassis
(Continued from page 40)
15. Adjust the top slug (secondary) of discriminator
transformer T1 for minimum pull -in effect while you switch
the a.f.c. back and forth between "off" and "on".
16. Check another channel. If there is pull-in on some
channels and none on others, even though manual fine
tuning is normal for all, the r.f. and i.f. stages of the receiver probably need complete alignment.
Note: You can leave the v.t.v.m. connected during steps
12 through 16, and adjust the slug so there is no fluctuation of the meter pointer as you flip the a.f.c. switch back
and forth between "off" and "on ".
Motorola's a.f.t. system (which they call FTL for Fine
Tuning Lock) is adjusted differently, but a v.t.v.m. is still
the only equipment you need. The procedure is this:
1. Tune in a program.
2. Defeat the FTL by pulling out on the fine- tuning control.
3. Adjust the fine tuning to a point just before the 920kHz sound beat appears in the picture.
4. Connect a v.t.v.m. across the FTL defeat switch. Set
it to measure d.c. volts and zero- center the meter pointer.
5. Push the fine -tuning control back in, to activate the
FTL circuit.
6. Back out the top slug of the discriminator transformer
until it is near the top of the transformer.
7. Back out the bottom slug until it is near the bottom.
Notice which side of zero the meter pointer moves to during
this step.
8. Adjust the bottom slug for maximum meter indication
in that direction.
9. Adjust the top slug to move the meter pointer back
to zero center.

Note: The r.f. and i.f. alignment should be correct before
any attempt is made to adjust the FTL circuit.

Color Servicing Caution
Many manufacturers have issued bulletins explaining how
technicians can prevent color -television receivers from producing x -rays. While the x -rays produced by a normally
operating receiver cannot harm humans or animals in any
way, an abnormally operating set can generate enough to
exceed the limitations considered best for health. Even
then, considerable exposure is necessary to do any biological
damage, but it is very easy to prevent even that slight
possibility.
X -rays can be produced in two areas in a color television
receiver: in the picture tube, and in the high-voltage section- specifically, by the high -voltage regulator and in lesser
amounts by the high -voltage rectifier. In every case, the
technician and his customer will be protected from any
harmful amount of x-radiation if the following general precautions are observed.
Watch only from a distance of 6 feet or more.
Always adjust the horizontal efficiency coil (if the set
has one), the high -voltage regulator current, and the high
voltage exactly as recommended by the manufacturer. If it
will not adjust correctly, find out why and cure the trouble.
Never let an incorrectly adjusted color set go back to a
viewer.
When you have a color set on the bench, avoid turning
the bottom of the chassis toward yourself or anyone else in
the shop.
Make sure all parts of the high-voltage cage are in place,
and that all screws are securely tightened.
These precautions will make color -TV servicing on the
1968 chassis (and all others) safer for the technician and
will eliminate viewer worry about x-rays from his color -TV
set.

Why not sell the best
DELUXE
ALL -CHANNEL
Part No. 973 -56
Two full -size UHF

3 ZENITH
WAVEMAGNETJ
INDOOR TV ANTENNAS

loops develop high
front-to -back ratios
equal to many

outdoor antennas.

built to the quality
standards of Zenith
original parts

ECONOMY
ALL -CHANNEL
Part No. 973 -55

Zenith has designed these Wavemagnet antennas for sensitive
reception in color or B /W. Fully adjustable telescopic dipoles.
Six-position selector switch for top performance on each
channel. Handsome molded base of high -impact styrene.
Individually packaged for effective sales display.
Order now from your Zenith distributor.

VHF ONLY
Part No. 973 -58

ENir,r°

The quality goes in before the name goes on
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"THIN -FILM AND SEMICONDUCTOR INTEGRATED CIRCUITRY" by John Doyle.
Published by McGraw-Hill Book Company, New York. 308 pages. Price $6.95.
This book is for those working in the
field and covers the general problems
associated with integrated circuitry and
the techniques used to solve such problems. The author discusses the many
disciplines involved in the fabrication
of thin -film and integrated circuits, including photolithography, vacuum technology, chemistry, packaging, and reliability. Emphasis is also placed on actual
production -line techniques and plant requirements.
The text is divided into twelve chapters covering an introduction, photolithographic masks, thin -film technology,
semiconductor technology, application
notes, packaging techniques, reliability,
electron -beam processing, magnetic
films, cryogenic thin films, optoelectronics and functional electronic blocks, and
vacuum systems.
The author has assumed that his readers have a working familiarity with conventional discrete-component circuitry
and have the requisite engineering background. The text is well illustrated by
diagrams, graphs, line drawings, and
photographs. Each chapter carries a
group of "exercises" and a list of references for further reading.
.

*

*

*

"SINGLE SIDEBAND: THEORY AND PRACTICE" by Harry D. Hooton, W6TYH.

Published by Editors and Engineers,
Ltd., P.O. Box 68003, New Augusta,
Ind. 46268. 340 pages plus foldout section. Price $6.95.
This is a "middle- level" book covering
the origin of SSB, the derivations of
single -sideband signals, carrier suppression techniques, sideband selection, carrier generators, speech amplifiers and
filters, SSB transmitters, linear r.f. power
amplifiers, SSB communications receivers, transceivers, tests, and measurements.
This volume is addressed to persons
who use SSB as well as personnel involved in the design, construction, installation, and maintenance of SSB equipment. Emphasis is on basic principles
and circuitry, rather than mathematics.
Where possible, representative commercial equipment is shown.
The sections on the design, construction, and adjustment of linear amplifiers
contain enough information to permit
any qualified person to build his own
equipment. Detailed schematics are included in the special foldout section at
the back of the book.
*

*

*

"RCA TRANSISTOR MANUAL" compiled

and published by Commercial Engineering, RCA Electronic Components and
Devices, Harrison, N.J. 07029. 544
pages. Price $2.00. Soft cover.
This revised and expanded edition
January, 1968

BOOK
REVIEWS
( Technical Series SC -13) includes upto -date information on the firm's complete line of semiconductor devices:

bipolar transistors, MOSFET's, thyristors ( SCR's and triacs) , silicon rectifiers,
tunnel diodes, and other semiconductor
diodes.
The manual is divided into 21 sections
including 116 pages of text, then technical data on specific products, outlines,
circuits, and an index. Anyone working
with transistors is almost certain to need
the information contained in this handy
manual. Because of its compact size, it
could easily be carried in a coat pocket
or in a technician's service -call caddy.
*

*

*

complied
and published by the Applications Engineering Department, Motorola Semiconductor Products Inc., Box 13408, Phoenix, Ariz. 85002. Price $2.00. Soft cover,
spiral bound.
This completely new handbook includes application information on zener
diodes and zener -like devices. It covers
applications for temperature- compensated zeners, reference standards, current- regulator diodes, and zener transient suppressors, as well as the latest
types of zener diodes.
The handbook has been organized
with the circuit designer in mind. It offers all necessary data for the efficient
use of zener components with major
emphasis on circuit design. Proven, basic
circuits are also provided as take -off
points for the designer's own requirements.
The material is divided into ten chapters dealing with zener diode theory,
production techniques, reliability considerations for the circuit designer, characteristics, temperature- compensated zeners and special devices, basic voltage
regulation using zener diodes, protective
circuits and techniques, voltage sensing
circuits and applications, miscellaneous
applications of zener -type devices, and
a selection guide for Motorola's regulator
devices.
"ZENER DIODE HANDBOOK"

* * *
"ANALYSIS AND DESIGN OF INTEGRATED
CIRCUITS"

prepared by the Engineering

Staff, Motorola Inc., Semiconductor Products Div. Published by McGraw-Hill
Book Company, New York. 539 pages.

Price $16.50.
This is another volume in Motorola's

E

ßli,elC EItUF(CìY

fo-cummulu,us

excellent solid -state electronics series designed to keep engineers abreast of the
latest developments in IC technology. It
includes a detailed quantitative analysis
and design techniques for both digital
and linear integrated circuits. It uses a
transistor model which is applicable to
both types of integrated circuits and provides a theoretical foundation which will
still apply even as the technology
changes.
The text is divided into three main
parts, each part containing five or more
chapters. Part 1 covers the fundamentals
of integrated circuit design, Part 2 is devoted to integrated logic circuits, while
Part 3 discusses linear integrated circuits.
Six appendices have been included to
provide the required reference material
without recourse to other sources. The
text is illustrated and the treatment is,
of necessity, mathematical. Engineers
and graduate students working in the IC
field will welcome this in -depth treatment of the subject.
*

*

*

"ELECTRONIC DESIGNER'S HANDBOOK"

by T.K. Hemingway. Published by Business Publications, Ltd. Available in the
U.S. from TAB Books, Thurmont, Maryland 21788. 293 pages. Price $8.95.
The author, circuit consultant to Marconi Instruments Limited, has been
involved with the design of transistor circuits since junction transistors first became available in the United Kingdom
in 1954.
In this volume he is sharing his expertise with his fellow engineers. The
book is divided into three parts: basic
circuits, special circuits, and useful techniques. In sixteen chapters the author
covers semiconductor diode properties,
d.c. characteristics, the transistor as a
switch, transistor T- equivalent circuit,
linear sweep circuit, constant -current
circuits, practical design of simple amplifiers, negative feedback, d.c. amplifiers,
complementary circuits, a wide-range
voltage-controlled oscillator, ultra -high
gain in one stage, the transistor pump,
the transistor cascode, bootstrapping,
and prototype testing.
As is the case with most British engineering texts that reach these shores, this
volume requires an engineering background and a familiarity with mathematical procedures.
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Medical Instrumentation
(Continued front page 47)

WITH

CONTROLLED QUALITY CRYSTALS

Tried and True
Complete Range
Guaranteed
Ready for you a
your dealer

The Future of Medical Electronics

Division of Whitehall Electronics

TEXAS CRYSTALS
1000 Crystal Drive

Fort Myers, Fla. 33901

Plants in Fort Myers and Los Angeles

CIRCLE NO. 200 ON READER SERVICE CARD

Now. .. the
most enjoyable,
most rewarding
electronic
kit project
of your life

HAD YOUR FILL of amplifier kits, receiver
kits, meter kits, all the conventional kits?
Then go to work on the biggest, most fascinating kit of them all-and end up with a finer
musical instrument than you could buy for
twice the price. The Schober Theatre Organ
at left, for example, plus Schober's self- teaching music courses, lets you participate in music, not just listen to it. This is one electronic
project the wife and kids will encourage
because it's for them, too! It contains the best
components available- thousands of them
plus the kind of unmistakable, step -by -step
instructions you've dreamed of and Schober
is famous for.
The Theatre Organ (left) costs just $1550
if you use your own amplifier and speaker
system, and you can pay as you build to
spread out the cost. There are three other
Schober Organ models, too, starting at $645.
Each one includes every bit and piece you
need, including a magnificent walnut console
-unless you want to build your own woodwork and save even more. And each model
has the kind of pipelike tonal variety you
don't often find in electronic organs. The
free Schober color catalog has lots of pictures
and data; and for 250 we'll send you 72 pages
of schematics and tech specs so you can see
just what you're buying.

-

FREE INFORMATION AND DEMONSTRATION RECORDING

Send today for your free copy of Schober's 16page, full color booklet, plus 7" free recording.

The Schober Organ Corp., Dept. RN -53
43 West 61st Street, New York, N. Y. 10023
Please send me Schober Organ Catalog and
free 7 -inch "sample" record.
Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

a Schober

Electronic Organ!
The

YVtYlvT/G

43 West 61st Street,

l'Jn

Corporation

New York,. N. Y. 10023

Enclosed is 250 for schematics and tech specs.

NAME
ADDRESS

CITY
Ire
- - -- -STATE
= - -o
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bio- system the researcher can save
years of valuable research time in
studying the responses of these systems
to various stimuli. The computer also
assists the medical researcher in performing statistical analysis of the results of experiments.
The transducer is of prime importance in medical systems. These devices convert pressure, temperature, or
other physiological parameters into
electrical signals. The transducer must,
in some cases, be capable of withstanding the temperatures of sterilization. If the unit is to be implanted
within the body or beneath the outer
tissue, it must be chemically inert and
not react with body fluids.

mom

_J

The laser has already found use in
surgery, particularly in the field of eye
surgery and the treatment of certain
types of malignancies. Although much
of this work is still experimental, the
laser promises to be an important
medical tool of the future.
The miniaturization of electronic circuits for aerospace applications may
well provide medicine with a new generation of instruments. The notion of a
TV camera that niay be swallowed by
the patient is not outside the realm of
possibility. With such a device available, the need for exploratory surgery
will be greatly reduced. Related to
these miniature probes would be implantable transmitters for monitoring
body functions, and artificial organs.
Clearly, there is nnich important work
to be done in these areas.
Besides the medical applications of
the computer already mentioned, the
ordinary bookkeeping chores of the hospital are readily performed by the computer. These tasks include keeping
tabs on medications, special diets, patient progress, and the like. The computer thus serves to free hospital -staff
personnel for more important tasks requiring their expertise.
The computer could someday serve
as a diagnostic catalogue for the physician. Since many patients seen by general practitioners as well as specialists
have their complaints diagnosed by
comparison with other cases the doctor
has observed, the computer could act
as a memory device. By supplying the
machine with input consisting of the
patient's symptoms, the computer
would classify the ailment by comparing the symptoms with other case histories. The computer would then diagnose the ailment and perhaps prescribe
treatment. A bold suggestion to be
sure, but recognition of the nature of
the art reveals its feasibility.
ELECTRONICS

WORLD

No dealer

COMPLETE BUYER'S GUIDE

stocks
everything.

LATEST MODELS
LATEST PRICES
OVER 1600 PRODUCTS
176 MANUFACTURERS

No salesman

knows
everything.
IIICLUOES OIRECTOE Of

TAPE CARTRIDGE MACHIN:3

rxa
HOME TV -TAPE RECORDERS

1968 STEREO/HI -FI DIRECTORY does!
It's a giant 182 -page buyer's guide to
virtually every new audio component
on the market today. Over 1600 products in all! From amplifiers to complete
hi -fi systems to tape cartridge record-

ers and players for your home, car and
boat. All the latest offerings from 176
manufacturers are fully detailed and

illustrated for your "shop -at- home"
convenience.
Every technical specification, dimension, special feature, optional accessory, price and model number is at

your fingertips -to help you compare
similar items, feature for feature, dollar for dollar and decide which is best

GET THE

DELUXE

for you. Before you buy!
Forget the guesswork, costly mistakes,

store-to -store treks and "after- you -getit- home" disappointments. With the
1968 STEREO /HI -FI DIRECTORY as
your guide, you'll zero -in on the equipment you want, buy it with confidence
-and know you're getting the greatest
value for your money.
The price for this valuable "encyclopedia" of hi -fi information? Just $1.25.

small investment, indeed, for such an
essential component of your listening
enjoyment. So don't delay. Use the coupon below to orderyourcopyofthe 1968
A

STEREO /HI -FI DIRECTORY today!

LEATHER -

FLEX -BOUND EDITION
just ;3 POSTPAID!

for

1968 STEREO /HI -FI DIRECTORY is also available in
The

splendid deluxe edition.
Rugged Leatherflex cover provides lasting protection yet
is softly textured and gold embossed for the look of ele
gance. A collector's item
superb addition to your
permanent hi -fi reference library. And it's yours. for
just $3 postpaid, when you check the appropriate box
on the order form.

CONTENTS INCLUDE
Special 8 -page section on:

How to choose components
How to compare prices, features,

specifications
Exclusive state -of- the -art report on
componentry
PLUS an incisive analysis of the
controversial 8 track, 4 track and
cassette tape cartridges.... Comments and clues on which design
holds the most promise forthe future.

Individual directories for ampl.ífiers /
changers / turntables I cartridges and
tonearms / receivers / tuners / tape
machines (including video recorders
and cartridge units) / speakers / integrated systems / antennas / microphones / cabinets.

ZIFF -DAVIS SERVICE DIVISION
DEPT. SD
595 Broadway
New York, N. Y. 10012
YES: Send me the new 1968 STEREO /HI-FI DIRECTORY as checked below:
D $1.25 enclosed, plus 15c for shipping and handling. Send me the regular edition. ($1.75 for
orders outside the U.S.A.)
D $3.00 enclosed. Send me the Deluxe Leatherflexbound edition, postpaid. ($3.75 for orders
outside the U.S.A.) Allow three additional weeks for delivery.

a

-a

name

please print

EW-1

address

city
state

zip code
PAYMENT MUST BE ENCLOSED WITH ORDER
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SOMEONE SHOULD DEVELOP AN EASY WAY
TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!
whole new approach to learning
electronics at home! RCA Institutes,
one of the nations' largest schools devoted
to electronics, has developed a faster,
easier way for you to gain the skills and
the knowledge you need for the career
of your choice. Here for the first time, is a
student -proved, scientifically designed way
to learn. If you have had any doubts in
Here is

a

the past about home training in electronics
you have hesitated because you thought
you might not be able to keep up -or that
electronics was too complicated to learn

-if

-

here is your answer! Read how
RCA Institutes has revolutionized
its entire home training ideas!

88

ELECTRONICS WORLD

NEW CAREER PROGRAMS

BEGIN WITH "AUTOTEXT" INSTRUCTION METHOD!
Start to learn the field of your choice immediately!
No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of

your choice -and RCA Institutes trains
you for it. RCA's Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially designed to get you into that career in the
fastest, easiest possible way!
And each Career Program starts with
the amazing "AUTOTEXT" Programmed
Instruction Method -the new, faster way
to learn that's almost automatic! "AUTO TEXT" helps even those who have had
trouble with conventional home training
methods in the past. This is the "Space
Age" way to learn everything you need
to know with the least amount of time
and effort.
CHOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes

Career Programs is a complete unit. It
contains the know -how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?
Television Servicing. Prepares you for a

career as a TV Technician /Serviceman;
Master Antenna Systems Technician; TV
Laboratory Technician; Educational TV
Technician.
FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Technicians, or Field Engineers.
Automation Electronics. Gets you ready
to be an Automation Electronics Technician; Manufacturer's Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Technician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Technician; Industrial Electronics Technician;
Industrial Laboratory Technician.

Telecommunications. For a job as TV Station Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as Industrial Electronics Technicians; Field
Engineers; Maintenance Technicians; Industrial Laboratory Technicians.
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Laboratory Technicians; Industrial Electronics Technicians.
Solid State Electronics. Become a specialist in the Semiconductor Field.
Electronics Drafting. Junior Draftsman,
Junior Technical Illustrator; Parts Inspector; Design Draftsman Trainee
Chartist.
SEPARATE COURSES
In addition, in order to meet specific
needs, RCA Institutes offers a wide variety of separate courses which may be
taken independently of the Career Programs, on all subjects from Electronics

Fundamentals to Computer Programming. Complete information will be sent
with your other materials.
LIBERAL TUITION PLAN
RCA offers you a unique Liberal Tuition
Plan -your most economical way to
learn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not ewe one
cent until you resume the course.
VALUABLE EQUIPMENT
You receive valuable equipment to keep
and use on the job -and you never have
to take apart one piece to build another.
New- Programmed Electronics Breadboard. You now will receive a scientifically, programmed electronic bread -

Accredited Member National
Home Study Council

board with your study material. This
breadboard provides limitless experimentation with basic electrical and electronic circuits involving vacuum tubes
and transistors and includes the construction of a working signal generator
and superheterodyne AM Receiver.
Bonus From RCA -Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA Institutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of both
these kits is an RCA extra.
CLASSROOM TRAINING
ALSO AVAILABLE

Institutes maintains one of the large
est schools of its kind in New York City
where classroom and laboratory training is available in day or evening sessions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't completed high school. Coeducational classes start four times a year.
RCA

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
FOR COMPLETE INFORMATION, NO OBLIGATION. NO SALESMAN WILL CALL.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW GI BILL.
RCA INSTITUTES, Inc., Dept. EW -18
A Service of Radio Corporation of America
320 West 31st Street, New York, N.Y. 10001

The Most Trusted Name in Electronics

January, 1968
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Electronic Organ Kit
(

"Electronic Supermarket of
the West"
NORTRONICS

TAPE HEAD
LATEST TYPE

8 POLE -1/4 TRACK
STEREO "COMBO"
RECORD

-

PLAY & ERASE

Medium -impedance
for vacuum -tube or transistor circuits.
.136 track spacing
center to center
.42 ma 60 kc
peak bias
35 bias voltage
35 ua rec current
1.8 my 1 kc output

400 mhy 1 kc ind
2500 ohm 1 kc imp
100 kc max bias
freq
390 ohm dc res
0.1 mil gap spacer
.043 track width
55 db

1

-3

kc

db 10kc /lkc

ratio
REGULAR
PRICE $33.00

[mfg's stock]

crosstalk rej
MODEL
UA2Q47K2

ITC
SPECIAL SALE PRICE
Calif.

Check or

I

and

customer$

$

add 5%
sales tax.

N

T

must accompany order.

M O.

E

for

SAdd

R

N A T

I

40 Cents
postage

handling

No C.O.D.

O N A

L

TELEVISION CORP.
2772 WEST OLYMPIC BLVD.
LOS ANGELES, CALIF. 90006
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MAKE MONEY
ON FREQUENCY
CHECKS FOR OTHERS

are the most critical design problems.
Variations among different makes are
usually the result of different design
philosophies. Once the voicing circuits
have been determined, the balance of
the circuitry is straightforward. Preamplifiers are used to drive a power -amplifier system. In the TO -67 organ, two
separate power amplifiers are used. As
mentioned previously, one drives two
12" cone speakers and the other drives
Leslie rotating -baffle
the
2 -speed
speaker system.

Continued from page 54)

generator. This signal is eventually frequency-divided and is used as the low
F key tone on the solo and accompaniment keyboards.
The output signals from each of the
master oscillators, including the fundamental and the three subharmonics, are
passed on to individual mixing circuits
as shown in Fig. 3A. These signals are
then directed to either the solo or the
accompaniment keyboards as indicated.
Since the square waves simply contain
odd harmonics, as pointed out previously, it is necessary to provide harmonic
mixing to develop the staircase output
shown in Fig. 3B -which is now rich in
both odd and even harmonics. The
mixing of all notes pertaining to the accompaniment keyboard is done directly
on the so- called distribution board.
Those signals directed to the solo manual are mixed directly at the solo voicing circuits.
The output signals from the tone generators, in passing through the keying
circuits just described, are extremely
rich in harmonic frequencies. In order
to develop the various complex voices,
these same signals are passed through
high-pass, low -pass and band -pass filters
(or combinations of these) . These passive filters shape the output signals so
that they will have a harmonic content
like that of the musical instrument being imitated. The bass clarinet voice,
for example, uses only the 16' tone signals, while the 8' English horn, the 8'
violin, and the 8' oboe mix 8' and 4'
tone signals to develop their particular
responses.
The voicing circuits of any organ

TYPE

Fig. 3. IA) How tone signals from master oscillator and divider stages are
combined prior to being connected to

the solo and accompaniment manuals.
Note that points 2, 4, and 6 are mixed
outputs. IB) One of the mixing circuits
used to obtain staircase output. Example shown combines tones C3 and C4.
The various voices are obtained by
combining harmonic related tones in
specific relationships and then passing
them through specially designed filters.
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Waveshapes taken from Heath -Thomas TO-67 organ showing progression of
waveshaping taking place from original oscillator to the final amplifier. Waveforms taken were those using the clarinet voicing tab. (A) Basic oscillator output. (B), (C), and ID) show second, third, and fourth divider stage outputs. RI
Staircase output from mixing network. (F) waveshape after voicing circuit.
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Micrometer Frequency Meter

GUARANTEED ACCURACY .001%

ONLY $295
for frequency checks on
Commercial radio transmitters is $5 tó
$10 per measurement. Most commercials need periodic checks.
Buy an MFM for your own ham or
then amortize the cost by
CB rig
the bench, on the
measuring others
ramp, or (with a receiver) on the air.
ANYONE can measure
Remember
frequency, but only FCC 2nd commercial licensees or higher can adjust frequency.

I~

The going rate

-

-

coupon below to send for our FREE
booklet "How To Make Money In Mobile and information on
Radio Maintenance"
Lampkin meters.
Name
Address
State

lip

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505
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MINIATURE RELAY DOES GIANT JOB
ALTHOUGH less than half as big
around as a dime, a new signal
switching relay developed by Hi -Spec
Electronics Corp. claims to outperforms
other relays in crystal or TO -5 cans. "It's

more reliable, consistent, and predictable", they say.
According to Hi -Spec engineers, the
Type RD relay has only one moving part,
an armature. There is no intermediate
actuator or moving contact spring. A
gold button is bonded directly to the
92

armature and, as the armature responds
to the magnetic force of an energized
coil, the contact moves with it. Lack of
moving parts helps make the relay more
reliable.
The RD relay's moving contact travels
one -third the distance of conventional
relay contacts in the same time. Consequently, the RD's contacts move at a
lower average speed and less kinetic
energy is dissipated in the mating proA
cess. This reduces relay bounce.
ELECTRONICS WORLD
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NEW MEDICAL TOOL

Enjoy the 11music- only" programs
now available on the FM broadcast
band from coast to coast.

it's easy
to be an authority on
tape recording- with
Now

DEVELOPMENT of an old idea and
a new tool is under way at Applied Radiation Corp. in Walnut Creek,
Calif. It is an electron linear accelerator.
HiFi /STEREO REVIEW'S
It will be the newest and largest device
ever developed for cancer treatment;
all -new
even more importantly, it will provide
doctors with three forms of high- energy
1968 TAPE RECORDER
radiation -neutrons, x -rays and electrons
-to more effectively treat different
ANNUAL
types of cancer.
TAPE RECORDER=
The new accelerator, called the Mevv * C,o,w,
atron 50, will have a maximum energy
*
Out*.
10, Nwnd
a
output of about 50 million electron
This fact -filled volvolts. Earlier medical linear accelerators
ume contains over 130
pages, 19 complete
have operated in the 1- to 15 -MeV maxfeatures, covering
imum energy range. The first Mevatron
every aspect of tape
recording. You get ex50
is being built for Roswell Park Mepert tips by the dozmorial Institute in Buffalo, New York at
ens, on equipment
making better tapes
a cost of $600 thousand. It's due for comediting
copying
on everything you
pletion next year.
want and need to
In addition to its therapeutic capabilknow about tape reIk,
Nn tap.
cording.
ities, the accelerator has a second function. It can produce short -lived radioFeatu-ing a complete directory of the latest monactive isotopes for diagnostic studies and
aural and stereo recorders, players and transports
medical research. The isotopes are pro-the only complete buyer's guide available in the
duced by bombarding materials such as
tape recorder field! Hundreds of photos
full data
on hundreds of models from portable units to proiodine and chromium with neutrons in
fessional rigs. All the model numbers, specificathe accelerator's neutron head.
tions, dimensions and prices
every vital staThe Mevatron 50 will be the first
tistic you need to compare the newest machines and
practically useful machine capable of
select the finest one in your price range.
generating neutrons for precise cancer
treatment. Research in neutron therapy
p44 Complete Directories of cartridge machines has
been carried on at the University of
microphones
headphones
raw and prerecorded tapes ... accessories. How-To Articles on select- California and at the Brookhaven Labing the right recorder ... recording off the air ... editoratory of the Atomic Energy Coming
creative taping
starting your own tape mission using
reactors. Hammersmith
club. Special Reports on taping and the law
new
Hospital of London has treated patients
self- reversing tape recorders
having fun with home
with neutrons generated by a cyclotron.
VTRs ... home cartridge players ... buying a battery
portable.
The usefulness of neutrons stems
The 1968 TAPE RECORDER ANNUAL is an indispensable from the chemical differences found in
guide for everyone who wants better performance, greater
the different parts of the tumors and
versatility and a lot more fun from his tape recorder ..
from the physics of interaction among
month after month ... tape after tape. Order your copy
x -rays, electrons, and neutrons and the
today!
particular atoms they bombard. Electrons and x -rays are absorbed by colGET THE DELUXE LEATHERFLEX- COVERED EDITION
FOR $3 POSTPAID! THE 1968 TAPE RECORDER
lision and interact mainly with other
ANNUAL is also available in
splendid deluxe edielectrons; that is, they interact with
tion. Rugged Leatherflex covers provide lasting pro
atomic particles that have many electection yet are softly textured and gold-embossed
trons in their outer shell. Neutrons infor the look of elegance. A collector's item
teract best with the larger particles
superb addition to your permanent reference library. And it's yours, for just $3 postpaid.
found in the nucleus of the atom (neutrons and protons).
Ziff-Davis Service Division, Dept. TRA
In treating malignancy, the outer por595 Broadway, New York, N.Y. 10012
tions
of many tumors can be made to
Please send my copy of the 1968 TAPE RECORDER
ANNUAL as checked below:
have a high oxygen content which may
$1.25 enclosed, plus 15c for shipping and hanrender those portions responsive to
dling for the Regular Edition. ($1.75 for orders
treatment by x -ray or electron therapy.
outside U.S.A.)
$3.00 enclosed. Please send me, postpaid, the
The inner portions of these tumors,
Leatherflex- covered Deluxe Edition. ($3.75 for
however, are often oxygen deficient but
orders outside U.S.A.) (Please allow 3 additional
weeks for delivery of the Deluxe Edition).
since they contain much hydrogen they
are susceptible to destruction by neuprint name
trons. When hydrogen nuclei capture
EW -1
neutrons, they release protons which
address
can have a highly destructive effect on
city
malignant cells. Hence, neutrons should
prove useful in treating the inner tumor
state
zip code
Pb.
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It's easy! lust plug Music Associated's Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of continuous, commercial -free music you are now
missing. The Detector, self - powered and with
electronic mute for quieting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size 51/2e' x 9 ". Shipping weight approx. 7 lbs
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ELECTRONICS
V.T.I. training leads to success
technicians, field engineers,
specialists in communications,
as

.

guided missiles, computers,

.

-

PuvurNT Meier

MUSIC ASSOCIATED

.

a

IN

$4.95 EXTRA

65 Glenwood Road, Upper Montclair, New Jersey
Phone: (201).744 -3387

.

.

.

COVER

Current Llst of FM Broadcast Stations with SCA
authorization
$1.00

.

-

rut, nor.,

weer.,

.....p..

$4950
$7500

with pre -tuned coils, no alignment necessary)

111

radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engineering Technology and Electronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Feb-

ruary, September. Dorms,

campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana 46383

a

J

tissues.

"ELECTRONIC
MUSICAL
INSTRUMENTS"

by
RICHARD
H.

DORF

New Third Edition of the standard work on
electronic organs is completely rewritten. In
19 chapters, the author explains objectives,
principles, and practices, then analyzes 11
of the latest commercial instruments in elec-

tron-by-electron detail, with many schematics
and photos. Thoroughly technical text is enlivened by many expressions of opinion and
useful practical comments based on Dorfs experience as organ designer. The only complete
and authoritative book on organs. 393 pages,
239 illustrations, hard cover.
Price $10.00
Order from your bookstore, or RADIOFILE,
43 West 61st Street, New York, N. Y., 10023
93
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ZiffDavis Service Division, Dept.
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TELEPHONES

NEW
HOLLOW
SHAFT

INSTALLATION & SERVICING
as checked below:

Telephone alarms reach fire
stations quickly and quietly.

nutdrìver

set

with Lockout /Screw

adjusting feature
Speeds, simplifies setting of combination locknut/slotted screw adjustments on rheostats and
similar controls used in a wide variety of elec-

trical and electronic equipment.
Handle is drilled so you can run an 8" screwdriver blade right through its center and down
through the hollow nutdriver shaft.

Ideal for all- around production, maintenance,
and service work, this new HSC -1 Set contains
eight interchangeable hollow nutdriver shafts in

the most popuar hex opening sizes from

3/16"

thru 9/16"

Really compact! Set
is small enough,
light enough to carry
in your hip pocket.
Sturdy, see -thru,
plastic carrying case
doubles as a bench stand.
WRITE FOR BULLETIN N.867

7
XCELITE, INC., 12 Bank St.,Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.

CIRCLE NO. 85 ON READER SERVICE CARD
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HANDBOOK

am enclosing $1.25 plus 15c for shipping
and handling for the Regular Edition.
($1.75 for orders outside U.S.A.)
I
am enclosing $3.00. Please send me, postpaid
the Leatherflex- covered Deluxe Edition,
I

OUTDATE SIRENS

VOLUNTEER firemen in hundreds

ISH

595 Broadway, New York, N. Y. 10012
Please send my copy of the 1968 ELECTRONICS

for

(Please
($3.75

for delivery

print name

of

towns across the country no longer
listen to coded signals from a centrall
located horn or siren. Special telephone
conference circuits have been installed
which enable fire department dispatchers to contact all firemen in a particular
area simultaneously and tell them the
fire's location and give other instructions.
According to James J. Clerkin Jr.,
Executive Vice -President, Telephone
Operations of the General Telephone &
Electronics Corp., development of the
telephone alarm system has helped fire
departments expedite emergency calls.
"It unquestionably has been a major
factor in minimizing losses caused by
fire," he said. GT&E operating companies have installed more than 500
emergency alerting systems for volunteer
fire companies.
In most systems when fire calls are
received, the dispatcher lifts a telephone
receiver connected to the fire -alerting
conference circuit which links the homes
of all volunteer firemen. If a fireman's
telephone is busy, a special tone is
sounded on his line as a signal for both
parties to hang up. Firemen responding
to the tone are connected to the conference circuit when they depress and
release the switchbutton on their telephones. The dispatcher then gives location of the fire and other information
simultaneously.
There are several variations of the
system. In one, the fireman on duty repeats the fire location and other instructions into a recording machine and then
dials a three -digit number on a special
telephone which causes the telephones
of all the volunteer firemen to ring. As
each fireman answers, he hears the recorded message anti then leaves immediately for the fire.
In another variation, telephone-alarm
boxes in residential and business districts are tied to call -recording equipment and an operator's console in the
main fire station.
The moment a person reporting a fire
lifts one of these phones, the fire station
operator is alerted by a buzzer and a
flashing light keyed to the telephone.
Simultaneously, the call activates two
supplemental devices-an electric typewriter which automatically makes a
printed tape of the calling telephone's
number plus the time and date the call
was made; and a tape unit which records
the entire conversation between the caller and the fire station operator.

orders outside U.S.A.)
3 additional weeks

allow

of the Deluxe Edition.)
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NOW -GET THE TRICKS OF THE TRADE FOR

SERVICING
AM

/FM
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EVERYTHING
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FROM HOME

CARTRIDGE

IN THE NEW,
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TV TO

FROM CITIZEN'S BAND TO PUB-

UNITS.

INTERCOM

THEY'RE ALL

1968 ELECTRONICS INSTALLA-

TION AND SERVICING HANDBOOK.

You'll find the latest, most comprehensive technique advice, equipment
information and step-by -step "how-to do-it" hints that will aid you in your
servicing (or save you costly outside
repairs).
This 140 -page "encyclopedia" of electronics servicing knowledge contains a
special, full -color section on color TV
model numbers and
maintenance
prices of replacement parts ... recommended tools for every operation . . .
accessory information to help you turn
an extra dollar. Plus up -to -the- minute
reports from hundreds of manufacturers.
Whether you're a professional serviceman, weekend home hobbyist or spare
time "Mr. Fixit," the 1968 ELECTRON-

...

INSTALLATION AND SERVICING
HANDBOOK is essential for you. Essential for your profit, fun or both.
ICS

GET

l

THE HANDSOME

LEATHERFLEX COVERED

EDITION FOR $3 POSTPAID!
The 1968 ELECTRONICS INSTALLATION & SERVICING HANDBOOK
is also available in a splendid
deluxe edition. Rugged Leather
flex cover provides lasting protection yet is softly textured and
gold-embossed for the look of
a
elegance. A collector's item
superb addition to your electronfor
just
ics library. And it's yours,
$3 postpaid, when you check the
appropriate box on the order form

-

1968
ELECTRONICS
INSTALLATION
AND SERVICI$

HANDBOOK
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ELECTRONIC CROSSWORDS

VIKING VERSATILITY

By JAMES R. KIMSEY

MEANS EXTRA VALUE

(Answer on page 102)
ACROSS
1. An auxiliary electrode that
maintains a d.c. discharge in
a mercury -pool tube (3 words).
10. Airfield radar system aimed
along the approach path of an
aircraft and used for its guid-

55.

56.

Becomes stable and constant
through storage, as electronic
components, sometimes under
power.
Mechanism used on indexed
rotary switches to hold the
switch firmly in each position.

ance during approach (abbr.).
small change in the value DOWN
1. A folded horn. back -loading
of a variable.
speaker assembly (trade 13. General term for a receiver.
name, 2 words).
14. Tube manual abbreviation.
2. Ornamental plate around an
15. Urban transportation system
opening.
(abbr.).
3. In a TV camera tube, the
17. To place a binary cell in the
cross -sectional area of the
"1" state.
scanning beam.
18. A modulator whose output is
substantially equal to the car- 4. General term for an artificial
source of light.
rier X the modulating wave.
5. Former name of the indus20. The association of two or
try's engineering group
more circuits or systems in
(abbr.).
such a way that power may
6.
circuit: all wires and
be transferred from one to
other conductors which are
another.
outside the source.
22. A procedure for determining
how certain equipment is op- 7. A terminal (abbr.).
8. An electric current that flows
erating.
in only one direction.
24. Egyptian sun god.
9. To amplify.
27. Housing for a vacuum tube.
wave antenna: a re- 11. Automatic compass (abbr.)
30.
ceiving antenna suitable for 16. Communications record.
use over a wide range of fre- 18. 3.1416.
19. Chemical symbol.
quencies.
31. An inert element from Group 21. Electrical instrument board.
23. Part of a phonograph needle
O of the Periodic Table.
which is clamped into the
33. To line with sound -absorbing
material.
pickup or cutting head.
25. Prefix meaning
half ".
35. Central part of an atom.
38. Agency of the FCC set up to 26. Having the property of emitdetect unlicensed radio stating light during electronic
tions (abbr.).
bombardment.
39. FCC
designated frequency 28. Cable dimension (abbr.).
band between 30 and 300 kHz 29. _amplifier: a type of
(abbr.).
amplifier which converts a
41.
switch: an electronic
single -ended input circuit into
antenna switch.
a push -pull output circuit.
42. Greek letter used to desig- 32. Greek letter used to designate
nate "ohms ",
reluctivity, frequency.
44. Common computer circuit (2 34. Voltage drop (abbr.).
words).
36.
reaction: a self -sus45. Complete system of compotaining reaction.
nents.
37. For example.
47. Part of "to be ".
40. Broadcast band.
48. Array of dipole
antennas 43. Wood or metal bars across
aligned in a vertical plane,
the front of a speaker in a reknown as the radiating curceiver for protective purposes.
tain, with a second parallel 44. Units of capacitance.
array forming the reflecting 46. Toothed wheels for transmitcurtain (3 words).
ting energy.
51. Upward or downward move- 48. Connecting device on the end
ment of a TV picture due to
of a cord.
lack of vertical sync.
49. Common system
of radio
52. A method.
broadcasting.
53.
reception: a form of 50. Set of coils placed over neck
superhet reception in which
of magnetically deflected CRT
i.f. signal is obtained from
to deflect the electron beam
auxiliary oscillations superwhen currents are passed
imposed on the plate circuit
through them.
of the first tube.
54. Canadian Provinc. (:Ihbr.).
12. A
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retrieval systems, radio
broadcast monitors, flight
communications, law enforcement agencies, delayed
broadcasting and background music centers all

attest to their rugged
reliability.
three -motor
tape transport, the Model
230 is equipped with momentary push- button controls and is ideally suited
A two speed,
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operation in a variety of
commercial and industrial
uses. Sophisticated installations in electronic teaching
and dial access information
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designed for continuous
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32

for remote controlled and
automatic applications. Various head configurations
and interchangeable, plug in head block assemblies,
plus other optional features,
make it a highly versatile
unit. And Viking solid state
modular amplifiers, single
channel RP110 or dual
channel RP120, match the
230 transports in dependability and design. For complete information write to
Viking.
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Viking's versatile Model 230
transports are especially
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9600 ALDRICH AVENUE SOUTH
MINNEAPOLIS. MINNESOTA

55420

56

CIRCLE NO. 86 ON READER SERVICE CARD

95

www.americanradiohistory.com

NEW PRODUCTS
gc LITERATURE
COMPONENTS

TOOLS

TEST EQUIPMENT

DISC CAPACITOR LINE

An improved line of "Ultra -Kap" disc capacitors that provide more capacitance although the
units are smaller in size has just been announced.
Rated at 16 and 25 volts, these new disc
capacitors outperform the company's 3, 10, and
20 volt "Ultra -Kaps" which feature 100 times
the capacitance of conventional ceramic dielectrics. Units are available with capacitance values
of 0.01, 0.022, 0.033, 0.05, 0.068, and 0.1 µF.
Leakage resistance of the 16 and 25 volt units
is 10 megohms while the maximum dissipation
factor is 5% at 1 kHz. Disc diameters vary
from 0.290" to 0.760" and all units have a
maximum thickness of 0.156 ". Centralab
Circle No. 126 on Reader Service Card

around volt- ohm -ammeter featuring a rotary
dustproof meter compartment that snaps into 5
positions. The scale always faces the user and
permits easy reading in crowded switch boxes.
Its insulated snap- around jaws allow instant and
accurate current measurements without service
interruption or shutdown.
Readings are on a graduated scale. A rotary
dial selector snaps the scale selected into position.
The instrument is available in three models, each
with six ranges: two current, three voltage, and
one ohmmeter.
A data sheet providing full specifications on
the unit will be forwarded on request. A.W.
Sperry
Circle No.

1

AUDIO

The Model 521 incorporates the special "Mind
Reader" switch which reacts to the downward
pressure of the operator's hand on the handle.
The pressure speed control is built into the forward or guiding posis:on of the saw's handle.
The tool is powered by a heavy -duty 1/2- horsepower, 4 -amp a.c. motor. The power is transmitted to the blade by heavy -duty hardened gears
and the saw runs smoothly through the use of
heavy -duty roller and oilite bearings.
Completely portable, the Model 521 weighs
41/2 pounds and is equipped with a 6', 16 gauge,
3 -wire electrical cord and grounding plug adapter. It measures 81/2" long x 41/2" wide x 8"
high. It operates on 110 -120 Hz a.c. and is UL
approved. Wen
Circle No.

SNAP -ON VOLT -OHM- AMMETER
The "Snap 6" is a portable, pocket -size snap-

HI -FI

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 coupon on the Reader Service Card.

3

on Reader Service Card

INDUSTRIAL REED SWITCH
A reed switch capable of handling higher industrial loads without the need for arc suppres-

sion circuitry or intermediate amplification has
been introduced as the "Powereed ".
The new unit will take an inductive inrush of
15 amperes or 1875 volt- amperes and break cur-

on Reader Service Card

OUTLET PLATES FOR TV /FM
A series of outlet plates that install flush on

the wall and provide plug -in outlets for TV and
FM sets and speakers is now available as "Color -

tap

These outlets offer a number of new features.
In addition to providing convenience, they are
specially designed to withstand the heavy abuse
to which such outlets are subjected. "Colortap"
consists of a flush- mounting wall plate to which
the antenna lead-in cable is attached via
screws. It is not necessary to strip the lead -in.
There is also a plug to which the twin -lead is
attached with just a turn of one screw. To assure
a long- lasting connection, an exclusive automatic
detent locking plug holds the twin -lead secure
and assures positive connection. Beryllium- copper
contact springs are used for long life. Blonder Tongue
Circle No. 2 on Reader Service Card

VARIABLE -SPEED JIG SAW
A new sabre /jig saw with a thumb- pressure-

operated speed control provides proper torque
and continuously variable cutting speeds from
0 to 2800 one -inch strokes per minute.

96

rent loads of 3 amps or 375 volt -amperes when
operated at 125 volts a.c. At 250 volts a.c., the
switch will stand an inductive surge of 10 A or
2500 volt- amperes and break current loads of 2
A or 500 volt- amperes.
The switch has hermetically sealed contacts,
high reliability, and long life, according to the
manufacturer. The performance of the switch
is obtained by means of separate members for
current carrying and magnetic path. There is a
fixed air gap between the terminal and the armature, assuring clean dropout by reducing the
effects of residual magnetism.
A data sheet listing comparative characteristics
between conventional reed switches and the
"Powereed" is available on request. Cutler -Hammer

HAM

CB

COMMUNICATIONS

age supplies or silent switching of channels in
communications system. Electrical isolation between lamp and photocell is greater than 1012
ohms and coupling capacitance is less than 0.01
pF. Hewlett- Packard
a

Circle No. 128 on Reader Service Card
HEAT- SHRINKABLE TUBING

The newly developed Type VII heat- shrinkable neoprene tubing shrinks down promptly to
25% of its supplied i.d. (with some longitudinal
foreshortening) upon exposure to heat of 160°
F, without cracks. Shrinkage can be restrained
at any point.
The tubing is especially suited for encapsulating soldered joints, parts, components, plastic
fittings, metal or wood, terminals, harness
jackets, etc. One supplied size may be used for a
variety of intermediate recovered requirements.
Standard availability, black only, is 1/2", 1 ", 11/2"
2" i.d. Product bulletin #71SN contains full
details. Penntube
Circle No. 129 on Reader Service Card
FOUR -LAMP SYSTEMS

Four -lamp types have recently been added
to the firm's line of CR103 Type D illuminated
push -buttons and indicating lights. Designed for
use on power- station control and instrument
panels, laboratory instruments, computer consoles, and other types of equipment where positive indication of status is a requirement, a
maximum of two lamps are on at any one time,
the other two lamps in the four -lamp system
lighting only should a primary lamp fail. The
additional lamps also eliminate the necessity for
frequent bulb replacement in many applications.
Three contact actions and four contact arrangements are available. The complete line
comes in a variety of housing colors and color
field divisions. Full details will be forwarded on
request. General Electric
Circle No. 130 on Reader Service Card
COLOR -TV RECEIVER KIT
A color -TV receiver kit, engineered for train-

ing purposes, is now being marketed as the
Model 600. A table-top model with 180 square
inches of viewing area, the new receiver comes
with a wood -tone vinyl -clad steel cabinet.
Printed- circuit boards are used throughout
to speed assembly. The design incorporates 21
tubes, a solid -state u.h.f. tuner, solid -state noise

Circle No. 127 on Reader Service Card

PHOTOCONTROLLED RESISTORS

photocontrolled resistor (Type 50824510) uses a cadmium -sulfoselenide photocell to
obtain stability in a changing temperature environment. The photocell resistance, when illuminated, changes typically by a factor of only
1.5 with a change in temperature from 25 to 65
degrees C.
The photocontrolled resistor contains a 12volt incandescent lamp that illuminates the photocell. The illumination level controls the cell
resistance over more than a 5- decade range, from
greater than 100 megohms with the lamp dark to
less than 1000 ohms with maximum permitted
input power (12 V, 45 mA).
These are useful wherever high isolation is
required between controlled and controlling circuits, such as in current monitoring in high -voltA new

cancellation circuit, and 16 solid -state diodes.
The low- voltage power supply contains three
silicon rectifiers.
Separate gun killer switches and a crosshatch
generator are built in for ease and convenience of
maintenance. The Sylvania rare -earth picture
tube has a bonded, non -glare face for maximum
brilliance. According to the company, the kit
builder will need no special tools or expensive
ELECTRONICS WORLD

test equipment to assemble this receiver. Conar
Circle No. 4 on Reader Service Card
IC DESOLDERING TIP
IC removal now takes only seconds with the
new IC desoldering tip just put on the market
as the #859. Chromed and pre- tinned, the tip

binations can be built using the modular molded
unit. Up to 12 switches can be snapped into a
mounting channel and any number of channels
can be stacked. The units have either inboard or
outboard mounting capability. The push- buttons
are 3/4" on center. Maximum push rod length
is 21/4". Oak Electro /Netics
Circle No. 131 on Reader Service Card
GARAGE -DOOR OPERATOR

is designed for use with the company's 461/2 -watt
heat unit #4045 and #776 or #777 clean
room handle.
The IC desolderer melts all sixteen solder
pads at the terminals simultaneously, freeing the
IC in less than 30 seconds. This is in marked
contrast to the usual way of desoldering one
tel
at a time. Ungar

Circle No. 5 on Reader Service Card

VIDEO TAPE RECORDER
A self -contained, high -resolution, moderately

priced video tape recorder has just been put on

The new "Electro- Lift" garage -door control
is activated by a cigarette-package -size remote
control unit which uses a patented "Pulse Tone"
triple code to eliminate accidental operation of
the door by other garage -door openers in the
neighborhood, by aircraft, or by pranksters.
The door- control. motor housing has been
streamlined and has no exposed wires or gears.
The wall-mounted radio receiver is accessible for
ready maintenance and the auxiliary control button on the receiver adds flexibility to the system.
The system's instant -stop feature makes accidents impossible. The instant an obstacle is encountered the door stops. When started again,
it automatically reverses direction, eliminating
the danger of a person or object being trapped.
" Electro- Lift" is all solid- state. Perma -Power

0.1" grid spacing. The case measures 0.66" w.
x 1.1" I. x 0.48" h., excluding terminals. One
standard terminal layout and case size can accommodate most coil and contact combinations
found in PC boards. The package can enclose
both single- and double-coil relays.
Full details on the line and available configurations are included in Data Bulletin B /3110
which will be forwarded on request. Struthers Dunn
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REMOTE CONTROL FOR VTR

A self-contained remate control model of the
EV -200 "Videocorder" is now available. Known
as the EV-200R, the new unit includes eight
push- buttons on a detachable control panel which
can be used up to 300 feet away from the recorder. Controls are "Audio Dub ", "Record ",
"E -E" (electronics to electronics), "Slow", "Fast

Forward ", "Forward ", "Stop ", and "Rewind ".
The company announced that all existing EV200's can be retrofitted to accept the remote con-
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REGULATED D.C. SUPPLY
A regulated miniature power supply, designed

to apply conditioning voltages to integrated circuits, has just been introduced.
Measuring 1.475" h. x 31/4" w. x 4" I., it provides a 50 -W power output at 10 amperes. Input is 117 volts, 47 -500 Hz with both single and three-phase 400 Hz available. The regulated
d.c. output has transformer isolation. Overcurrent protection is a standard feature, as is RFI
shielding. The supply can also be furnished in
20- ,100 -, and 250 -watt versions. General Power
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ALL -CHANNEL ANTENNAS

the market as the Model SV- 8000U. The new
unit has guaranteed tape interchangeability from
one SV -8000U to another or any other model in
the company's 1/2-inch SV series. The new unit
features a built -in 9 -inch receiver /monitor and
an audio -video modulator.
The new recorder has been designed especially
for business, industrial, and educational use. It
employs two rotary heads of specially developed
metal and operates on the helical-scan recording
principle. Response is more than 3.5 MHz, providing more than 300 lines of horizontal resolution and 42+ dB signal -to -noise ratio.
The 1/2-inch video tape used in the machine
permits up to 60 minutes of continuous recording
on a 7 -inch reel at 71/2 in /s. It records "live"
action in sight and sound using a CCTV camera,
or directly off- the -air through its built -in receiver /monitor.
The recorder measures 30" w. x 11" h. x
171/2" d. and weighs 75 pounds. Shibaden
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MOLDED PUSH- BUTTON SWITCH
A new molded push -button switch providing

extended, snap -in modular applications with unlimited stacking, short stroke, and light operating
pressure has just been put on the market.
The new switch is intended primarily for
electronic data processing peripheral equipment,
but is also suitable for test equipment, communications gear, and other applications where its
special features are required.
The switch clip is available in silver-plated
brass; silver alloy; silver alloy, hard -gold plated;
and silver alloy with hard -gold alloy rolled on
the surface.
An almost unlimited number of switch corn-
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Two new antenna kits for use on travel trailers
and mobile homes have just been introduced as
the Models TTR -1 and TTW -1.
The TTR -1 consists of an all- channel u.h.f:
v.h.f. -FM antenna mounted on a telescoping
mast and rotator mechanism which allows the
antenna to be rotated from inside the vehicle
through a full 360 °. When on the move, the
antenna is folded down, closed up, and locked
in a safe travel position below the vehicle rooftop.
The TTW -1 is an all- channel u.h.f.- v.h.f: FM
antenna which mounts to the vehicle on a wall
mount. The antenna and top mast section are
removed for travel. The fully preassembled antenna elements simply snap closed for convenient
storage. Finney
Circle No.
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RELAYS FOR PC BOARDS

Miniature dry -reed relay packages for printed circuit boards combine the advantages of open
construction with the ruggedness of molded and
encapsulated units, according to their maker.
Designated Series MRRK, the package has a
two - piece, molded thermoplastic case. Terminals
and cover are welded ultrasonically to form a
sealed, moisture -proof enclosure. The design
minimizes distortion of the glass -encapsulated
reed switch that can occur in molded and encapsulated units.
The relay base holds up to 10 terminals with

trol unit. Complete specifications on both the
remote control and the new EV -200R will be
supplied on request. Sony
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POWER SUPPLIES FOR IC'S

The "D" and "H" series modular and rack
power supplies are available with voltage and
current levels for all types of integrated circuitry. The response to overvoltage of less than
10 ps and a maximum voltage overshoot of 0.5
volt above the overvoltage set point guarantees
protection of the integrated circuitry.
The supplies have fixed overvoltage protection,
output resolution as low as 1 mV, and the absence
of "on -off" overshoot. Four models are currently
available: a 5 -volt modular unit with 0 -1 A
rating, a 5 -volt bench or rack unit in three ratings
of 0 -6.4 A, 0 -25 A, and 0 -50 A. Voltage regulation (line and load) is ±0.05 or ±1 mV for
modular and bench rack models, with regulation
available to 0.005 %. Dynage
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HI-FI

AUDIO PRODUCTS

ECONOMY P. A. AMP LINE

An economy line of public- address amplifiers
is now available in four models as the "Challenger" CHS series.
Ranging in power from 20 watts to 100 watts,
the amplifiers will operate continuously at full
output from -20 °C to +65 °C. All major
components are mounted on printed -circuit
boards which insure uniformity of manufacture
and result in significant savings to the user, according to the company.
In the higher powered models, CHS100 and
CHS50, all-silicon semiconductors are used.
Rated at 100 and 50 watts, respectively, these
amplifiers provide two microphone inputs. The
35 -watt model, CHS35, also offers two microphone inputs and may be operated from a 12volt battery as well as a.c. The Model CHS20
is similar to the CHS35 except that it is rated
at 20 watts and has one microphone input. All
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models have two auxiliary inputs on fader control. Bogen
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COMPACT SPEAKER SYSTEMS
A complete line of compact and bookshelf

speaker systems has just been introduced under

provided on many stereo consoles, stereo receivers, or component systems. While small in
size, the unit plays the "Stereo -8" tape cartridges,
offering 80 minutes of uninterrupted music. Featuring a highly styled wood cabinet, the MJC -26
measures only 35/s" high x 63/4" wide x 91/4"
deep. There is an illuminated indicator which
highlights the particular pair of tracks being
played. RCA
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CARDIOID MICROPHONE
A new cardioid microphone, designed for various p.a. and recording applications, is now being

offered in two models.
The Model 700 offers a choice of high or low
impedance while the Model 701 is high impedance only, with a frequency response of 10013,000 Hz and a -56 dB output level. It has a
removable cable.
Both microphones feature modern styling,
satin chrome finish, "on -off" switch, and an internal foam pop and blast filter. Turner
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the company's "Maximus" label to meet the demand for quality yet budget -priced systems.
The line ranges from the "Maximus 22 ", a
two -way system of compact size, to the "Maximus
55 ", a full three -way system which may be used
horizontally on bookshelves or, in a vertical position, free -standing.
All units in the series feature acoustic- suspension woofers, with unique magnetic design
which permits their use with amplifiers of relatively low power. All have removable grilles to
allow substitution of custom grille fabrics to
blend with any special decor and hand -rubbed
oiled walnut cabinets. UTC
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ELECTRONIC TELEPHONE ANSWERING
An electronic telephone answering unit for
home or office has been introduced as the Crown
"Telephone Valet ". The unit automatically an-

HOME MUSIC SYSTEM
A complete home entertainment system which
provides for AM -FM -FM stereo listening, tape

recording, and tape playing has just been introduced as the Model HES -1.
The system includes a stereo receiver, compact
stereo cassette tape deck, and two acoustically
matched hi -fi speakers designed to fit on a
bookshelf, inside a small cabinet, or other limited space areas.

The receiver features an exclusive stereo indicator system for tuning accuracy; a.f.c.; stereo
balance, bass, and treble controls; back -lighted
tuning dial; and a five -position mode switch.
Frequency response of the solid -state receiver is
40- 18,000 Hz with stereo separation of 25 dB
at 1000 Hz. Power output is 10 watts. The
receiver measures 147/a" wide x 41/4" high x
103/s" deep.
The speaker systems each measure 73/s" wide
x 91/2" high x 45/s" deep. The stereo cassette,
whose response is 40- 18,000 Hz, measures 91/2"
wide x 2%2" high x 8" deep. The entire system
is housed in dark -grained teak cabinets. Concord
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FM- STEREO RECEIVER

swers the phone, relates a prerecorded message,
and then feeds the caller's message into a tape
recorder. When the caller finishes with the message, the telephone valet automatically hangs up
the phone.
The unit will work with any transistorized
tape recorder. The number of calls answered
and recorded is limited only by the tape reel size
of the recorder used. When used with a 31/4"
recorder, up to 120 messages can be recorded
and twice that number with 5" -reel units. The
Model CTA4000 measures 81/4" x 2" x 101/2"
and weighs 4.4 pounds. Industrial Suppliers
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8 -TRACK HOME TAPE PLAYER

The MJC -26 "Mark 8" tape player is an ultra compact unit which plugs into the tape jack

The new Model 711B FM- stereo receiver features integrated circuitry, an FET tuner section,
silicon transistors throughout, and an IHF rated
output of 100 watts dynamic power (50 watts
per channel).
The tuner section uses a four-gang tuning
capacitor to provide a maximum ratio of selectivity. The 711B has complete facilities for operation of a record player and tape recorder, headphones, and remote speakers-which may be
operated simultaneously with the main speaker

which has a heavily weighted, high -compliance
cone capable of 5/s" excursions without breakup
or doubling. The woofer is sealed in a fiberglass filled enclosure with the three electrostatics to
provide a highly linear response from 30 to beyond 30,000 Hz.
The oiled walnut enclosure measures 263/4"
high x 271/2" wide x 141/2" deep. The speaker
is designed to be used with any high -quality
amplifier of 20 watts or more. Neshaminy
Circle No. 17 on Reader Service Card

3- CHANNEL HOME MUSIC SYSTEM
A three -channel stereo system which incorporates separate amplifiers for each of the three
separate speaker systems has been introduced as
the "Triphonic 75 ".
This complete home music center has provisions for a turntable or record changer, tape

recorder, and stereo headphones. The system
consists of an FM- stereo receiver and three individually amplified speaker systems in a compact
unit. The right- and left -channel speakers measure 14" x 71/2" x 31/4" while the third speaker
measures 14" x 10" x 5" and is designed to be
placed anywhere in the room for effective dispersion of the bass frequencies from 25 to 100
Hz. The receiver measures 14" x 101/4" x 51/4"
and is housed in a walnut case which matches
the speaker enclosures. Grille cloths are available
in sand beige, Oriental cane, royal maroon, Danish green, and Spanish olive.
The receiver delivers 75 watts of dynamic
power. Construction is modular. It features a
stereo indicator light, center -scale tuning meter,
speaker "on -off" switch, and a stereo headphone
output jack. Compass
Circle No. 18 on Reader Service Card

122 -WATT SOLID -STATE RECEIVER

system. The transistorized circuitry is protected
by automatically resetting circuit breakers.
Amplifier frequency response is 15- 30,000 Hz
±1 dB. Tuner sensitivity is 1.9 µV and capture
ratio is 2.5 dB. The complete unit measures only
53/4" high x 163/4" wide x 12" deep. It is housed
in a simulated walnut metal case with satin black
and gold anodized panel. A hand -rubbed walnut
cabinet is available at extra cost. Altec Lansing
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The new Model 399 is a 122 -watt, AM -FMstereo receiver which uses 82 semiconductors in
its solid -state circuitry. The receiver, with fullfeature stereo preamp, tunes FM- stereo, FM
mono, and wideband AM.
The FM circuit has four dual -tuned i.f. stages,
interstation muting, two limiters, Schmidt all electronic automatic stereo /mono FM switching,
nuvistor front -end, and a multi- ganged tuning
capacitor with independent oscillator.
The amplifier section provides power output
of 244 watts peak, 122 watts total IHF, 43 watts
per channel continuous sine -wave at 4 ohms. Frequency response is 18- 60,000 Hz ±1 dB. Inputs
are provided for magnetic and ceramic phono
(Continued on page

rot)

CONSOLE SPEAKER SYSTEM

The Z -960 is a full- range, console loudspeaker
system which incorporates three electrostatic radiators for the treble and a specially designed dynamic cone woofer for the bass.
Low frequencies in this newest JanZen speaker
are handled by the Model 350D cone woofer
98
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Here it is! The brand -new 1968 edition of the world's m
famous catalog of electronic equipment.
518 pages, including the complete Knight -Kit Catalogpicturing, describing and pricing thousands of items -the
most complete inventory ever assembled of hi -fi, radios,
tape recorders, CB, electronic equipment, parts and tools

-

all at money- saving low prices.
You'll want your own personal copy of the Allied Catalog.
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Each year Allied fills more than a
million orders by mail. Only the complete facilities of the world's largest electronics supply
house can satisfy all the needs of hi -fi enthusiasts, CB
users, engineers, "Hams" and experimenters.
WORLD'S LARGEST SELECTIONS

Imagine shopping for hi -fi where you can select from every
model of 15 major manufacturers of receivers, tuners and
amplifiers, 14 brands of tape recorders, 7 makes of turntables, nearly 100 speakers from a dozen manufacturers.
Plus similar choices in every area of electronics -CB and
Ham, test equipment, kits (including Knight- Kits), parts,
supplies ... almost anything you want.

o

MANY PRODUCTS NOT AVAILABLE ANYWHERE ELSE
As the world's largest supplier of electronics, Allied can
afford to stock thousands of items not available elsewhere.

In addition, many products are specially-designed and built
to our specifications.
FIRST WITH THE LATEST FOR 47 YEARS
We have always been the first to offer the latest developments in electronics, as you will see when you receive your
new 1968 catalog from Allied.
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1968
ALLIED
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Among all electronics supply houses, only Allied has a
continuous program of quality- testing to assure you that
everything you buy meets the highest standards.
COUNT YOUR SAVINGS AT ALLIED
You always get the lowest prices at Allied.

Check Allied
prices and compare. Look for the special values -available
only when you shop in the Allied catalog.
IMMEDIATE SHIPMENT

There's no delay when you deal with the world's largest
electronics supply house. Orders are filled promptly -usually the day they're received.
NO MONEY DOWN
You don't need cash

-

UP TO TWO YEARS TO PAY

at Allied. Make "add -on" purchases -

even though you are already paying for something else.
It's easy to be a credit customer at Allied.

SATISFACTION GUARANTEED OR YOUR MONEY BACK
You can buy with confidence from Allied. We guarantee

satisfaction or your money back.
ENJOY "EASY- CHAIR" SHOPPING

_
m

Shopping's easy at Allied. More accurate, too! You always know
exactly what you get. And what a
choice! A selection of merchandise
so vast that no store could ever
assemble and stock it all.

cartridges, tape head, tape monitor, and auxiliary.
Outputs are provided for 4 -16 ohm speakers,
recorder, and headphones.
The Model 399, which measures 16" wide x
12" deep x 5" high, comes in a metal case. An
optional walnut wood case is available at extra
cost. Allied Radio
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AM- FM-STEREO RECEIVER
The Model 30 is a 30 -watt peak AM -FM- stereo
receiver, housed in a furniture walnut cabinet,
which provides plug -in connections for tape recorder and record changer.
Special features of the new unit are controlled injection a.f.c., a broad -scale logging dial, all-

switches for a.c. power, loudness, mode (stereo/
mono), stereo (receive /search), hi- filter, and
speakers (main /remote).
Frequency response at 1 watt is 20- 20,000 Hz
±2 dB, power bandwidth is 40- 17,000 Hz. The
tuner section has an IHF sensitivity of 3 sV and
image rejection of 55 dB. Stereo separation is 32
dB at 400 Hz.
The receiver measures 131/4" wide x 41/2"
high x 10" deep. It is housed in a simulated
walnut -grain metal case with a gold finish extruded aluminum panel. Lafayette
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LOW -NOISE MASTERING TAPE
A new low -noise mastering tape for use with
professional and consumer recorders is now available as the 404 Series. Featuring a new uniform

oxide binder formula which the company claims
results in true low -noise characteristics in addition to providing higher frequency response and
greater undistorted dynamic range, the tape is
being offered in various reel sizes and in 1/4 ",
1/2", and 1" widths on both polyester and acetate
base materials. Ampex

The new line is designed for police and fire
vehicles, mobile ham installations, CB mobile
applications, truck fleets and other two -way radio
users. Estes Engineering
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FM MONITOR RECEIVERS

Two new solid -state FM monitor receivers for
use by police, fire, and other municipal, civilian
defense, or federal departments have been introduced as the Models FR -104 (25 -50 MHz) and
FR -105 (150 -175 MHz). Each comes complete
with a.c. and d.c. power cables and mounting
bracket. Crystals are not included.
The receivers measure only 67/s" w. x 25/s" h.
x 81/2" d. so that they will fit into the smallest
vehicles. The units incorporate a quadruple tuned r.f. stage for greater image rejection, dual

Circle No. 24 on Reader Service Card

solid -state circuitry, and sufficient output to drive

the new acoustic -suspension speaker systems.
Full specifications on the Model 30 will be
forwarded on request. Rheem Roberts
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90- MINUTE TAPE CASSETTE
A 90-minute tape cassette, containing Scotch
brand "Dynarange" oxide-coated tape, is now
available as No. 292 C-90.
According to the company, the Dynarange
construction provides better recording and playback characteristics at the slow operating speed
of 17/s in/s. The tape also incorporates the company's special silicone lubrication which permits
the tape to glide smoothly over the recorder
heads with a minimum of friction and wear.
The cassette has a large window to permit
easy checking of tape consumption, The heatresistant cassette comes in a mailable plastic box.
The 60-minute version of this cassette is catalogued as the No. 271 C -60. 3M
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INTEGRATED SPEAKER SYSTEM

The IS -80 is a three- speaker system which is
driven by two 45 -watt solid -state amplifiers and
an electronic crossover network that has been
matched electronically to the speakers' characteristics. It can be used as one channel of a stereo
system or as a complete mono system.
The integrated speakers provide wide linear
response with very low distortion, according to
the manufacturer. The system produces a maximum of 1% harmonic distortion throughout the
entire frequency range of 30 to 20,000 Hz.
Amplifier controls on the front of the speaker
enclosure can be adjusted to achieve acoustic balance in any room environment. Pioneer

COMPACT MUSIC SYSTEM

Two new AM -FM- stereo compact systems, the
Models 1050 and 1030, include record -playing
facilities, speakers, and solid -state receivers to
provide home entertainment in space- saving
form.
The Model 1050 incorporates an Elac /Miracord 50 automatic turntable with four -pole induction motor, two EMI Model 93 speakers, and
an 85 -watt IHF dynamic power receiver. It has
a special microphone and instrument input with
gain controls to permit playing guitar or other
instruments through the system and doing "voice
over" records.
The Model 1030 is a lower powered unit which
incorporates many of the features of the Model
1050. It uses a Miracord Model 620 turntable and
EMI Model 62 speakers and provides 50 watts
IHF dynamic power. Both record players come
with a compatible mono /stereo magnetic cartridge with diamond stylus.
A Philips -type cassette tape recorder is available
as optional equipment. Benjamin

POWER SUPPLY FOR CB UNITS

The Model 103 is a 117 -volt a.c. power supply
for 12 -14 volt CB transceivers. It will convert

CB- HAM -COMMUNICATIONS
PORTABLE WWV RECEIVER
The Model 1015 is a 31/4" x 6'/4" x 4 ", lightweight WWV receiver which is completely portable. It is a crystal -controlled, sensitive receiver
for the 10 and 15 MHz time and frequency transmissions from the NBS radio stations WWV at
Fort Collins, Colorado and from WWVH at
Maui, Hawaii.
Features include integral whip or 50 -ohm in-
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117 -volt a.c. to 12 volts d.c. for operation of
any solid-state CB transceiver which does not
draw more than 1.7 amps on receive or transmit.
The unit is fused for short -circuit protection, although momentary shorts will not adversely
affect fuse or set operation.
The compact 61/2" x 4[172" x 5" unit is housed
in an all-aluminum cabinet finished in light
blue baked -on enamel. Regency
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PACKAGED POWER UNIT
A new packaged power unit for the communications industry, featuring rectifiers, a ringing

puts, speaker and headphone jack, sensitivity of
1 µV, and 9 -volt internal battery operation. Specific Products
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NOISE -SUPPRESSION PRODUCTS
A new line of noise-suppression accessories

has just been introduced under the tradename
"Electro-Shield ". Designed to reduce engine interference in all two -way communications equipment and other electronic gear, the new line
includes kits for ignition suppression, alternator
filtering with shielding, d.c. power line filters
with cable, and a universal suppression package.

January, 1968

Circle No. 28 on Reader Service Card

Circle No. 25 on Reader Service Card

Circle No. 22 on Reader Service Card

30 -WATT SOLID -STATE RECEIVER
An all -transistor AM -FM- stereo tuner/amplifier, the LR-99, delivers 30 watts of dynamic
power at 8 ohms, 15 watts per channel. The
tuner section features a stereo search function
that produces a tone to audibly indicate when an
FM-stereo station has been tuned in. The illuminated d'Arsonval tuning meter pinpoints both
AM and FM stations.
The receiver has flywheel tuning, each channel
has ganged bass and treble controls, rocker

limiter and Foster -Seeley discriminator, a temperature- compensated noise -free squelch, provisions for continuous tone (squelch decoder)
using a contactless tone reed, and plug -in crystal
channels for instant frequency change.
A heavy -duty 2" x 6" speaker with moisture
resistant cone and 11/2 -watt audio output provides
adequate level. Provision is also made for connecting an external speaker. Sonar

frequency generator, tone generator, and interrupter has just been introduced.
The unit is designed to operate on 117 volts or
208 and 230 volts nominal with input voltage
swings of ±10'/. In addition to line- voltageregulation capability, the unit is said to have
good load regulation.
The company will supply complete specifications on this unit on request. Sola
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CRYSTAL OSCILLATORS
A new line of miniature precision crystal os-

cillators that are both temperature- compensated
and voltage -controlled has been developed and
is being marketed as TC, VCXO's.
101

These all- solid -state units are designed for
communications and aerospace applications where
small size, high accuracy, and low power drain
are primary considerations. They are available
for generating any frequency to 50 MHz. Units
generating two or more frequencies can also be
provided.
Sine, pulse, and sawtooth waveforms are offered. Frequency adjustment range is 6 ppm
minimum. Aging rate is less than 1 ppm /year.
Warm -up time is zero. Models can be designed
to accept any input voltage from ±10 to ±50
V d.c. Units can be furnished to meet MIL or
NASA specifications. Arvin Frequency Div.
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MANUFACTURERS' LITERATURE
NICKEL- CADMIUM CELLS

illustrated booklet (No. BA112, revised edition) that discusses rechargeable,
sealed nickel -cadmium battery cells has been
issued. Areas covered include construction, electrical parameters, charging and discharging,
temperature characteristics, cycle life, environmental conditions, and applications.
The booklet also contains a table giving physical and electrical characteristics of the company's complete line of nickel- cadmium sealed
cells. Sonotone
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A new 12 -page

NEW C/R BRIDGE
Described and illustrated in a new 2 -page data
sheet is the Model B201 100 kHz -1 MHz capacitance- conductance bridge. Designed for highly
precise simultaneous in- circuit measurement of
capacitance and conductance over an extremely
wide range, the new instrument can be used to
check capacitors and components of printed circuits and /or encapsulated assemblies.
Complete mechanical and electrical specifications are provided. Wayne Kerr
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tensing requirements, discusses range expandability and frequency selection, and describes
typical short -, medium -, and long -range systems
and how to create them from specific units. E.
F. Johnson

to personnel and equipment, isolation of signals
from high off -ground voltages, elimination of
ground loops, selection of signal conditioners
and signal cables, and special precautions in
cable routing and connections. Brush Instruments
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INTEGRATED CIRCUITS

A new 48 -page brochure (Bulletin SC- 10212)
describing a line of 180 TTL monolithic integrated- circuit types, with 39 distinct circuit functions, is now available.
Half the illustrated booklet is devoted to product descriptions and application information on
speed and performance stability, noise immunity,
worst-case testing, and cost- saving logic flexibility. The remainder of the publication covers logic

THUMBWHEEL SWITCHES
A new 4 -page bulletin (No. CS901) describing a line of panel -mounted thumbwheel
switches for use in single -pole, double -pole, and
four -pole switch applications has been released.
Complete mechanical and electrical specifications are supplied, along with truth tables,
schematic diagrams, and mounting dimensions.
A. W. Haydon
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diagrams and pin configurations, design loading
rules for combining TTL with DTL circuits in
common systems, and a quick- reference chart
showing what is available. Texas Instruments

WAVEGUIDES
A new 14 -page illustrated brochure (No. S -12)
covering a complete line of waveguides and ac-
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THYRATRON TUBES
A new 19 -page application report on thyratron

tubes (No. P -111) has been published. Intended
for the design and applications engineer, the
manual features a lengthy introduction on the
fundamentals of thyratron operation, characteristics, and circuit considerations. The remaining
sections of the booklet cover thyratron installation
and definitions of ratings.
Concluding the brochure is a 3 -page listing of
the company's thyratron tubes with their operating characteristics and descriptive functional
data. Amperex

cessories is now being offered. Included are wave guide-to- waveguide and waveguide -to-coaxial
transitions, waveguide terminations, flanges,
straight sections, twists, bends, and special configurations. Specialty Waveguide
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INTEGRATED POWER SUPPLIES
A new 12 -page four -color brochure describing
a line of integrated power supplies using the
Hi -Pac process has been issued. The publication
outlines the features and advantages of these
power supplies, provides technical data, and il-

lustrates product applications. Solitron
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POWER MODULES

PRECISION TOOLS
Described and illustrated in a new 4 -page
catalogue is a wide range of precision tools for

electronic and electrical production, repair, and
laboratory use. Included are low-voltage miniature production soldering irons, replacement tips,
soldering tweezers, a thermal wire stripper for
Teflon, a pocket microscope, and various tools
for instrument assembly and repair. Telvac
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More than 4000 standard all-silicon solid state power supplies and power modules are
described and illustrated in a new 62 -page catalogue (No. 671). Complete specifications are
given, along with prices, installation data, and

thermal requirements.
New products introduced in the catalogue include modules designed especially for IC applications, high -efficiency d.c.-d.c. converters, and
miniature d.c. -d.c. local regulators. Technipower
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WIRING SYSTEMS
A new 12-page bulletin (No. E -7) describing

PHOTO CREDITS

and illustrating the versatility of Signaflo wiring
systems has been made available.
Presented in the booklet are the basic elements
and techniques of these wiring systems, as well
as applications for signal transmission, control
wiring, flexing wires, and interconnection and
structural systems for memory devices. aci.

Credit
Page
Motorola, Inc.
38, 42, 43, 50 (bottom)
Zenith Radio Co.
39
Sony Corp. of America
45
Sanborn Div.,
46, 47 (bottom)
Hewlett- Packard
NASA
Westinghouse Electric Corp.
General Electric Co.
Heath Co.
Schober Organ Corp.,

Circle No. 142 on Reader Service Card

GAS LASERS

Described and illustrated in a new 6 -page full color catalogue is a line of gas lasers and accessories. The Model 140 argon -ion laser, the company's newest and most advanced instrument, is
completely detailed with specifications for both
laser and exciter.
Specifications are also listed for a number of
Stabilite lasers along with numerous representative applications. Available accessories include a
power meter, polarization rotator, beam-expanding telescope, and a cavity extension. SpectraPhysics
Circle No. 138 on Reader Service Card

INDICATOR LIGHTS
A new 6 -page foldout brochure (No. 6702)
on a line of panel- mounted indicator lights has

been released. Complete electrical and mechanical specifications, ordering instructions, and dimensional drawings are provided for nearly 100
different two-pin cartridge lamps and midget

CERAMIC CAPACITORS
A new 57 -page catalogue covering 20 standard VY porcelain and VK ceramic capacitor

TWO -WAY RADIO SYSTEMS
A new 16 -page illustrated booklet which enables a business /industrial two -way radio user to
select the right system for his particular require-

ments is now available.
The brochure defines Business/Industrial radio
as compared with Citizens Band, explains li102

52

series has been issued. The publication consists
of 21 two- and four -page data sheets which can
be easily removed for filing and updating. Each
data sheet contains detailed specifications, typical
curves, diagrams, photos, and ordering instructions. Vitramon
Circle No. 143 on Reader Service Card
POTENTIOMETERS
A comprehensive 120 -page catalogue cover-

ing trimming and precision potentiometers,
counting dials, and instrument motors has recently been published. Each product listed in
the catalogue (No. C-67) is shown in a cutaway
view along with a complete description of mechanical, electrical, and environmental specifications. Amphenol Controls.
Circle No. 144 on Reader Service Card

flanged indicator lights. Drake
Circle No. 139 on Reader Service Card

47 (top)
48, 49
50 (center)

RECORDING SYSTEMS

"Recording High Off -Ground Signals Without Electrical Noise ", a new 20 -page illustrated
technical booklet, has been published. The brochure presents solutions to the special problems
encountered in recording test or troubleshooting
data from automatic systems in which d.c. voltages of 500 to 1000 volts are used.
Topics covered include elimination of hazards

54
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ELECTRONICS WORLD

ELECTRONICS

MARKET PLACE
COMMERCIAL RATE: For firms or individuals offering commercial products or services. 700 per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%
for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or sell. 400 per word (including name and address). No Minimum! Payment must accompany copy.
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 100 extra per word.
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016
R.F. CONVERTERS World's largest selection.
TREASURE HUNTERS! Prospectors! Re!co's new
FOR SALE
Also CCTV cameras, etc. Lowest factory prices.
instruments detect buried gold, silver, coins
Catalog 100. Vanguard, 196 -23 Jamaica Ave.,
Kits, assembled models. Transistorized. Weighs
JUST starting in TV service? Write for free 32
Hollis, N.Y. 11423.
3 pounds. $19.95 up. Free catalog. Relco -A22.
page catalog of service order books, invoices,
Box 10839, Houston, Texas 77018.
FREE ELECTRONICS (new and surplus) parts
job tickets, phone message books, statements
ELECTRONIC Ignition. Kits, components, syscatalog. We repair multimeters. Bigelow Elecand file systems. Oelrich Publications, 6556 W.
tems. Diagrams. Anderson Engineering, Epsom.
tronics, Bluffton, Ohio 45817.
Higgins Rd., Chicago, III. 60656.
N.H. 03239.
DETECTIVES! Free brochures! Electronic SurGOVERNMENT Surplus Receivers, Transmitters,
METAL -Treasure Detectors, most sensitive.
veillance devices. SILMAR ELECTRONICS, 3476
Snooperscopes, Radios, Parts, Picture Catalog
Lowest priced. Free catalog. Jetco Instruments,
N.W. 7th Street, Miami, Florida 33125.
250. Meshna, Nahant, Mass. 01908.
Box 2880 -E, Huntsville, Texas 77340.
SURVEILLANCE EQUIPMENT -NEW HIGH PERMETERS-Surplus, new, used, panel and portCOMPUTER FOR SALE -DIGITAL -AIL ManufacFORMANCE SUBMINIATURE MODELS. ELECable. Send for list. Hanchett, Box 5577, Riverturer. Modular. Write for details, photo, etc.
TRONIC COUNTERMEASURE DEVICES TO PROside, Calif. 92507.
$125. J. Paul, 1370 St. Nicholas Avenue, New
TECT PRIVACY. FREE DATA: SECURITY ELECYork, New York 10033.
TRONICS-EW, 15 EAST 43RD STREET, NEW
INVESTIGATORS, FREE BROCHURE, LATEST
SHORTWAVE RECEIVERS AND TRANSCEIVERS.
YORK, N.Y. 10017.
SUBMINIATURE ELECTRONIC SURVEILLANCE
"68" MODELS BY HAMMARLUND, NATIONAL,
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
CRYSTALS
.
largest selection in United
DRAKE, SWAN. TRADES ACCEPTED ON YOUR
7TH AVE., MIAMI, FLA. 33168.
States at lowest prices. 48 Hr. delivery. ThouTUBES, TEST EQUIPMENT AND GOVERNMENT
sands of frequencies in stock. Types include
CONVERT any television to sensitive big- screen
SURPLUS. WRITE: BILL SLEP, W4FHY, SLEP
HC6
/U,
HC18
/U,
FT
-241,
FT
-243,
FT
-171,
etc.
oscilloscope. Only minor changes required. No
ELECTRONICS, DRAWER 178EW, ELLENTON,
Send 100 for catalog with oscillator circuits.
electronic experience necessary. Illustrated
FLORIDA 33532.
Refunded on first order. Jan Crystals, 2400E
plans, $2.00. Relco -A22, Box 10563, Houston,
TECH MANUALS, SOLD ON MILITARY SURPLUS
Crystal Dr., Fort Myers. Fla. 33901.
Texas 77018.
AND CIVILIAN ELECTRONIC EQUIPMENT. GIVE
JAPANESE
PRODUCTS
CATALOG
by
air
mail
$5,
MAKE, MODEL FOR MANUAL QUOTE. SLEP
MUSIC
LOVERS, CONTINUOUS, UNINTERsea $3. Intercontinental, CPO 1717, Tokyo,
ELECTRONICS, DRAWER 178EW, ELLENTON,
RUPTED BACKGROUND MUSIC FROM YOUR
Japan.
FLORIDA 33532.
FM RADIO, USING NEW INEXPENSIVE ADAPTER. FREE LITERATURE. ELECTRONICS, 11500 -Z
T.V. Parts catalog sent free. M & S Electronics,
PRINTED circuit boards. Free lists. Dirck Spicer,
NW 7th AVE., MIAMI, FLORIDA 33168.
Box 16071, Wichita, Kansas 67216.
11 Ridgeland Road, Wallingford, Conn. 06492.
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MANY NEW ITEMS
Dept. EW.1-4217 UNIVERSITY AVE.
SAN DIEGO CALIFORNIA 92105

TERMS:

89CMw,E

k

PM tube shipping. !reedy in lull
end avoid C.O.O. chivie9. Send $3.00 deposit on C.0.0. orders.
No 24 hr. free offs, on personal checks orders.
ORDERS UMDEII15.SO. Add Se per lobe shipyinS pus SOC hendlin(.
CANADIAN AND FOREIGN ORO/RS: Add spyros.mete postage.
No C.O.D. wows.
COUSINE VARIE0 ITEMS TO !RING YOUR ORDER OVER $5.00

ORDERS OVER SS.00: Add
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Guitar pickup, bug in case
$9.85, board only with instruction, $6.75 C.O.D.
SCI Mfg Co., 3700 First Nat'l Bank, Dallas,
Texas 75202.
LAMPKIN PPM package; 205A FM Meter; Bird
Wattmeter. Selling due to illness. Allen Gallsway, 619 E. Emerson, Ithaca, Michigan 48847.
ELECTRONIC ALARM. Remarkable new solid
state device. Loud beeping signal at one percent increase or decrease in sensor resistance,
FM Wireless MIC,

RECTIFIERS, TRANSISTORS
& COMPONENTS
Amplifier, New 4 lbs.
Watt Resistors, asstd.
fs
/2 Watt Resistors, asstd.
2N4138 Sil. Chopper To46 NPN
Precision Resistors, asstd.
Pots, 2.4 Watt, asstd.
2N1724 Sil. Pow. 50 W. 80 V. Stud.
2N10478 Sil. Pow. 80V. To -57
Tantalum Capacitors, asstd.
6 tube

2NI722 Sil. Pow. 50W. 80V.
2N2944 Sil. Chopper To -46

:i1/,:1`1W.

7A.

1.50

l0:\.

1.50

50/1.00
15 /1.00
1.50
.60

voltage, or current. Tremendous applications.
Requires only 1 to 15 volts, up to one megohm
sensor, and range resistor. Mounts in 21 /a inch
hole. $12.95 postpaid. Minilert Company, Box
X446, Buena Vista Station, Miami, Florida

10 /1.00

To -53
.

50W. Zeners 10 to 19 Volts
Thermistor head, 1200 ohm.
2N1021, Ger. Power, lamp, 100V., To -3
2N456A, 7A. 40V. Ger. Power To -3
2N1718, Sil. Power. 10W.. 60V.. Heatsink
70 amp Stud. 50P1V- $2.50; 100PV _ __.
SILICON CONTROLLED RECTIFIERS

AMIS.

2/$1.98
50/1.00
60 /1.00

1.45
1.00
1.00

2/1.00

33137.
PROXIMITY switch. Detects nearness of human
body! Free information. Claremont Products,
860 Reed, Claremont North, Calif. 91711.
LATEST TELEPHONE BUGGING COUNTERMEASURES: ENGINEERING LABORATORIES, BOX
1036, ANDERSON, INDIANA 46015.
RADIO CONTDOL TARGET DRONE OQ2, complete, new $750.00; used $500.00. 12 volt pilot
light, snaps into Ss" diameter hole, w /bulb, no
lens
4 for $1.20 postpaid in U.S.A. G. J.
Easley, P. O. Box 13341, Ft. Worth, Texas 76118.
STOP! Free stopwatch catalog! Lowest prices,
newest models. Vincent, Box 4549 -EW, Whittier,
Calif. 90607.

.60
.45

3/1.00
$3.50

.I'J.\
2.052.75
2.65
3.25

innl'Ity.

2.15

Pots. 1W. 100K, or 1/2W. 500K,
Surprise Kit, 10 lbs. components
Epoxy HiVol diode, 200ma, 3000PIV
Computer Board, TO-3 Power, Heat Sink
I.C., TO -5, untested
I.C., Dual -inline, untested
274389,85W 60 V. T053
2N3707 -11 Asstd. Plastic Silicon Xisters
2N3704 -3706, Asstd. Plastic Sil. Xisters
2N2151, Sil. Power Xister

2N1009 Ger. Min. Xister untested
3N35 Tetrode. NPN, untested
Ger. Diodes, Asstd.
214458A. 7A. 80V. Ger. Power

TO

-3

Sil. Diodes, Switching, Signal, Asst.
2N118, Silicon, NPN
......
2N1149, Silicon, NPN, untested
2N1300, Untest. PNP & NPN. /4" leads
2N1714, Silicon Power 10W, 60V.
Computer Boards. Parts Free. per transistor
Germanium Power, 2N457A, 7A; 60V
Silicon Power 40 W, 2N1047, TO-57
Tophats 750 ma., 200PIV80, 400, 12t 600
1

5 /1.00

2.50
.98
1.00
5 /100

10 /1.00

.

.79

20/1.00
10 /1.00
.65

30/1.00
5 /1.00
15/100

20/1.00
25/1.00
4/1.00

REI First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job placement free. (KANSAS CITY) R.E.I., 3123 Gillham
Road, Kansas City. Missouri, Telephone WE15444. (SARASOTA) R.E.I., 1336 Main Street,
Sarasota, Florida 33577, Telephone 955 -6922.
WANTED! TV- Radiomen to learn aircraft electronics servicing. Numerous job openings everywhere. Write: ACADEMY AVIONICS, Reno /Stead
Airport, Reno, Nevada 89500.
ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-

.05
.50

2/1.00

PIV .18
1N34A
100/2.98
1.25
Varicaps, 27, 47, or 100 pf
4/1.00
2N1038, Germanium 20 W. 40 V
With any $10.00 Order any $1.00 item Free. On
$25.00 order any (3) $1.00 items Free. Catalog.

Minimum order $3.00 plus postage, C.O.D.'s 25%

ELECTRONIC COMPONENTS
Post Office Box 2902

classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.

Baton Rouge, Louisiana 10821
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R -23

/ARC -5

t

omuuaud

rrtr

1::0 -330 Le.

A.R.C. 12
22 I .111114111d trii 3411-1600 lie.
ART -13 AE Power Supply. NEW
RA -62 -B i.. AC pur atdy for SCR -522. only
TDQ sour 43 W Po .52. .53. I15 -136 me.
TDZ suer 311 w l'i .52. .5a. 225 -41111 me.
LM -14 11141. niiier. .51', 123 ke -rit me
TS- 323,UR !h.q. mener 211 -4so me.. 001',ii
BC -221's OK

567.50

TS -175 OK

14.95
17.95
49.50
17.95

295.00
495.00
57.50
169.50
127.50

CLOSING OUT Radio Receivers :is-41111111W at CRAZY
LOW PRICES: .5 -li tar .51'10 -4 41' /CV -233 .sact.

ALL -BAND SSO RCVR BARGAIN: Rallicraftors I143/
5311 kc to 43 Inc Continuous. Voice, CW,
MC'i5. aligned. arid,
/book; 2 -RF, 2- 1k-'s,
meter: noise m
3 xtl, 3 noxi1
eS..
naelec- 149.00
0h3' choices. Less pwr
,111 ey purr
a im. SSIt pro,tue t ' detector:
ec
520

Itr:

R -390

ttly..

Receiver,

Oar. Coci)

750.00

Sorens. I0000S 10 kva Line V Regulator
695.00
Anil others trout 230 \'A up. Ask for Regulator List.
Gen. Radio $7565 Primary Freq. Standard. dual rack.
Iluu sl'
11:15.5, cm.. rou,Iltiou. both
756.50
Autont ichron Cessium -Bean) Fl,.y. Standard
ASK!

r

Regulated Power Supplies. Meter l'alibr:uors
Electronic Freq. Converters to
K V.5
All kinds of AUDIO '1',.a 1.,inipnp'nt
Standard Signal Generators r'W A \t /F\I /Sweep

ASK!
ASK!
ASK!
ASK!

TIME PAY PLAN: Any norennse totaling'
sltn,.tin or snore, down payment only..

1f101

1

Alai,.

is

0

.11:, 11

sampling

/O

lerrlrr inventory.
invento.
Trktron it scopes. tita tell.
or

our

We ALSO BUY! We wan:
Packard egnpr.. Aeronaut. radio shop

AND

etiapt..
Military l'onnn unheatluns of all kinds. etc.

R. E. GOODHEART CO. INC.
Box 1220 -A, Beverly Hills, Calif. 90213
s 275.5342

Phones: Area 213. olnee 272 -5707. messag

ELECTRONICS ENGINEERING, P.O. Box 36185,
Houston, Texas 77036.
ELECTRONICS! Associate degree -29 months.
Technicians. field engineers, specialists in com-

munications. missiles, computers, radar, automation. Start February, September. Valparaiso
Technical Institute. Dept. N, Valparaiso, Indiana
46383.

WANTED
QUICKSILVER, Platinum. Silver, Gold. Ores Analyzed. Free Circular. Mercury Terminal, Norwood, Mass. 02062.
QUICK CASH
tor Electronic Tubes, Semiconductors, Equipment (Receivers. Transmitters, Scopes, Vacuum Variables. etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broadway, New York, N.Y. 10012 (212 -WA 5- 7000).

-

@ .40 Reader Rate
$
( @ .70 Commercial Rate )
Total Enclosed $
time(s)

Words

\111, u'irs in original eurtnus; bolt
like the t: liar BC -453 Command Rcvrs
9 -tube superhet 108.135 me AM
rcvra and
erp
ea.
to power h control without touching
:nothing t iu.hlr the milt; you can rnu conuva
an S -Meter esteina ley. We furnish schematic mud
r nuphle ins rnet Ions om all pin cuincttiois and
mho
SPiille tuning knob. A.R.C. Type No. R1313.
No tuning dial; we furnish graph of freq. vs knob
turns. 2 ay sensititity. 2 1IF, :5 11, stages. Shpg tit
7 Ib. lob Los Angeles
BRAND NEW._. $22.50
R32 is . :one lint w /adlnstuble .queliti
527.50
1:raud
esactly
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LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experimental 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 tor Veterans
Training. Write Elkins Institute, 2603C Inwood
Road, Dallas, Texas 75235.
HIGHLY effective home study course in Electronics Engineering Mathematics with circuit
applications. Earn your Associate in Science
Degree. Free literature. COOK'S INSTITUTE OF

Please refer to heading on first page of this section for complete data concerning terms,
frequency discounts, closing dates. etc.
2

EVERYTHING UNCONDITIONALLY GUARANTEED!

COUNT FREQ. DIGITALLY In ç to 2211 ine ,.
:t.tal arrnriU'y. at the Invest pries available :111\
itlnnr; and each set has Ixvu completely
checked and
,mine, will: a date:: l'ER'rtF'ICATF: OF ('.1LIRILt'l'I IN :and sticker:I traceable t, the National Bureau
or Ntaud ::rd.. Von get Item -Pack :52411 with L 511\
R 325I1 plug -ins. and complete set of books ....1275.00

Collins

ELECTRONICS ENGINEERING
AND INSTRUCTION

15 /1.00
10 /1.00

GET IT from GOODNEART!

.

NAME

DO -IT- YOURSELF

ADDRESS

-

STATF

CITY

PROFESSIONAL ELECTRONICS PROJECTS
$1.00 up. Catalog 25e. PARKS, Box 15265B,
Seattle, Wash. 98115.

7IP

TUBES
SIGNATURE

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality merchandise 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

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New Yark) 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.
EW.168
AC. etc.. count as one word. Hyphenated words count as two words.

J
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Reconditioned & Used FM
2 -WAY RADIO EQUIPMENT
Here's a small part of enlarged inventory now on hand for practically everything you need -at savings!

Voice Commander
132 to 172 MC, 1W 9.5" x

5.3"

x

1.7" Lowest price

ever, including brand New
Rechargeable Nickel Cadmium Battery Pack

-

=

'

$148

If crystal & tuning is desired add $45.00
Battery charger for these
units $16.00
Write for Quantity Prices
COMMANDER
Monitor Receiver only- $
VOICE

lk-

I

78

Tuned & Crystalled
with dry Batteries

GE RECEIVER

4ER6 30 -40 MC, 40 -50 MC, 6 or 12 Volts
3 Coil I. F.
$28
4 Coil I. F.
.$34
MOTOROLA T41GGV 30 -50mc 6/12 V,
30 watt vibrator power supply fully narrow

banded complete with accessories
less crystals and antenna
$148
Add $45.00 for tuning to desired frequency
and new antenna
MOTOROLA 30 -50mc 6/12 V,
T51GGV vibrator power supply.
$198
1Qp
Fully narrow banded (TX & RX)
.

Above price includes accessories less crystals and antenna (less accessories, deduct $30.00)

tune unit to desired frequency including
new antenna add $45.00
GE 2 -Piece unit -6 volt or 12 volt 4ER6
4ET5, 30w 30 -40, mc. -40-50 mc. Wide
Band
Fully narrow band (TX+RX)
$68

SCOTCH Recording Tapes. Tape Recorders. Catalog 50. Tower, Lafayette Hill, Pa. 19444.
STEREO TAPES. Save up to 60% (no membership fees, postpaid anywhere USA). Free 60page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans "not undersold," as the discount information you supply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Washington, D.C. 20009.
RENT Stereo Tapes -Over 2,500 Different -all
major labels -free brochure. Stereo -Parti, 1616
-E. W. Terrace Way, Santa Rosa, California
95404.
HI -FI Components, Tape Recorders at guaranteed "We Will Not Be Undersold" prices. 15day money -back guarantee. Two -year warranty.
No Catalog. Quotations Free. Hi- Fidelity Center. 239 (LT) East 149th Street, New York 10451.
RENT STEREO TAPES-75¢ week. Catalog. Art's
Tape Service, 1613'/ North Mariposa Ave.,
Hollywood, Calif. 90027.
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.
TAPE RECORDER SALE. Brand new, nationally

advertised brands, $10.00 above cost. Special
prices on HI -Fl Components and color television.
Arkay Sales, 1028 -B Commonwealth Avenue,
Boston, Mass. 02215.

SCOTCH RECORDING TAPE $1.20 for seven inch
reel; write: Mail Order Electronics, Box 1133,
Merritt Island, Florida 32952.

PLANS AND KITS
INTEGRATED CIRCUIT KITS; COMPUTER LOGIC, parts; others. Catalogue free. Kaye Engineering, Box 3932 -B, Long Beach, California 90803.

To

-

Complete Accessories

4ER6 -4ET6, 60w 30 -40 me -40.50 mc
Wide Band
S68
Fully Narrow Band
588

PRINTING
PRINTING Presses, Type, Supplies. Lists 5g.
Turnbaugh Service, Mechanicsburg, Pa. 17055.
OFFSET PRINTING -8 HOUR SERVICE -LOW
PRICES 25 to 5,000 copies. Nationwide Printing,
Atlanta, Illinois 61723.

Complete Accessories

Add $45.00 for tuning and crystals to desired
frequency, including new antenna.

RCA -CMCT 30 148-172 mc.

transistorized
power supply fully narrow banded $1f10
complete with accessories
IrJ7UU
Add $40.00 for crystals and tuning and new antenna.

G.E. PACERS- EG43SA6 150-170 mc Transistorized Power Supply 13 -15 watts,
12 v Front Mount (Complete accessories, less crystals and an-

tenna)

$108N

By

Late Model Equipment for Cash
Send For '68 Catalog- Write; Wire or Phone!
We

GI
ELECTROIVrC_s..

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 489 -9000

srovlre

CIRCLE NO. 111 ON READER
en on
RECEIVING & INDUSTRIAL TUBES, TRANSISTORS, All Brands -Biggest Discounts. Technicians, Hobbyists, Experimenters- Request FREE
Giant Catalog and SAVE! ZALYTRON 469 Jericho
Turnpike, Mineola, N.Y. 11501.
TUBES -330 each. Year guarantee. Tuner Cleaner $1.09. Free catalog. Cornell, 4213 -W University. San Diego, Calif. 92105.
DON'T BUY TUBES- Radio. TV- Xmitting, special purpose types until you get our price list! Lowest prices in U.S.A. 5.000 types- Guaranteed
Brand New. Send postcard for TV- Special Purpose Price List. UNITED RADIO COMPANY, P.O.
BOX 1000, NEWARK, N.J. 07101.

HIGH FIDELITY
FREE! Send for money saving stereo catalog
#EIW and lowest quotations on your individual 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 guaranteed "We Will Not Be Undersold" prices. 15day money -back guarantee. Two -year warranty.
No Catalog. Quotations Free. Hi- Fidelity Center, 239 (L) East 149th Street, New York 10451.
HIFI EQUIPMENT -Get Our "ROCK BOTTOM"
prices on NAME BRAND amplifiers- tunerstape -recorders
speakers FRANCHISED
59
YEARS IN BUSINESS. Write for this month's
specials -NOWT Rabson's 57th St., Inc., Dept.
569, 119 W. 57th St., New York, New York 10019.
LOW, LOW quotes: all components and recorders. Hi -Fi, Roslyn, Penn. 19001.
HI -FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free catalog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

-

-

GOVERNMENT SURPLUS
JEEPS Typically From $53.90.

$78.40.

tronics

.

.

. Trucks From
Boats, Typewriters, Airplanes, Elec.

Equipment, Photographic Equipment,
Bargains Direct From Government. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820 -K, Holland, Michigan
used. 100,000

49423.

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.

January, 1968

TCS EQUIPMENT
NAVY TCS RECEIVER AM
MC to 12 MC in two (2)
bands. Variable freq. oscillator & crystal control on
four (4) preset channels in
1.5

the entire freq. range. Audio
output 1.5 watts into 500

ohm load; uses tubes 12SK7
RF A., 12SA7 converter,
2/ 12SK7 IF A.. 12SQ7 detector BFO. 12A6 oscillator.
12A6 audio Amp. 456 KC IF
Freq. Large vein.
& spin dial, audio gain, AVC, BFO
and all controls on the front panel. Voltages required:
12 VDC & approx. 220 VDC 100 MA. Size: 544.955
lI 4" x Il91" s 13i11". Wt.: 37 The USED:
'hocked for Operation S10.(a) extra.
1

NAVY TCS TRANSMITTER AM

1.5 MC to 12 MC in three (3) bands, CW 40 watts.
voice modulation 20 watts, master oscillator variable
and crystal control on 4 preset channels in the entire
freq. range. Uses 3/12A6 in oscillator & buffer doubler. 4 1625 in modulator & power amplifier stages,
2 ," meters for PA Plate 0 -200 DC RF meter 0 -3, all
tuning and operating controls on front panel. Voltages
required: 12 VDC & 400 -440 VDC 200 MA. W /tubes.
Size: 11% x 113/4 X 13 % ".
Wt.: 41 lbs.
USED:
('hacked for Operation- 8to.n0 extra.
Antenna Loading Coil #47205
used: $6.95
Remote Control ]lox-w /Speaker #23270 Re -New:
9.95
Dual Dynamotor Power Suiily.
12 V. #21381
Re-New: 14.95
D -401 Transmitter Dynamotor 12 V.
New:
6.95
D -402 Receiver Dynamotor 12 V.
New:
4.95
l'AIILE- Receiver to Power Supply
New:
2.75
CABLE- Transmitter to Power Supply
New:
2.75
I tomcat or Plugs f /Remote Control Box
New:
1.50
4 C POWER SUPPLY-115 V. 60 cycle (Not Gov't.
Sti tpl isl
Receiver: $20.00
Transmitter: $35.00
Shock Mounting for Receiver or Transmitter Used:
2.95
Noise Limiter Conversion Kit -W /0H6 tubes
2.00
PARTS mailable for Rec. & Trans. Advise us your needs]

$34 50

-

BIG FREE CATALOG -Send for your FREE copy
now. New edition just off the press!
Address Dept. EW
Prices F.O.B. Lima, O.
25% Deposit on C.O.D.'s
1016

FAIR RADIO SALES
EUREKA Box 1105 LIMA,
OHIO

E.

NICKEL- CADMIUM
BATTERY BARGAINS

AUTHORS! Learn how to have your book published, promoted, distributed. FREE booklet
"ZD," Vantage, 120 West 31 St., New York 10001.
POEMS WANTED for new song hits and recordings by America's most popular studio. Tin
Pan Alley, 1650 -ZD Broadway, New York 10019.

SURPLUS

Terrific value -used government
surplus. Quick-charge, lightweight
6 -volt
nickel- cadmium battery.
4 -amp. hour capacity. Almost unlimited life- thousands of discharge- charge cycles with minute
deterioration. Charges fully in approx. 1 hr. with
Edmund Charger Kit. Hundreds of uses for hobby.
photography, model building, industry, etc. Only
few drops of water yearly for full maintenance.
Req. minimum of electrolyte- sealed to prevent loss.
Delivers nearly 100 % output at below freezing.
Maintains constant voltage through major portion
of capacity. Five vented 1.2 volt cells strapped in
3 polypropelene bands. 3 ?A," x 2" x 6".
(10 &
"Jumbo" 275 Ampere Hour Batteries also available.
Write for info.)
Stock No. 70,942ÁK
$15.00 Ppd.
ONE NEW 1.2 VOLT NICKEL -CADMIUM CELL
Stock No. 40,798AK
53.95 Ppd.
CHARGER KIT FOR 6 -VOLT BATTERY
Stock No. 70,807AK

68.00 Ppd.

GIANT WEATHER BALLOONS

"Balls of tun" for kids, traffic stoppers
for stores, terrific for amateur meteorologists. Create a neighborhood sensa-

tion.

Civet backyard full.

Exciting

beach attraction. _fade of heat ditty
neoprene. Inflate with vacwun cleaner
or auto air hose: or locally available
helium for high rise.
Stock No. 60.568AK
(8' diary..)
$2.00 Ppd.
Stock No. 60.6325K
(16' diam.)
$7.00 Ppd.
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

SEND FOR FREE CATALOG "AK"
EDMUND SCIENTIFIC CO. 300 EDSCORP
BUILDING, BARRINGTON, N.J. 08007
a

1a68

edition. New

items.

illustrations. Dozens of electrical
and
o
Enormloustrsel ction i ofpAstronomical Tcie.
categories,

AUTHORS' SERVICES

45802

UNUSUAL
BARGAINS
... MANY U. S. GOV'T

Completely

TAPE AND RECORDERS
BEFORE renting Stereo Tapes, try us. Postpaid
both ways
no deposit
immediate delivery.

World's "BEST BUYS"
in GOV'T. SURPLUS
Electronic Equipment

scopes, Microscopes. Binoculars, Magnifiers,
Magnets. Lenses, Peloton. Many war surplus

items:

for hobbyists.

i

-j
M_ i
t't

r,°)
I
I,

.7'

--

experimenters,work- 'I,.1__

slop, factory. Moll coupon for catalog "AK ".

-

-

-
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NAME
ADDRESS
CITY

ST
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U.S. GOV'T ELECTRONIC SURPLUS

from any speed tape.
Plan sixteen minutes per side. Three identical
", Box 206, N. Wales,
''RECORDS
copies $19.95.
Penna. 19454.
L.P. HiFi Records made

Nationally Known -World Famous SURPLUS CENTER otters

finest, most expensive, Government Surplus electronic units
components at

and

traction of their original acquisition cast.

a

ORDER DIRECT FROM AO sr WRITE FOR CATALOGS

LABORATORY EXPERIMENTAL KIT

i'

PERFORM I00'S OF
-

ELECTRICAL
EXPERIMENTS

Gov't Agvisition

8

Cast Of Parts
Over $50.00

$14.85

ifXA

r`-

i
1

ó'_ ,. 4..j
iiir9ascs

iPr

F.O.B.

-r-

`

C.7

I ITEM #A222 ) - . Amazing Value! valuable gut for son or
husband. Hundreds of fascinating experiments. Teaches modem electronic theory and practice, Easy, interesling Way to learn.

Kit Contains: DC motor, AC motor. electroagnettc cons. ac
do relays. set of lab capacitors. compass, test bulbs, plating
chemlcals. silicon diodes, germanium diode. burglar alarm actuator,
carbon microphone eavesdropping element. ac test sockets, permanent
magnets, telephone handset. cords, test clips, wire, and other items.
Over 35 pieces. Includes tine Experimental Manual with drawings, procedures, etc., written by professional engineers.
Also furnished with each kit our popular book Home Laboratory
Bench and Experimental Procedures. I Reg. $1.001. Shows how to build
wonderful home laboratory lest bench, and how to get the most out of
your experimental work. 112 tbs.) Parts cost gov't over $50.00.

ctions Furnished.

l'

d4

__

-

')1-

STANDARD DIAL

)-

commercial

S.A. Attr.new condition. Use as

Original

r

\

h

U'

polished back like
extension phone to private systems or connect
several phones together for local intercom sysare furnished. Wt. 9 1ós.
c
tem. a
tine

Cost 024.50.

t.'

4

qqq

ITEM Ali e) l - one
ban,
"rip -and
telephone switch. Dial any bank
pier tom
pair from I a
to 100. Make
own telephone
tam.
Can also be used a remotely control up a I00 clrcoils over single pair

r

g!!1

u. wi.is ma.cost corn ova $rs.on.

x

F.O.B.

élól.pünébwrö frót`on<iins

$9.95

(

y

i

.
Ir/t
s.
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JOIN OUR GROWING LIST

) - -

a

®

TYPICAL BUYS FROM OUR 1968 CATALOGS
$26.95
S 350.00 - Geared 2 -hp Battery Golf Car Motor
Westinghouse DC Ammeter,

S

15.00

S

40.00 - vacuum Pressure Pump, I2-VOC

-

-

O

to 300

..

-80-MW Walkie- Talkies, Per Pair

- -

- Deluxe, Multi -Range, AC /DC Taster

SPECIAL SALE

Correspondence

$ 7.11

I/-+

Course In
ELECTRICAL

Sells FartlO.7p
Outside U.S.A.

--

Poslpald®

AO
$8.19 a U.S.A.

Wonderful chance to obtain teohnlcaI train( ITEM 0A181 )
School has suspended
ing at reaAmazing
its
n ewCouurses because of Incr sed operating
offer a limited number of the school's complete Electrical ngineeringe
Course but without the examination paper grading service. The course
consists of 14 lesson unit books. Each book has the regular exams, and
in a separate section, "Standard Answers" to each exam question.
Course is well written, easy to understand, profusely Illustrated.
Reader's Digest stye , easy to carry and study in spare time. Many Lin result. of
In Engineering School students holding excellent jobs as
L.E.S. training. Course contains latest ,nformalon on transistors, silrate a . "xome
etc. Additional book
furnish with each course
ry a,
aper
Lahorratoes,

di

SEND 25e COIN OR STAMPS FOR 1 MAIN CATALOGS
Money Bast Guarantee
All Items FOB Lincoln

TO-66

5 AMP
PRY

.90
1.40
1.75
2.25
2.60

ZENERS

1 Watt 6-33V $ .50
10 Watt 6 -200V $ .75
50 Watt 7.200V $135

DEPT.

EW -18

LINCOLN, NEBR. 68501

CIRCLE NO. 89 ON READER SERVICE CARD
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SELENIDE PHOTOCELLS. Dark

re-

tyeet

$

2a

NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, TO -18, SI
Transistor. With a VCBO of 120

3/$1.00
SIM. to 2N2875 (PNP). Silicon
20 watts with 30 MHz cut off
$.75
High Voltage NPN 150V. VCBO
at 2.5A., High HFE in TO -66
pack
$.75
500 HFe plastic transistors.
NPN, TO-18, SI unit similar to
3/$1.00
2N3565
Silicon Power Rectifiers
40A
20A
38
12A
PRV
.75
.40
.30
100
.09
1.25
.50
.18
.60
200
.80
1.50
.70
400
.20
1.80
1.20
.30
1.00
600
1.50
2.30
1.25
.40
800
2.70
1.50
1.80
.55
1000

SR Flip Flops
SR Clocked

$ .90

$1.15
$1.15
$1.15
$1.00
$1.00
$1.00
$1.00

Flip Flops

SRT Flip Flops
JK Flip Flops
Dual Nand Nor Gates
8 Input Nand Nor Gates
Dual and Gates

Quad Nand Nor Gates
TO -85 flat pack with holder Guaranteed to work.
They come complete with schematic,
elect. characteristic sheet & some

typical applications.
Top Hat & Epoxy

1

AMP

PRV

.07

100
200
400
600
800

.09
.12
.18
.22

1000
1200
1400
1800
1800

I

I
I

I

I

.35
.50
.85
.80
.90

Terms: FOB Cambridge, Mass.
Send check or Money Order. Include
Postage, Average Wt. per package
1/2

lb. Allow for C.O.D.

Minimum

Order $3.00
Rated companies 30 days net
TELEPHONE (617) 547 -4005

Silicon Control Rectifiers

POST OFFICE BOX 74B

O T A

SOMERVILLE, MASS. 02143
featuring transistors, rectifiers and
components

D É 5

SEND FOR OUR LATEST CATALOG

S

SURPLUS CENTER
-..9-

TRIACS

/

ENGINEERING

71.

American made, unused, and
in good physical condition.
Our technical descriptions
and pictures are accurate.

400
500

in

sistance of 500 megohms. Sensitivid
1- 4.99/Ft candle with

Our semiconductors have full
factory length leads, are

100
200
300

firing

INTEGRATED
CIRCUITS

either direction when breakdown
voltage is exceeded. Used in light
2/$1.00
dimmers, etc.
CONDUCTIVE

SATISIFED CUSTOMERS.

$11.95

$19.60
$ 8.98

LEMURIAN VIEWPOINT -Meaningful discussions
of Cosmic Truth: the purpose of human life, reincarnation, man's place in a Higher Plan, and
subjects from the Lemurian Philosophy. Send
for FREE copy. Lemurian Fellowship, Dept. 765,
Box 397, Ramona, Calif. 92065.
MAKE FRIENDS WORLDWIDE, promote international understanding, join Europe's leading correspondence club. Illustrated brochure free.
HERMES, Box 17/33, 1 Berlin 11, Germany.

SIM to 2N3429 (NPN). SI %o"
stud, min HFE of 30, 7.5 Amps.
175 watts, VCe of 75
$1.75
SILICON BILATERAL SWITCH.

CADMIUM

OF THOUSANDS OF

kw

l

4 99
$4

F.O.B.

1943PDS, 1954P, 1955S cents, all $1.00. Free
list. Moneysaver, Box 666Z, Aptos, Calif. 95003.

Replaces two SCR's by

THE SWITCH

Sap voltage up or down.
Nas many uses. Will step 115volts up to 230 volts or step 230 -volts down a 11S- rolls. Will
transform 115-volts a 55-volts. Rated 1.15
also
á9L48.. 33
a 2°WtÁ lbs.000 cut'$l2.75.

1.

llllltll

ITEM 01543

COINS

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.

WE WANT YOU TO MAKE

gffigioGp- STEP UP /DOWN TRANSFORMER

:.

PEACEFUL Southern Utah Valley Land, 21/2
acres, $250, cash or terms. Dept ZD, P. O. Box
17401, Holladay, Utah 84117.

PERSONALS

(

One of our FOUR STAR
STAR bargains. Comes cornwlib date,
dad
d one line bank. 51ze,

REAL ESTATE

LEARN While Asleep, hypnotize with your recorder, phonograph. Astonishing details, sensational catalog free! Sleep- Learning Association,
Box 24-ZD, Olympia, Washington 98501.

$7.50
1.50

F.O.B.

AUTOMATIC SWITCH

STEP-BY -STEP

SCIENCE Bargains- Request Free Giant Catalog
"CJ" -148 pages -Astronomical Telescopes, Microscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Barrington, New Jersey 08007.

TELEPHONE'.

( ITEM 0715
- Standard,
telephone same as used throughout

nets, or 8 assorted magnets, $1.00. Maryland
Magnet Company, 5412 -E Gist, Baltimore, Maryland 21215.

EDUCATIONAL
OPPORTUNITIES

( ITEM 0115)
De motor driven.
gimbal mounted gyroscope. Ultra- expensive
precision unit used to "steer" large, multiengine planes. Deviation from established
nds potentiometer controlled sigsends
nals to bring about change in other motors.
Unit can be used as auto -pilot for boats.
Wonderful class room unit to demonstrate
and study gyro action. Missiles. planes,
boats all use gyros.
v't Over $500.00.10"
.
1
t

$12.41

MAGNETS. All types. Specials -20 disc magnets, or 2 stick magnets, or 10 small bar mag-

RUBBER ADDRESS STAMP $1.50. SIGNATURE
$3.50. FREE CATALOG. JACKSON, P.O. BOX
443 -G, FRANKLIN PARK, ILL. 60131.

AUTO -PILOT GYROSCOPE

F.O.B.

MAGNETS

PHOTOGRAPHY-FILM,
EQUIPMENT, SERVICES

RUBBER STAMPS

r)I

$19.15

0.5.

F.

',

SPECIAL INTEREST RECORDS AVAILABLE, PRODUCED 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.

W. Greenvale, Long Island, New York 11548.

and

( ITEM 0158 I - - zenith 115 -vac program
lime,. I,e for periodic signalling, work breaks,
school classes, turn on radio for newscasts, etc.
Adjustable claps permit switching On or Off anytime daring 24.hour period. Sufficient clips for
multiple programing. Also has "silo- a -dwv'
feature. Contacts can handle up to 15i -amps.
555" x sw. x 4". Wt. 8 lbs, Uovt U.,.t O. er

FERRARI Electronics will contract to do your
medium scale electronic manufacturing: Inquiries to Sales Office, 581 Bergen Blvd., Ridgefield, New Jersey.
SPEAKER REPAIR. Hi -Fi, guitar, organ speakers
reconed good as new at fraction of new speaker
price. For details write: Waldom Electronics,
Inc., Dept. EW, 4625 W. 53rd. St., Chicago, Ill.
60632.

MEDICAL FILM -Adults only -"Childbirth" one
reel, 8mm $7.50; 16mm $14.95. International

Yallnigruileclrn.
Experiment
test circuits,
ire.
agnetlon phenomena,
withlazectro'
soften,.
eavesdropping, motor experiments, transformer phenomena, etc.

AC PROGRAM TIMING CLOCK

REPAIRS AND SERVICES

RECORDS

-.

-

FASCINATING

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765.

CUSTOM RECORDING

PRY
SO

100

200
300
400
500
600
700
1000
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3A

.35
.50
.70
.90
1.20
1.50
1.80
2.20

7A

.45
.85
.95
1.25
1.80
2.00
2.40
2.80
4.00

20AI
.70
1.00
1.30
1.70

2.10
2.50

ELECTRONICS WORLD

G &G CATALOG!

HEW

24 Pages
SEND 25

Military Electronic Gear
Refunded with first order

-

AN /APR -4Y FM & AM RECEIVER

"FB"

FOR SATELLITE TRACKING!

High precision lab instrument, for monitoring and
measuring frequency and relative signal strength, 98
to 4000 Mc, In S tuning ranges. For 110 V 80 cycle
AC. Built -in power supply. Original circuit
$08,50
diagram included. Checked out, perfect,
LIKE NEW
All Tuning Units Avouable for Above

ov

e-

BC -929 3 -Inch Scope,
LIKE NEW

p,,'r'

Conversion instructions,
for 110 V AC operation

ee
t

AO'

with all tubes,
$16.95
with diagram,
$ .65

BC -221 FREQ. METER. Accurate, reliable crystal calibrated, for 125 to 20,000 KC range. Complete with

tubes, calibration book. Checked out.
Exc. Used, unmodulated
Exc. Used, Modulated
1000 Kc crystal for above

$79.50
J
$129.50
$5.50

LM FREQ. METER, Modulated, 125 to 20,000 Kc.
With calibration book, like new
$79.50
T -23 /ARC -5

TRANSMITTER, 100 to 156 Mc. Less
tubes and crystals, Used
$5.95

R- 4/ARR -2 RECEIVER, 234-258 Mc, Tunable Complete with 11 tubes, NEW
$11.95

Dynamotor (24VDC) for ARR2

$2.45

BC -645 TRANSCEIVER 435 to 500 Mc, convertible
for Ham or Citizens' bands, Voice or Code Brand
new, with 15 tubes
$16.95

Dynamotor, Antenna, Plugs, All accessories available.

r

SCR -274 -N, ARC -5 COMMAND SET HQ!

09

J.
Freq.

Range

wrn

SCR -274N

llCaE

COMMAND
and
ARC -5
EQUIPMENT
Type

RECEIVERS, Complete with
190.550 Kc
BC-453
3 -6 Mc.
BC -454
6.9.1 Mc.
BC -455

1.5.3 Mc........R -25

Exc.

Used
Tubes

...$18.95
...$16.50
...$14.95
...

-

...$
.. .$

6.95
6.95

TRANSMITTERS, Complete with Tubes

4.5.3 Mc
5.3 -7 Mc
7.9.1 MC
2.1.3 Me
3 -4 Mc

BC -457
BC -458
BC -459
T -18
T -19

-

...517.95
..510.50

MODULATOR, Complete with 3 Tubes
Voice
BC -456 .. .$ 2.75
All Command Set Accessories is Stock
SCR -625 MINE DETECTOR
EE -8 FIELD PHONES. Exc. Used
Each
BC- 1206-C Beacon Reeve, 20O.40ó Kc. NEW
BC- 1206 -C as above, used
SCR -522 Transmitter -Receiver, Like New

TG -34A CODE KEYER

Brand New to original carton
Exc. Used
Practice Tapes available, with Keyer

I

IQ

pal

BRAND
NEW

$23.50
$21.50
$19.95
$21.50

$11.95
$12.95
$22.50
$10.95
$14.95
9

4.95

$32.50

$1e.95
$12.95
9.95
$39.50
5

$24.50
$18.95
P U

R

VISIT OUR NEW SHOWROOM
AT 45 WARREN STREET, N.Y.C.

Please include 25 °, Deposit with order -Balance C.O.D., or Remittance in Full. 500 Handling Charges on all orders under $5.00. All

shipments F.O.B. Our Warehouse, N.Y.C. All
Merchandise subject to Prior Sale and Price
Change.

G RADIO SUPPLY COMPANY
Telephone: (212) CO 7 -4605
75 -77 Leonard St., New York, N.Y. 10013

G &

HYPNOTISM
FREE Hypnotism, Self- Hypnosis, Sleep Learning.

Catalog! Drawer H400, Ruidoso, N.M. 88345.
AMAZING HYPNOTIC record kit releases fantastic mental power! Free offer expires soon.
Write:. Forum, Studio AA1, 333 North Michigan,
Chicago 60601.
SELF-HYPNOSIS for self- improvement. Safe,
effective! Free literature. McKinley, Dept. T -3,
Box 3038, San Bernardino, California 92404.
HYPNOTIZE

-

SUCCESSFULLY
or money refunded! Complete illustrated course -including
Self- Hypnosis $1.00. Arthur Fowler, Box 4396,

Woodbury, New Jersey 08096.
FEMALE HYPNOTISM! Easily! Instantly! Secret
Nerve Centers! $2.20. Brugenheimer Publishers.
Box 158 -E30, Lexington, Mass.
HYPNOTIZE FEMALES!- Unnoticed! Instantly!
Nerves! Exciting! Send $2.25. Research Enterprises, 29 SN21 Samoset, Woburn, Mass. 01801.

January, 1968

EMPLOYMENT OPPORTUNITIES

"A POLY PAK EXCLUSIVE"

-

INDUSTRIAL SALES /MARKETING
Electronic
Components-A successful, well informed electronic components salesman needed to head a
diversification program for a leading distributor

FREE

Condensers
Diodes

of electrical insulation materials. Age 30.40, excellent understanding of electronic components
industry required, salary and incentives open.
Chicago

base. Reply: ELECTRONICS WORLD,
1
Park Ave., New York,

INVENTIONS WANTED

$4.44
AMP

1

Ply

TOP HAT AND EPDXIES

Sole

PIV

4t
6t
8t

50
100
200
400
600

-

800
1000
1200
1400
1600

111

171

Sole
211
321
451

65r
751

PIV
1800

Sole
90«

2000
3000
4000

1.50
1.90
2.50

SILICON POWER RECTIFIERS
PIV
50
100

3A
.07
.09
III .16
D .20
.30
.40
.55

400
600
800
1000

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2,000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Connecticut 06525.
FOREIGN EMPLOYMENT. Construction, other
work projects. Good paying overseas jobs with
extras, travel expenses. Write only: Foreign
Service Bureau, Dept. D, Bradenton Beach,
Florida 33510.

6A
.16
.22
D .30

D .55

O

'

FOR

D

55A
.50
.75
1.25
1.50
1.80
2.30
2.70

20

.39
.50
.75
.90
1.15

8
25
6°
16
AMPS AMPS AMPS AMPS
.42
.61
.69
.59
.85
.89
.95
1.35
.89
1.25
1.15
1.95
1.29
1.75
1.69
1.95
2.60
2.75
2.65
2.95
3.50
3.25
3.50
4.25
3.95

--

200
400
600
SORS 800
1000
1

12A

ó

.75
.90

PRV
50
100

PNO

1968 BARGAIN CATALOG ON

OUR

Semiconductors

Parts

Poly Paks

ALL ITEMS GUARANTEED AS ADVERTISED

STAMPS
FINEST quality stamps, three lines, $1.50. Dee's,
Box 14004, Phoenix, Arizona 85031.

WRITE FOR
BARGAIN PRICED
LISTING OF
TEXAS, ICs

7441 BCD -to-

decoder- drivers

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

EMPLOYMENT INFORMATION

ITEM

Add 250 for handling

N.Y. 10016.

York City 10017.
INVENTORS! Receive free invention analysis at
no risk to you. Send for FREE disclosure form
today. New York Invention Service, Dept. 19,
160 Broadway, New York, N.Y. 10038.

PLUS
ANY

Knobs
FRE 7
Coils, etc.
BOTH FREE WITH ANY $10 ORDER

Classified, Box 585,

royalties. Financial assistance available. 10
years proven performance. For free information, write Dept. 42, Wall Street Invention Brokerage, 79 Wall Street, New York, N.Y. 10005.
PATENT SEARCHES, $6.00! FREE "Invention
Record" /Information. Miss Hayward. 1029HE
Vermont, District of Columbia 20005.
INVENTIONS IDEAS developed Cash /Royalty
Sales. Member: United States Chamber Corn merce. Raymond Lee, 230 -GE Park Avenue, New

WORTH OF
Transistors
Rectifiers

FACTORY
TESTED

$1

SEMI-KON-DUCTORS

y)

BUSINESS OPPORTUNITIES
INVESTIGATE ACCIDENTS: Earn up to $1,000
and more a month in your own business. Work
spare time with average earnings of $5 to $8
per hour. No selling. Send for FREE booklet. No
obligation. No salesman will call. Write: Universal Schools, CZ -1, 6801 Hillcrest, Dallas,
Texas 75205.
FREE CATALOGS. Repair air conditioning, refrigeration. 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, Michigan
48197.
FREE BOOK "990 Successful, Little -Known Businesses." Work home! Plymouth -245R, Brooklyn,
New York 11218.
100,000 PRODUCTS Wholesale! Terrific bargains! Wholesalers, 1265-PP Broadway, New
York, N.Y. 10001.
PIANO TUNING learned at home quickly. Tremendous field! Musical knowledge unnecessary.
GI approved. Information free. Empire School,
Dept. E, Miami, FL 33145.
FREE "Franchise Profit Letter" tells how unique
NFR service is helping thousands seeking profit-

able businesses. Write today. National Franchise
Reports, EW -528, 333 North Michigan, Chicago
60601.

MISCELLANEOUS

2

-85

WATT 2N424 PLANAR, silicon, TO -53 npn
NPN SILICON MESA, 2N1648, transistor

"N"

4- 2N1613 NPN SIL.

120 mc, by "Rheem" TO-46
AMP POWER RECTIFIERS, stud, silicon
500MW, 300 MC NPN transistors, TO -18
10PNP SWITCHING TRANSISTORS, no test. TO -5
25 TOP HAT RECTIFIERS, silicon, 750 ma, no test
4 BIDIRECTIONAL TRANSISTORS, 2N1641
10 NPN SWITCHING TRANS'TRS, 2N338 no teat
15 PNP TRANS'TRS, CK722, 2N35, 107, no test

3-45

5 2N706

15 NPN TRANSISTORS, 2N35, 170, 440, no test
30 TRANSISTORS, rf, if, audio ose-ifs, T05 no test
"EPDXY" TRANSISTORS 2143563, 600 MC

44- "EPDXY"

$1
$1
$1
51
$1
$1
51
$1
$1
$1
$1
$1
$1
$1
$1
$1
$1
$1

TRANSISTORS 2N3643 by Fairchild
3 EPDXY TRANSISTORS 2N4265 by Motorola .
4 EPDXY TRANSISTORS 400 HFE by Fairchild .
5
Amp 800 PIV EPDXYS, submini
2 2N918 TRANSISTORS 1000MC npn T01e
-WATT EPDXY B -5000 Bendix transistors .
2 PHOTO ELECTRIC CELLS by GE Very High Z
2 FETS FOR HOBBYIST, EXPERIMENTERS
$1

-1

3-5

n

-2

AMP 1000 PIV, axial leads silicon.
10_10 -AMP SILICON RECTIFIERS, studs. asst
4 GE 2N43 OUTPUT TRANSISTORS pnp. TOS
25 GERMANIUM DIODES, glass asst
3

ONE AMP MICROMINIATURE

P5

\CQ

-*

OSA7a
600

REtEERS

LY

POAKS

$1
.

.$1
$1

.

$1

-S19í

ise

1000
131

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 7208, Minneapolis, Minn. 55412.
EMPLOYMENT Resumes. Get a better job &
earn more! Send only $2.00 for expert, complete Resume Writing Instructions. J. Ross,
80 -34 Kent St., Jamaica, N.Y. 11432 Dept. EW.

$1
$T

3-40W

4 2N170 TRANSISTORS, by CE, npn for gen'1 rf .$1
15 3 Amp RECT's, studs, silicon, to 800V no test $1
4 -2N255 POWER TRANSISTOR EQUALS
$1
10 PNP SWITCHING TRANS'TRS, 251404, no test $1
2N3088
Channel FET'S Very High Input Z
Si
5 2N107 TRANS'TRS, by GE, pnp, pop. audio pak $1

351

TERMS: send check, money
order, add postage -avg. wt.
per pak 1 lb. Rated, net 30
days. CODs 25%
P.O. BOX 942W
SO. LYNNFIELD, MASS. 01940

CIRCLE NO. 99 ON READER SERVICE CARD
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ADVERTISERS INDEX

SALE
Tube Bargains. to name Just a few: #6939. $3.50;
#6360. $3.50; #6688, $3.50: #5842417A, $2.50; #5847/
#404A. $2.50; #2D21, 49e: #6146, $2.95; #7025. 590:
#616, 490; #6K7, 390 each, 3 for $1: #UX200. $1.69:
#IAX2, 490 each; 5 for $2; #12BN6, 390 each, 3 for $1:
#25L6. 590 each, 3 for $1.49; #6CG7, 59e: #6807, 94e:
6AQ5, 560: #6U8. 77e: #6T8, 84e.
Tube Cartons: 6AU6 etc. size, $1.75 per 100. 6SN7 etc.
size. $2.10 per 100. 5U4GB, $2.50 per 100. 5Ú4G size,

SERVICE

125

036 each.

Kit of 15 sub -miniature Tubes made by Sonotone for
Walkie- Talkie etc. use, Cat. #29. 990 per kit.
7 inch 90 degree T.V. bench test picture tube with
adapter. No Ion trap needed. Cat. #7BP7. $6.99.
Silicon Rectifier octal -based long -lice replacement for
5U4, 5Y3. 5AS4, 5AW4, 5T4, 5V4, 5Z4. With diagram.
Cat. # Rect I. 990 each.

0Z4 Silicon

Rectifier replacement, octal based. Cat.

# Rect. 2, 990 each.
10 Flangeless Rectifiers.
#RSlO. $2.98.

1

amp. 400 to 1000 p.i.v. Cat.

NO.

PAGE NO.

ADVERTISER

SERVICE

99, 100

Allied Radio

American Institute of Engineering
& Technology

104

NO.

Mallory

PAGE NO.

ADVERTISER
& Co. Inc., P.R.

2

Milwaukee School of Engineering

67

103

Multitore Sales Corp.

76

102

Music Associated

93

National Radio Institute ....8, 9, 10,

11

82

72
108

124

Arcturus Electronics Corp.

123

Belden Corporation

27

122

Burstein -Applebee

66

National Technical

10 Silicon Rectifiers. 750 MA., 50 to 300 p.i.v. Cat.
#330F. 990.
watt.
12 Zener Diodes, amperages from 250 mw to
voltages 2.7 to 40, each value marked. Axial and stud

Capitol Radio Engineering
Institute, The
68, 69, 70,

1

types. Cat #2D12, $1.98.

amp, general purpose
2 Silicon controlled Rectifiers,
units with instructions. Cat. #SCRI, $1.00.
5 Transistor Circuit Boards containing up to 6 transistors, plus diodes, resistors, capacitors, etc. Cat. #TBIO,

READER

READER

18, 19, 20,

Schools

21

71

101

Non -Linear Systems, Inc.

13

100

Olson Electronics, Inc.

73

1

994.

Color Yokes. 70 degree for all round color CRT's. Cat.
#XRC70, $12.95. 90 degree for all rectangular 19 to 25
inch color CRT's. Cat. #XRC90, $12.95.
Transistorized U.H.F. Tuners used in 1965 to 1967 TV
sets made by Admiral. RCA. Motorola, etc. Removable
gearing may vary from one make to another. Need only 15
volts d.c. to function. No filament voltage needed. Easy
replacement units. Cat. # U.H.F. 567. $4.95.
General Electric U.H.F. miniature transistorized Tuner,
G.E. Part #ET85X -33. Cat. #GE85. $4.95.
F.M. Tuner, Hi -Fi amplifier tuning unit complete with
diagram, 2 tubes. Sam's Photofacts #620 lists 2 applications. Cat. #FM20, $3.98.
Flyback Transformer, in original cartons, made by
Merit or Todd. Most with schematic drawing of unit.
Please do not request specific type. Cat. #506, 99d.
Flyback Transformer Kits, 2 fiybacks per kit. #502E.
Emerson; #502Y, Silvertone;
#502W, Westinghouse;
#507, Philco; #502, RCA. Any kit $2.99.
Kit of 30 tested Germanium Diodes. Cat. #100, 990.
Kit of 10 NPN Transistors. Cat. #371, 990. 10 PNP
Transistors. Cat. #370. 99e. All tested.
Send for our FREE CATALOG listing thousands of similar best buys in tubes, parts, kits, transistors, rectifiers.
etc. Orders under $5.00. add 500 handling charge. Include
of dollar value of order for postage.

121

Cleveland Institute of Electronics .... 25

120

Cleveland Institute of
Electronics

78, 79, 80,

Conar Instruments
116

99

81

117

Delta Products, Inc.

28

119

Dynaco, Inc.

30

Edison Technical College

72

105

Edmund Scientific Co.

ARCTURUS ELECTRONICS CORP.

109

Electro- Voice, Inc.

502 -22nd St., Union City, N.J. 07087 Dept. MEW
CIRCLE NO. 124 ON READER SERVICE CARD

114

Electronic Components

104

Fair Radio Sales

105

igan 48224.
REACH YOUR

LARGEST

AUDIENCE of

Elec-

tronics Professionals with your low cost ad in
these columns. Your investment of 700 per word
(minimum $7.00) virtually guarantees a profitable return in additional mail order sales responses. Use the handy coupon printed in this
section. Mail today, with your payment, to: Hal

Cymes, Classified Ad Mgr., ELECTRONICS
WORLD, 1 Park Ave., New York, N. Y. 10016.
REMEMBER: March issue, on sale February
20th, Closes January 1st.

108

112

SECOND COVER

Finney Company, The

98

COVER

88, 89, 90, 91

Radar Devices Manufacturing Corp.

1

Radiofile

93

97

Sams & Co., Inc., Howard W.

26

96

Sams & Co., Inc., Howard W.

29

95

Schober Organ Corporation, The

93

Shure Brothers, Inc.

92

Solid State Sales

91

Sonar Radio Corporation

90

Sprague Products Company

89

Surplus Center

81

Sylvania

59

Texas Crystals

86

..

86
22

106
4

17

G & G Radio Supply Company

107

Goodheart Co. Inc.,

104

R.E.

Grantham School of Electronics

200

Gregory Electronics Corporation ....105

110

Heath Company

83

106

8:8

83

International Crystal Mfg. Co., Inc. 77

Triplett Electrical Instrument
THIRD COVER

Company

64, 65

Hollywood School of Comedy

Writing

75

5

111

108

FOURTH

RCA Institutes, Inc.

103

Cornell

113

and Devices

76

115

opinions, written from home about our clients'
products and publications, sent you free. Nothing to buy, sell, canvass, or learn. NO SKILL.
NO GIMMICKS. Just honesty. Details from RESEARCH, ZD -3, Box 669, Mineola, N.Y. 11501.
STOP BURGLARS THE EASY WAY!! Affix authentic "Protected by Electronic Sentry Alarm"
Decals to auto windows, doors & windows of
home, retail stores; vending machines, etc.
Whether you have an alarm or not -thieves stay
away! Only $1.00 for each set of two. J. Ross,
80 -34 Kent St., Jamaica, N.Y. 11432. Dept. EW.
STOP read and act now! Don't wait until it's
too late, it costs too much. Diabetes, do you
or don't you have it? Send $2.00 for test yourself kit. Savlife Enterprises, 1302 1st St.,
Brookings, South Dakota 57006.
TEN Winemaking Recipes and Winemaking Supplies catalog. 100. Country Winemaker, Box
243EGA, Lexington, Massachusetts 02173.
VENTRILOQUISM! Information free! Dummy
catalog. 250. State age. Maher, Studio ZD1,
Box 6536, Kensington Station, Detroit, Mich-

72

RCA Electronic Components

Cook's Institute of Electronics

118

SPARE TIME OPPORTUNITY- MONEY. WE PAY
at the rate of $10 hr. for NOTHING but your

Project Tamaroa

74

Engineering

107

Poly Paks

University Sound

14

Valparaiso Technical Institute

93

87

Vanguard Mail Order, Ltd.

7

107

International Television Corp.

92

86

Viking Tape Recorders

95

106

Lafayette Radio Electronics

83

85

Xcelite, Inc.

94

105

Lampkin Laboratories, Inc.

92

84

Zenith

84

CLASSIFIED ADVERTISING 103, 104, 105, 106, 107, 108
Printed in U.S.A.
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MODEL 600

ADJUST

transistorized

VOLT

- OHMMETER

1600

-800

400

400

160

160

D

40

C 40
V

ACV

n

C
V

16

16

ocv+

A

e

8

4

16
8

ocv-

N

4

n x100K

NEW SOLID STATE VOLT-OHMMETER
-T Circuitry- Battery Operated with 11 Megohm Input Impedance
(Field Effect Transistor).
400 DC MV range a- 2.7 Megohm Impedance for Solid State circuit
testing.
F -E

3.

One Selector Switch with 23 ranges plus a Polarity Reversing Switch.
Model 600 TVO

(Transistoriz3d Volt- Ohmmeter)

Model 500 on stand handle
leather case, $14.00

Suggested U.S.A. User Net
Availa)le Now At Your
Local Distributor
ER SERVICE CARD

ELECTRICAL INSTRUMENT COMPANY
BLUFFTON, OHIO

How else but with RCA HI -LITE color picture tubes
can you bring today's color to your customers?
Ycur service reputation is the cornerstore of your business That's why there's
no room to compromise with quality in the components you ns:all.

picture tabes enable you toofferyour custonera TODAY'S CC_OR
the latest technology of the world's mosterperienced picture
tube manufacturer. They're the sere tubes that go into today's
original equipment sets.
RCA HI -LITE

... incorporating

RCA's new Perma- Chrome process for rectaigular picture tunes, for
example, means locked -in color purity from t-e moment the pcture
comes on. Faster servicing for you. Added customer satis-altibn.

Install an RCA HI -LITE and you literal `y
set while, at the same time, enhancirg

up- date" your customer's

,our :service reputat or.

RCA Electronic Components and Derices, Harrison, N.J.

The Most Trusted Name in Electroiics

