


You’ll never know how beautiful

a room can be...

The E-V 1178 is no taller than a

= coffee cup, no bigger than an open
book. But listen. There’s power and
sensitivity to spare, plus every control

you need to satisfy your highest musical

standards.

The handsome case with solid walnut
‘end-panels is standard. So is our full-
time stereo light, easy-to-use tuning
meter, movable station Iocqtors, and a
host of other features,

You do have one option, Choose the

until you fill it with music
from this miraculously small,

modestly priced, solid-state,
50 Watt AM/FM Stereo Receiver.

The New E-V 1178.

E-V 1178 with AM and FM Stereo for
$315.00, or select the E-V 1177 with FM
Stereo only for just $280.00. Either way
you get 50 watts of fun that may well
last you a lifetime.

Write today for free literature on the
entire line of Electro-Voice solid-state
electronics and co-ordinated loud-
speaker systems. They make the differ-
ence that high fidelity is all about!

Also New From Electro-Voice
E-V 1155 Stereo FM Tuner, just 814" wide,

'CIRCLE NO. 117 ON READER SERVICE CARD

$160.00. E-V 1156 AM/FM Stereo Tuner,
$195.00, Matching E-V 1144 50 Watt Stereo
Control Amplifier, $124.50,

ELECTRO-VOICE, INC., Dept, 164N
629 Cecll Street, Buchanan, Michigan 49107
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar Systermn which saturates the
entire protected area with invis-
ibfe r.f. microwaves. It provides
complete wall to wall—foor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mite
away. -
In addition, the RADAR SEN-
TRY ALARM’s protection can be
extended to other areas with the
tse of the following optional ac-
cessories:
- remote detectors for extending
coverage to over 10,000 sq. ft.
* rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)
= hold-up alarm
= central station or police station
transmitter and receiver (used
with a leased telephone line)
* relay unit for activating house
lights
« battery operated horn or belt
which sounds in the event of:
powerline failure; equipment
malfunction or tampering

At that rate, it’s a multi-million
dollar a year business...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemreduces, and inmany cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stares, offices, factories, schools,
churches and homes are protected
by an effective alarm system. :

That means virtually every
home, every business is a prospect.

You can sell them!

And you don't have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

It's the most unique and effec-
tive alarm system ever invented.

And here’s the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don't wait!

Let us prove that crime does
pay.

Become a distributor.

Write now for free details.

Junuary, 1966

RADAR SENTRY ALARM

R A R AP P

< 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 distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Name

EW-1
Address

sees s RBARREORBBRED

City State & Code
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TETLd Tins for Technicians /||, -

-Why New Duracell Mercury Batteries
last even longer in transistor radios

The best way to explain why mercury batteries are better is
to compare a typical transistor radio with a standard 2 cell
flaghlight. The vast majority of flashlights use zine-carbon
batteries. The bulb draws about 24 ampere. And the flash-
light is used only a minute or two at a time. Therefore the
zine-carbon battery does a reasonably adequate job.

But a typical transistor radio draws only 10 milliamperes
... (the flashlight &aws 50 times asmuch current). And the
radio is used for hour, ‘'on end. What’s needed here is a battery
which supplies power in small doses over a very long period of
time. There zs such a battery and it was invented by Mallory.
Over the years, it has been improved so much we’ve given it
a new name . . . the DURACELL Mercury Battery. The
DURACELL ecrams more useable power into less volume than
any other battery system available. Strangely enough, you'd
expect to pay more, but it is actually more economical.

Want proof 7 Okay, the new TR146X is the 9 volt size that
fits most transistor radios. It will run a typiecal transistor
radio at least 37 hours. The zine-carbon equivalent goes for
only 9 hours, or less than 14 as long. (We're talking about
top-quality domestic zine-carbon’s here . . . not cheap
imports with very short life.)

What does this mean to the pocketbook? The zinec-carbon
costs 69¢ while the TR146X $1.95 . . . but don’t let that fool
you. Divide 69¢ by 9 and you’ll see that it costs you 7.67¢ per
hour to use the zine-carbon. Now divide $1.95 by 37 and
you’ll see that it comes to only 5.27c! That's a bargain! In
the penlight size, the ZM9 DURACELL gives 4.8 times more
life for only 3.8 times more money . . . another bargain.

TForget the money! Think of performance. Mercury battery
voltage stays constant while the zinc-carbon fades fast. This
means that B+ voltage stays where it belongs for days
longer rather than dropping into the distortion range.

Forget the money ! Forget the performance ! Think of storage
life. Zinc-earbon batteries die in a few months whether they
are used or not. Mercury batteries can sit around for 2 or 3
years and still provide instant power.

There’s more, too . . . dependability. The same dependability
and safety that makes the heart pacer possible.

If you need more proof, try a new DURACELL Mercury
Battery in your radio or any electronic gadget . .. you can
get ‘em at your Mallory Distributor. Mallory Distributor
Products Company, a division of P. R. Mallory & Co. Inc.,
Indianapolis, Indiana 46206.
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OUR COVER symbolizes the
lead article in this month's
issue “Designing a Ducted-

Port Bass-Reflex Enclosure.
Some of the important
nomograms and charts used
in the design of an optimum-
volume enclosure are shown.
A pair of Jensen speakers,
one of which is to be used
as a woofer and the other as
a tweeter, a couple of
lengths of cardboard tubing
for enclosure tuning, and a
CIE sliderule for some of the
design calculations also ap-
pear in the photo. For de-
tails, refer to page 25. Pho-
tograph by Ernest Silva Inc.
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Compact Sels

SPEED DRIVING OF BRISTOL
AND ALLEN HEX TYPE SCREWS-

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

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

No. 99PS-40 Allen Hex Type
Screwdriver Set

Hex diameters
from .050" thru 3/16"

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

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

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

WRITE FOR BULLETIN N365

®

XCELITE, INC., 12 BANK ST., ORCHARD PARK, N. Y.
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COMING
NEXT
MONTH

Special Feature Articles:

Video Tape Recorder for Home Use—An experimental design, using the longitudi-
nal-track method, has produced a useful picture at 72 ips with a frequency
response to about 1.5 megacycles. The author describes in detail the various steps
leading up to the final design. The SCR Revolution—Like the transistor, the sili-
con controlled rectifier is one of the industry's *“glamour” components. With
sales topping an estimated $40 million by the end of this year, J. E. Mungenast of
General Electric outlines SCR applications as a static switch, series motor feed-
baclt{ fpeed contral, full-wave bilateral switch control, and inverter-chopper
control.

DESIGNING AN ALL-CHANNEL

TV ANTENNA

Paul Mayes describes the evolution of
the single downlead, all-channel “log-
periodic” antenna which covers both

wh.f. and w.h.f.

NON-DESTRUCTIVE TESTING

The first article of a two-part series
covers magnetic, liguid penctrants, x-
ray, fluoroscopic-TV, gamma-ray, and

measurements, and circuit analysis. He
also covers details on how such pulses
are generated and applied.

SUPER-SENSITIVE

COMMUNICATIONS SYSTEMS

Design trends in space-age receivers,
using phase-lock techniques, are de-
tailed in this comprehensive article by
Jim Kyle These new circuils are ‘sei-

neutron radiographic methods of non-
destructive lesting.

NANOSECOND PULSES:

TECHNIQUES & APPLICATIONS

Donald Lancaster outlines some of the
important uses for these ultra-short
pulses in the fields of electro-optics,

ling records for range-to-power effi-
cltency.

LINE-OPERATED TRANSISTOR
TV SETS: EMERSON

This is the third in a series of circuil
analyses. The Emerson Model 11PO4A

11-inch portable is discussed. .

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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This defective
capacitor came from
a four-month-old TV set.
And you want
to put in another
just like it?

Why put up with that kind of call-back? Install a long-
lasting Elmenco dp or VDM (high-voltage) capacitor, and
the next time your service customer calls you, it’s because he
wants your kind of reliability.

Elmenco dipped Mylar®-paper (dp) capacitors last longer
because theyre vacuum-dipped for solid impregnation.
They’ll hold their rating, even at continuous 125° C opera-
tion. Water can’t get in to cause leakage or breakdown
because the casing’s non-porous and moisture-proof.

Elmenco dp capacitors satisfy the requirements of missile
manufacturers. And exceed the requirements of all radio
and felevision manufacturers. That's why you should order
some from your Arco-Elmenco distributor. They're built to
be wired into missiles. And priced to be wired into TV sets.

Arco Electronics - e

A DIVISION OF LORAL CORPORATION
COMMUNITY DRIVE, GREAT NECK, NEW YORHK 11022 TEL. 516 HU 7-0500
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Automatic
Transcription
Turntable,

Fully automatic,
single play
too...

it performs
on cue!

‘Today’s lighter tracking forces and
more delicate stylus assemblies have in-
creased the danger of record damage
from manual handling. To eliminate
this hazard, the Garrard Lab 80 now in-
corporates an ingenious tone arm cue-
ing control. It works in three ways:
(1) To play a single record: Press
the Manual tab. This starts the motor
and activales the tone arm cueing con-
trol. The arm stays suspended a safe
half inch over the record. Position the
tone arm over the first (or any) groove.
- Now, press the cucing control and the
stylus lowers gently into the groove.
This cueing feature also enables you
(2) to cue a record or (3) to pause
during manual or automatic play.

LAB B0—5%99.50—|ess base and cartridge

Both manual and automatic play
. .. the Lab 80 includes an exceptional-
ly gentle, built-in record changing de-
vice. Play single records manually, or a
stack of cight. automatically.

For complimentary Comparator Guide
describing all four new Garrard mod-
els, write Garrard, Dept. GA-46, West-
bury, New York 11591,

WM.

e

A. STOCKLIN, EDITOR

AIRPORT TO THE MOON

E do not have too many opportuni-

ties to get down to Cape Kennedy
but when we do we are truly amazed
at the changes that come about from
vear to vear. We have just returned
from a trip there as a guest of NASA
and Bendix Radio, where for the first
time we were able to see the progress
being made in our Apollo program,

The Cape, some 12 miles in length,
has 41 launching pads of which 21 are
presently in use. The greater part of this
complex is under the direction of the
Air Force but will continue to be used
by NASA. In addition, NASA has built
its own facility, the John I'. Kennedy
Space Cenler, on adjacent Merritt Ts-
land, It consists of 87,000 acres, under
NASA’s direct jurisdiction, for the as-
sembly, check-out, and launch of the
Apollo/Saturn V space vehicle and check-
out of our present Gemini complex,

Although communications and te-
lemetry antennas were visible, for the
most part, we saw very little electronic
equipment, We were [ascinated, how-
ever, by the tremendous construction
program now nearing completion—a
program of a size and complexity almost
beyond comprehension. Already erected
is the Vehicle Assembly Building, the
world’s largest in terms of volume, {See
photographs on page 94.) It has three
times the volune of the Empire State
Building and il the Merchandise Mart
(Chicago) and the Pentagon (Washing-
ton) were combined, they would be lost
within this structure. 1t permits the ver-
tical construction of four Apollo/Saturn
V space vehicles simultancously—each
445 feet, 9 inches high. To accommo-
date these, four overhanging doors move
up almost the entire height of the build-
ing—300 feet. This structure which also
houses the electronie launching equip-
ment, is located some three miles [rom
the launching pads.

One of the two pads presently under
construction is almost complete and a
third is vet to be built. Euch concrete
and firebrick pad will accommodate
dozens of offices and rooms for massive
computers and electronic equipment,

These facilities are extraordinary in
themselves; yet NASA has gone a step
further, Each Apollo/Saturn V assembly
will be constructed in the Vehicle As-
sembly building on a movable platform
known as the Mobile Launcher. It is
135 feet wide and 160 feet long.
Mounted at one end of its 2-story plat-
form base will be a 380-foot steel tower
to support and house equipment. The
combined weight of tower, space ve-
hicle, and Mobile Launcher is 10.6

]

million pounds. It is expected that each
Apollo/Saturn V assembly will take
three months to construct and test,

After completion, a Crawler-Trans-
porter will lift the entire assemblv—the
Mobile Launcher, 380-foot tower, and
the Apollo/Saturn V rocket and satellite
—and transport them 3 miles to the
launch site at a speed of 1 mile per hour,
Not ounly is the lifting of such a mass
beyvond anything accomplished to date,
but the almost 30-story height must be
moved with no more than one foot devi-
ation from direct vertical position in the
uppermost section—even theugh at one
point it must climb a 5% grade. Auto-
matic leveling devices are used., The
roadbed of solid concrete is 10 feet
deep and at certain points has a depth
of 19 feet. Engineers estimate that even
this roadbed will sink about three inches
when the full load (8000 tons) is carried
across it.

The project is nearing completion and
progress has been extremely satisfactory
with only one serious problem still to
be solved—a problem that seems almost
instrmountable.

The Crawler-Transporter consists of
a platform about the size of a baseball
diamond which fits directly under the
Mobile Launcher, It is self-propelled,
equipped with a hvdravlic steering
svstem and four double-tracked cater-
pillar-type traction units driven by
electric motors, Several months ago when
it was tested with a limited load, the
roller bearings simply pulverized. At
the time of our visit NASA had ne com-
ment, Whether it was the fault of the
individual bearings or of the basic de-
sign conceplt is impossible to determine
at this time. Not until NASA officials
have reported their findings will this be
known. We have a feeling, though, that
the basic design is at fault and rumors
are that none of the roller bearing
manufacturers in this country wish to be
involved.

Will the problem be solved or is the
principle of lifting such a tremendons
load bevond present capabilities? The
answer to this question will be a prime
factor in the progress of our Apollo
program. The entire philosophy of as-
sembling the rockets within an enclo-
sure and moving them three miles to the
launch pad depends on whether or not
the Crawler-Transporter will work, 1f it
doesnt, NASA will most likely have to
resort to final assembly directlv on the
pad. At least for the moment, it seems
a lot easier for us to set to the moon
than it is to get the rocket and satellite
assembly to the launch pad. A

ELECTRONICS WORLD
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LOOK!

A New Electronics Slide Rule
with Instruction Course
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This amazing new “computer in a case” will save you time

the very first day. CIE’s patented, all-metal 10" electronics
slide rule was designed specifically for electronic engineers,
technicians, students, radio-TV servicemen and hobbyists,
It features special scales for solving reactance, resonance,
inductance and AC-DC circuitry problems . .
“fast-finder” decimal point locater . . . widely-used formulas
and conversion factors for instant reference. And there’s
all the standard scales you need to do multiplication, divi-

sion, square roots, logs, ctc.

Best of all, the CIE Slide Rule comes complete with an
Instruction Course of four M_‘_FﬂﬂﬂﬂﬁMﬂ*lessons. It
includes hundreds of illustrations, diagrams and practice
problems. You’'ll learn ingenious short cuts.
exacting electronics problems quickly and accurately, This
course alone is worth far more than the price of the

entire package!

Electronics Slide Rule, Instruction Course, and handsome,
top-grain leather carrying case . ..a $50 value for less than
$20. Send coupon for FREE illustrated booklet and FREE
heavy vinyl Pocket Electronics Data Guide. Cleveland
Institute of Electronics, 1776 E. 17th St., Dept, EW-117

Cleveland, Ohio 44114,
*TRADEMARK

Januvary, 1966

. an exclusive

..whip through

Instruction Course.

Guide too!

Name

SPECIAL BONUS! Mail coupon promptly ..

Cleveland Institute

of Electronics
1776 E. 17th St., Dept.EW-117Cleveland, Ohio 44114
Please send FREE Illustrated Booklet describing your Electronics Slide Rule and

. get FREE Pocket Eleclronics Data

Address.

(PLEASE PRINT)

County

City.

A leader in Electronics Training, ..

Bl L Tl T T Y epum——

Slate
since 1934,
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DISGOVER THE EASE AND EXCITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits—"Bite Size"” Texts

Only NRI offers you this pioneering method of simpli-
fied “3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. It's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. If you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NRI has simplified Electronics by producing *“'bite
size’’ lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI's exclusive Achievement
Kit, containing everything you need to get started fast.
(INlustrated at right.)

NRI has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

_NRI has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause ‘‘problems' in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It’s the priceless *‘third dimension' in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail the postage-free card now for your free NRI cata-
log. Then, compare if you like. You'll find—as have so
many thousands of others—that NRI training can't be
beat. Read about your first lessons in the attractive
new Achievement Kit sent the day we receive your en-
rollment; about "'bite size," easily read texts and care-
fully designed custom training equipment. See why
NRI gives you more value. Whatever your reason for
wanting more knowledge of Electronics, you’ll find NRI
has an instruction plan for you. Choose from three ma-
jor training programs in TV /Radio Servicing, Industrial
Electronics and Complete Communications. Or select
from specialized courses for men with specific wants
or needs. Check the course of most interest to you on
the postage-free card and mail today for your free NRI
catalog. No obligation. No salesman will call. NaTionaL
Rapio INsTITUTE, Electronics Div., Washington, D.C. 20001.

Career? Part-Time Earnings? Hobby? Choose From 10 Training Plans

1. TELEVISION-RADIO SERVICING

Complete training from basic fundamentals
of electricity to home entertainment equip-
ment. You learn how to fix radios, hi-fi and
stereo sets, black-and-white and color TV,
PA systems, etc., A profitable field full or
part-time.

2, COMPLETE COMMUNICATIONS*

Designed to teach and provide you with
actual practice in operation, service and
maintenance of AM, FM and TV broadcasting
stations. Also covers marine, awviation, mo-
bile radio, facsimile, microwave, radar.

3. INDUSTRIAL-MILITARY ELECTROMICS
From basic principles to computers. A com-
prehensive training plan that teaches you the
fundamentals, then takes you inte such
modern-day miracles as servos, telemetry,
multiplexing, pulse circuitry, data process.
ing, other career-building subjects.

4. FCC LICENSE 3K

Specifically designed short course to pre-
pare you for your First Class FCC Radio-
telephone License examinations. You begin
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with a thorough background in fundamental
Electronic principles, advance to required
subjects covering equipment and procedures,

5. BASIC ELECTRONICS

A concise course to teach modern Electronics
terminology and components, A wealth of
practical, useful information to help you
better understand the field, to give you some
technical knowledge. For anyone who wants
a basic understanding of Radio-TV Eiecironics.

6. MATH FOR ELECTRONICS

A brief course for engineers and technicians
who need a quick review of the essential
mathematics used in industry, in communi-
cations, in government jobs. Basic arithmetic
review, shorl-cut formulas, maodern digital
numbers systermms, much, much more.

7. ELECTRONICS FOR AUTOMATION

This course not for beginners. Ofiered for
men with some fundamental knowledge of
Electronics who want a better understanding
of Automation in current use. Covers process
control, ultrasonics, telemetering and remote
cantrol, electromechanical measurements,
other key subjects.

8. AVIATION COMMUNICATIONS*

This course prepares you to install, maintain,
service aircraft communications equipment.
Covers direction finders, ranges, markers,
Loran, Shoran, radar, landing systems. Earn
your First Class FCC License with Radar
Endorsement.

9. MOBILE COMMUNICATIONS S}

Learn to install and maintain mobile equip-
ment and associated base stations. Covers
transmitiers and receivers used by police
and fire departments, public utilities, con-
struction projects, taxis, etc. Prepares you
for a First Class FCC License.

10. MARINE COMMUNICATIONS 3¢

Covers transmilters, direction finders, depth -
indicators, racdar, Sonar, other equipment
used on commercial ships and thousands of
pleasure boats. Prepares vou for your First
Class FCC License with Radar Endorsement,

You must pass your FCC License
exam. (any Communications course)
ar MRl refunds in full the tuition
you have paid.



LETTERS
FROM OUR
READERS

This is the all.
new, all-transis-
tor Schober

Recital Model...the most versatile electronic
organ available today. Its 32 voices (p]us amaz-
ing “Library of Stops”), 6 couplers and 5 pilch
registers delight professional musicians...make
learning ecasy for beginners. Comparable to
ready-built organs selling from $5000 to $6000,

The pride and satisfaction of building one of
these most pipe-like of electronic organs can
now be yours...starting for as low as $550.
The Schober Spinet, only 39%4 inches wide, fits
into the smallest living room. The new, all-
transistor Schober Consolette [ is the aristocrat
of “home-size™ organs. .. with two full 61-note
manuals, 17 pedals, 22 stops and coupler, 3
pitch registers and authentic theatre voicing.

AND YOU SAVE 50% OR MORE BECAUSE YOU'RE BUYING
DIRECTLY FROM THE MANUFACTURER
AND PAYING ONLY FOR THE PARTS, NOT COSTLY LABOR.

It’s easy to assemble a Schober Organ. No spe-
cial skills or experience needed. No technical
or musical knowledge either. Everything you
need is furnished, including the know-how. You
supply only simple hand tools and the time.

You can buy the organ section by section . . . so
you needn’t spend the whole amount at once.

You can begin playing in an hour, even if
you've never played before—with the ingenious
Pointer System, available from Schober.

Thousands of men and women — leenagers, too
—have already assembled Schober Organs,
We're proud to say that many who could
afford to buy any organ have chosen Schober
because they preferred it musically,

Send for our free Schober Booklet, describing
in detail the exciting Schober Organs and op-
tional accessories; it includes a free 7-inch “sam-
pler” record so you can hear before you buy.

THE yoﬁaé% @W CORPORATION

43 West 61st Street, New York, N.Y. 10023

Also availablé in Canada, Australia, Hong Kong,
Mexico, Puerto Rico, and the United Kingdom

_l
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THE SCHOBER ORGAN CORP., DEPT. RN-41
43 West 61st Street, New York, N.Y. 10023

[ Flease send me FREE Schober Booklet
and free 7-inch “sampler” record.

[ Enclosed find $2.00 for 10-inch quality LP
record of Schober Organ music, ($2.00
refunded with purchase of first kit.)

Name
Address.
City State Zip No.
| R ot s s ),
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SHIELDED TWIN-LEAD
To the Editors:

I read vour article entitled “New
Shielded Twin-Lead for Color TV &
U.H.I".” in the October issue of Errc-
TroNICS WorLp, 1 recently bought a
color TV, which picks up the ignition
noise from my neighbor's car engine.
T've called several electronics companies,
and no one stocks the wire described in
vour article. Even the local factory serv-
ice company has never heard of the wire.

It would be greatly appreciated if vou
would let me know where T may pur-
chase the shielded twin-lead wire,

Srevexy D, Yoraax
Norfolk, Va.

Because this cable, which is manu-
factured by Belden, is brand-new, it may
not yet be available at oll the companiy’s
distributors, However, it should be avail-
able very soon. We would suggest that
you write directly to the manufacturer
for the name of the nearest distributor
hanedling the new shiclded twin-lead.
The address is Belden Manufacturing
Company, P. O. Box 50704, Chicago,
Ilinois 60680.—Editors.

& * *
CIRCUIT MODIFICATIONS
To the Editors:

Could vou recommend the necessary
circuit changes to make the SSB con-
verter described in vour October,
issue adaptable to a receiver with a
1681-ke. i.f. frequency? The receiver is
the Heathkit Model HR-10.

Janes Ponrin

Cherrv Hill, N.J.

This letter typifies a good many re-
quests we get on some of onr construc-
tion profects. We are sorry that we do
not have the factlities for redesigning
aned testing out the many modifications
of some of our projects that individual
readers might like to have us try for
them. In the case of this converter, not
only would the crystals have to be
changed but also the various filter cir-
cuits that are used, If such changes were
made, other problems might crop up
due to the higher i.f. frequency.

Therefore, all we can say is that the
unit as designed was intended for opera-
tion with receivers having the more con-

1965

intermediale
quencies, and we do not recommend its

ventional lower fre-

use with receivers having other i.4.s un-
less the reader has the knowledge and
the willingness 1o experiment wwith the
circuit on his own.—Editors.

VIDEO TAPE-RECORDER KIT
To the Editors:

We are pleased to inform you that we
have a fine stock of Wesgrove video re-
corders in both assembled and kit form
available for immediate delivery.

The price of an assembled unit is $550,
while kits sell for $450,

Har Cox, Pres.
Hal Cox, Inc.

800 Bay Street

San Francisco, Calif.

Our November editorial quoied some-
what different prices for the Wesgrove
video recorvders. Because of some later
improvements and import dutics on the
kit version (this recorder is made in Eng-
land), the prices quoted in the above
letter should be considered as more ac-
curate than those mentioned in the edi-
torial.

In addition to the above West Coast
source in this country, the Wesgrove
recorder is also available from P.AF.
Enterprises, 32 East 22nd Street, Ba-
yonne, Netw Jersey 07002 Pnces are
$450 for the kit and 3650 wired by
special order.—Editors.

[+] 1) o
OUR DECEMBER COVER
To the Editors:

Your December, 1965 cover is very
striking, However, what vou show as a
normal color-bar pattern does not look
like anything I have ever seen on a
]_)l()[)LllV operating color-TV set, There
is either something wrong with lhe ™V
receiver used to tuke this picture or with
vour printing process. Which is it?

GrorceE L. PARKER
Detroit, Mich,

The receiver used for the color-bar
pattern was in excellent working ovder,
and the colors displayed were far more
vivid and of somewhat different hue
than those shown. Unfortunately, how-
ever, the villain in this case was our own
printing process which was not able to

ELECTRONICS WORLD
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This is a survey (available for the asking )

of the hi-fi equipment recommendations of
four magazines.
These four lists of equipment choices, from stereo cartridge to speakers, were compiled independently by each of four

national magazines — Gentlemen's Quarterly, a men’s clothing magazine for the carriage trade; Bravo!, a concert program

“wrapper'’ with a circulation of almost a million; Popular Science, the leading high-circulation science magazine; and
Hi-Fi/Tape Systems, a hi-fi annual.

AR-3 speakers were the top choice of three
of the four.

“The fourth magazine, Gentlemen's Quarterly,

chose speakers costing $770 each for its most expensive stereo system;
AR-3's were relegated to the “middle-range” ($1,273) system.

The AR turntable was the top choice of all
four.

The AR turntable is $78 including arm, oiled walnut base, and transparent dust cover. The AR-3 is $203 — $225,
‘depending on finish (other speaker models from $51). AR's catalog is available on request,

ACOUSTIC RESEARCH, INC., 24 Thorndike Street, Cambridge., Massachusetts 02141
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W Ybother with makeshift

twist-prong capacitor replacements ?

When you substitute capacitor sizes and ratings,
you leave yourself wide open for criticism

of your work . . . you risk your reputation . . ,
you stand to lose customers. It just doesn’t

pay to use makeshifts when it’s so easy to get the
exact replacement from your Sprague distributor!

Get the right SIZE,

right RATING every time
with improved
SPRAGUE
TWIST-LOK"®
CAPACITORS!

1,863 different capacitors to choose from!

The industry's most complete selection of twist-pror}g capacitors,
bar none. Greater reliability, too. Exclusive Sprague cover design
provides a leak-proof seal which permits capacitors to withstand
higher ripple currents.

GET YOUR COPY of Sprague's com-
prehensive Electrolytic Capacitor
Replacement .Manual K-107" from
your Sprague Distributor, or write -

Sprague Products Co., 51 Mar- s p R n G U Ed
shall Street, North Adams, Mass.

14

THE MARK OF RELIABILITY

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

BE-126-83 R

CIRCLE NO. 91 ON READER SERVICE CARD

duplicate the colors faithfully. As a mai-
ter of fact, the chromaticity diagram
shown at the top of the cover clearly
demonstrates that the color gamut of a
color-TV system (refer to triangle) ex-
ceeds that of modern three-color prini-
ing-process technigues.

The colors in the normal color-bar pat-
tern should be, from left to right, (1)
yellow-orange, (2) orange, (3) bright red,
(4) magenta, (5) reddish-blue, (6) blue,
(7) greenish-bDlue, (8) cyan, (9) bluish-
green, and (10) green—Editors,

w ] &
MORE “PROBLEM BRACES”
To the Editors:

I noted with interest the “problem
brace” that one of your readers pre-
sented in a past issue and its ingenious
packing case shown in a subsequent
“Letters” column.

I think the case could easily be used
for our high-resolution, tri-channel

servo-potentiometer, announced on last
April Fool's Day by our British associate,
Standard Telephones and Cables, Litd.
Tronmas C. FLyxn, Mgr.
Technical Public Relations
International Telephone &
Telegraph Corp.
New York, N.Y,
1o * £
REVERSE-POLARITY DICDES
To the Editors:

I have a number of stud-mounted sil-
wwon diodes that have standard “IN7
aumbers on them except that the letter
"R appears at the end of the type num-
ber. Does this letter mean anvthing?
Must these diodes be insulated from
their heat sinks?

I would certainly appreciate any in-
formation you can pass along on this par-
ticular matter,

RopErRT Morcan
Hampton, Virginia

Most standard silicon rectifier diodes
have their cathodes connected to their
cases and studs. The cathode is the posi-
tive oulput terminal of the diode in a
rectifier civeuit, If this voltage is to be
maintained above chassis ground, it is
necessary to insulate the diode case and
stud from the chassis. If the diode uses
the chassis as a heat sink, a pair of mica
washers can be used for insulation. If
the diode is mounted on a separate heat

ELECTRONICS WORLD




sink, the diode must either be insulated
frem the heat sink or the heat sink itsclf
must be insulated from the chassis. On
the other hand, if the positive output is
at ground potential, it is not necessary
to insulate,

Many diodes are available with their
anodes connected to their cases and
studs. These are “reversed” diodes and
they carry the letter “R.” When these
diodes are used in a rectifier circuit in
which the anode is connected to ground,
insulation is not required. If the anode
must not be grounded, insulation must
be used —Editors.

& # #*
RESISTANCE SOLDERING
To the Editors:

The “Letters from Our Readers” are
always most interesting. Keep them
coming,

From time to time, there is occasion-
ally one that takes me back many years
in the “electronics” field, when it wasn’t
what it is today. Your article in July on
“Resistance Soldering” by D, A, Reid re-
minds me of the time in 1918—48 vears
ago—when I built this type of equip-
ment for localizing heat in soldering-
welding and also for the welding of
small high-voltage, low-amperage radio
storage-battery plates and terminals,
which I designed and constructed in the
early days of radio, around 1922-1926.
You will find that Harold P. Manly, ten
vears later, in his book “Auto and Radio
Battery Care and Repair” (1928) uti-
lized the carbon “burning” method and
illustrated its use for storage-battery
work,

ALrnrep A, Abams
San Francisco, Calif.
= n #*
REMOTE CONTROL SYSTEM
To the Editors:

Please thank several of yvour readers
for calling attention to the error in Fig, 2
on p. 93 of vour October issue, This mis-
take occurred in my article “Remote
Control System.” i

The two upper d.c. supplies should
get their a.c. power from the drop across
R4 so that their ontput to “Line” will be
superimposed on the a.c. drop across re-
sistors R2 and R3.

Fig. 2 should be corrected by discon-
necting the junction of C5 and C7 from
the junction of C1, C3, and R2 and con-
necting it instead to the junction of resis-
tors R3 and R4.

I made the error in copying my origi-
nal drawing in simpler form for the arti-
cle, and I missed it in checking the galley
proofs which you so carefully sent me.
My apologies to your readers, Unceasing
vigilance seems certainly to be the price
of accuracy,

D. H. RocErs

Mgr., Distrib, Prod. Engin.
Jerrold Electronics Corp.
Hatboro, Pa, A
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WHI
OSCIL

Choosing the right oscilloscope to help solve a measurement problem is some-
times confusing. The choice seems so large. For example, Tektronix offers over
fifty different types.

The chaice of an oscilloscope narrows considerably, however, once the applica-
tion is known. Determining the fype which best suits the application then becomes
a matter of understanding the variocus features o_fthe oscilloscope.

To help you better understand oscilloscope features, Tektronix offers you a free
booklet. The booklet, FUNDAMENTALS OF SELECTING AND USING OSCILLO-
SCOPES, can be an invaluable aid in furthering your knowledge of oscilloscopes
and in learning more about how these precision tools might help you in your
studies of changing phenomena. Also, in addition to explaining oscilloscope
features, this informative 16-page booklet designates differences in oscilloscope
types and describes factors affecting validity of waveform displays.

Tektronix, Inc.

i
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REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Sony TC-250-A Tape Deck/Preamp
Empire Model 9000 Speaker System

Sany TC-250-A Tape Deck/Preamp

Ior copy of mantfacturer’s brochure, circle No. 33 on Reader Sevvice Card.

HIE Sony TC-250-A is one of the few
tape machines selling for less than
$200 that we have found to be capable
of true high-fidelity performance, It is a
compact unit, with a two-speed (7% and
3% ips) transport and completely tran-
sistorized recording and playback elec-
tronics. Since it is designed lo operate
with a component high-fidelity system,
it comes mounted on an attractively fin-
ished wooden base., The base is remov-
able for built-in installations, which may
be made with the deck in a vertical or
horizontal position, The TC-250-A meas-
ures approximately 1447 wide by 11%”
deep by 64 hich. Tt does not have its
own power amplifiers and speakers.
The operating controls have been re-

duced to a minimum, both in number
and in simplicity of use. It has only a
push-on, push-off power switch (illumi-
nated when on) and a single-function
selector knob visible in normal cperation,
The function selector has pnsitiom fm
“Rewind,” “Stop,” “Forward,” “Pause,’
and “I'ast Forward” operation. The
“Pause” position, falling between “Fast
Forward” and “Forward,” helps to in-
sure that the tape is stopped before mak-
ing an abrupt speed change. If reason-
able care is used, there is little danger
ol tape spillage or breakage. The tape
drive shuts off automatically when the
tape has run out,

The machine has an index counter
and a pair of vu meters, which are il-
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luminated in red when recording. The
meters read both recording and playback
levels and are designed so that the max-
imum recording level is approximately
12 db below tape saturation (with Sony
tape). This assures the user of low dis-
tortion in his recordings, even if the
meter occasionally swings into the “red”
region. The meters have a fast response
and appear to be nearly critically
damped, with negligible overshoot.

As with studio-type decks, this ma-
chine has no playback level controls. A
tape recorded at “0 vu” plays back at
about the same level, which is nominally
0.77 volt at the low-impedance line out-
puts. The volume and tone controls of
the associated high-fidelity system per-
form the necessary control functions.

Under a hinged cover are two micro-
phone jacks (accepting miniature phone
plugs) for use with low-impedance mi-
crophones capable of working into 600-
ohm loads, A suitable microphone is the
Sony F-96L (not furnished). The two
recording level controls and a red re-
cording safety interlock button are also
under the cover. The button must be
pressed hefore putting the tape into mo-
tion for the recording mode. It releases
when the tape is stopped, unless going
into the “Pause” mode. The high-level
inputs and outputs are reached through
a cut-out in the rear of the wooden base.

For making four-track mono record-
ings, each recording level control has an
“off” position at its counterclockwise
limit which shuts off the bias and erase
current to that channel so that the chan-
nel may be recorded independently
without erasing the other channel.

We measured the 7%-ips playback re-
sponse with the Ampex 31321-04 four-
track alignment tape. It proved to be
within =1 db from 50 to 15,000 cps.
The over-all recording/playback fre-
quency response at 7% ips was within
+2.5 db from 25 to 14,000 cps, using

—

the reel of Sony tape supplied with the |

recorder. At 3% ips, it was within *=1.5 ©

db from 30 to 7000 cps.

The wow and flutter at 7% ips were -
0.03% and 0.09% respectively, comparing

{Continued on page 22)
ELECTRONICS WORLD
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A Fisher receiver is greater

than the sum of

its components.

Fisher has always maintained that an all-in-one re-
ceiver can equal or surpass the performance of separate

" components of similar circuitry. And at far lower cost.

The most recent and cloquent proof of this is the
new 440-T, the first all-solid-state stereo receiver of
Fisher quality under $330.

On a single chassis occupying only 163 inches of
shelf space and only 11 inches front to back, the 440-T
incorporates a sensitive FM-stereo tuner with auto-
matic mono-stereo switching, an extremely versatile
stereo control-preamplifier, and a heavy-duty stereo
amplifier. All transistorized, all with Fisher reliability.

By eliminating duplication of parts and circuits,
such as extra power supplies and the low-impedance
circuitry usually associated with connecting cables, the
440-T actually has a plus factor of reliability over sep-
arate components. Obviously, fewer parts mean fewer
trouble spots. But that isn’t all. Hum and noise are
more easily reduced to imperceptible levels. And criti-
cal preamplifier and power circuits operate at their
electrical best. Elimination of other unnecessary parts,
such as extra chassis, jacks, knobs, etc., clearly means
a considerable cost saving.

The Fisher
440-T

i

In the 440-T, Fisher engineering has also achieved a
new degree of reliability in transistorized components.
Conservatively rated silicon output transistors permit
higher undistorted power and long, trouble-free oper-
ation. Damaging heat has been designed out. The
receiver can be operated at full power, hour after hour,
without harm. You can even short the speaker leads
without causing damage. Adjustments and alignments
have been practically eliminated, so that the 440-T will
operate as perfectly after two years as on the first day.

In spite of its technical sophistication (just look at
the specs!), the 440-T is so simple to operate that even
your wife will enjoy using it from the very first day.
Masses and messes of wire are gone; you simply con-
nect a pair of fine speakers and turn on the music.

It is this total approach to integrated design that
makes the 440-T more than just the sum of a tuner, an
amplifier and a control center. And that is why it is an
unprecedented buy at $329.50. (Cabinet, $24.95.)

Features and Specifications
Tuner Section:

d-gang transistor front end; 4 1F stages; 3 limiters; STeReo BEACON ¥,
automatc sterco switching; sensitivity, 2.0 uv (IHF); stereo separa-
tion, 35 db; 5/N (100% mod.), 68 db; seiectivity, 50 db; capture
ratio, 2.2 db.

Amplifier Section:

Silicon output transistors; short circuit protection; speaker selector
switch (main or aux.); front-panel headphone jack; music power
{IHF}, 4-ohms, 70 waits; harmonic and 1M distortion, 0.8%; fre-
quency response {overall), 20-22,000 cps &= 1.5 db; hum and noise,
80 db; input sensitivity, phono magneuc (low), 4.5 mv; stereo sep-
aration, phono magnetic, 50 db.

Size: 163" wide x 5% high x 12%"” deep (including knobs and
heat sink).
Weight: 21 pounds.

BPATEHT PERDING

FREE! $2.00 VALUE! Send for your free
copy of the new 1966 cdition of The Fisher
Handbook. This revised and enlarged version
of the famous Fisher high fidelity reference
guide is amagnificent 80-page book. Detailed in-
formation on all Fisher components is included.
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Fisher Radio Corporation i
11-35 45th Road, :
Long Island City, N. Y. 11101 §
1

L}

1

L]

¥

1

1

1

1

1

1

1

)

MName

Address... .. ... .

City ..

CIRCLE NO. 114 ON READER SERVICE CARD

17



“Get more
education

get out of
electronics

...that's my advice”

ELECTRONICS WORLD
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff,

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

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

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

You're eligible for a CREI Program if you work in electronics
and have a high school education. Our FREE book gives
complete information. For your copy, airmail postpaid card
or write: CREIl, Dept. 1101 D 3224 Sixteenth Street, N.W,,
Washington, D.C. 20010

Founded 1827

NOW!

CRET TWO NEW PROGRAMS!

e Industrial Electronics for Automation
Accredited Member « Computer Processing Systems

of The Nalional Home Study Counci!

21



' Tarzian offers

FAST, DEPENDABLE
TUNER REPAIR

SERVICE (mhkes)

INCLUDING

ALL PARTS

(except tubes)

and LABOR

24-HOUR SERVICE

1 YEAR WARRANTY

Sarkes Tarzian, Inc. maintains two coniplete,
well-equipped Factory Service Centers—assisted
by Engincering personnel—and staffed by spe-
cialized technicians who handle ONLY tuner
repairs on ALL makes and models. Tarzian-made
tuners received one day will be repaired and
shipped out the next. Allow a little more time for
other tuners,

One year puarantee against defective workman-
ship and parts failure due to normal usage. Cost
—$9.50 per unit. $15 for UV combinations. Ab-
solutely no additional, hidden charge for ANY
parts, except tubes. You pay shipping costs. Re-
placements on tuners beyond practical repair are
available at low cost. A

When inquiring about repair scrvice, always
give T'V make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes Tarzian replace-
ment tuners, replacement parts, or repair service,
Sec your distributor, or use the address nearest
you for fast factory repair service:

\SE] SARKES TARZIAN, INC.

537 South Walnut Street 10654 Magnolia Blvd.,
Bloomington, Indiana North Hollywood, Calif,
Tel: 332-6055 4 Tel: 769-2720

CIRCLE NO. 35 ON READER SERVICE CARD

~wo ELECTRONICS

V.T.I. training leads to succe
as technicians, field engineer
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Enpgi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos, B. S, also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Feb-
ruary. September. Dorms,
campus, High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
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favorably with some of the most expen-
sive Lape recorders we have tested, and
much better than the rated 0.19%. The
signal-to-noise ratio was 45 db, referred
to the “0 vu” recording level. Since this
level can be exceeded considerably with-
out reaching 3% distortion {the usual
criterion for establishing a reference
level for S/N ratings), the manufac-
turer’s rating of 50 db seems perfectly
reasonable.

The tape speeds were slightly fast,
amounting to a timing error of about 30
seconds in 30 minutes of plaving time,
Only 50 millivolts was needed at the
high-level inputs for a 0-vu recording
level. The corresponding line output was
0.73 volt at 7% ips and 0.63 volt at 3%
ips. At the fast tape speeds, 1200 feet

of tape were handled in 150 seconds.

This tape deck/preamp played com-
mercially recorded tapes with excellent
fidelity. Its own recordings were virtually
indistinguishable from the original pro-
gram. In all sonic respects, this modestly
priced machine proved to be the equal
of other recorders costing several times
as much. Our chief eriticism of its tape
handling was the sudden tug and sub-
sequent bounce imparted to the tape by
the takeup reel every time it went into
normal motion. However, we experi-
enced no stretching or breaking diflicul-
ties with 1-mil or 1.5-mil tape.

Selling at $149.50, the Sony TC-250-
A represents a top value for anyone wish-
ing to add a tape recording facility to
his music system at reasonable cost. A

Empire Model 9000 Speaker System

For a copy of manufacturer’s brochure, circle No. 34 on Reader Service Card.,

HE Empire Model 9000 “Roval

Grenadier” speaker system differs
from other designs in its use of a cylin-
drical column enclosure. Tt is a three-
way system, of 8 ohms nominal
impedance, with its woofer mounted
face down necar the bottom of the en-
closure. The column is partially filled
with sound-abserbent material to damp
internal resonances.

The wootler is ront-loaded by a ta-
pered plug in the base of the column
and radiates over a 360-degree angle
through a slot surrounding the base, The

| manufacturer’s literature describes this

as a front-leaded horn. The bass driver
has a 15” cone, a 4” diameter voice
coil, and a very heavy ceramic magnet
structure,

The middle and high frequencies are
handled by two small dome radiators
in a separate, isolated housing on the
side of the column. The housing is a
die casting, with its openings forming
acoustic lenses for wide dispersion, The
crossover networks are built in, and there
are no level adjustments for the middle-
and high-frequency speakers, The sys-

tem terminals are concealed from view
underneath the pedestal.

The Model 9000 is handsomely styled
as a seven-sided column, in satin-finish
walnut. It stands 29” high, with a 20~
diameter circular walnut top. It is also
available with a marble top. In its all-
wood version, it weighs 85 pounds,

(Continued on page 78)
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COLOR-VE-LOG

- FINC ANTENNAS

[ FOR UHF, VHF, FM RECEPTION

ALL-BAND == oy
| UHF-VHF-FM = =
ANTENNA

FINCO
! | Model UVF-24
] _ _ $59.95 list

The one antenna that does the work of 3! Gives startlingly

clear black and white pictures and beautiful color on FINCO Model UVF-18—$42.50 list
both UHF and VHF television channels — plus the finest FINCO Model UVF-16 —$30.50 list
in sterecphonic and monophonic sound reproduction. FINCO Model UVF-10—%18.50 list

SWEPT-ELEMENT .
VHF-FM
ANTENNA

..... k. = i F I N co

Model VL-10

$34.95 list
FINCO's Color-Ve:Log challenges all competition! Its ] FINCO Model VL-18—$54.50 list
swept-element design assures the finest in brilliant color FINCO Model VL-15—546.95 Ifst
and sharply defined black and white television recep- | FINCO Model VL-7 —$23.95 I[st
tion — as well as superb FM monaural and stereo quality. || FINCO Model VL-5 —$16.95 list

Featuring FINCO’s exclusive Gold Corodizing

FINCO COLOR-VE-LOG

Prices and specifications subject to change without notice

THE FINNEY COMPANY * 34 W. Interstate Street « Bedford, Ohio
Write for beautiful color brochures Number 20-322, and 20-307, Dept, 410.
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Engineered for Professional Quality
~ and savings up to 50%

Whether you want the creative
pleasure and thrift of build-it-yourself,
or factory-assembled professional
quality equipment ready-to-use—you
save up to 509% with EICO

no-compromise engineering. Be
super-critical. Compare EICO with
anybody else. The more critically
you judge, the more you’ll see for
yourself that your best buy is EICO.

EICO|

KITS & WIRED

COLOR TV LA

Three compact portable instruments for shop or home Color TV servicing.
Add one more and you're set for FM-MPX stereo.

New Maodel 380 Solid State NTSC
Color Generator generates exact
NTSC color signals individually

and all required dot-bar patterns..

Super-compact, 4 pounds light, in-
sta}nt operation, $159.95 wired
only.

Model 369 Sweep/Marker Gener-
ator for easiest, fastesl visual
alignment of color or B&W TV and
FM RF and IF circuits. Five sweep
ranges from 3-220mec. Four marker
ranges from 2-225mec.  Crystal
marker osclllator. Post injection
of markers. $89.95 kit, $139.95
wired.

New Model 435 Direct-Coupled
Wideband Scope. Top-guality DC-
4.5me scope with 3" flat-face CRT.
Zener calibrator: Outperforms 57
scopes three times its size, facili-
tates on-location color TV and
other servicing., $99.39 kit,
$149.95 wired.

New Model 342 FM Multiplex Sig-
nal Generator, Design lab quality.
Both composite audio and FM RF
outputs. Inputs for stereo audio
source for store demanstrations,
critical A/B listening tests.
$149.95 wired.

New Model 1030 Regulated Power Supply, Speeds
troubleshooting, design work, production line
testing, electronics teaching. Variable bias and
plate sources regulated to ¥4 of 19G: Q-150Y &2
2ma; 0-400¥ @ up to 150ma. Ripple less than
3mv rms. Unregulated fil. volts of 6.3V & 12.6Y,
@@ 3A. Switchable, maonitoring milliammeter and
voltmeter. $53.95 kit, $99.95 wired.

New Model 378 Audlo Generator. Near-distortion-
less sine wave generator {<70.1% 20-20,000¢)
providing fast, convenient switch-selection of
frequencies from 1c to 110ke (1c steps 1c-100c,
10c steps 100c-lke, 100c steps 1ko-10ke, lhke
steps 10kc-110ke), 8-pos.  10db/step  output
attenuator & fine attenuator. Output meter (435"
200ua! with & voltage ranges & db scale. $49.85
kit, $69.95 wired.

New Model 865 FaradOhm Bridge/Analyzer. “Un-
usually versatile'” — Electronics World, 9-range,
|low-voltage capacitance-resistance bridge safely
measures even l-volt electrolytics. Metered
bridge balance, leakage test voltage (6 DC VTVM
ranges 1.5-500V), leakage current (11 DC VTAM
ranges 0.15ua-15ma). DC VIVM & VTAM external-
Iy usable, $129.95 wired.

Model 460 Wideband Direct-Coupled 5" 0Oscil-
loscope. DC-4.5me for color and B&W TV service
and lab use. Push-pull DC vertical amp., bal. or
unbal. input. Automatic sync limiter and amp.
$89.95 kit, $128.50 wired.

Model 232 Peak-1o-Peak VTVM. A must for color
or B&W TV and industrial use. 7-non-skip ranges
on all 4 functions. With Uni-Probe, ™ $29.95 kit,
$49.95 wired.

New Model 3566 All Solid-State Automatic FM
MPX Stereo Tuner/Amplifier. ‘'Very satisfactory
product, very attractive price''—Audio Magazine.
Mo tubes, not even nuvistors. Delivers 112 watts
IHF total to 4 ohms, 75 watts to 8 chms. Com-
pletely pre-wired and pre-aligned RF, IF and
MPX circuitry, plus F!ug-in transistor sockets,
$219.95 kit (optional walnut cabinet %$14.95),
£325.00 wired including walnut cabinet, UL
approved,

i

Mew Model 753 The one and only S5B/AM/CW
Tri-Band Transceiver Kit. “The best ham trans-
ceiver buy for 1966"—Radio TV Experimenter
Magazine. 200 watts PEP on 80, 40 and 20
meters. Receiver offset tuning, built-in VOX, high
level dynamic ALC. Unequaled performance, fea-
ures and appearance, Sensationally priced at
$179.95 kit, $299.95 wired.

New Mode! 779 Sentinel 23 CB Transceiver. 23-
channel frequency synthesizer provides crystal-
controlled transmit and receive on all 23 chan-

nels. No additional crystals to buy ever! Features -
include dual conversion, illuminated S/RF meter,
adjustable squelch and noise limiter, TVI filter,
117¥AC and 12¥DC transistorized dual power
supply, Also serves as 3.5 watt P.A. system.
$169.95 wired.

FREE 1966 CATALOG

EICO Electronic Instrument Co., Inc.
131.01 39th Ave., Flushing, M.Y. 11352

' Send me FREE catalog describing the full EICO
line of 200 best buys, and name of nearest
dealer. I'm interested in:

[ test equipment [ ham radio
[] stereo/hi-fi [] Citizens Band radio

MName

Address

City State.

1945-1965: TWENTY YEARS OF LEADERSHIP IN CREATIVE ELECTRONICS
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- A high-fidelity speaker system of optimum volume.__i_hql;shéf' -
been constructed using the data obtained from nomograms,
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e—often called a baffle, cabinet,
box—determines to a large extent the low-fre-
quency performance of a loudspeaker system and, in many
cases, governs it, . . .
Enclosures may be divided into five main types: 1, flat
affle, 2. open-back cabinet, 3. completely enclosed cabinet,
4. hoin-loaded, and 5. bass-veflex. _ .
These five types can be further subdivided into as many as
_ five additional variations on each type. The purpose of this
article is to select one type of enclosure that will be simple to
construct, require no mathematics to design, and yet give sat-
isfactory performance with a large variety of loudspeakers.
Nomograms are given which will enable the constructor to de-
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Fig. 1. Hookup for checzking speaker resonance and damping.

siom a suitable enclosure for anv given loudspeaker with a
reasonable assurance of obtaining an optimum design,

Types of Enclosures

Obviously, no single tvpe of enclosure will give utopian
performance with all types of loudspeakers, When one con-
siders all of the cost, complexity, and performance trade-oft’s,
however, one type of enclosure does stand out above all oth-
ers, This is the bass-reflex. Tt may be useful to discuss briefly
the reasons for not choosing one of the others.

The main factor that determines the low-frequency cut-off
of most loudspeaker systems is a resonance frequency of some
kind, i.c., either the resonance of the loudspeaker itself, its
resonance in the enclosure, or a new resonance created by the
presence of the enclosure.

The flat bafHe and open-back cabinet are not very useful
for high-fidelity applications. A loudspeaker radiates sound
energy from both sides of the cone. These two sound fields
are out of phase with each other, i.c., when the front of the
cone radiates a high-pressure wave, the back is radiating a
low-pressure wave, These two waves tend to cancel cach
other when they are not isolated and this effect becomes more
pronounced as the frequency becomes lower.

This problem can be minimized by making the ballle larger
but this has its shortcomings. In order to obtain acceptable
performance to say, 40 cps, the length of one side must be at
least a hall wavelength long at that frequency or 14 feet. Of
course, the flat baflle can be folded back on itself such as in
the open-back cabinet, but the structure will still be quite
ungainly, It is for this reason that baflles of this type are rurely
found in present-dayv high-fidelity practice.

An obvious selution to this cancellation problem is to com-
pletely enclose the back of the loudspeaker so that the sound
field from the back of the londspeaker diaphragm cannot be
radiated. One major difficulty with this tvpe of enclosure is
that the “air cushion” within the box stiffens the moving parts
of the loudspeaker and increases the resonance. The low-fre-
quency cut-off of simple bafHes and enclosures is determined

Fig. 2. Dimensions of "standard-volume' loudspeaker hoxes.
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primarily by the resonance frequency of the speaker when in
the ballle or enclosure. The resonance of a speaker in a closed
box is determined by the volume of the box. Large cabinets
will increase the resonance to a lesser degree than will small
cabinets. Generally speaking, it will be necessary to use cabi-
net volumes of at least 3 cubice feet for 8-inch loudspeakers, 8
cubic feet for 12-inch loudspeakers, and 15 cubic feet for
I5-inch loudspeakers. Small bookshelf-type enclosures require
the use of rather specially designed loudspeakers having high
mass and very low stiffness (high elasticity or compliance) in
order to obtain fairlv low resonance frequencies,

Horn-type loudspeakers are usually impractical to design
readily because they require a complete knowledge of the
mechanical constants of the speaker, such as mass, stiffness,
flie density, ete, This type of data is seldom available ontside
of the speaker manufacturer’s engineering department. Even
il complete loudspeaker data is available, the design calenla-
tions are quite complicated and the cabinetry even more so.

From a constructional standpoint, the bass-reflex enclosure
is hardly more complicated than the simple closed box, It is,
in fact, exactly the swme as a closed box except that there is
an opening, usually on the front of the enclosure, This open-
ing allows the sound from the rear of the loudspeaker to come
aroind to the front. But, unlike the flat baffle or open-back
cabinet, cancellation does not take place. Because the open-
ing, called a port, has mass and the volume of the enclosure
has compliance, a tuned cirenit is created which shifts the
phase of the sound waves so that thev reinforce those from the
front of the cone over a fairly wide frequeney range, The en-
closure/speaker combination now becomes a system of two
tuned circuits, These two tuned circuits are closely coupled
together, The result is that the original speaker resonance
frequency disappears completely and is replaced by two other
resonance frequencies, one above and one below the eriginal
H]_)(‘i.l]\'el' TesoIace,

The sound waves radiated from the port and speaker are
opposite in phase at the lowest resonance frequency and,
therefore, cause u significant eancellation in net output, At the
original speaker free-air resonance, however, the sound waves
from port and speaker are 90° out-of-phase, Because the cone
amplitude and therefore radiation at this frequency is greatly
reduced, the total amount of energy radiated is essentially a
function of the acoustic properties of the port,

At the upper resonance, the port and cone radiation are in
phase, resulting in an increase in total sound radiation.

Optimum Enclosure Size

A careful study of bass-reflex operation from a theoretical
standpoint reveals a complexity far greater than the extremely
simple construction would indicate. A number of generally
unknown facts come to light concerning low-frequency exten-
sion and optimum transient response.

1. A bass-reflex enclosure can be too large. After a certain
maximum volume is reached, further volume increases result
in “boomy” bass rather than an appreciable extension of low-
frequency response. This is particularly true when a speaker
with a small magnet is used. It is best to use a completely
closed cabinet in this case.

2. A bass-reflex enclosure can also be too small, A common
assumption is that the enclosure can be made much smaller by
using a duct behind the port. While the use of a duct allows
one to tune the enclosure to very low frequencies when vol-
umes are small, it is the ratio of enclosure air stiffness to
speaker stiffness that determines the low-frequency cut-off.
As the enclosure volume is made smaller, the enclosure stift-
ness increases and so does the cut-off frequency, This will re-
main true regardless of how the enclosure is tuned. A [alse
“boomy” bass will generally result and the enclosure may as
well be left closed. Tn some cases a better sounding bass will
result il the back of the speaker enclosure is removed.

3. Only one condition of cabinet tuning and damping will

ELECTRONICS WORLD
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result in optimum transient response, i.¢., freedom from hang-
over or boom. Because a speaker in a bass-reflex forms a
closely coupled system of two tuned circuits, the system will
tend to decay with two frequencies. The achievement of opti-
mum transient response demands that the system decay with
one frequency and with a specified time constant. In order to
make the system decay in one frequency, the enclosure vol-
ume and port combination must be tuned to the free-air reso-
nance of the speaker, A specified decay can be achieved by
adding acoustic resistance, in the form of damping material,
to the enclosure. The proper amount of damping material
can be determined by means of a test method described later.

A nagging question in the design stage of any enclosure of
this type is “How large shall it be?” It was pointed out earlier
that the enclosure can be too large or too small for proper
bass-reflex action. This implies that an oplimum volume ex-
ists and indeed it does, This optimum volume does not de-
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pend upon the size of the speaker nor its resonant frequency
per se but rather on the ratio of enclosure air stiffness to the
speaker cone suspension stiffness. This optimum ratio is 1.44
or, looking at it another way, the speaker resonant frequency
in the enclosure before porting should be 1.56 times the free-
air resonance of the speaker. This size enclosure, when prop-
erly tuned, yields at the same time the most extended low-
frequency response and a transient response with subjectively
unnoticeable hangover, assuming sufficient damping exists.
Compared to the entirely closed cabinet, the half-power point
(3 db down) occurs at 0.7 times the closed cabinet speaker
resonance for an extension of one-half octave.

Designing the Enclosure

In order to proceed with the actual design work, it is neces-
sary to know the stiffness of the cone suspension. Since
speaker manufacturers are notorious for not having this infor-
mation readily available, it is necessary to derive this by meas-
uring the speaker resonance in free air and in a “standard

“volume.” A properly calibrated audio oscillator, a simple a.c.
vacuum-tube voltmeter, and a 100- to 1000-ohm resistor are

January, 1966

Fig. 3. Optimum-volume nomogra

speakers. Standard box in this particular case is one-half cu. ft.

- 12-inch

loudspeakers.

Fig. 4. Optimum-velume nomogram for use with 10-inch and
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Fig. 5. Optimum-volume nomogram for use with 15-inch loud-
speakers,
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required. Although this value is not at all critical, the higher
values will give more sharply defined readings. Use the largest
value consistent with the oscillator output voltage and volt-
meter sensitivity, Fig. 1A shows how these elements are
connected.

The “standard volume” is nothing more than a small ply-
wood box of known volume. Fig. 2 shows the constructional
details of boxes for 8-inch, 10-inch and 12-inch, and 15-inch
speakers. Although a single volume could have been used for
all loudspeaker sizes, three separate volumes were chosen in
the interest of economy. This box must be thoroughly sealed
with caulking compound or putty to prevent leaks. Note: All
measurements will be made with the speaker mounted on the
outside of the box, All six sides should, therefore, be perma-
nently assembled.

The first step after selecting a loudspeaker and constructing
the appropriate “standard volume” is to measure resonant
frequencics. Hook up the unbaffled speaker as shown in I'ig.
1A. The speaker should be held in the air away from any large
objects and the audio oscillator slowly swept through the
low-frequency end of the audio range so that it passes through
the speaker’s resonant frequency. The voltmeter connected
across the voice coil terminals will show a large rise in voltage
at this frequency. The frequency corresponding to maximum
voltmeter reading is the resonant frequency of the speaker.

After noting the free-air resonant frequency, place the
speaker face down over the hole in the “standard box.” A
slizht amount of hand pressure should be applied to the rear
ol the speaker to help get a good seal between speaker gasket
and the box. The speaker resonant frequency is again deter-
mined as before. The resonant frequency determined this time

Fig. 6. Nomogram used to determine proper enclosure dimensions.
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Fig. 7. Duct lengths for various free-air resonance frequencies
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aliNEH DIAMETER DUCT

4 O

a

&

DUCT LEMNGTH-INCHES
w i

=2

1

5 =20 25 20 35 40 so 80 7O
RESOMNANCE FREQUENCY —CFRS
Fig. 8. Duct lengths for various free-air resonance frequentcies

using 3-in. tubing. Duct length is measured from cabinet front,

a0

4 Bra-MCH DIAMETER DUCT

DUCT LEMNGTH-INCHES

25 0 36 40 =1e] {=l=) ao @0 100

RESONANCE FREQUENCY -CPS
Fig. 9. Duct lengths for various free-air resonance frequencies
- using 4% " tubing. Duct length is measured from cabinet front.

will be higher than the free-air resonance, It is quite possible
for this frequency to be two to four times the [ree-air reso-
nandce,

The proper nomograms of Figs. 3, 4, or 5 can now be used
to determine the proper enclosure volume. The following ex-
ample will clarify the technique.

Assume an enclosure is to be built for a 12-inch loudspeaker
with the following resonant [requencies: free-air resonant fre-
quency, 62; resonant frequency in “standard box,” 121 cps.

Using the nomogram of Fig. 4, draw a straight line between
Point A, the speaker free-air resonance and Point B, the
speaker resonance with the “standard box.” From the inter-
section of this line and the reference line, Point C, draw an-
other straight line through the construction point until it inter-
sects with the optimum-volume line, The number read {3000
cubic inches) is the proper volume for this loudspeaker.

Unless the reader has reasons for making the enclosure con-
form to a special shape, the { Continued on page T76)
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By MAX H. APPLEBAUM

Warwick Electronics Inc., Pacific Mercury Div.

ness when applied to incoming inspection testing of

electrolytics, especially in plants engaged in the manu-
facture of consumer electronic products. In this instance, a
large quantity of capacitors is checked out on an AQL (ac-
ceptance quality level, a statistical procedure) basis to de-
termine the acceptability of a shipment. The test can be
made quickly at a minimum of cost since no particular skill
is required of the operator. It will also have equal value to
technicians and hobbyists who cannot afford the more ex-
pensive capacitance bridges normally used for this test.

Fig. 1A shows the basic circuit of the tester. An a.c. volt
age, equal to the product of the nominal rated a.c. ripple
cwrrent and the approximate reactance resulting from the
sum of the reactances of the capacitors at 60 cps is applied
to the circuit. (In most cases approximately 30 volts r.m.s.
may be used. Slightly higher voltage may be used for large
values of capacitance.) En.c. is a polarizing potential equal
to the rated d.c. working voltage of the unknown capacitor
(Cx}. This potential is applied across Cx through the series
resistor R to prevent Cx [rom being shorted by the d.c. sup-

r I N HIS capacitance tester will find its maximum useful-

ply. R should have a value of about 20 times the reactance

of Cx at 60 cps. The limiting factor in determinin g the maxi-
mum value of R is the capacitor charging time which should
be short for rapid testing. The following chart shows some
suggested values of resistance for various ranges of capaci-
tance:

Cx R
1-10 pf. 10,000 ohms
10-100 pf, 1000 ohms
100-1000 pf. 100 ohms
1000-10,000 pf. 10 ohms

Ci is a capacitor of known value and should be close to
the value of Cx for more accurate results. By taking the ratio
of the two capacitors and setting it equal to the inverse
ratio of the a.c. voltages appearing across them, we arrive at
an equation from which Cx*can be calculated. Cx/Ci=
Ex{Ex. The task of caleulating Cx can be done quickly and
conveniently by using the nomogram of Fig. 2. The method
of using this nomogram can best be described by the fol-
lowing example:

Find the value of an unknown electrolytic (Cx) measured
in the test fixture of Fig. 3 when the known capacitor {Cx)
is 10 pf. and the a.c. voltages measured are 9 volts across
the known capacitor (Ex) and 11 volts across the unknown
(Ex). The solution is obtained in two steps. (1) Align a
straightedge from 9 on the Ex scale to 11 on the Ex scale,
and (2) align a straightedge from 10 on the Gx scale and the
point where the straightedge crossed (Continued on page 64)

Fig. 1. (A} Basic circuit and (B) meter-switching arrangement.
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description of test circuit that may he employed to
check large number of electrolytic capacitors rapidly.
tseful for incoming inspection of these components.
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Fig. 2. Nomogram used to determine unknown capacitor value.
Fig. 3. Circuit diagram of the electrolytic test fixture.
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" RECENT
~ DEVELOPMENTS
IN ELECTRONICS

Traveling-Wave Tubes for Space. (Above) The TWT, of the type
shown here, has racked up more than 30,000 operational hours
in outer space aboard four successful spacecraft. It is also
scheduled for launch on at least eight future space shots, in-
cluding the Apollo man-on-the-moon vehicle. The unique metal-
and-ceramic TWT, designed and built by Hughes Aircraft Com-
pany's microwave tube division, was used in the transmitter of
Mariner 4 that sent photos of Mars back to earth. Similar tubes
were launched aboard Syncom 2 {July, 1963}, Syncom 3 {August,
1964), and Early Bird (April, 1965) communications satellites.
A major advantage of the metal-ceramic construction is that the
tube can withstand severe launch shocks; the tube has passed
tasts at the 200G level, The TWT's vary slightly in size and
weight according to power requirements. For example, the Mar-
iner 4 tube is 9 inches long and weighs 13 ounces. It was de-
signed to last 20,000 hours but other such tubes have a 40,000
to 90,000 hour lifespan. Inside the TWT's housing, a high-
intensity electron beam transfers its energy to a helical coil
causing a weak microwave signal entering coil to be amplified.

Largest Printed Circuit. (Center) A technician at Litton Indus-
tries' Advanced Circuitry division is shown here inspecting
the largest known printed circuit board in production. Cop-
per circuits are etched on both sides of the 1/16-inch-thick
phenolic board, which is nearly four feet long. The particu-
lar board shown is intended for use in an electronic organ.

Millimeter-Wave TV Signal. (Left) The entire radio-frequency
channel of a television station has been superimpesed on a
millimeter-wave signal by means of a new semiconductor device
called an injection modulator. It is believed to be the first
time the total spectrum of a TV station—including both carriers
and modulation—has been impressed on a millimeter beam by a
semiconductor device. The signal was transmitted by an experi-
mental millimeter-wave communications system to demonstrate
the capabilities of the new injection modulator. Development
of the new device was carried out by GT&E Laboratories under
contracts from the U.S. Army Electronics Command, Fort Mon-
mouth, N.J. The TV set on the right shows the detected TV
signal before it is impressed and transmitted over the milli-
meter-wave beam. The TV set on the left shows the detected
TV signal after transmission over the beam, In the labora-
tory demonstration, an 83-mc. signal containing video and syn
pulses was applied to the injection device to modulate a 70,000
mc. carrier. The resulting amplitude-modulated millimeter
wave signal was transmitted, detected, and displayed on TV sef,
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Integrated Circuits for Computers. (Right) Electronic com-
ponents for a miniaturized computer, which weighs less than
200 pounds and occupies only four cubic feet of space, are
shown being tested here by a Sylvania engineer. The com-
puter will perform the large-scale, high-speed computations
of conventional data-processing equipment using approximately
3500 tiny integrated circuit packages. Each package contains
the equivalent of 24 components, such as resistors, transistors,
diodes, and capacitors. The completed boards are mounted on a
processor which can operate simultaneously with up to eight
peripheral devices including tapes, punches, and memories,

Rf. Probe Tests Integrated Circuits. (Center) A portable,
self-contained troubleshooting device that detects latent
defects tn electronic equipment, particularly integrated cir-
cuits, is shown being used here. A non-metallic rod (in the
user's right hand) taps the various components while the in-
strument’s probe picks up any noise generated. The probe is
actually a broad-band, tuned radio frequency amplifier that
detects and measures noise in the 20 to 30 mc. range. Once
the operator has studied the noise levels and compared them
with the normal levels for well-functioning equipment, he
zeroes in on the faulty component or circuitry by reducing
amplifier gain and varying pick-up position. The unit has
been built by Honeywell's Minneapolis Aeronautical Division.

Compact Computer Memory. (Below left) This baseball-size ex-
perimental computer memory—one of the most compact ever de-
veloped—has been designed to store data for rocket and missile
guidance systems. The miniature device holds four times more
data than other memories of its kind but is seven times smaller.
Developed by IBM engineers for aerospace use, the memeory unit
has only one moving part and can hold 600,000 separate bits of
data. The moving part is a small cylinder on which data is
stored magnetically. The drum can spin at up to 12,000 rpm.

CCTV Missile-Firing Monitor. (Below right) Closed-Circuit TV
is being used more and more today at the Naval Missile Center’s
Photographic Department at Point Mugu, Calif., particularly in
testing and evaluating missile launches. The CCTV recording
system, employing video tape recorders, augments film camera
coverage. The illustration shows a TV-equipped tracking mount
recently installed aboard a destroyer for a coming operation.
Two film cameras are installed on the outboard sides of the
mount, while the TV cameras are at the center. CCTV is par-
ticularly important because it records data for real-time (as
it occurs) viewing as well as for later reference and review.
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OVERING only solid-state audio components, this di-
rectory lists the electrical characteristics, physical di-

Solid-State Hi-Fi Equipment Directory

mensions, and prices of 108 separate items including pream-

plifiers, power amplifiers, integrated amplifiers (combining
preamplifier and power amplifier}, tuners, and receivers
(combining tuner, preamp, and power amplifier sections).

With the exception of tuners and reccivers that may use

a vacuum tube in their front end, all devices covered in this
listing are fully transistorized. All are stereo unless noted.

All information supplied in this directory was in reply to

requests made of each manufacturer. Several companies that
also manufacture solid-state components (RCA for example)
are not listed as unfortunately we could not get the specifi-
cations on their equipment.

A

/ Solid-State Preamplifiers

Input sensitivity

Physical size

for rated output {inches)
{
%
g
=
&
&
Model D i
ACOUSTECH, INC., 139 Main St, Cambridge, Mass. 02142
Ive 2| =] — v == l 5 | 600, up | yes | — = 15% 4 8 = 149.00 inc
CM LABORATORIES, 575 Hope St., Stamford, Conn.
cc-1 2 A N LA ] s | 25 | none yes | yes | s | 15% 5% 12 315.00 - 21.00
HADLEY LABS., 115 Spring Street, Claremont, Calif.
621 3| o5 | o5 [ AN ]3| ]3] none yes | yes | nome | 15 4% B 359.00 — inc.
LANSING, JAMES B., SOUND, INC., 3249 Casitas Ave., Los Angeles 39, Calif. "
56520 3 | as | o5 | &k 6 = 5] a3 gup | ys [ yes yes 15% A 13% | 450,00 e 15.00
MARANTZ CO., INC., 25-14 Broadway, Long Island City, N.Y. 11106
v 0 | o5 [as | B 8 | = |12 ] o5 ey |oyes | oyes | oyes | W% | 5% 7| 295.00 - 24.00
McINTOSH LABORATORY INC., 2 Chambers St., Binghamton, N.Y.
c-24 2.5 i A [ a2 2 | - | 2 | 2 | 4806 | yes [y | oy 15 5% 1 249.00 — -

All information supplied by manufacturer. Measurements were reguested at 117-v.a.c. line. Distortion and frequency response taken with high-level input.
aylodel VI same as Model IV except 200-ohm output, stepped controls, and costs $249.00, factory assembled,

/

Physical size

(inches}
o S
§ 5
B =
Madel H/D < S
ACOUSTECH, INC., 139 Main 5t., Cambridge, Mass. 02142
1A = e s | o= e | = L S 4,81 | 150 |54 | s 12 | mse | — e | —
n SRIRN (1R R (I QN | R T = o 4,81 | 150 [15% | s 8 | 2400 | 19900 | ine. | —
xi e 1 S BT N [ FER L A o e | = 4,816 | 10 [ 15% | 5 10 — s | | —
ALTEC LANSING, 1515 South Manchester Ave., Anaheim, Calif. 92803
35184 s |40 [ s | - | - ] = | — 2| a5 | 485 | o7s | 9% | s | 9k | w2 [ — e
CM LABORATORIES, 575 Hope St., Stamford, Conn.
35D | el e s cas s el e 4,816 | 200 | 0% |e4% |24 | ms00 | — S
I5MRMT | — 50 5 5 5 5 A 1 sk |48 A B 16 0 | 19 5% | 13 | 2o | — b e
DYNAGO INGC., 3312 Powelton Ave., Philadelphia, Pa. 19104
6060 | 60 | s | s | 2| s | ] e | i | 1S 8 2 | 1 | 4 | 1w | 000 | 15000 | inc. | yes
HADLEY LABS., 115 Spring Street, Claremont, Calif.
622 art e i T | el et e o 420 20 {12% | 4% [ 0% |0 | — | — | =
LANSING, JAMES B., SOUND, INC, 3249 Casitas Ave., Los Angeles 39, Calif.
seqoi ) = [ s = s ) s == 1 41 bolsk (4% | 6% | o | — e o
SE 400 - 40 B - 5 - dbrs i 1 418 ol aska | 4% | e% | 26100 - inc. no
MATTES ELECTRONIGS INC., 4937 West Fullerton Ave., Chicaga, llinois 60639
ssp200 | 160 | t00 | s | s | o7 | o4 | oh | k% | 4,8, 16 0 | 1% | o8 | 5% | e | — in. | no
SCHOBER ORGAN CORP., 43 West 61st Street, New York 23, N.Y.
R-2° 50 | 0 | 2 ] vl | e B el ] s 416 = sV v e 6995 | inc. | no

All information supplied by manufacturer,
aAll are sterso units except aAltec Lansing 351B, CM Labs,

32

Measurements were requested at 11 7-v.ac., B-ohm loads, both channels driven,

A35MRM, and Schober TR-2. bControlled to match specific loudgpealker.

ELECTRONICS WORLD



Physical size

sensitivity for

rated output : )
' &
§
&/ 2
F/ &/
oﬁ? '&Q JS?\
Model < < AP
ACOUST_ECH INC., 139 Main St., Cambridge, Mass. 02142 | (
v — | s ‘ S - R I IS M | R T ; 3900 | — inc.
Vil = o aase] = | des Lo e L e e 5 8 | 21500 | ~ inc.
ALTEC LANSING, 1515 S. Manchester Ave., Anaheim, Calif. 92803
360 B s |30 |15 ] — | - |- - ]220‘*,< 4, 8,16 | 10 |yes| 41200019 4 | 406 | yes | yes | yes | 15 |5¥ |12 | w00 | — =
BOGEN COMMUNICATIONS, P.0. Box 500, Paramus, N.J, 07652 .
SEANDE ) et | s g e | LA R et [ e e | 5 e yes | yes | mo | 15 (4% ] 10 [ 19995 | — | 27.95
M00 | 0B A sl |$5°“k ok (5816 35 | no| 25| —| 25| .2 [4,8.16] yes | yes | no | 15 3% | 9% | 13995 | — 19.95
CM LABS, 575 Hope St., Stamford, Conn.
csos | — [0 | 5| |.s |ie5 |22001ch3'1< [4.8.76 |20 | no| 3| —| 6|25 ahi | yos yes | yes | 17| 6 | 13| asro0 | — -
ELECTRO-VOICE, INC., Buchanan, Mich. 49107 :
1144 2 e s |l [T | &% | 416 | 35 | no ‘ A5 = — |09 436 | yes | yes7 no | 8% |3% 1044 | 12450 | — inc.
FISHER RADIO CORP., 21-21 44th Dr., Long Island City 1, N.Y.
™X-300 | 50 |3 |5 | — ‘ 4| = | a0k | A |48 06 | 20 | no | 28] —| 18] 2| 416 | yes | yes | yes | 15%6| 4%l 1% | 32950 | — -~
200 a5 |35 |5 | — 1 | = 503 (40062 | nf 4 ‘ — 126128 | 416 | yos | yes | yes [ 1506 4%\ 1% | 27950 | — -
GROMMES, PREC. ELECTRONICS, INC., 9101 King St., Franklin Park, lllinois
3000 60 S0 |ms s fas [ar | 0| [ ad | 35 | ges 1|— | 2| 416 | yes | oyes | yes | 15 [ 4MA|13% | 29950 | — —
41 %5 n ‘ 31255 |28 | Rk 0ok 4806 | 30 | no | 1 —| 3] 35| 496 | yes| mo yes | 15 (470 1| 7ees | — -
HARMAN-KARDGON, INC., Plainview, Long Island, N.Y.
2000 1 |16 |1 |1 |0 |72 [oie[ahie] T L0 | ne| 2 fooolecz | anl w1 = [ om0 (nl s el s o
HEATH CO., Benton Harbor, Mich. 49023 |
i B I I T R A T T o e - N (v os (e o T 7 ol I e
ol B T I R e O I I L b (T I =2 S8
AA-14 I I |8 b Al 0 | i A = b | sl oa | wen | v e | sl as lewlenl . ol s9.95 | 332
KENWOOD ELECTRONICS, INC., 3700 S. Broadway Pl., Los Angeles, Galif. 90007
TH-400 | 40 Ln r = T =] —T“ | 416 j2o| ~| T,EL—- || = | =y = == = |wass | — R
KLH RESEARCH AND DEV. CORP., 30 Cross St.,, Cambridge, Mas5, 02139
16 o || 2|5 s |5 |22 e | 6] nol s —| =11 | 4% | yes | yes | s | N%) 4% | 10% | megs | — -
KNIGHT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, lllinois 60680
KN-299A0 60 | 35 | v s (s | s BN as Jae s [0 | — | 4 | — 45|25 ]| 425 ves | no | yes | 13%8| 432 1234 | 199.95 - 14.95
UN-966 | 33 [ £ T T 3 I A 0 P Y0 13 " T A [P O P 25| 425 | yes | mo | yes|13% |4 122%4| 11995 | — | 1495
KNIGHT-KIT, ALLIED RADIO CORP., 100 N. Western Ave., Ghicago, Illinois 60680
NGBS 1 &0 a0 |5 LS | T bk 488 0 | — 25| =] 2 25| dew | yes| yes| yes|16%] 5| 05| — | aems | 195
ke-870 35 | 28 | 5 (3 |0 |7 [ F D e s — | 3 = 20| low yes | yes | yes | 13 | 2% 11 | 149.95 | 99.50 | 1295
et g P s s |k (B e | = 3= 28] ] e || mo | vee | wmlo%| | = | g | aess
NG=320 | 16 10 |1 |7 15 [ 8 | — [ & fers ' — | =] 3| =|25]a| tou yes | mo | no | 10 (2% |8Y | — 59.95 9.95
LAFAYETTE RADIO ELECTRONICS CORP., 111 Jericho Tpke., Syosset, L.L, N.Y. 1173
1340 | o |12 |1 |5 | = | = | %% (a6 — [ me| 2] 80fas 25| 8 [ yes | no | ma | %[ 3% 10%| 7995 | — inc.
ta-243 f 25 |20 | 7 | 3 =" = | 2% 2% la6.16 ! — | nol 141202785 yes | no | yes |13%e 4% [10% | 1995 | — inc.
LANSING, JAMES B., SOUND, INC., 3249 Gasitas Ave., Los Angeles 39, Calif.
SA600 | — | a0 | 25| — l 5 T k| — f-i-hi | — ) mo ] s | =] 5|25 | 8up | ves | yos | no |16%]| 5% |13% | 3as00 | — | 1500
Stereo LEAK, ERCONA CORP., 432 Park Ave. S., New York, N.Y, 10016
30 Bl J— 'L— Vo [0l 816 | 60 | — | 351350 3|00 no | oyes | yes| yes| 13 [ 4%] 9 | 2950 | — inc.
GLSON ELECTRONICS, INC., 260 S. Forge St., Akron, Ohio 44308
AM-280 1 30\ 22 | 0 | s6 | 1|62 | o | Ak 4806 | 20 | no [ 25(100f 3 |2 | 48 | yes | yes | yes [14% 4% | 10 | 10998 | — ine.
aMz72 | 75 05 | 3 |08 L2 Lusd — JR a6 | = f e | —{e0| = [0 = | e | | || ol | s | o inc.
PILOT RADIO INC., 100 Electra Lane, East Station, Yonkers 3, N.Y.
A700 Wl= | |5 [ =] = | d|d| #6 | = | pes| 28] =|02)=]| 100 | yos| yoof post = | = | = [2mpws | = .
4300 B — | 5|5 | = | =%k | #86 | = |nelas|—{rz|as| w0 |yef yos| yo| = | =| = | 17995 | — -
H. H. SCOTT INC., 111 Powder Mill Rd., Maynard, Mass. 01754
2991 Il | s[5 |2 |5 |28 4,8,16‘ W | ono | SFf—|ne | 5 low | yes | yes | ser.| 15%e 46| 1204 | 199.95 | — | 1395
260 o fa | 815 |2 |5 & lanel 20 | yes| 3] —| 20 5| tow | yes | yos | yes|15%| a5 12% | 2905 | — 13.95
SHERWOOD ELECTRONIC LABS INC., 4300 N. Califarnia Ave., Chicago, lilinois 60618 :
9900 003 |3 a5 |1 as | 9 g | 46 |30 | — e =] v | 25| a0 | yes| yes| ser.| 14| 4 |10%4| 2950 | — 7.50
9500 5|3 s | s [ 3F k| 46 |25 | — e =f 1 [25| 40 | yes| ves| ser| 1| 4 |10%| w50 | — 7.50
10008 1 B0 |0 |35 [0 LS [ [0 Lighi| 46 a0 | — | ve| =] 1| 25| 40 | ye| yus| yes| 10| 4 [12%| 30950 | — 8.50
V-M CORP., P.0. Box 659, Benton Harbor, Mich. 49023
1485 375 15 | 5 |1_s l— |— ] = |2%o—k1 8 ‘— mo | 5 [100) — | .7 | nome | yes | mo | no |13% -5k 10% | 99.50 l — inc.

All information supplied by manufacturer. All sterec units. Measurements were requested at 117-v.a.c., 8-ohm loads, both channels driven, Distortion and fre-
quency response taken with high-level input,

January, 1966 s



/ Solid-State Receivers

MODEL
| [

ALTEC LANSING, 1515 South Manchester Ave., Anaheim, California 92803

A | e | 22 ‘ 2.5 ‘ = [t aiezes \ = ‘ auto | trans. ot | Rek fown | m b= a8 ] = | = -
BOGEN COMMUNICATIONS, P.0. Box 500, Paramus, N.J. 07652

RT-4000 | no | 2.5 | 3 1 Tl ] e aute trans. no | bath | yes | 20 15 1 6 K 5

RT-8000 | yes | 2.3 | 2.8 35 7 50 | an aulo trans. no | both | yes I/l | 4 4 5 1
EICO ELECTRONIC INSTRUMENT CO. INC., 131-01 38th Ave,, Flushing, N.Y. 11352

3566 no p ) 45 | 40 5 S —_ auto trans. yes bath yes | 374 25 5 3 1 3
ELECTRO-VOICE, INC., Buchanan, Michigan 49107

1775 | no ‘ 2 Il 25 \ = | as \ Bl n | aute frans. mo | both | yes | 25 | 18 | 15 S [ =
FISHER RADIO GORP., 21-21 44th Dr., Long Island City 1, N.Y,

§00-T | mo | 18 | 2 55 A | & | aute tube ys | — | ono | e | 45 5 - 5 =

440-T no 1 1.2 50 .5 lzso'k 10 aute trans. yes — no 35 30 L] — 1 —
HARMAMN-KARDON, INC,, Plainview, Long Island, N.Y.

SR900 | no | 18 | 25 | — L aulo trans. yes | SCA | no 50 10 5 1 1 1

sR600 | no | 19 | 25 | — | 5 | 4% |0 aute tans. | me | SCA | ne | 40 | 34 1 1 1 1

SR 400 yes 29 4 - 1 2100—'( 1 auto trans, ne SCA ne k[ 26 1 1 T 1

SR300 | no | 29 4 - I A auto trans. ng | SCA | no 30 2 1 1 1 1
HEATH CO., Benton Harhor, Michigan 49023 .

AR-13A | vyes 2 k| — 1 E%Di( — auto trans. yes, both yes LE! 0 3 3 1 1

AR-14 no 5 3 = 1 A = man. teans. no SCA | yes 15 10 5 5 1 1
KENWO0OD ELECTRONICS INC., 3700 S. Broadway P, Los Angeles, California 90007

TK-80 no | 1.8 1 70 I I BT aule nuvistor yes | both | yes | 40 EF 3 15 2 i

TK-60 yes 2.5 2 10 1 2200',( 10 auto trans. no both no 25 20 9 ? H 3

TK-50 | no | 25 1 10 Vol & [0 | aute trans. ne | both | no | 25 20 9 ? ? 3
KNIGHT, M.I.IEb RADIO CORP., 100 N. Western Ave., Chicago, Illinois 60680

K376 [yes | 3 1 3 s [ 5 | 200125 | aute trans, o | ome |y |35 |2 |5 | a5 | e 7
KNIGHT-KIT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, Illinois 60680

KG-964 | yes | 25 I 8 | - ‘ 1 | Bl — | e trans. mo | both | yes | 32 |8 | 1 pl s |
OLSON ELECTRONICS, INC., 260 S. Forge St., Akron, Dhio 44308

Ra-727 | no | 1 J 1 =1 5 | B | e | o trans. o | s [y |2 |uss |5 | s | s 3
PILOT RADIO INC., 100 Electra Lane, East Station, Yonkers 4, N.Y.

R1100 | — 2 15 | - 3| & | n avlo trans, yes | both | no | 80 | — 5 5 = -

"RTO0 — k] 3 - 4 1250"‘ 10 aute trans. ne both no 35 —_ 5 5 - -

RA 300 — 35 4 - 4 1250',( 20 auvte frans. no both no 0 — 5 5 - -

R300 | — |35 | 3 — |4 [ B | n aulo trans. no | beth | o | 20 | — | 5 5| - -
H. H. SCOTT INC., 111 Pawder Mill Rd., Maynard, Mass. 01754

88 ys |19 | A s | 8 . 0 | oate |FETEMI | o | beth | mo |40 |30 | 8 | 25 | 2 $

348 no 1.9 4 45 R c 20 aulo nuyistor yes both no 50 40 k] .25 ? 3

344 B no 2.1 4 45 8 13 70 avlo nuvistor no both no 125 bl k] 15 ? S5

342 ne | 27 ¢ 40 8 c 20 | oute FEL ne | beth | ome | 225 |18 & |2 2 5
SHERWOOD ELECTRONIC LABS., INC., 4300 N. California Ave., Chicago, Illinois 60618 e

$-8300 [no | 16 | 24 | = I 2 |l | | aule yrans. yes Jboth | me |0 |40 | a2 1 1 1
V-M CORP., P.O. Box 659, Benton Harbor, Michigan 49023

1488 yes § - — - .-}noi( 100 avte frans. no both yes — - 1 1.5 - -

1484 yes 1.8 —_ — — — 100 nute frans, no both yes 7.5 13 k| 1.5 — —

All Information supplied by manufacturer. All stereo units. All have tuning meters except Heath AR-14 and V-M 1488. All have stereo indicator lights. Meas-
urementa were reguested at 117-v.a.c. line with 8-chm loads, both channels driven. All tuner measurements are in reference to FM section only.
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Input sensitivity Physical size
for rated output / {inches)
L
5
&
)
H D &
— |88 415 50 | yes 5 S T 414 yes | yes | oom | 16% | 5% | 12% | 378.00 e s
Polafe a8 | 3 no 3 = 3 2 415 yes | ves | mo | 16 | 4% | W 279795 - 29.95
Pl 4ns | n o | 25 | — | 25 | 2 414 yes | yes | no | 16 | 4% | 14 | aess | — 29.95
ok |dx | 4816 | 132 | no 3 =2 — | .8 any yes yes me | 7% | 5% | 13%4 | 325.00 219.95 14.95
— | & | e 35 | o ok b e o 416 ves | yes | no | 15% 3% | 10% | 2m0.00 o 2
Al 2 | 4816 20 no 2.8 — | | A-16 ves | yes | yes | 16% | 5% | 1% | 45050 = -
el 486 | 2 no | 42 | — | 35 | m 414 yes | yes | s | 16% | 5% | 11 329.50 =5 =
e e 1 s R 15 | e | 15 | s any yes | yes | yes | 6% | 5 | 1% | 42000 e 29.95
& i 414 = no 1.5 180 1.5 15 any yes yes yes | 6% | § 1% 349.00 = © 2995
k| = 416 R 2 w | — | . any yes | ves | — | 4] k| n¥ | 2000 = 29.95
e 414 — | no 2 | | — | s any yos | yes | — | 1M | 4% | 9% | 250.00 = 2995
15- | 15 3 3
Wk | 3k 4-16 20 no & — - .25 —_ yes no no 17 522 | 1M _— 184.00 -
e [l | 478 = o | R | s e |8 Tow yes | no | mo | 15¥| 3% | 12 - 99.95 1o
Gl e 414 20 yes | 18 20 1.5 A 4-16 ves | yes | no | 173 | S| 14 | 28995 = -
L B 416 20 yes ? 25 ? A A-T6 ves | oyes | oyes | 1| 5% | 14 239.95 - =
K | A | 4 0 | oyes | 2 |25 | 2 | 415 yes | yeo | o | 16% | 9| w | 2199 s =
i | &% lase [ | = 4 | — | a5 | 25 415 yes | no | yes [ 16% | s | 13 | 2095 - 22.75
e v a7z | =1 34 = |25 [ 416 yes | o | yes | 6% | 5 | 1 o 18995 | 1995
e
Sl L R R — | nee| 4 00 | 4 3 48 yes | no | no | 9% | 5% | 12% | 1799 e =
I ERTE ' ; A
M0k | 40k 416 — yes 2.9 — 1.3 2 330 yes yes yes | 14¥a | 5% 17 449.95 — —
L T I KT - | ne | 28| — |2 [ .9 180 yos | yes | yes | 13%6| 5% | 17 | aw9us — s
wx | & | s wo e | ome b ol en | m 180 yes | oyes | mo | 8% 5% | w7 | 3w - =
ok | & +16 - no 25 | — 12 | a8 180 yes | yes | me | 12% | 5% | a7 299.95 = —
Bk |k [ 4806 | 0 |y | 3 | — | 2 |3 fow yos | yes | rumo | | g% | nk% | ae9.s s 29.95
2‘200-'( 3Tgs—k 4,8, 16 20 yes 3 — 2 5 low yes ves | noise | 18% | M | Nl 479.95 — 29.95
ak |k | 4816 | 2 | ys| 3 | — | 2 5 fow yes | yes | noise | 15%s | 4| 12%4 | 37495 ( 13.95
ax | 25 | 4806 | » no 5 = = 5 low yes | yes | moise | 15%s | 4'%s| 12% | 299.95 — 13.95
12- 8 1 :
3Bk | 100k 116 30 no 1.8 - 1 2 10 yes yes ser. | 16| 4| W 359.50 - 9.00
— | 2 8 — | ne | 100 | w0 | g0 | .6 AL yes | no | me | 13| s% | u¥% | 15995 = -
— | a0k 8 — f m | ~ | 100 | 600 | .6 - yes [ om0 | omo | 15% | 5%e | 13% | 199.95 - —
3Taken at =200 ke, 'Model 1156 same as 1177 with AM added. cin cxcess of FCC Iimit, (Continued on page 84)
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MAGNETIC
MEASUREMENT
IN SPACE

Description of some of the techniques used to
measure extremely weak magnetic fields at great
distances from Earth and close to distant planets.
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By JOSEPH H. WUJEK, Jr.

HE measurement of magnetic fields has always been SEiape ]
of interest to space scientists. Because the motion of T : s
charged particles is influenced by magnetic fields, the P aueNe o ReLar T i TERY:
strength and direction of these fields are of primary interest. SAMPLETL T T
Other space phenomena such as the aurora or “northern - 1
lights,” radio-wave propagation, and the solar plasma or FHUGHAMMER ateR : ?Ej',ffj!ﬁ'ﬁ!’fj—-ﬂ
solar winds are also affected by magnetic fields. Magnetic [

“storms” or variations in the field strength cause changes in
the behavior of these phenomena. The presence or absence of
magnetic fields in the region about distant planets supplies
some information as to the planet’s composition. Clearly, if
we are to better understand our environment, we must chart

A.C. FIELD TO BE
FIELD MEASURED
BAND
SPLIT =2 -
PRIMARY s:ﬁlgg&%ﬂ FILTER
@ WINDING 214
TosciLLATOR
TQ
g AMPLIFIER
MAGNETIC CORE

Fig. 1. Basic fluxgate magnetometer arrangement is shown.

Complete payload of dual-gas-cell rubidium-vaper mag-
netometer used in Explorer 10-satellite. Spherical head con-
tains gas cells; batteries, electronics, antennas in base
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Fig. 2. Proton-precession magnetometer (Courtesy: Varian).

the magnetic fields about the earth as well as deep space.
Problems of Space Measurements

Scientists have long had instruments to measure magnetic
fields in the laboratory, so one might assume that these in-
struments might be adapted for space use. Indeed, for some
applications, modified laboratory instruments can be used in
space applications. These modifications are directed toward
reducing weight and volume; decreasing power consumption;
and insuring reliable operation with shock, vibration, and
wide variations in temperature, But the measurement of
magnetic fields in space encounters problems not ordinarily
met in the general laboratory situation.

The magnetic field of the earth at the earth’s surface is
typically about 0.5 gauss or 50,000 y. (v, or gamma, is a unit
of magnetic field intensity. One gamma=1/100,000 gauss.)
As a rocket, satellite, or space probe moves away from the
earth, the strength of the earth’s magnetic field diminishes
rapidly. In deep space the fields encountered mayv be on the
order of 1 to 100 y. The instruments must, therefore, have
sensitivities which are 500 to 30,000 times better than re-
quired for ordinary earth-based measurements, Moreover, the
instruments must be capable of detecting changes of only
several gamma. A broad dynamic range is usually also re-
quired in order that the instruments do not saturate at high

Fig. 3. Rubidium-vaper magnetometer [Courtesy: Varian},
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A recent scientific satellite, carrying no less than 20 experi-
ments, is our polar Orbiting Geophysical Observatory (0GO-2),
launched in October. This satellite carries twe magnetometers
located at the ends of 22-foot booms so as to be far removed
from magnetic or electrical influence of the “spacecraff body.

- LOW- GAIN ANTENNA

4 / MAGNETOMETER

HIGH- GAIN ANTENNA

SOLAR ABSORPTIVITY
STANDARDS
SOLAR PANEL

SUN SENSORS
PROPULSION ASSEMBLY

THERMAL CONTROL
LOUVERS

SOLAR PRESSURE yANE
Mariner/Mars spacecraft showing some of scientific experiments.

field levels. Of course, several instrument systems could be
used in parallel, each having a different range of sensitivity.
But the availability of telemetry channels as well as the added
weight, increased power drain, and circuit complexity often
rule out this approach.

Added to the difficulties already mentioned are the prob-
lems of interference and calibration. Interference as used
here refers to the presence of magnetic fields from the space-
craft itself. Magnetic materials present in the spacecraft per-
turb the environmental field and, in the case of deep-space
probes, the spacecralt’s field may be much strofiger than the
fields of deep space. And since an electrical current has a

Fig. 4. Satellite rubidium magnetometer ECourresy:. Varian).
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magnetic field associated with it, electri-
cal and electronic equipment on board
the spacecraft also contribute to the in-
terference problem.

Complete solutions to interference
problems cannot be obtained, but the
effects can be minimized. Placing the
measurement sensors far from the space-

- craft body aids in reducing interference
from the spacecraft. This can be accom-
plished by placing the sensors on booms
which are folded during launch and are
deployed after injection into orbit. Keep-
ing the use of magnetic materials to a
minimum and shielding electrical equip-
ment also reduces noise. The use of co-
axial cables and shielded wires is also
included in these measures. Even with
these techniques, a noise field of 100 +
at one foot from the spacecraft is prob-
ably the practical limit.

Calibration at low field levels is diffi-
cult because of the presence of the
earth’s field. Special zero-field rooms

have been constructed so as to buck out this field. These
rooms are built by winding huge coils along three mutually
perpendicular axes. Generally, one coil has pole faces in the
vertical axis, while two coils in the horizontal axes are placed
at right angles to each other. By carefully adjusting current
through each of these electromagnets, most of the earth’s field
is effectively bucked out at or near the center of the space
between them. Locating the room far from man-made inter-
ference (power stations, etc.) allows the “feld-free” region
to be reduced to fractions of one gamma.

BT
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Magnetometers

The transducers which convert the magnetic field intensity
to a quantity which is more readily measurable are called
magnetometers. We shall describe three general types of
magnetometers which are commonly used in spacecraft ap-
plications: (1) search coil; (2) fluxgate; and (3) atomic.

The search-coil magnetometer (SCM) works on the gen-
erator principle which is familiar to all of us. If a coil of wire
is rolated in a magnetic field, then a voltage will be induced
in the coil. The magnitude of the induced voltage is depend-
ent upon: (e) the instantaneous magnetic field strength;
(b) the speed at which the coil passes through the field; (¢)
the angle at which the magnetic field “cuts” the coil; (d) the
number of turns in the coil winding; and (e) losses in the
system.

The conditions described accur  (Continued on page 92)

General-purpose single-cell rubidium-vapor magnetometer heing

mounted on rocket. Principles of optical pumping were used. The

c.w, signal produced is recorded on ground video tape recorder.
: =
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Fig. 1. The transistorized 19-inch black-and-white TV set,
the Model 19733, is part of the Sylvania line for 1966.

HE Syluenia product line contains both a 12-inch and

a 19-inch transistorized monochrome TV set, with very

similar circuits. The 19-inch model, chassis AOL-2, is
distinguished by the relatively small number of components
it uses. In addition to the w.h.f. and v.h.f. tuner, only 19 tran-
sistors, 13 diodes, and one vacaum tube, the 1B3 high-voltage
rectifier, are used.

With the picture tube itself as the largest component, the
remuainder of the set is relatively compact and uses a power
transformer, a full-wave diode rectifier for the main “B--"
voltages, and the usual interlocks and circuit breakers. The
power supply provides +38, 34, =32, and 12 volts. In
addition, a half-wave rectifier and an RC filter are used to
provide the + 135 volts used for picture tube and video am-
plifier circuits. In over-all dimensions and weight, the 19-in.
transistor TV set, shown in IMig. 1, is not very different from
its vacuum-tube counterpart but the reliability and the low
power consumption due to the use of transistors are expected
to make this receiver more trouble-free than a vacuum-tube
set.
Fig, 2 shows the chassis layout, together with the printed-
circuit wiring and a number of connectors. In addition to the
a.c. interlock, there is the custgmary octal connector which
brings the horizontal deflection voke leads to the main chassis,
while a second octal connector ties the volume control to the
set and supplies a.l.c. and “B-+" to the tuners. A special two-
pin connector provides a +135-volt switching arrangement
to eliminate the turn-off spot on the picture tube, The spot-
killer circuit is part of the “on-off” switch and effectively con-
nects the cathode of the picture tube to the first anode when
the set is turned off. The 19CVP4 picture tube uses low-
voltage electrostatic focus, has a special spark arrester of the
spark-gap type built into the CRT socket, and requires 18 kv.
as the second-anode voltage.

One of the interesting circuit features of this set is the fre-
quent use of d.c. coupling. In the 4.5-me, audio section, for
example, the collector of the first sound i.[. stage is connected
to the base of the second stage, with a feedback loop through
a 1000-ohm resistor to the center-tap of the ratio detector
transformer primary. In the audio output section, three stages
are used and complementary circuitry permits straight d.c.
connections. The first andio amplifier stage is a p-n-p tran-
sistor d.c.-coupled to the second amplifier, an n-p-n which, in
turn, is coupled directly to the audio output stage which is
again a p-n-p tvpe.
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Transistor
Vdets:Sylvania

By WALTER H. BUCHSBAUM

Second in a series of articles covering unique circuit details
on line-operated, large-screen transistor TV sets. This second
article covers the 19-inch Sylvania set using the AO1-2 chassis.

The video amplifier section, shown in Fig, 3, also employs
novel circuitry, The first video amplifier (Q1) acts as an
emitter-follower, coupling directly into the video output tran-
sistor (02). The video signal from the detector is applied to
the base of the first video amplifier, but this base is d.c.-biased
by the voltage divider consisting of R1, R2, and R3. The
“Video Bias” adjustment is a service control and is set for
optimum syne pulse operation, The 4.5-me. sound i.1. is taken
off at the output of the first video amplifier.

For the video output circuit, the similarity to a vacuum-
tube receiver is quite apparent. In place of a cathode self-bias
circuit, C1 and R4 set up an emitter self-bias, the collector
goes to +135 volts through R5, R6, the contrast control, and
R7.C2 and C3, together with L2, RS assure the proper-high-
frequency response. The combination of diode D1 and C4 pro-
vide d.c. coupling of the video signal to the cathode of the
picture tube, Brightness is controlled by the d.c. bias on the
arid of the 19CVP4 through R9.  (Continued on page 65)

Fig. 2. Basic arrangement of the AO1-2 chassis. Both yoke
and volume control are attached through octal connectors,
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DESIGN REQUIREMENTS

Description of how the important
factors of good performance,
reliability, long life, and reasonable
immunity to abuse are designed into
transistorized high-fidelity

power amplifiers.
N

transistor amplifiers—so much so, in fact, that it is often

a difficult task to determine what the facts are. There
are the proponents of ultra-wide-band frequency response vs
the “no-wider-than-necessary” arguers; the controversy re-
garding the effects of phase shift; the very high damping
factorites, opposed by the “encugh is enough” school; and
finally, the thrilling battle of the “magic of transistor sound.”

While the enthusiasts joust with each other, the music
lover and/or audiophile is left to determine, as best he can,
what constitutes a good design, Since he is interested in per-
formance, reliability, long life, and reasonable immunity to
abuse, as well as theoretical advantages in a new piece of
equipment, this article tells how these lactors can be achieved
in practice.

When a new device becomes available, the device and its
means of application usually engage in a sort of evolutionary
foot race. For some time transistors were afflicted with cer-
tain handicaps that partially effset their advantages. Much
ingenuity in circuit design was applied to overcome their de-
ficiencies. Meanwhile, transistors themselves were being im-
proved. Although expensive at the beginning, the evolving
devices permitted some circnit simplifications which partially
compensated for their higher cost, while offering improved
performance. They have now reached the stage where their
reduced cost permits their use in amplifiers that are practical,
relatively simple in design, and economically competitive.
These devices are diffused-junction silicon power transistors
and high-frequency small-signal {amplifier) transistors use-
tul to 20 megacveles.

Silicon power transistors have the following characteristics
as opposed to germanium transistors:

Allowable junction temperature rise of 150°C vs 50°C for
germanium, with up to 100 watts dissipation at 50°C case
temperature. This greatly improves their ruggedness, par-
ticularly with respect to momentary overloads such as those
caused by short circuits.

Much lower reverse leakage (Ipps), which reduces the
temperature stability problem.

Gain-bandwidth products of 1 megacycle, maximum volt-

IT is an easy malter to find excitement in discussions of
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SOLID-STATE
AMPLIFIERS

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

age ratings of 100 volts at only moderately higher cost than
germanium.

Somewhat lower power gain than typical germanium tran-
sistors, requiring more power to drive them,

The performance criteria of a solid-state amplifier and
their relative importance must be related to new problems
that need hardly be considered with tubes, such as change
in performance with temperature. The problems will be dealt
with as they arise in this discussion of means for attaining
the design objectives. These are:

1. Wide frequency range.

2. Adequate power bandwidth.

3. Power rating consistent with ability to withstand abuse
such as being driven past peak clipping, accidental short cir-
cuits of speaker leads, being over-driven by ultrasonic signals
(such as from tape recorder bias oscillators).

4. Unconditional stability with various kinds of loads, in-
cluding electrostatic speakers and open-circuited speaker
lines. Freedom from parasitic oscillation,

5. Fast overload recovery.

6. Satisfactory performance over rated line-voltage range.

7. Means for adjusting of bias to obtain minimum distor-
tion at all power levels without need for close-tolerance
selection of power transistors.

8. High input impedance.

9. Protection of speakers against distortion caused by un-
balanced d.c. in the speaker circuit.

The Power-Output Stage

A first examination of the ratings of silicon power tran-
sistors now available at moderate cost can lead to some in-
teresting conclusions. Here is a typical set of figures:

Collector-to-emitter voltage, with effective base-emitter
resistance of 100 ohms, 70 volts. ;

Transistor dissipation at case temperature of 50°C, 100 w.

Just to get an idea of the possibilities, let us assume an
ideal class-B amplifier, that is, one with a perfectly regulated
power supply and no series resistors to waste power. We
know that maximum dissipation” occurs when power output
is 40.6% of maximum: Ppres=.406 Poaraxy. If we now assume
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Top-chassis view of solid-state amplifier referred to in text.

the use of two transistors, each of which can dissipate 100
watts, this relationship tells us that we can have a maximum
power output of 493 watts. However, we must not overlook
two restrictions: the maximum safe supply voltage is 70 volts,
and the amplifier must be designed to work directly into a
load of at least 8 ohms, since output transformers for load-
matching are taboo. An approximate formula (assuming per-
fect supply regulation, transistors with zero internal resistance,
and no emitter resistance in the circuit) gives us the power
output for two transistors in class B: Poryax;= (En?/8R;) =
(T0:/8X8) =TT watls.

This is quite a comedown, but it is still a respectable
amount of power, and seems to indicate that we have a wide
margin on dissipation. To be safe, however, let us check what
happens with the amplifier driven to produce square waves:

Maximum dissipation (two transistors)=0.5> (maximim
sine-wave power output)=0.5X77=38.5 walls.

This looks like nothing to worry about even though it is

Fig. 1. The phase angle and impeda

-+
s
(=]

_ (02

greater than for sine-wave operation (0.406>77=231 watts).

Suppose, though, the amplifier is handling a low-lrequency
signal—so low, in fact, that the transistors reach thermal equi-
librium fast enough to keep pace with the signal waveform.
The transistors are then operating like d.c. amplifiers and
must be capable of dissipating their internal power loss at
every point of the signal wave. For this condition:

Maximum dissipation (two {transistors)=maximum sine-
wave power outpul =TT walts,

This is still acceptable, but the salety margin is narrowing,

What of a reactive load? Speakers act much like capaci-
tances and inductances over part of their frequency range
(Fig. 1). The worst case would occur at very low and very
high frequencies if the load were a pure reactance. Under
these conditions, the load line is circular and:

Maximum peak dissipation (two transistors)=5.2X{maxi-
mum sine-wave power output) =400 watts.

This is 100% over maximum allowable dissipation (200
watts). Fortunately, speakers do not act like pure reactances,
the worst phase angle (for full-range electrostatics) probably
being less than 70°; their impedance is relatively high in
this frequency range, and internal resistances in the ampli-
fier reduce the phase angle further, limiting dissipation.

And what happens on an instantaneous basis if the load
terminals are short-circuited? Half the supply voltage is con-
nected across the internal resistance of one transistor, plus
its emitter resistor—say, a total of 1 chm:

(Powe-r Supply Volmge) 2
2

-

Resistance

Instantancous power dissipation =

1 =1225 watis (per transistor). 3

In this case we are helped by a transistor pulse-dissipation
capability of over 2000 watts, sag in the power-supply
voltage, and fuse action.

What should be expected in the way of power output for an
actual amplifier? Fig. 2 indicates in graphical form the cal-
culated power output for different supply voltages, assuming
1 ohm for the transistor saturation resistance plus its emitter
resistor, and 7 volts of loss due to incomplete drive to satura-

er system, Fig. 2. The calculaled output power
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tion. I'or a 70-volt supply, P, ,, . =38.7

watts. Music power, on the assumption

of no power-supply wvoltage change,
should be 49 watts.

These figures compare well with the

laboratory-measured power output of an

H.H. Scott Model 260 amplifier. At 117

volts a.c. line, the unit produces between
30 and 40 watts r.m.s. per channel with

ra
=]

total harmonic distortion between 0.15

and 0.4%, the range where clipping just
g Pping )

begins, See Fig. 3. These figures are
given in ranges because accurate de-

termination of the power output at which
clipping “begins” is difficult, and the

PERCENT IM DISTORTION

exact value of power output will vary
with line voltage, production variations

i power transformers, transistors, and

other components.

Distortion at Low Power Levels

This is a matter with which we should

be vitally concerned. While the maxi-
mum power rating of an amplifier de-
termines how often occasional peaks are
clipped, an effect to which the ears are
not very semsitive, the amount of distortion present at low
power levels has a large and continuous effect on the smooth-
- mess and purity of the sound.

How low are these power levels? Suppose we have two
speaker systems (for stereo) capable of a peak acoustic out-
put of 0.2 watt each. This corresponds to a sound pressure
level of 111 db in an average living room (3000 cubic feet)
and is about as loud as a truck air horn at 4 feet. If the s peaker
efficiency is 0.5%, this corresponds to a power input of 40 watts
from each amplifier. For classical music, the average power
(not the soft passages) will be at least 23 db below this fig-
ure, or 0.2 watt from the amplifiers. For compressed speech
and popular music the average power is likely to be 6 db
higher, or 0.8 electrical watt. This is where we {(hi-fi fans;
others listen at much lower levels) do most of our listening,.
Our ears are more sensitive to distortion at these levels than
they are for loud passages. Unfortunately, this is also where
ordinary class-B transistor amplifiers are likely to have nearly
as much distortion as at full power output. Fig. 3 shows the
results of measurements on some commercial units, Note the
large differences in distortion at low power levels that oceur
among different designs.

In order to obtain low distortion at low power levels, we
must have optimum bias adjustment of the class-B power
stages and plenty of negative leedback. Neither of these
remedies is easy to apply. i

Bias adjustment is complicated by the need for temperature
compensation of the output stages and the ability to handle
variations in supply voltage. Compensation is frequently ac-
complished by means of a diode in the base circuit, which has
the same temperature characteristics as the transistor junc-
tion whose effects it must compensate to keep the bias from
shifting with changes in temperature.

Fig, 4A is a simplified circuit for a single-ended stage
which illustrates the difficulties. The value of Rl is deter-
mined by the desired operating point for D1 and has a rather
high value, limiting the current in the driver transistor Q1
and restricting its driving power. If it is made adjustable,
varying the adjustment will affect both the diode operating
point and that of Q1. Fig. 4B shows the principle involved
in the “variable-diode” circuit used in H.H. Scott solid-state
amplifiers. R1 is fed from a point of relatively high voltage
and its value is made sufficiently high so that the current
through it is not appreciably affected by the position of the
am of variable resistor R2. In effect, I, is a constant current.

0.5 07
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Fig. 3. Measured distortion versus power output for a number of amplifiers.

R2 is a universal shunt that permits adjustment of the current
through diode D1, varying its operating point so that the de-
sired bias voltage can be applied to the transistor. This par-
ticular adjustment can be made without affecting the load
that exists on the transistor Q1.

Stability” with Negative Feedback

It is well known that care is required in the design of multi-
stage tube amplifiers using large amounts of negative feed-
back, if stability is to be preserved. At high frequencies, the
behavior of tubes as shunt capacitances has to be taken into
account, Transistors are not such well-behaved devices as
tubes in this respect, having multiple phase shifts at high fre-
quencies and being far more prone to oscillate over part of
the signal wave. This may occur at frequencies of the order
of 10 megacvcles and higher.

One of the remedies is to use transistors having the widest
possible frequency range. For diffused-junction silicon power
transistors a practical limit is 1 megacycle (gain-bandwidth
product), and for small-signal transistors, 20 me. With fre-
quency ranges ol this order of magnitude, it becomes neces-
sary to lay out components and wiring as if an r.f. amplifier
were involved; which, in fact, it is, Allowance even has to be
made for the inductance of electrolytic capacitors used for
coupling. Wherever possible, direct coupling is used to elimi-
nate such capacitors, {Continued on page 85)
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Description of various time scales and their significance,
including solar, universal, ephemeris, atomic, sidereal time.

Time Secales & Time Measurements

By EDWARD C. WILSON 111

erence. In applying Ohm’s Law, time is used in every

computation. For example, the definition of current
flow is: “one ampere of current equals one coulomb of elec-
trons past a given point in one second.” When discussing the
phenomenon of alternating current, whether it is in the low
audio or s.h.f. bands, we consider the frequency to be the re-
ciprocal of the time period, Likewise, we use time constants in
various inductive and capacitive circuits. Still another in-
stance, at one point on its jowrney, the Mariner IV satellite
was reported to be 107.2 million miles from earth and that
signals transmitted by the satellite took ten minutes to reach
the monitoring stations. In some forms of pulse modulation,
the time between pulses is critical,

Without some accurate reference all of these measurements,
and many more, would be meaningless. The reference is time,
and in the next paragraphs we will consider the various scales
of time measurement and see how they are determined, Bas-
ically, the scales are: solar, universal, ephemeris, atomic, and

CONSIDEB for a moment how often time is used as a ref-

Fig. 1. Solar time scale does not lend itself to precision.
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sidereal. Some of these are broken down further into cor-
rected categories within themselves.

Solar Time

Solar time is the measurement of time in regards to the ro-
tation of the earth around the sun, The sundial is a good ex-
ample of a device used to measure Apparent Solar Time. One
apparent solar day is the time required for the earth to make
one rotation on its axis and present the same point to the sun.
If the earth’s orbit about the sun were perfectly circular, and
there were no eccentricities in the axis, the solar day would be
constant. :

We know, however, that the orbit is elliptical and that the
plane of rotation is 23.5 degrees to the plane of the equator.
It is also known that a body which describes an ellipse is
continually changing speed with regard to the point of refer-
ence. In our case the point of reference is the sun. Thus, when
the earth is nearest the sun it is moving faster than when it
is farthest away. Actually, a solar day in November could be
up to 16 minutes longer than a day in June.

One attempt at compensating for this difference is the
Mean Solar Day. In order to derive a mean solar day, we
average all the apparent solar days in one solar year, If we
wish. to obtain one mean solar second, we would divide the
mean solar day by 86,400, This would be fine if we wanted
to know the approximate duration of one solar time period
of a past year. But in order to forecast the length of a solar
time period to come we would have lo estimate or guess
the eccentricities that the earth’s orbit will take. See Fig, 1.

It can readily be seen that the solar time scale does not
lend itself to precise, accurate measurements of time, This is
mostly because it is based on the rotation of the earth, which is
non-uniform. So perhaps we should put the sundials away
with the Egyptians who invented them, in the same place
as the dripping water clocks of the Chinese.

Universal Time

The Universal Time Scale is based upon the rotation of the
carth about its axis much the same as solar time. However, we
add various corrections to the assumption that the earth ro-
tates at a constant speed and we have the time scales UT-1
and UT-2. If we make no corrections, the time scale UT-0
is the equivalent of solar time.

ELECTRONICS WORLD
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The UT-1 time scale takes into consideration the polar we couldn’t blindly accept any standard without some form

motion of the earth and corrects for the shift that occurs in of cross-check. Therefore a precise measurement of an event
reference to the sun. Imagine that the earth is “nodding” that is measured with respect to ephemeris time would be
while it is rotating and orbiting around the sun. In this case, held of questionable accuracy until the accuracy of the scale
a fixed point on the earth would appear to rotate faster if the could be verified.

nod, or “nutation” as it is called, were toward the sun, and This cannot be done in advance, due to the unpredictable
slower if it were away from the sun. This, then, is the basis irregularities in the earth’s orbit, and could take several years
of correction for UT-1. It is based on the true angular metion or more depending on the accuracy desired. It is mostly be-
of the earth around its axis. cause of the inconvenience that scientists have looked clse-

There are other factors which affect the rotation of the where for a standard that is equally as good or better than
earth and thus affect the measurement of time. If we some- what they have and one that won't take as long to verify, This
how change the distribution of mass over the surface of the leads us to the next subject, which is Atomic Time.
earth, we will change the balances of inertia. This will, to a A ie Ti
small degree, change the orbital characteristics. An example toliio’ Lime
of this is the seasonal displacement of mass in the form of In the last few years, the National Bureau of Standards has
icebergs which drift away from the polar regions, This par- developed and tested an atomic frequency standard. An over-
ticular displacement of mass occurs when the sun moves from simplification of the device would say that it compares the
the northern hemisphere to the southern hemisphere and back effect of magnetic fields on cesium atoms with the output of
again during the year. This continuous change is one of the precision oscillators. The characteristic resonance of cesium
correction factors that is used to evolve the time scale known under these conditions is found to be 9192.63177 megacycles
as UT-2. - with an accuracy of = 20 cycles.

The time references transmitted by WWV and WWVH are Here is an example of a vague reference. What time scale
in close agreement with the UT-2 scale. For this reason, and determines this frequency? In this case the scale is ephem-
because UT-2 takes into consideration all of the known fac- eris. By using this extremely accurate frequency standard to
tors which affect the rotation of the earth, UT-2 has become control a system of clocks, the National Bureau of Standards
the most widely used of the time scales. has devised the time scale AT-1.

In spite of the corrections, UT-2 is still not the most accu- We have progressed now to a time scale that is both uni-
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Fig. 2. By using a very distant star as a reference, the shift caused by orbital motion is made extremly small.

rate of the time standards, It is based upon the rotation of the form and constant, and we have added to it the advantage of
earth which is erratic and unpredictable. As a result, the time rapid verification of accuracy.

standard clocks of the National Bureau of Standards used to Sid 1 Ti

keep Universal Time must be corrected periodically. Although OQeR. e

these corrections are very small, there is still an inconsistency Sidereal time is of little use in a majority of time measure-
or error in this particular time scale. ments in electronics, although there are some applications

that make it worthwhile to discuss here.

Ephemeris Time : : : !
p ie First let us review solar time. One solar day is based upon

The second of ephemeris time is imposingly defined as the the elapsed period of the earth making one rotation about its
fraction 1/31,556,925.9747 for 12 hours of the tropical year axis with respect to the sun. We know that due to orbital mo-
January 0, 1900, tion, the length of the apparent solar day varies considerably

First of all, January 0, 1900 is the same as December 31, from one period to the next, that is, if the earth is going away
1899 and the 12 hours is merely the time at which the from the sun, it must rotate more than 360 degrees to present
measurement is referenced. The fraction, as heavy as it may the same point to the sun as shown in Fig. 1. The opposite is
be, isn’t very hard to interpret. If vou make an equation of true when the motion of the earth is toward the sun.
the fraction, then 31,556,925.9747 ephemeris seconds equal The effects of this orbital motion can be greatly diminished
one ephemeris year, The important thing to consider about by extending our point of reference farther away, The farther
this scale is that it has remained a constant length since it was away, the more accurate the measurement. This is what is
devised. And, it is accepted by the Internationa] Committee of done in sidereal time. A very distant star is used as the ref-
Weights and Measures as the standard second. erence so that the shift caused by orbital motion is as small

Unlike the UT scales, ephemeris time is not affected by the as possible. See Fig. 2.
frregular and unpredictable changes in the rotation of the There are still some elfects on sidereal time caused by the
earth around the sun or around its own axis. Instead, it is de- movement of the earth so that the time periods are not com-
termined by measuring the time intervals between the relative pletely uniform. There is also the curious fact that there is
positions of the moon and other celestial bodies, Due to the one more day in a sidereal year than there are solar days in
tremendous distances, these celestial bodies, except for the the solar year.
nearer planets, appear to be motionless in space. Therefore, at No doubt you have noticed that the sun appears to be a
regular intervals of ephemeris years, these celestial bodies ap- little farther to the east in the heavens at a given time each
pear to return to the same relative positions in the heavens. day. At the end of a year’s time the sun, in its apparent orbit
These observations have been studied very thoroughly and around the earth, will have added one extra day. If the earth
now the common reference for the observation of ephemeris didn’t rotate as it followed its orbital path, the sun would
time is the moon and its rotational position around the earth still rise and set—but only once during the year.
in conjunction with various stars, Scientists at laboratories and observatories all over the

Because of the methods of determining the ephemeris sec- world are studying the phenomenon of time and new advances
ond, that is by observations of the moon, it requires a fairly in time-keeping techniques are being made as a result of their
long time to determine if the scale is still accurate. After all, measurements and observations. A
January, 1966 43

@



RADIOLOGICAL
SURVEY METERS

i Supervisor, Nuclear Instrument Maintenance Section
By-J. G. ELLO/ Argonne National Laboratory

HIGH
RADIATION AREA

time target, people have realized the destructive

power of nuclear reaction employed as a weapon—

not only at the time of detonation but also during its after

effect called “fallout.” Fallout products, which undergo nu-

clear disintegration, give oft alpha and betfa particles as well
as gamma rays.

The alpha particle has a positive charge and is ejected

from a radioactive atom at a velocity of 1/20 the speed of

licht. Although this particular particle can travel through 1

I j\f’EP\ since the atom bomb was exploded over a war-

CENTRAL —~———— METAL CYLINDER
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Fig. 1. Construction of an ionization chamber radiation detector.
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Fig. 2. Construction of Geiger-Muller tube radiation detector.

Fig.. 3. Oxygen atom shown being ionized by a beta particle.
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Operation and maintenance of Civil Defense “fallout meters”
using ionization chambers and Geiger-Muller tubes. Techniques

used by technical personnel in the nuclear instruments field.

to 2 inclies of air, it cannot penetrate a few sheets of a daily
newspaper. .

The beta particle, consisting of electrons, has a negative
charge. Like the alpha particle, it can be deflected in a mag-
netic field but in the opposite direction. A beta particle
emerging from an atom approaches the speed of light. It can
travel through several feet of air but is absorbed completely
by ¥ inch of plastic, such as Lucite.

The gamina rays, on the other hand, are not affected by a
magnetic field. The gamma emission is an electromagnetic
ray similar to x-rays. It is emitted from a disintegraling atom

when an excess of energy remains after ejection of an alpha '

or beta particle. The gamma ray can penetrate 1 inch of lead,
being reduced greatly in speed but not stopped or absorbed
completely.

The unit used to measure detectable radiation is called a
roentgen (R). A roentgen of radiation will produce one elec-
trostatic unit of ions in one cubic centimeter of air. The order ©
of magnitude most commonly measured is in ‘the milliroent-

gen (mR) range, or one-thousandth of one roentgen.

Radiation Detectors

Like a radic antenna, which is sensitive to electromagnetic |
waves, the radiation detector, under proper operating con- |
ditions is sensitive to effects caused by nuclear radiation. De- |
tectors come in various sizes, shapes, and types. The ioniza- |

tion chamber and the Geiger-Muller types are the two of
concern here:

The construction of an ionization chamber, shown in |

Fig. 1, is quite simple. It consists of an insulated central elec-
trode enclosed by a chamber of conducting material which
is separated from it by a very good insulation material. The
chamber, either cubical or cylindrical in shape, can be of any
size.

The ionization chambers used in many commercial survey ©

meters are designed to detect the three kinds of radiation:
alpha, beta, and gamma. One end of the typical chamber
may be made of a very thin Mylar plastic-film material, en-
abling alpha or beta particles to enter the chamber and be
detected. However, the ionization chamber constructed to

detect gamma radiation only employs a completely metal =

shell.

Geiger-Muller (G-M) tube detectors are available in a
variety of sizes ranging from % inch to 5 inches in diameter,
and % inch to 36 inches in length, They can detect alpha and
beta particles and x- and gamma rays. Some G-M tubes are
built to detect beta and gamma radiations only. Such a tube,
shown in Fig. 2, consists of a central wire surrounded by a
thin metal or conducting glass tube. The central wire is usu-
ally tungsten and acts as the anode. The cathode is the metal

ELECTRONICS WORLD




or conductive coated glass tube which surrounds it. The tube,
sealed at both ends, is filled with a gas such as argon in
which high gas amplification is readily achieved.

The ionization chamber has infinite life, but the Geiger-
Muller tube becomes depleted and ineflicient after counting
more than a billion events. On the other hand, an ionization
chamber requires a sensitive electrometer tube for amplifica-
tion of the ionization current, The G-M tube does not need
a sensitive amplifier because of internal gas amplification.

Within a detector, such as an ionization chamber, there is
a large number of air molecules which are composed of elec-
trically neutral atoms. When the neutral atom is disturbed by
loss or gain of an electron, we say the atom is ionized. An
oxygen alom being ionized by a beta particle within a de-
tector is shown in Fig. 3. This befa particle collides with an
electron, thus removing it from its original orbit and creating
a positive ion, As long as no collector voltage is applied to
the detector, the ion will capture a free electron in the vi-
cinity and the atom once more becomes neutralized (stable).

If-voltage is applied, the freed electron will not be recap-
tured by the positive ion. Since opposite charges attract,
the positive ion would accelerate to the negative detector
electrode and the electron would be attracted to the positive
electrode. As a result, an extremely small current will flow
in the detector and through the load resistor.

A G-M tube operates somewhat like the ionization cham-
ber type of detector. However, freed electrons accelerate
faster because the detector voltage, and
consequently the electrostatio field, is
higher. In addition, an argon atom has
twice as many electrons and protons as
an oxygen atom, Thus, when a beta par-
ticle enters a G-M tube, it will collide

IO CHAMBER
DETECTOR

tion. Police departments, fire departments, hospitals, schools,
and Civil Defense units of local and state agencies make use
of these meters.

The Civil Defense Model V-715, shown in Fig. 4, is used
primarily for measuring total dose radiation rates up to 500
roentgens per hour (R/hr.). The circuits, powered by two
conventional type “D” flashlight batteries, are partially tran-
sistorized to minimize current drain. The indicating meter
is sealed to prevent vibration or shock resulting from rough
handling. Two panel controls, one for zero adjustment and
one to serve as a selector switch, are provided.

The circuit diagram of the CD V-715 survey ‘meter is
shown in Fig. 5. Before discussing the over-all operation, two
internal circuits should be considered: the electrometer cir-
cuit and the indicating meter circuit.

The latter is a closed-loop meter circuit consisting of a
1.5-volt filament battery in series with a current-limiting re-
sistor (R12) and a capacitor (C2) which is in parallel with
the 50-pa. indicating meter (M1). The calibration controls
R2 through R3 are bypassed.

When the switch SI is rotated to the “Zero” check posi-
tion, a forward current will flow through this closed loop,
tending to drive the indicating meter up-scale. However,
the indicating meter is also connected to the plate-return
circuit of the electrometer tube V1. A bucking current sup-
plied by V1 opposes the current flow of the closed-loop meter
circuit. These two currents will cancel each other, giving a
zero reading on the meter—provided V1 is properly biased by
the “Zero Adjust” control R7.

The four successive positions of the selector switch are the
range positions. These are: x.1, %1, %10, and x 100 cor-
responding to full-scale readings of 0.5, 5, 50, and 500 R/hr.

On the range position, the circuit is virtually the same as
on the zero position except a selected range resistor, R8
through R11, is connected in series with the ion chamber.

When the survey meter is exposed to radiation, an ioniza-
tion current is generated within the detector. This ioniza-
tion current will then flow through whichever range resistor
is selected. In turn, a positive voltage will be developed at
the grid of V1. This positive voltage will result in an increase
in tube current which destroys the balance of current through
the indicating meter. The meter pointer will now move up-
scale by an amount proportional to the intensity of the radia-
tion entering the ionization-chamber detector.

The calibration controls R2 through R5 are wired across
the indicating meter via switch S1D to shunt a portion of the
current around the meter. In the “Circuit Check” position,
resistors R6,R13, and potentiometer R14 (which is factory-

Fig. 5. Complete circvit diagram of the CD Model V-715 radiclogical survey meter.
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with a gas atom and free an electron
from its orbit, This freed electron will be
drawn to the positive electrode. On its

way, it will collide with other electrons G
freeing them, in turn, by impacts. These
additional electrons may also impinge
on other gas atoms, and so on. The net
result is a sizable ionization current,
producing a large output pulse. )
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CD V-715 Meter Circuitry
Civil Defense radiological survey me- Rg“g X :g;_
ters are designed primarily for CD per- EIO-B:IOS:/
sonnel who measure radiation dose rates  gji-ax ']

resulting from a nuclear disaster. The
meters are built to meet specifications

. of the Office of Civil Defense Mobiliza-
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Fig. 6. The CD Model V-700 detecis up to 50 milliroentgens/hour,

Abnormal Indication

Probable Fault

1. Meter reads zero (no reading)

2. Ms.;ter remains above zero (reads
up

3. Meter remains below zero (reads
down}

4, Erratic reading (random in nature)

5. Meter reads up or down scale after
5 minutes of use on X1 range

6. Incorrect reading when checked by
standard radiation source

7. Resists calibration

o oo oW

o0 oo

O oo oo

oo oW

. Meter movement

. Open meter circuit

. Batteries

. Corroded battery contacts

. Defective electrometer tube
. Battery

. Electrometer tube

. Transformer

. Corroded battery contacts

. Foreign matter affecting

high-voltage insulations
and input circuit components

. Poor or open connections
. Battery contacts

. Exhausted batteries
. Dirty electrometer tube base
. Corroded battery contacts

. Calibration
. Batteries
. Dirty range resistors R8 to R11

. Defective electrometer tube
. R12 changed value

Meter movement

. Exhausted hatteries
. Range resistors R8 to R11

Table 1. Fault-location chart for

Table 2, Fault-location chart for

the CD Model V-715 meter.

the CD Model V-700 meter.

Abnormal Indication

Probable Fault

1. No reading (background radiation)

2. Reads up (no radiation present)

3. Reads low on all ranges

4. Reads high on all ranges

5. Headphones dead, meter working

[ =N = -]

mes oTm

oW

O oW

oo o

. High voltage

. Open probe cable or connectors
. G-M tube

. Transistor Q1

. Meter mavement

. Circuit may be oscillating
. High-voltage discharge
. Short in cahle or connectors

G-M tube

. Diodes D1-D2

. Calibration
. High-voltage low

Meter movement
G-M tube

. Batteries
. Transistor Q1

. Galibration
. Same as “Reads up"

. Diodes D3-D4
. Capacitor C3
. Headphones
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adjusted) are introduced into the circuit. When this happens,
the grid voltage of V1 is altered to make the pointer read
up-scale in the check portion of the meter scale.

Three separate d.c. vollages are required: grid-bias vol-
tage, plate voltage, and ionization-chamber voltage. All three
are obtained from the blocking oscillator power-supply cir-
cuit which consists of transistor Q1, resistor R1, transformer
71, and battery B1. Diodes D1, D2, and D3, along with as-
sociated filter capacitors C1, C4, and C3, rectify and filter
the a.c. voltages from T1 into the required d.c. voltages
shown on the schematic diagram. Filament voltage for V1
is supplied by battery B2.

The CD V-715 survey meter is calibrated by placing it in
a gamma-ray field of known intensity. The ray may be pro-
duced by an x-ray machine or a quantity of such source ma-
terial as cobalt-60, radium, or cesium-137. As an example,
a l-curie radium source will produce a gamma-ray dose of
4 R/hr, at a distance of 18.1 inches, When the center of the
detector is positioned at this distance from the gamma source,
the x 1 range of CD V-715 should read 4 R/hr. If the reading
is either high or low, the survey meter should be calibrated
by adjusting control R4,

Calibration is accomplished by adjusting the individual
calibration control so that the proper reading is indicated on
the meter dial. It is necessary to remove the survey meter
from its case to recalibrate and replace it in its case for a
correct reading. Errors in calibration may be introduced if
the detector is brought too close to the gaumma source. The
detector should be no less than 12 inches from the source.
This is to obtain uniform radiation intensity over the volume
of the detector. Warning: Calibration of all survey meters
should be done only by personnel trained in the use of x-rays
and radioactive isotopes. i

CD V.700 Meter Circuitry

The Civil Defense Model V-T00 survey meter shown in
Fig. 6 is primarily used for detecting radioactive contamina-
tion up to 50 mR/hr. The survey meter employs a beta-
gamina sensitive Geiger-Muller tube as its detector.

A single control selector switch operates the survey. meter.
The switch selects any one of the three ranges and also turns
the survey meter “on” and “off.” The instrument response to
radioactive contamination is on an event-by-count basis.
Aural monitoring is done through headpliones, The com-
pletely transistorized circuit is powered by four type “D”
flashlight batteries.

The cirenit consists of a pulse shaper, count-rate meter,
and an electronic high-voltage supply. The CD V-700 has
only one calibration control for all ranges.

The G-M detector tube, housed in a nickel-plated brass
probe, is connected to the survey meter {and its 900-volt d.c.
supply) by a 3-foot cable. A rotatable shield prevents ex-
ternal Deta particles from entering, making the detector
sensitive to gamma rays only.

The pulse-shaper circuit of the CD V-700 (Fig. 7) is basi-
cally a blocking oscillator. The circuit consists of transistor
Q1, transformer 7'1, coil L1, diode P1, and capacitor C1.
When the instrument is “on,” transistor Q1 is held at cut-off
by a bias voltage network formed by resistors R2, R3, and the
battery supply. The negative pulse produced by ionization
in the G-M tube appears across L1 and D1. L1 provides a
high-impedance path for these pulses while providing a low-
impedance path for direct cwrrent. The diode D1 prevents
oscillation across L1.

This G-M tube pulse, coupled to the base of Q1, activates
the circuit by saturating Q1. At this point, most of the battery
voltage, Bl, is across the winding 3-4. As the current in-
creases in the winding, a voltage is induced in winding 1-2.
This induced voltage maintains the conduction of Q1. In
winding 3-4, the current continues to increase until the trans-
former core saturates, (Continued on page T4)
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- A PROVEN
TRANSISTOR
IGNITION

SYSTEM

By CHARLES C. MORRIS

\

Data collected over 60,000 miles of driving show an
increase in gas mileage, more power, fewer tune-up
expenses, as well as no ignition-component failures.

] URING recent years many articles have been pub- plete and proven transistorized system, which can be con-
lished describing transistorized ignition systems for structed in about one weekend at a cost of $25 to $35, using

use on automobiles. The majority of the systems de- new components, Installation in 12-volt negative ground cars
scribed are similar in design and operation, and their purchase  has been simplified and is detailed, This system has now
prices or construction costs are within the average range. One been in continuous use for nearly 40,000 miles of varied driv-

question often asked, though, is, “What are the merits offered ing conditions with no failures or engine re-tuneup.
by transistorized systems that are not already present in the

conventional, simpler systemP Does transistorized ignition The Transistorized System
significantly improve engine performance and extend com- The transistorized ignition system, as constructed, is shown
ponent life enough to make installation worthwhile?” The schematically in Fig. 1A. The circuit has been kept simple
answer comes, of course, after installation, trial, and evalu- in that no special or hard-to-get components are required.
ation of a typical system, Good construction practices were followed throughout and,
- This article will point out some facts and results often again, these requirements were kept simple by using standard
omitted or overlooked by others. These facts and results have metal parts and hardware. The circuit design is basic and is
been compiled from evaluation tests made during 30,000 similar to that of many other available systems, including the
miles of driving with conventional ignition and 30,000 miles one described in the August and December 1962 issues of this
of driving with transistorized ignition. This represents a re- magazine.
ported total driving test of about 60,000 miles. Most articles The ignition coil, a 1:250 turns-ratio type, was used for
have reported results after less than 10,000 miles. several reasons. One, it is less expensive than the 1:400 coil,
Included in this article are construction details for a com- and, two, the 1:400 coil offered no significant improvement
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in performance when tested in this system. Test results indi-
cate that for the particular circuit described, the 1:250 coil
is superior to the 1:400 type. Any higher plug voltage gen-
erated, or “hotter spark™ gained, does not increase the system
performance unless, perhaps, at very high speed or race
driving.

Relay RL1 can be any 12-volt d.c. type with a contact
rating of at least 10 amps, This relay is used as a quick-start
aid by shorting out the ballast resistor, thus allowing a higher
voltage to be applied to the ignition coil. The relay is con-
nected to the starter circuit as shown in Fig, 1B, This par-
ticular circuit is used on Ford and some Chevrolets, and
possibly other cars. A service schematic for your particular
ar should be consulted, though. When the starter is ener-
gized, the normal starter relay or solenoid is also energized.
As soon as the engine starts, these components then return
to their normal position. Relay RL1 is connected in the same
manner so that after the engine starts, the ballast resistor R1
is reconnected in the coil primary circuit. Never leave the
ballast resistor shorted out or bypassed while running the
engine on a transistorized ignition system. The extra current
would soon burn up the ignition coil.

External wiring between the transistorized system and the
car’s electrical circuit has been simplified by the use of
standard 4-pin cable connectors. A connector change-over
method is also provided should the transistorized system fail.

Construction

The system was built in a 4” x 5” x 6” utility box. The heat
sink used for Q1 was mounted on the outside top of the box.
Diode D1 is also mounted on this same heat sink. Q1 and D1
must be electrically insulated from the heat sink and ground.
This is done by mounting the components using their re-
spective insulating hardware and by applving silicone grease
on metal surfaces, The grease also aids in conducting heat
away.

The ballast resistors are mounted on an outer side of the
box in order to allow for air-cooling since they become hot
during _ operation, These resistors come with appropriate
mounting feet for this type of application.

The 4-pin cable connector is then mounted on one end of
the box and all other components are mounted inside the
box. Arrangement inside the box is not critical except that
capacitor C2 and diode D2 should be mounted near Q1.
These components could be mounted on the transistor col-
lector and emitter pins directly under the heat sink.

Ignition coil T1 is mounted on the engine firewall as close
to the distributor as possible, No. 14 wire was used in all
external wiring as well as for the transistor emitter and col-
lector circuits. Otherwise, no critical techniques were em-
ploved and standard good practices were used, It is important,
though, that well-made grounds be used and that all me-
chanical connections are secure,

The ignition system package was then mounted on the en-
gine firewall. It could be mounted in another convenient
location, but preferably not near the exhaust manifolds. Pre-
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vious tests had indicated that it was not necessary to mount
the package near the radiator or fan, thus simplifying in-
stallation.

The arrangement used for changing over from the con-
ventional ignition system to the transistor ignition, and wvice
versa, is shown in Fig. 1B. Tt would be advisable to consult
a wiring diagram for your particular car, This wiring setup is
for a 1960 Ford. However, these circuits do not vary too
much, Basically, the technique involves a plug-connector ar-
rangement between the automobile circuitry and the two
ignition systems. To operate in the conventional mode, con-
nect plug P1 to the automobile circuit connector SO1 and
plug the center high-voltage distributor lead into the con-
ventional ignition coil, To operate in the transistor ignition
mode, remove plug P1, then connect plug P2 from the tran-
sistorized system to connector SO1 and plug the center high-
voltage distributor lead into the transistor ignition coil. Note
that the conventional distributor capacitor has been removed
from inside the distributor housing and is permanently
mounted on, or as near as possible to, the conventional igni-
tion coil. The capacitor must be well-grounded.

. Adjustment

The only checks required are to see that no components
overheat and to recheck connections. The transistor will be
warm but should never be too hot to touch. Since the ballast
resistor dissipates 100 watts while operating, it mayv become
quite hot, but this is normal. The ignition coil primary current
should be 8 to 10 amperes with the engine running and dis-
tributor peint current should be less than 1 ampere. Spark
plug voltage can be visually checked to some extent by hold-
ing one plug wire connecltor near the engine surface while
changing engine speed. The spark should remain intense and
steady at all normal speeds. The frequency of the spark will,
of course, depend upon engine speed. Be careful of high-
voltage shock while performing this test. The ignition coil
input voltage will not be 12 volts while the engine is running,
due to the drop through the ballast resistor and becanse the
voltage is switching on and off. With a d.c. meter, the author’s
Ford showed a voltage of less than 2 volts, The meter just
simply cannot follow the switching time,

Some difficulty has been encountered while attempting
engine lune-up using electronie tune-up equipment, If this
problem is encountered, simply tune up the engine using the
conventional ignition system, then switch over to the tran-
sistorized ignition system, Final adjustment of the timing and
any hand touch-up of the carburetor can now be done. If the
Hming is advanced while operating on transistorized ignition,
be sure to réset il to conventional specifications if switching
back to that mode. In an emergency, though, short trips to a
service garage should not cause any trouble if the driver is
careful. Otherwise, engine overheating and wvalve damage
may result. Of course, the more advanced the timing, the
greater will be the risk of engine damage. The author has
made marks on the distributor adjusting mechanism on his
I'ord so that the timing could be reset roughly by hand until
a timing light could be made available. However, he has
never had to switch over to the conventional mode.

Lvaluation Test
Evaluat T

The car used in this test was a 1960 Ford “Fairlane 5007
with the 292 cubic inch V-8 engine, The engine was not
modified in any way, nor are there any power accessories on
the car, The car was purchased new and had been driven
about 20,000 miles before the start of the test. Automobile
break-in and driving habits had thus been established, The
author has been the only driver.

At the beginning of the test, the conventional ignition was
in operation. The engine was tuned up using new spark plugs,
points, and capacitor. The tune-up was made according to
factory specifications. The car was then driven for 30,000
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miles under varied conditions, including desert and snow
country, as well as the usual city traffic. Regular servicing was
performed as recommended. The same brand of gasoline was
used as much as possible, rated at hi-test, or 100-plus octane.

Referring to Fig. 2, it can be seen that at every 10,000
miles another tune-up was performed in which new spark
plugs, points, and capacitor were installed. The spark plugs
were very bad after 10,000 miles, which is longer than the
recommended usage. In most cases the plugs showed elec-
trode erosion so bad that cleaning and re-gapping would
have been uscless. The photograph of Fig, 3 shows a plug
in the conventional system (right) compared to a new plug
(left). The used plug shown wag the best one of the group.
In comparison, the plug in the center was run for 30,000
miles with transistor ignition, In the case of the plugs in the
conventional system, gap changes varied from about .010”
to .020” more than the original .035” settings. The electrodes
showed much oxidation and surfaces were burned unevenly,
The plugs also broke down under compression and load tests.

The distributor points were also badly oxidized and pitted
in the conventional system and were worn unevenly. In one
case the points were worn so badly that only about half of
the surface area was usable. This, of course, increases the
rate of wear on the remaining surface. One capacitor tested
still good but was replaced anyway.

Gasoline mileage averaged about 16.1 mpg, as shown in
Fig. 2, but note the decline as tune-up time drew nearer. As
compared to the transistorized ignition system curve, the
mileage fluctuations are greater and the average level is
somewhat less. This is a definite indication that a properly
maintained and operating ignition systern is a must if one is
lo realize greater economy and engine efficiency. The curve
for the transistorized system shows a definite improvement
over the conventional system as expected.

With the first phase of the test complete at 30,000 miles,
the engine was tuned up again usin g all new ignilion parts.
With the exception of the timing which was advanced 2°, the
same factory specifications were used in tune-up. The second
phase of the test, using transistorized ignition, was again
30,000 miles in duration. The same tvpe of driving conditions
existed and regular maintenance and servicing were per-
formed. Again, the same type of gasoline was used. All factors
remained the same except for the change in engine timing.

After the first 10,000 miles, the spark plugs were removed
and examined. Five plugs showed no electrode gap changes
while three plugs showed gap changes of only .001”. One
plug in the group was weak under compression tests but was
not replaced. All plugs still had sharp, flat electrode surfaces
and only negligible oxidation was seen as compared to the
previous plugs. All of the plugs were cleaned and placed back
into the engine, The distributor points were checked next
and no burning or pitting was seen. The surfaces were flat
and even. The points were placed back into the distributor
and reset to the original specifications, Incidentally, dwell
angle and timing had not changed during this time. The test
then continued for another 20,000 miles.

At the end of this second phase of the test (30,000 miles)
the spark plugs were again removed and checked. Seven
plugs had electrode gap changes of .002” to .004” and one
had changed .006”. All of the plugs passed the compression
tests, including the previously mentioned weak plug. All plug
electrode surfaces were flat with no uneven wear seen. Elec-
trode surfaces were also considerably cleaner than those plugs
used in Phase One of the test. This is of course due to the
hotter spark and more complete combustion, The plugs were
cleaned and re-gapped to .035” and placed back in the en gine
for continued endurance tests. A savings of the cost of two
sets of new plugs had already been realized and these plugs
will probably last 50,000 miles or longer. The distributor
points were again removed and checked. A slight amount of
surface wear was seen but was indicated to be mechanical
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Fig. 3. Plug at left is new and unused. Center plug has 30,000
miles on it in transistor ignition system. Note insignificant gap
change and even wear, Plug at right was used in’conventional
ignition system for only 10,000 miles. Note large gap change
and elecirode distortion. The plug was replaced with o new one.

rather than electrical wear, The surfaces were clean and free
from oxidation and pitting. The slight wear seen was even.
The distributor cam rubbing block was showing more wear
than the point surfaces, The engine timing had slipped back
about 1° during this test. The points were re-installed and
the timing reset to 2° advanced lor continued endurance tests.

With the transistorized ignition system no tune-ups were
needed during the entire 30,000 miles. Also, no tune-ups
have been performed although an additional 10,000 miles
has since been logged. Gasoline mileage has picked up to
between 1 and 2 mpg average, and has remained somewhat
steadier than before. Note that the upper curve does not
fluctuate as severely and that a higher average level is main-
tained, Several other advantages seen during Phase Two in-
clude improved performance, easier engine starting, better
acceleration, increased power for hill climbing and passing,
and smoother engine operation at highway driving speeds.
Over-all economy has increased as well,

Another interesting point is that with about 80,000 miles
now on the car, there are still no indications that it needs
an engine overhaul or major repairs. Perhaps this cannot be
associated with transistorized ignition but certainly the
higher efficiency and better fuel combustion gained will be
of benelit to the engine components. A cleaner burning en-
gine will also reduce valve wear and piston depaosits.

To conclude, while the transistorized ignition system began
as an experiment, the test data and results obtained were
proof enough that it was the system to use. The test car never
performed so well so consistently. Since the test proved that
previously made claims concerning transistorized ignition
svstems seem to be valid, the author’s system will remain in
continuous operation as an integral part of the car. As men-
tioned earlier, almost 40,000 miles have been driven with the
transistor ignition system and there have been no ignition
system failures or tune-ups since it was installed, The time
and effort involved in building and testing the unit have
certainly been worthwhile, A

Editor’s Note: The circuit discussed aboce is for ears with
12-volt negative-ground ignition systems. For 6-volt n egative-
ground systems, it would he necessary to reduce the value of
ballast resistor BRI to 0.25 ohm or less so that 8 to 10 amps
of primary ignition coil current flows, Also, the quick-start
relay RL1 should be a 6-volt type. Finally, it would probably
be preferable to use a 1:400 turns-ratio coil. For positive-
ground systems, all points shown grounded in the cireuit
should be lifted from ground and connected to the negative
battery lead. It is also necessary to insulate the breaker points
by use of special point-insulating kits available for some cars
at awto-supply dealers.
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By RICHARD HUMPHREY

Why hasn't the “new” v.h.f. maritime service found greater
acceptance? |In spite of the congestion in the 2-3 mc. m.f.
band, v.h.f. usage is low, although there are many advantages.

pean waters and as close to home as the St. Lawrence

Seaway, the v.h.f. Maritime frequencies are just as
unfamiliar to the general American boating public as they
were twenty vears ago,

According to its supporters, this 156-mc. band offers a
possible long-term solution to the congestion and interference
now existing on the present 2-3 me, marine band,

“The possibility of the v.h.f. Maritime Service to supple-
ment,” says an official Coast Guard spokesman, “and relieve
congestion in the 2-mc. band has been recognized for several
years.”

Why, then, hasn’t this “new” v.h.f, Maritime Service found
greater acceptance than it has? Do the disadvantages really
outweigh the advantages so much—and there are those who
claim they do—or is it merely a misconception or else a lack
of knowledge that accounts for the considerable lack of re'
sponse on the part of the general-boating public?

DESPITE its general usage on most vessels plying Euro-

The Common Complaints

Distance. By far the most common “complaint” leveled

against v.h.f. is “it won’t go as far as m.£.” This is where the
large majority of potential users of v.h.f. miss the point. It is
not supposed to go as far as the signals on the 2-3 me. band.
In fact, this is probably one of the major reasons why this par-
ticular frequency spectrum was chosen for this new service.

The “line-of-sight” behavior of these frequencies, the use
of FM emission, and vertical polarization, as required by the
FCC, combine to keep v.h.f. signals “in their own backyards.”

To the U.S. Coast Guard and the Federal Communications
Commission officials, this “compartmenting” or “pigeonhol-
ing” is the very idea of the v.h.f. marine band.

“For instance,” says Captain Charles Dorian, Chief of the
Coast Guard’s Communications Division, in speaking of the
Coast Guard’s use of v.h.f., “several units engaged in a distress
case may communicate on a common v.h.f-FM frequency
and not be interfered with by other units on this frequency
which are some distance away. This, of course, applies equally
well to a group of pleasure boats in a certain area.”

The use of FM enhances this effect. With signals confined
to a boater’s immediate area, as it would be on v.h.f., inter-
ference from hundreds of miles away {common on the present
m.f. band) would no longer be a problem.

Tust what is the distance potential of this line-of-sight,
vertically polarized v.h.t./I'M marine band? Coast Guard
authorities speak of its “reliable distance capacity of 20 to 30
miles.” The FCC position isn’t far from this. A good estimate
would be 30 miles, give or take 10 percent for surroundings
and condilions, .

There’s nobody on v.h.f. This is like buying a race-horse
and complaining because it runs too fast, Still, it is a frequent
complaint, In comparison with the 2-3 mc. frequencies, the

v.h.t, band is bare but this doesn’t mean it is a “wasteland” |

because numerically the units in use run into the thousands in
the New York area alone, The difference is that there is more
monitoring than transmitting on v.h.f. This is a practice, you
will agree, that is noticeably lacking on the 2-3 mec. band.

It is too expensive. This is a valid point...to a point,
Prices do run higher than comparable m.f. transceivers. Re- |
member that a marine radiophone is a safety device, not a |
hobby or a diversion or a “party line.” Money “saved” by
buying a medium-frequency rig that is not able to get the |
message through is hardly a wise investment.

Available Equipment

The wide choice of gear, such as is the case with m.f.
equipment, just does not exist, This is, unfortunately, par- |
ticularly true of units designed for the recreation-boating |
field. At the present writing, only four (there may be more) |
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units have come to the author’s attention. “Veterans” are the
“Clipper” radiophones by Canadian Marconi {represented in
USA by Kaar Electronics Corp.) and the “Sea Line” of
Aeronautical Electronics (Aerotron),

The “Clipper” is a 5-channel, 25-watt-output rig with a
double-conversion receiver. Tt comes powered either by a.c.
or 12-volt d.c. Aerotron’s “Sea Line” is 4-channel, has a 35-
watt output, and also features a double-conversion receiver.
It, too, is available in a.c. or 12-volt d.c. versions.

Latest entry into the v.h.f. field is Hartman Marine Elec-
tronic Corporation’s “Hurricane” v.h.f./I'M marine trans-
ceiver, The “Hurricane” will have 5 channels, and an output
in the 15-watt or belter class.

Also new is the Konigsherg “Konel” KR-53V. With 10
channels and a 50-watt output, it is just as exciting as the
Hartman. The price of the “Konel” is rumored to be in the
“low 8500 class.” These particular two new v.h.f, marine
transceivers will undoubtedly be much in evidence at up-
coming boat shows.

In addition to these, Communications Company (C 0meo)
of Coral Gables, Florida has a 25-watter on the drawing
board which will be fully transistorized—even the transmitter.
This, they say, will be designed for the popular-boating mar-
ket. )

On the commercial side, things are brighter, Comeo’s com-
mercial units, for example, come in 11-; 8-, and 2-channel
models. You can have continuous monitoring of one, two, or
even three channels if so desired. A nice feature which per-
mits a watch on 156.8-me. (calling and Coast Guard guarded )
or some other channel or channels is of special interest.

You will find this watch-frequency provision an integral
part of most commercially oriented transceivers, RCA has it
on its 16-channel, 50-watt-output model as well as on its
32-channel equipment,

Raytheon is represented by a 31-channel rig with a 20-watt
output. According to reports from the company, a “watchful
eye” is being kept on the development of the v.h.f. marine
- band and when the pleasure-boat market materializes, the
company will have equipment available.

Canadian Marconi, mentioned earlier, is also in the com-
mereial field with 12-channel and 6-channel models, Marconi
has numerous outlets (through Kaar) in the United States
and is fully set up for servicing this equipment.

General Electric will modify its “Progress Line” to wide-
band ({the =15 ke. required on the v.h.f. marine band) I'M
and provide four channels, G-E is one of the major suppliers
of hand-held units to the various pilot’s associations in the
country., As for an out-and-out v.h.£/FM multi-channel
marine transceiver, though, G-F does not presently have
one, .

Hammartund and Motorola (along with Comeo) supply
the Coast Guard with v.h.f. marine gear but their reactions
to the author’s inquiries would seem to indicate only limited
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interest in v.h.f. marine—commercial or otherwise—at this
time,

Actually, the major differences between “popular” and
“commercial” gear is one of price, size (sometimes), and
voltages. You will find 24- and 32-volt rigs available in most
commercial lines, along with 12-volt d.c. and 117-volt a.c.
models. If vour purse is up to it and vour boat can accommo-
date the extra size of some of the commercial equipment, one
of these rigs might be suitable for you.

Note that output powers of both types of gear are in what
might be called the “low-power” class. The big powerhouses
(such as are found in m.[.) are not needed for the coverage
involved in v.h.f. This means less battery drain.

Present 2-3 me. antennas, with notable exceptions, are of
the loaded whip variety. This means fairly low antenna ef-
liciency. In the 156-mc. band, however, a full-size, quarter-
wave whip is less than 20 inches long, This is quite a dif-
ference. .

Of even greater interest are the various “gain” antennas
being used more and more in v.h.f. Up to 10.5 db gain is
claimed by some manufacturers and the antennas are no
longer than some types used on present m.f. installations.

Methods used in achieving this gain are many. For ex-
ample, Communications Products uses a colinear approach.
Such an antenna radiates at right angles to the line of the
array (vertical) and signal gain increases with the number
of elements involved,

Other companies achieve gain in this and in other ways.
Some of these firms are GAM Electronics, White, and Prode-
lin,

Probably the biggest difference you will notice when vou
compare the two marine bands is the increased number of
intership channels available on v.h.[,

On the present 2-3 me. bands are 2638 and 2738 ke. (2003
is substituted for the latter in the Great Lakes area and 2830
ke. in Gulf waters). With 2182 (international calling &
distress) and the Marine Operator channels, that is just
about it for the 2-3 mc. band.

But no less than twelve ship-to-ship and sixteen ship-to-
shore frequencies are authorized by the FCC in the v.h.f./T'M
maritime band (Table 1). This isn’t quite as good as it
sounds, though. Outside of 156.3 and 156.4 (intership only};
157 (ship-to-coast only); and the five ship-to-shore Public
Correspondence . channels—the remaining frequencies are
dual purpose. Both ship-to-ship and ship-to-shore traffic are
anthorized.

What it amounts to is this: The general boating public will
be using, for ship-to-ship traffic, the same channels the com-
mercial people are using for their business. There are ex-
ceptions which we will go into later. Transmissions by the
cominercial users are brief, to-the-point. This is a decided re-
lief from the “party-boat kaffee klatches™ on the m.f. band.

Channels TA through 11 are used for “business and opera-

(Left) Canadian Marconi's ““Clipper’’ transceiver is shown mounted on a
small boat. (Center] Aerotron *“‘Sea Line," used by commercial and pleas-
ure hoaters, has a 35-watt power output. (Right) Dwarfed by its m.f.
brothers, this Hammarlund v.h.f. unit is aboard C.G. Cutter “Tamaroa.’
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Honal” traffic as are 18A and 19A. (In Section 83.6(i}) of
the FCC Rules and Regulations, business communications are
defined as “radiocommunication pertaining to economic, com-
mercial, or governmental -matters related directly to the
purposes for which the ship is being used.”)

Section 83.6(h) FCC R&R tells us that operational com-
munications are those “concerning the navigation, movement,
or management of a ship or ships.” (Incidentally, “ship” is
defined in Section 83.2(n) of the regulations as “every de-
scription of watercraft or other artificial contrivance, except
aireraft, used or capable of being used as a means of trans-
portation on water, whether or not it is actually afloat.”)

Channels 12, 14, and 20 are restricted to “port operations.”
(Section 83.6(j) of the regulations describes port operations
as “communications in or near a port, or in locks or water-
ways, between coast stations and ship stations, or between
ship stations, in which messages are restricted to those re-
lating to the movement and safety of ships and, in emergency,
to the safety of persons.”)

We are now left with 156.8 mc. (channel 16) which is the
v.h.f. counterpart of 2182; and channel 13, the so-called
“bridge-to-bridge” frequency. Referring again to Table 1, we
see that channel 13 (156.65 mec.) may be used for business
and operational traffic only in the Great Lakes area. Else-
where, communications must be navigational in essence. Why
the “bridge-to-bridge” terminology? It has two meanings; one
to the commercial operator and the other to pleasure-craft
skippers. :

This is the frequency used by the pilots engaged in herding
their giant charges in and out of port areas and to them the
term “bridge-to-bridge” means “ship bridge-to-ship bridge.”
Of proven worth in Philadelphia, Savannah, New York, Balti-
more, and other areas, this frequency may well become man-
datory on most commercial vessels. In fact, a Coast Guard-
FCC Committee has been seriously studying such a move for
some time, In a recent article (“Proceedings of the Merchant
Marine Council,” April, 1965), Captain Wm. G. TFoster,
USCQG, had this to say:

“The Coast Guard FCC Committee will prepare proposed
legislation and appropriate proposed regulations, The two
will be combined in a package that will be mailed to all inter-
ested organizations and groups for comments. After a reason-
able period for receipt of comments, the proposals will be re-
vised as indicated and then proposed legislation will be pre-
sented to Congress.”

On the other hand, to the pleasure-boating public 156.65
me. would be the “boat bridge-to-bridge and lock-tender”
channel. It would enable the recreation-craft owner to talk
directly to bridge and lock tenders and for those who do a lot
of canal-hopping or have a bridge problem, it will certainly be

also reverts to

[Leftl Control head for Raytheon v.h.f.
gear is simple and compact. (Center)
One of RCA Radiomarine's units which
covers 28 v.h.f. channels and automat-
ically reverts to 156.8 mc. after use,
{Right) Designed by Comco for Coast
Guard use, the 28-channel v.h.f. unit
156.8 mc. when the
handset used is replaced into its cradle.

of considerable use and save a lot of tooting and temper.

Another channel which the pleasure boater will find of in-
terest is 156.45 me. (channel 9). Section 81.351(5)(b) of
the FCC R&R authorizes a limited coast station for “a person
controlling public moorage facilities and otherwise serving
the needs of vessels, or to a vacht club having moorage facil-
ities.” This means direct contact between the skipper and his
vacht club or marina provided, of course, the club or marina
has a shore station.

Of the 16 ship-to-shore channels authorized for ship sta-
tions, five are available for public correspondence {marine
operator) use. Of these five, two are in use at the present
time. Checking Table 1 we see there are 15 authorized oper-
ating channels on v.h.f.

The v.h.f. marine band also has some advantages that are
purely constructional or, more accurately, “installational” in
nature. First, the use of FM will eliminate irritating engine
noise interference to a great extent, Those of you who have
gone through the time-consuming and sometimes expensive
job of tracking down “that infernal racket that’s interfering
with reception” know that this is a blessing. FM will also
give more life-like clarity to received signals.

Another thing, at these frequencies vou will find that that
big, expensive chunk of metul, the ground plate, is not nec-
essary for the radio gear. Although there may be a difference
of opinion on this point, the author believes there is no ad-
vantage in using one on v.h.f. Neither is it required as far
as the FCC is concerned. Section 83.107(c), (1) and (2)
applies only to frequencies below 25 mc.

Add to this the fact that v.h.f./FM marine gear is, with
a few exceptions in commercial rigs, usually much smaller
physically than m.f. equipment and you have an attractive
picture facing you when you make your installation. Don’t
forget a first or second class FCC licensee must do the final
alignment.

With the Coast Guard in the lead-off spot and the FCC
batting clean-up, the v.h.f./I'M marine service has a lot of
support. The commercial shipping interests are making effec-
tive use of it, Perhaps the general boating public will soon
abandon the present frequencies in collective disgust at the
congestion and flee to v.h.l. The Coast Guard and the FCC
both seem to hope so.

“The Coast Guard presently is equipped to handle foresee-
able communication activity on v..f./FM,” said Rear Ad-
miral I. J. Stephens, Commander of the 3rd Coast Guard
District when the author asked him his views, “and we en-
courage the boating public to make the shift to v.h.f./FM.”

The v.h.f. band is there ready and waiting and you could
find it is your licket to an effective, interference-free com-
munications tool in vour immediate cruising area. A
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... THE ONLY COMPLETE GUIDE FOR SERVICEMEN AND HOBBYISTS *
TO EVERY MAJOR PHASE OF CONSUMER ELECTRONICS SERVICING!

For the progressive serviceman who wants to find out

how to service better and faster . . . how to expand his
business by handling a wider variety of electronics
equipment —

For the “do-it-yourself” hobbyist who wants Lo save
hundreds of dollars by installing and repairing his
own equipment —

The 1966 ELECTRONICS INSTALLATION &
SERVICING HANDBOOK has arrived! The only
comprehensive and authoritative guide to every major
phase of consumer electronies servicing. There’s noth-
ing like it anywhere!

A handy, on-the-beneh reference volume containing
128 pages—over 150 illustrations, charts and tables—.
on how to spet, analyze and correct trouble . .. quickly,
efficiently and economically!

GET THE EXQUISITE
LEATHERFLEX-BOUND EDITION

for just $3 POSTPAID!

The 1966 ELECTRONICS IN-
STALLATION & SERVICING
HANDBOOK is also available

in an attractive, gold-embossed,
Leatherflex-bound edition — =

! 1966

| ELEcTRomics ]Il
L insTaLLaTIoN [N
| & SERVICING ||
| HANDBOOK

superb addition to your library of permanent reference
books. This deluxe volume will be mailed to your home
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Hundreds of money-saving techniques and shorteuts.
Every up-to-date method and procedure. All in easy-
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You’d have to purchase several expensive manuals to
equal this kind of ineisive, all-inclusive coverage. But
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Many conditions can produce wrong s.w.r. readings, but
the position of the meter in the line is not one of them.

SW.R. FACTS AND FALLACIES

UDDENLY Barney hurled the magazine he had been
reading during his lunch hour clear across the service
shop. “1 just can’t take another sloppy, inaccurate ex-

planation of s.w.r. measurement,” he explained to Mac, his
employver, “That guy solemnly writes that while you can in-
sert an s.w.r. meter in a flat line anywhere and get a correct
reading, on a mismatched line the s.w.r. meter will give
different readings at different points hecause of current and
voltage nodes existing on the line. He goes on to say that to
measure s.w.r. accurately on such a line the meter has to be
inserted a qguarter-wave from the feed point of the antenna
or an even multiple of half-waves from it.”

“You don’t agreer”

“Certainly not! He's saying the s.w.r. indication is a func-
tion of the voltage or current of the static standing wave on
the line at the point where the meter is inserted. That’s not
so. An s.w.r. meter operates by measuring and comparing the
forward and reflected waves traveling up and down the line,
and the respective voltage and current of these two waves
have the same magnitude at every point along the line when
line loss is ignored. A carefully constructed, properly cali-
brated s.w.r. meter will give virtually the same reading wher-
ever it is inserted in a low-loss line whose impedance is equal
to that for which the meter is calibrated.”

“This subject seems to have vou really turned on,” Mac
observed. “Want to give stupid old me a little lecture?”

“Remember, vou twisted my arm!” Barney warned. “You
know every cycle of power delivered by a transmitter to the
end of a feedline sends a wave of voltage and in-phase cur-
rent traveling up the line to the antenna. If the antenna is
resonant so that it looks like a pure resistance, and if the
ohmic value of that resistance is exactly equal to the surge
impedance ol the feedline, all of the power of the incident
wave is absorbed by the antenna, and the incident wave train
is the only one present on the feedline, There are no reflected
waves and no standing waves,

“But if the ohmic value isn’t equal to the surge impedance
of the line, or if the antenna load contains a reactive com-
ponent that does not absorb power, all of the power of the
incident wave is not absorbed by the antenna. A reflected
wave consisting of a voltage wave and a 180° out-of-phase
current is generated and starts traveling down the line toward
the transmitter. Some writers speak of this wave as ‘reflected
power,” but I'm not sure this is a happy choeice of words. Since
the voltage and current are 180° out of phase, it has a nega-
tive power factor, and I'm not sure what negative power is.
On top of that, if you insist that reflected power is real power,
you are put in the embarrassing position of having to explain
what happens to this ‘power’ when it is fed back into the
transmitter! '

“Anyway, voltages and currents of opposite-going wave
trains combine algebraically to produce a resultant “standing
wave on the line. At a particular point on the line, the phase
of the incident and reflected voltage waves meeting at that
point may be in phase so that their resultant is equal to their
sum, A guarter wavelength away the voltages will be ol op-
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posite phase, and their resultant becomes their difference.
Between these extremes lie intermediate values of standing-
wave voltage. On a flat line, voltage or current measured al
all points is the same, but when a standing wave is present
it will be found that the voltage and current go through regu-
larly spaced maxima (loops) and minima {nodes) as measur-
ing instruments are moved up and down the line, The distance
from loop to loop or node to node is a half wavelength of the
line. .

“The voltage-standing-wave ratio, v.s.w.r, or simply s.w.r.,
on a line is defined as the ratio of the maximum voltage to
the minimum voltage found on the line. Very important is the
fact that this turns out to be the ratio between the surge im-
pedance of the line and the ohmic value of a resistor used as
a load, For example, if a 50-ohm line is terminated in a 25-
ohm resistor, the s.w.r. is 50/23 or 2/1. It is also 2/1 if the
load resistor is 100 ohms (100/50) because the larger num-
ber is always placed in the numerator and both parts of the
fraction are divided by the denominator so that you end up
with a ‘something-to-one” ratio. In either case, it will be found
that the largest voltage on the line is twice the smallest volt-
age and, incidentally, that the largest current is twice the
smallest current.

“This brings us to an important benefit of s.w.r. measure-
ment: it provides information as to the amount of mismatch
between the line and the load without actually measuring
the load.”

“Hold on. You say s.w.r. is determined by the loop/node
ratio of voltage or current on the line, and you say a loop
and a node are separated from each other by a quarter wave-
length of line; vet you take exception to the writer's saying
the s.w.r. meter gives different readings at different points
on the line. How can vou determine maxima or minima unless
your measuring instrument moves up and down the line?”

“I was hoping you'd ask, Remember, maximum voltage is
produced by adding incident and reflected voltage, and mini-
mum voltage results from subtracting reflected from incident
voltage. If we call incident voltage V,; and reflected voltage
V,, the s.w.r. becomes (V;-V )/ (V;—V,). To determine
the s,w.r. on a line all we need is a gadget we can insert in
the line to measure separately the incident components and
the reflected components as the waves whiz past.

“The s.w.r. meters of the Micromatch or Monimatch tyvpes
do this by taking advantage of the fact that voltage and cur-
rent are in phase in the incident wave and opposite in phase
in the reflected wave. A small voltage derived from the current
in the line is combined with a sample of voltage from across
the line. If the two voltages have the right amplitude relation-
ship, the out-of-phase reflected components cancel and a
voltmeter reads only the sum of the in-phase incident com-
ponents. By reversing the phase of the current sample 180°,
the forward components are made to cancel and the meter
reads the sum of the reflected components, Neat, huh?”

“Very neat! And I think I see why the meter even does the
necessary computing, If we adjust the sensitivity so that the
incident wave produces a [ull-scale reading on our meter,
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. shielded so that r.f. is confined to the !

we can assign a value of 1" to this. Now |

it the reflected components produce a
halt-scale reading of .5, the s.w.r. by the
formula becomes (1 + .5)}/(1—.3) or
[.5/.53, or 3/1. The reflected scale can
be marked off directly in s.w.r. making
all pencil work or graph reading unneces-
sury. Why do you suppose misconcep-
tions and fallacies about using the s.w.r.
meter creep into print?”

“Partly because careless writers try to
explain the subject without understand-
ing it themselves. They simply repeat
some over-simplified, fallacious descrip-
tion and probably add a few mistakes of
their own, T'm reminded of Mark Twains
comment that the difference between a

cat and a lie is that the cat has onlv nine |
lives. Some cockeved ideas about s.w.r.
have been knocking around for vears.

“Another reason is that some writers
draw their conclusions from their own
experiments without taking into account
possible sources of error. Many things
can cause an s.w.r. meter to give a wrong
indication, First, the meter must be care-
fully constructed, fully shielded, and
calibrated so that it nulls only with a
resistive load equal to the surge imped-
ance of the line with which it is to be
used. The signal passing through the
meter must be relatively free from har-
monics, The transmitter must be well

inside of the transmitter, the coax line,
and the meter itself,

“Another common source of error is to
accept the nominal value of a coax line
as the true value of its surge impedance.
Remember that a line repeats the load
impedance—with only a phase reversal—
every half-wave you move away from the
load. In other words, if a 32-ohin line is
terminated in a 50-ohm vesistor, the im-
pedance as secen a half-wave from the
load would be 50-0hms resistive, and an
sw.r, meter calibrated for 50 ohms |
would indicate 1/1 s.w.r. if inserted at
that point, even though the true s.w.r, is
1.04/1. Moving the meter away from
that point would produce some other
s.w.r, indication. The meter is made to
lie because it is used in a line for which
it is not calibrated. An impedance bridge

“Do you have
any problems with
mast-lighting?”’

““Not with my
i Ayqgain
DUO-BEAM.”

For vears, the biggest fult found with any beam antenna for CB has been energy rob-
hing muast-lighting. Now, with new Duo-Boenms [rom Fy-Gain, mast-lighting is a thing of
the past.just ask the man who owns one. As vou know, mast-lichting comes from o con-
ventional CB beam being installed so elose to the supporting mast that eneroy radiated
by the antenna iz absorbed, distorted and re-radiated by the mast in patterns that vastly
reduce the efficieney of the antenna, How do Hy-Gain Duo-Beams overcome the problem?
With Duo-Beams, the eross hoom supporting the antennus at either end removes the
antennas B enough from the supporting mast to eliminate any poszibility of energy
reaching the mast, And, with Duo-Beams, {here's a mecond bonus, As o stacked areay of
twoidentical beams that are properly phased and spaced, Duo-Beams multiply the amount.
of vadiated power attainable with o single beam. Multiplied power. . no cneruy robbing
mast-liehting.two Big rensons Hy-Gain can unconditionally guarantee new Duo-Beams
will deliver meore “Talk Power” than any ather antenna built for CR.
ter chonse from;

Duo-Beam 10 - Delivers 120 Watts “Talk Power”.................. . $99.95 Net

Duo-Beam 6 —Delivers 93 Watts “Talk Power” ................. ... $69.95 Net

Duo-Beam 4 —Delivers 42 Watts “Talk Power”™ ................... . $39.95 Net
Incidentadly, all Duo-Beams aee rotutable to give pin-point aceuriey in divecting greater
“lalk Power™ over all 360 degrees of the compuss,

Three models

Duo-Beams are available now through your Hy-Gain representative, or write . , .

HY-GAIN ELECTRONICS CORPORATION
8472 N.E. Highway 6—Lincoln, Nebraska 68501
CIRCLE NO. 80 ON READER SERVICE CARD

inserted in a lossless line at a half-wave
point will indicate the impedance of the
load, and maybe that’s why some fellows
think an s.w.r, meter must be inserted
there, too, to get a true reading,

“Poor coupler “directivity’ is a com-
mon cause of incorrect s.w.r. readings.
This is the characteristic by which the
coupler discriminates between opposite
directions of ‘power” flow, Ideally, when
the meter is measuring reflected com-
ponents, the incident components com-
pletely cancel each other so that no
incident power is coupled from the line.
Practically, if the incident power coupled
out when reading reflected ‘power is less
than 1/10,000 the incident power

(Continued on page 58)
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How To Have Fun While You Save..

.. In This Vast Heathkit Selection!

Something For Everyone .

e e,

Kit GR-43

159"

New Heathkit 10-Band Transistor Portable!

10 bands tune Longwave, Standard Broadcast, FM and 2-22.5 mc
Shortwave. 16 transistors, 6 diodes, and 44 factory assembled and
pretuned circuits. Two separate AM & FM tuners and 1F strips.
FM tuner & IF strip are same components used in deluxe Heathkit
FM stereo gear. 2 built-in antennas. Batlery saver switch cuts
current drain up to 35%. Rotating tuning dial. Dial light. 4
simple controls for tuning, volume, lone, AFC and band switch-
ing. 4” x 6” PM speaker. Earphone & built-in jack. Optional 117
v. AC converter /battery charger available @ $6.95. Time zone map

$8995

Assembled GWW-14

512495

Mew 23-Channel, 5-Watt, Transistor CB Transceiver!

Your best 23channel CB buy—har none! Compare! 23 crystal-
controlled transmil & receive channels for the utmost reliability

. at lowest cost. All-transister circuit for instant operation, low
battery drain . . . only .75 A transmit, .12 A receive. Compact . . .
3P H x 77 W x 1047 D . .. ideal for car, boat, and 12 v, neg. gnd.
mobile use. ¥ uv sensitivity for 10 db signal plus noise-to-noise
ratio. Includes “S" meter, adjustable squelch, automatic noise
limiter, built-in speaker, cerumic PTT mike, gimbal mounting
bracket, aluminum cabinet with die-cast chrome-plated front
panel, § Ibs. Kit GWA-14-1, oplional power supply Tor AC opera-
tion, 5 Ibs.. . 51495, GWA-14-2, complete 23 channel crystal pack-
age (46 CB crystals)—8135.70 value. conly 57995

& “listener’s guide.” Man size: 1314" W x 514" D x 103" H. 17 Ihs.

Kit GR-64

$3795

Enjoy World-Wide Listening With This
Low-Cost Shortwave Receiver!

Hear live broadcasts from hundreds of foreign countries, Voice of
America, Radio Moscow, hams, ship-to-shore radio, weather and
popular AM. Covers 550 kc to 30 me—includes AN plus 3 short-
wave bands; 3 speaker; bandspread tuning; signal strength indi-
cator: 7¢ sliderule dial; BFO; 4-tube circuit plus 2 rectifiers; noise
limiter; external antenna connectors; gray aluminum cabinet; AM
antenna; 15 Ihs,

Kit SB-100

$3BUUH

New DelLuxe 5-Band SSB Ham Transceiver

Full SSB-CW transceive operation on 80-10 meters. 180 walls
PEP SSB—170 watts CW. Switch select for USB/LSB/CW opera-
tion. Operates PTT and VOX: VOX operated CW with built-in
sidetone. Triple Action Level Control ™™ allows greater variation
in speech level. Heath SB scries Linecar Master Oscillator {(LMO)
for true linear tuning. Mobile or fixed operation with appropriate
power supply. 23 1bs. Accessory mobile mount, SBA-100-1 $14.95.

New Deluxe Shortwave Radio

Compare it to sets costing $150 and more! 5 bands
cover 200-400 ke, AM, and 2-30 mc. Tuned RF
stage, crystal filter for greater selectivity, 2 detec-
tors for AM and SSB, tuning meter, bandspread
tuning, code practice monitor, automatic noise lim-
iter, automatic volume control, antenna trimmer,
built-in 4” x 6” speaker, headnhone jack, gray metal
cabinet, and free SWL antenna. 25 Ibs.
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New Heathkit Soli[l-St;dte Electronic Keyer

All solid-state circuitry. Speed range—15 to 60 words per minute.
Solid-state switching—no relays to stick or clatter. Adaptable to
gither right or left handed operators. Convertible to semi-automatic
operation. Variable dol-space ratio. Self-completing dashes. Sealed
switches on paddle—no exposed contacts to clean or adjust. Built-
in paddle—"feel” is adjustable to your fist during assembly. “Hold™

switch for transmitter tuning. Transformer-operated power supply
i isolates keyer from line power. Fused for protection. 6 lbs.

ELECTRONICS WORLD




...Build A Heathkit'!

Now Choose From 2 Heathkit® Transistor Stereo Receivers!

New 30-Watt Transistor FM Stereo Receiver . e
Less Than $100!

Features 31 transistors, 11 diodes for cool, natural 66-Watt Transistor AM/FM Stereo Receiver
transistor sound; 20 watts RMS, 30 watts IHF music

power @ 21 db, 15 to 60,000 cps; wideband FM /FM Kit AR-14 Just add 2 speakers for a complete stereo system. .

stereo tuner plus two preamplifiers & two power $ 95 Boasts AM/FM/FM Stereo tuning; 46-transistor, Kit AR-13A
amplifiers; front panel stereo headphone jack: com- I7-diode circuit for cool, instant operation and nat- Now Only
pact 37" H x 1534” W x 12” D size. Assembles in y ural transistor sound; 66 watls THF music power (40 $ [m
20 hours or less, Custom mount it in a wall, or (less cabinet) waits RMS) at =1 db from 15 to 30,000 cps; auto- ]84
optional Heath cabinets (walnut $9.95, beige metal matic switching to stereo; preassembled & aligned

$3.95) 16 lbs. “front-end”™ & AM-FM IF strip: walnut cab. 35 Ibs,

Best Hi-Fi News Of 66 . . . New Low-Cost Transistor Stereo Twins!

- New Transistor FM/FM Stereo Tuner Matching 30-Watt Transistor Stereo Amplifier

Heath's casiest to build stereo/hi-fi kit . . . takes Assembles in 10 hours or less! 17 transistors, 6
cmlyji to 6 hours! 14 transistor, 5 diode circuit for Kit AJ-14 diodes. 20 watts RMS, 30 watts IHF music power .
cool instant operation, transparent transistor sound, @ =1 db, 15 to 60,000 cps. No audio transformers Kit AA-14
Phase control assures best stereo performance. 3 $ 95 - . . assures minimum phase shift, extended response, $ 95
transistor “front-end” plus 4-stage IF section. Fil- lower distortion. Solid-state power supply plus elec-
tered outputs for direct sterco recording. Automatic 1 tronic filter for regulation within 10%. Accommo-
stereo indicator light. Preassembled & aligned {less cabinet) dates phono, tuner, auxiliary . .. 4, 8, 16 ohm speaker  (less cahinet)
“front-end.” Install in a wall or either Heath cabinet impedances. Lighted panel. Installs in wall, or Heath
(walnut §7.95, beige metal $3.50). 6 Ibs. cabinets (walnut $7.95, metal $3.50). 10 lbs,
T e e e e ——— Buy Now—Use This Order Blank—————————
|' :
: Heath Company, Dept. 15-1
N E W . Benton Harbor, Michigan 49023 : I E T EATEIEIT?®
[] Please send FREE Heathkit Catalog
19 66 C ATA L 0 ( ; ' Model Description Weight Price
| L]
| : : i
HEATHKIT 1966
| @ Free! 108 pages ... many
| in full color . .. describe 3 : : e
I these and over 250 easy- . .
| to-build Heathkits. Save A
| up to 50%. Mail coupon  (Please Print}
I for your free copy. AderessEit bk RN e ol e KR e S e el o
| City__ _State. Zip -
l SHIP V1A
L] Parcel Post [ Express Collect [J Freight [J 20%" Included, C.0.D0. [] Best Way

i All prices & specifications subject to change without notice. cL-232
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VALUABLE books from E.&E.

great “how-to-build’ data in the famous

RADIO HANDBOOK Uﬂth Ed)

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete, 816 pages.
Order No. 166, only...... iy b e e

RADIOTELEPHONE LICENSE MANUAL

Helps you prepare for all commer-
cial radiotelephone operator’s
license exams. Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-
license. 200 pp. Order No.030,0nfy $5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, WETNS, Lester
A, Earnshaw, ZL1AAX. Cavers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, S5B exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, only....oovieiinnnnnn.. ..$5.00

Order from your electronic parts
distributor or send coupon below.

EDITORS and ENGINEERS, Ltd. jml

I P.O. Box 68003, New Avgusta, Indiana, Dept. EWE-T]
1 Ship me the following books:
| [ Mo. 166 [J Ne. 030 [ No.044 3§

RUTEADIERERE

tor's

TRMSISTA
RATI HIMEBOH

| Name

| Address

{ Clty
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coupled in the forward position, meter
readings will closely approximate brue
s.w.r, However, if this [raction is in-
creased to 171000, a true s.w.r. of 2.5
may read between 1.8 and 3.5. An indi-
ation of a coupler with poor directivity
is that it will give different readings when
moved up and down a quarter wave-
length of line!

| “Another cause of error occurs when
the outside of the coax is not actually at
ground potential at the load, such as
occurs when coax is used to feed a dipole
antenna. Under such circumstances, the
outside of the coax becomes part of the
load seen by the inside of the cable so
that changing the cable length actually
changes the load and produces incorrect
s.w.r. indications.

“Finally, it is true that an s.w.r, read-
ing taken at the bottom of any feedline
cannot be completely accurate, Atfenu-
ation of the reflected components by the
line loss make such an s.w.or. reading
lower than would be found right at the
load, The amount of this error depends
on the line loss without a standing wave
plus a proportion of this original loss pro-
duced by the s.w.r. The standing wave
inereases both the maximum current and
voltage on the line—they are doubled
when the s.w.r. is 4/1—and this contrib-
utes the additional loss. On a line that
has a B6-db loss when flat with a 4/1
s.w.r. at the load, the additional loss con-
tributed by the s.w.r, would be about
1.7 db, and an s.w.r. meter at the end
of the line would indicate only about
1.35/1 instead of 4/1. Fortunatelv, not
many lines have that much loss, nor are
they operated with that high an s.w.r;
so the s.w.r. reading at the transmitter
is much closer to that at the load. But it
should be realized thal the s.w.r, reading
decreases gradually as the meter is
moved down the line from the load. This
change, however, is a gradual one and
has nothing to do with s.w.r. loops or

taken along a line on a Smith chart, you
would come up with a spiral instead of
the circle that ordinarily depicts the
s.w.r. on a lossless line.”

“\-Ve ve got to get to work,” Mac inter-
rupted, “but let me see if T have digested
what you have been saving, The position
of an s.w.r. meter in a line with regard
to the loops or nodes of the standing
wave has nothing to do with the reading.
If the meter and the line are what they
should be, virtually the same s.w.r, read-
ing will be indicated wherever the meter
is inserted along, say, a quarter-wave-
length of low-loss line. However, the
sow.r. reading does decrease from the
true reading at the load as the meter is
moved down the line. This is a function
of the line loss. In fact, in a perfect setup,
this line loss is the only factor that causes
s.w.r. reading to change with regard to
the meter’s position in the line.

“However several other conditions can

nodes. If you plotted the s.w.r, readings,

produce wrong s.w.r. readings and make
it seem that the reading depends on
where the coupler is inserted in the line.
Among these are harmonics in the trans-
mitter output, poor shielding of transmit-
ter or coupler, an improperly constructed
and calibrated coupler with poor direc-
tivity, a coax line with an impedance
dilferent from that for which the coupler
is designed, or attempted measurement
of s.w.r. on a coax line feeding a dipole
anlenna.”

“That’s the meat of the matter, but
I'm sure you know we've barely
scratched the surface of sw.r, and trans-
mission-line theory. Believe me, it’s not
simple; and even the experts do not agree
on precisely what takes place along a
transmission line and inside an s.wor.
meter. Some insist that the entire idea
of reflected waves of current and voltage
creating, standing waves on the line is a
convenjent fiction similar to ‘hole cur-
rents’ in explaining transistor action. But
it is a broadly accepted concept that per-
mits explanation of practically all trans-
mission-line behavior, and I intend to
use it until someone comes up with a
whole lot better non-mathematical ex-
planation.” A

INSTANT-ON s
WITH TRANSFORMERS

NSTANT-on a.c./d.c. sets use a diode
in series with the filament string so
that even when the set is turned off, the
filaments are kept at a warm temperature
thus reducing initial high current surges
and metal fatigue within the tubes. In
some of its latest TV sets, Westinghouse
is applying the instant-on technique to
the transformer-powered TV sets. In this
rase, a diode cannot be used in series with
the transformer to reduce the primary
voltage, as the d.c. component produced
by the diode is incompatible with the
transformer. Westinghouse has worked
out an ingenious scheme for circumvent-
ing the problem.

The ecircuit shows circuit operation.
When the two-pole power swilch is open,
reactor L1 is in series with the trans-
former primary and the eenter tap of
the high-voltage secondary is open. The
reactor presents an impedance to the 60-
eps line current and reduces the applied
voltage to about one-half. The filaments
are kept in a standby condition, while the
“B L is turned off.

When the power switch is turned on,
the reactor is shorted and the secondary
center tap is completed.

RECT.
FIL,

RECT
PLATE

HTWACL

RECT. PLATE
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Most People Build Heathkit” Test Gear .

Either Way, These 10 Are Best Buys

RF Signal Generator . . . Countless
Applications In Radio & TV Servicing!
Covers 100 kc to 220 me in 6 bands; large
accurately calibrated dial scales; modulated
or unmodulated RF output; 400 cps signal
for audio tests. 6 |bs.

Kt IG102 5o snmnsn winasnai 39795
Assembled IGW-102,............ $54.95

Switch-Selected Audio Frequency Gen-
erator. Produces necar-perfect sine waves;
switch-selected output frequencies—10 cps
to 100 kcs; less than 0.1 of 1% distortion—
20-20,000 cps; calibrated in volts & db;

accuracy within = 5%. 8 Ibs.

o (e —— $41.95
Assembled IGW.72.............. $64.95
([© Deluxe Capacitor Checker . . . A Direct-

Reading Bridge. Tests all capacitor types;
low-bridge voltage for testing .miniature
clectrolytics; 16 leakage test voltages; direct
reading scale measures resistance from 5
ohms to 50 megohms; measures 10 uuf to
1000 mfd, L, C, or R. 9 lbs.

Kit IT-11 ... .o $29.95
Assembled ITW-11.............. $40.95

tered output for less than 150 uv ripple;
adjustable current limiter, 30 to 100% on
each range. 16 Ibs.

TGt TR=20: L bt hi s S $72.95
Assembled IPW-20 . ............ $114.95

“Low-Ripple” Battery Eliminator. Switch
selection of 6 or 12 v. DC power; special
filter circuit holds AC ripple to less than
0.3%; metered outpul voltage & current;
doubles as a battery charge. 21 Ibs.

Kt TP=12 i namimemsens s iisssn $47.50
Assembled IPW-12 .. ............ $59.95

World's Largest Selling VI'VM. Single
AC/OhmR/DC probe; 7 AC/DC/Ohms
ranges; 1% precision resistors for high ac-
curacy; frequency response = 1 db from 25
cps to 1 mc; voltage doubler rectifier; 412",
200 UA meter. 5 1bs.

Kt IMEL L cumsimmrnii e $24.95
Assembled IMW-11.............. $39.95

Laboratory AC VIVM . . . 10 Voltage
Ranges! Covers 0.01 to 300 volts RMS full
scale in 10 voltage ranges with 5% accuracy:
frequency response -+ 1 db from 10 cps to

Kb IME2Y v v ot $39.95
Assembled IMW-21.............. $52.95

Deluxe “Service Bench” VIVM. 7 AC/
DC/Ohms ranges; measures AC volts
{RMS), DC volts, resistance & db; separate
1.5 & 5 volt AC scales; gimbal mount for
bench, shelf, or wall; 6%, 200 UA meter;
single AC/Ohms/DC probe; smooth vernier
controls for zero & ohms adjust. 8 1bs,

KA IMAL3 v poaciss e $32.95
Assembled IMW-13.............. $49.95

(0 Variable-Voltage Regulated Power
Supply. Furnishes B+, bias & filament
voltages; DC output variable from 0 Lo 400
volts; separate panel meters for voltage &
current; outpul terminals isolated for safe
AC/DC work. 17 1bs.

KAETP32 v smnnmmnimmnsss: $56.95
Assembled TPW-32 .............. $84.95

Extra-Duty Wide-Band 5" Oscilloscope.
Full § me bandwidth for color TV servicing;
Heath patented sweep circuit 10 cps to 500
ke, push-pull vertical & horizontal amplifiers;
positive trace position controls; peak-to-peak

@) Solid-State Regulated DC Power Supply 500 kc: 10 mepohm input impedance for calibration reference; Z-axis input. 2";;61%85
50 MA, 150 MA, 500 MA, & 1.5 A current  high accuracy; calibrated db scale for audio KitTO-12 ...... .o $76.
ranges; 5, 15, 50 v. DC voltage ranges; fil- measurements. 5 1bs. Assembled IOW-12 . ............ $126.95
o Pt e s e e LA T EL I I T P e
Use To Order And/Or Get FREE Catalo |
FREE l e To Order And/ E |
HEATHKIT® | Heath Company, Dept. 15-1, Benton Harbor, Michigan 49023
| O Please send FREE 1966 Heathkit Catalog. |
CATALOG! ] [ Enclosed is $____ e, plus shipping. |
Packed with over 250 -3 PR oo B i I
Heathkits including com- I Fledserserin;nodells) |
plete Test Instrument line. | Name
Save up to 50%. Mail cou- |
pon, urBwntlta Hea}}h Com- I Address. o el e _ ELa I
pany, Benton Harbor, e e A : State Zip B
Michigan 49023 for YOUr | ship Via: O Parcel Post  [] Express Collect }
| [ Freight [ 20% Included, C.0.D. [J. Best Way TE-140
I Prices and specifications subieci ta change without notice, _!
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“You can earn more money
if you have an FCC License

FCC Fapm 788 A

ENGHED )

NUMBER

Pl1-20-FhagC

TR Shs

COMM]

FI7. i CLLASS

: ____I{__f.i\.g_ﬂ@r\gl“_ﬁaaioteinphone Certificate)
}%Aﬂy’ﬁ/ky.’#fkaf  ToMMY WILLIS OUFFY. €
15 A LICENSED RADIO DPERRT"OR, AUTH'ORI#!E‘:S( SL‘IBJEC’T TO ANY SPECIJ\L..ENDDRSEME Foiacko

LICENSED RADIO STATIONS FOR WHICH THIS CLASS OF LICENSE 15 VALID UNDES ORDERS, W
COMMUNICATIONS COMMISSION, ANY STATUTE OF THE UNITED STATES AND BNYRTREATY

THIS LICENSE 15 GRANTED UNDER THE AUTHORITY OF THE COM g

THEREOFE AND OF ALL LEGISLATIVE ACTS, EXECUTIVE ORDERS MR

e s g g

helding FCC tickets.

When you hold a Commercial License issued by the
FCC (Federal Communications Commission) you have
written proof that you know and understand basic elec-
tronic theory and fundamentals. 1t’s worth plenty . . .
particularly to companies on the lookout for qualified
electronics technicians. Here’s how one of the country’s
leading office machine manufacturers rates men with
FCC Licenses:
“An FCC License is an asset to any man looking
to enhance his career in the field of electronics. At
our Company, a licensed man is well-rewarded be-
cause an FCC License attests to his knowledge of
electronics theory . ..”

Thousands of employers will tell you the same thing.
Licensed men get the good jobs. They make more money

60

..................................... AT THREE O!CLOCK A. M., EASTERN STANDARD TIME.

good money for men
Read how to get yours:

TItNS AN O A b
WS SIGNATORY, AND ALL ORDERS,
T RADID DPERATORS, ARE MADE A PART

“SEPTENMBER 11, 1963

NEW YORK

pols o

... move ahead faster . . . enjoy exciting, challenging
work. What’s more, they’re needed badly in every field
of electronics. Industrial electronics. Radio-TV Broad-
casting. Aerospace. Electronics Servicing . . . including
mobile and marine radio pius CB.

Yes . . . your opportunities are unlimited once you're
carrying that FCC Commercial Ticket. AND CLEVE-
LAND INSTITUTE OF ELECTRONICS CAN GET
ONE FOR YOU! On the facing page, read how four
ambitious men just like you have cashed in on CIE’s
sure-fire FCC Licensing Program. Read about CIE’s
exclusive money-back offer. And then send in the postage
paid reply card. CIE will quickly send you complete
FREE information. You will soon be on your way to a
Commercial FCC License and the many rewards that
go with it!

ELECTRONICS WORLD




These CIE men have good jobs

{they have Commercial FCC Licenses)

Matt Stuczynski, Senior Transmitter Operator, Radio Station
WBOE. "I give Cleveland Institute credit for my First Class Com-
mercial FCC License. Even though T had only 6 wecks of high
school algebra, CIE’s AUTO-PROGRAMMING teaching method
makes electronics theory and fundamentals easy. After completing
the CIE course, I took and passed the Ist Class Exam. | now have
a good job in studio operation, transmitting, proof of performance,
equipment servicing., Believe me, CIE lives up to its promises!”

Ted Barger, Electronic Technician, Smith Electronics Co. “T've
been inlerested in elecironics ever since I started operating my own
Ham rig (KBANF). But now I've turned a hobby into a real inter-
esting career. Cleveland Institute of Electronics prepared me for
my Commercial FCC License exam . . . and I passed it on the
first try. ’'m now designing, building and testing all kinds of elec-
tronic equipment . . . do a lot of traveling, too. It’s a great job . . .
and thanks to CIE and my FCC License, I'm on my way up.”

Chuck Hawkins, Chief Radio Technician, Division 12, Ohio Dept.of
Highways. “‘Cleveland Institute Training enabled me to pass hoth
the 2nd and Ist Class License Exams on my first attempt . . . even
though I'd had no other electronics training., (Many of the others
who took the exam with me were trying to pass for the eighth or
ninth time!) I'm now in charge of Division Communications and
we service 119 mobile units and six base stations. 1t’s an interesting,
challenging and extremely rewarding job. And incidentally, 1 got
it through CIE’s Job Placement Service . . . a free lifetime service
for CIE graduates.”

%@@@@@@@@@@@@@@@i@@@@@@@@@@@@@@@@@

<)
f
= FCC LICENSE WARRANTY &
5| &
o)
A CIE FCC License Course will quickly prepare you
3 for a Commercial FCC License. IT you don’t pass the o]
{ FCC exam...on the first try. .. afler completing your ICy
% course, CIE will refund all your tuition. You gel an %

FCC License . ., or your money back!

5| &
5]
e o o e e o o N P Y

Glenn Horning, Local Equipment Supervisor, Western Reserve
Telephone Company (subsidiary of Mid-Continent Telephone Com-
pany). 'There’s no doubt about it. I owe my 2nd Class FCC License
1o Cleveland Institute. Their FCC License Program really teaches
you theory and fundamentals and is particularly strong on tran-
sistors, mobile radio, troubleshooting and math. Do I use this
knowledge? You bet. We're installing more sophisticated electronic
gear all the time and what I learned from CIE sure helps. Our
Company has 10 other men enrolled with CIE and take my word
for it, it’s going to help every one of them just like it helped me.”

Two out of three men who took the Ist Class Commer-
cial FCC License exam in 1964, failed.

Nine out of ten CIE-TRAINED men who take this
exam, pass . .. the very first try!

And that's why CIE can back their courses with the warranty you

see al the left. ClE-trained men know their stufl . . . because CIE
AUTO-PROGRAMMED Home Study works!

Get started now. Send postage-paid reply card for free information -
about a plan that gets you an FCC License or costs you nothing!

Cleveland Institute of Electronics

ci

Janvary, 1966

1776 East 17th Street, Dept.EW-10 Cleveland, Ohio 44114
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NEW 1966 GIANT CATALOG

no. ad!

yv - ELECTRONIC

A58
PHONE BANImOre 141

100's of
new items
listed for
first rime

FOR 38 YEARS THE
OUTSTANDING

NO MONEY DOWN
PLUS REVOLVING
CHARGE ACCOUNT

100’s of pages packed with savings

W o o e SAVING

I BURSTEIN-APPLEBEE CO. Depts EW, I BUYING GUIDE FOR:

1012-14 McGee 5t., Kansas City , Mo. 64106
i e Stereo & Hi-Fi Systems and Compo-
I D Rush me the FREE 1966 B-A CUTQIOQ. nents ® Tape Recorders ® Electronic

NAME Parts, Tubes, Books ® Phonos & Rec-
l ' ords ® Ham Gear ® Test |nstruments
ADDRESS

and Kits ® Cameras and Film ® Public .,

= Address ® Citizens Band ® Transistor
& FM-AM Radios.

Iy STATE

BIAE M e e 16 M o e e B ¥ RUSH COUPON TODAY

CIRCLE NO. 122 ON READER SERVICE CARD

ZIFF-DAVIS SERVICE DIVISION
Dept. BCEW, 589 Broadway
New York 12, New York

"Back Issues
Available

Use this coupon to
order back issues
of ELECTRONICS WORLD

Flease send lhe following back issues of
ELECTROMICS WORLD. | am enclosing
i to cover the cost of the maga-
zine, shipping and handling.

Maonth Year
Month Year

We have a limited supply of

back issues that can be ordered | Month Year

on a first-come, first-served Name

basis. Just fill in the coupon

below, enclose your remittance | Ad4dress

in the amount of 65¢ each and City_ Zone_____State

mail. Mo charge or C.0.D. orders please.
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Capacitance Nomogram
(Continued from page 29)

the pivot line in step (1). Extend this
line. The answer, 8.2 pf., can then be
found on the C, scale where the second
line crosses it.

For higher values of capacitance than
those shown on the scales, merely multi-
ply both C scales by 10%.

The need for calculation of Cx can
be eliminated and the value can be read
off directly from the meter in the fol-
lowing manner: (1) Adjust the a.c. in-
put voltage until Ex appearing across
Cx is equal to Cx in microfarads.
Whether Ex is in volts or millivolts
doesn’t matter, as long as Ex and Ex
are both in the same unit. (2) Read Ex
across Cwx. This value in volts is equal
to Cx in microfarads.

When it is necessary to measure large
quantities of electrolvtic capacitors, as
in the case of incoming inspection de-
partments, a test fixture can be con-
structed for rapid testing (Fig. 3).

A suitable means of rapid connect
and disconnect should be provided for
inserting and removing the capacitor un-
der test.

The meter should be a reliable type
of a.c. vacuum-tube voltmeter,.such as
the Hewlett-Packard Model HP-400.
The decision must be made whether to
use two meters as shown in Fig. 3 or
only one meter with a toggle switch, as
shown in the partial schematic of Fig.
1B.

The test can be made on a “go/no-go”
basis by providing limit indications on
the face of the meter. First, the IEx
meter should have a line drawn on it
parallel to the needle. This line should
be on the voltage point which is equal
in magnitude to the value of Cx in
microfarads as previously described.
This can be called the set-up point.
Second, the Ex meter should have a line
drawn parallel to the needle at the volt-
age point which is equal in magnitude
to the minimum value acceptable for
Cx. Another can be added for the maxi-
mum value if specified.

The test for each capacitor can now
be made in a matter of seconds by using
the following procedure:

1. Insert the capacitor into its holder
observing proper polarity.

2, Turn the “on-off” switch to its
“on” position. .

3. Adjust the variable transformer un-
til the needle on the Ex meter comes to
the set-up mark.

4. Observe the position of the needle
on the Ex meter. It should fall on or be-
tween the two limit marks. If not, reject
the capacitor.

5. Turn the “on-off” switch to the
“off” position.

6. Remove the capacitor, A

ELECTRONICS WORLD




Sylvania Transistor TV Set

(Continued from page 38)

Another very interesting circuit of this set is the vertical
sweep scction. Here the analog to the vacuum-tube version
is especially strong since only two transistors are used to pro-
vide both the vertical oscillator and the vertical ontput [ine-
tion. The circuit, shown in Fig. 4, is very similar to that of a
duo-triode arrangement in which one section {Q2) perlorms
both oscillator and output amplifier functions, D.c. coupling
is used from the first stage collector to the output stage base.

The svine pulses pass through a conventional integrator cir-
cuit, 1, C1, R2, and C2 and then trigger the base of oscillator
(1. Feedback pulses from the collector of ontput stage Q2 are
coupled back to the oscillator base vie C3, B3, and R4, The
vertical hold control, R3, affects primarily these feedback
pulses and thus aflects the oscillator frequency.

Vertical linearity is determined by R6 and R7 which control
feedback from the emitter to the base of the output stage
through C4 and €5. The main feedback path that kéeps the
circuit oscillating is B8 which couples the output emitter to
the base of Q1. Resistors RY and R10 control the bias on the
output stage and therefore the picture height,

Between the base and emitter of the output transistor, a
single thermistor, R11, is used to maintain constant ampli-
tude for the vertical sweep signal. Because the output stage
dissipates some power, it is mounted on a heat sink, together
with the andio output, the horizontal driver, the horizontal
output, and the damper diode.

The horizontal sweep section and the high-voltage flyback
circuit are, in many respects, similar to those in other transistor
receivers. The horizontal a.f.c. action is provided by a diode
phase detector and the horizontal oscillator is an emitter-
coupled multivibrator which has an LC circuit in the collec-
tor of the first stage to provide more stability, similar to its
equivalent vacuum-tube cireuit. A horizontal driver and the
horizontul output transistor provides the power to drive the
deflection yoke directly off the emitter of the output transistor.
The high-voltage section uses a 1B3 vacuum-tube rectifier,
the only vacuum tube (other than the CRT) in the set. A
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A Meeting Not To Be Missed
From February 3rd to 8th, 1966
Paris-Porte de Versailles

The world’s greatest display of the year at
the International Exhihition of

ELEGTRONICE]
GCOMPONENTS

and the International Exhihition of

AUDIO EQUIPMENT

The most recent developments in the field
of electronics: all components, tubes and
semi-conductors, measurement and control
apparatus, electro-audio equipment. ..

For all information:
S.D.5.A. 16, rue de Presles, Paris 15e = Tel.: 273.24.70

Official carrier:

AIR FRANCE

QOverseas Trade Show Department

683 Fifth Avenue, NEW YORK, N.Y. 10022

PUBL.IBEF‘\UIGE
PARIG

To request a registration card, fill in
the coupon below, cut on the dotted
lines and mail it to:

S.D.S.A. Relations Exterieures
16, rue de Presles—Paris 15e

NAME: _
COMPANY: e
ADDRESS:

INTERNATIONAL EXHIBITION OF ELECTRONIC COMPONENTS
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PRODUCT REPORT

Associated Research 2851 Megohmmeter
For copy of manufacturer’s brochure, circle No. 152 on Beader Service Card.

NEW portable megohmmeter

which can measure resistances as
great as ten million megohms at 500 volts
d.c., or two million megohms at 100
volts, has been introduced by Associated
Research, Inc. This instrument is de-
signed with a 100-volt test potential to
comply with the new EIA standard for
measurement of composition, film, and
wirewound resistors having resistances
over 100,000 ohms,

Known as the Model 2851 “Vibrotest”
megohmmeter, the new instrument is
powered by line-alternating current and
provides direct-reading resistance mea-
surements on a four-inch scale calibrated
from 1 to 100 megohms.

The range may be multiplied by 1,
10, 102, 10%, 10, and 10° by means of

a rotary selector switch. Six megohm

-anges are available at either 500 volts

d.c., =5 volts, or at 100 volts d.c., 5
volts.

Accuracy of within 2% is achieved
over the greater portion of the scale
range when used at 500 volts, and at 100
volts, accuracy is within 5% over most of
the scale.

The power supply of the unit uses
silicon rectifiers which eliminate the need
for hand cranking or batteries. Regula-
tion against line-voltage fluctnations of
= 10% is furnished by a cathode follower
which provides a well-regulated power
supply with very low ripple content to
assure maximum reading stability.

A fused three-wire power input
grounds the case for shock protection,
and the instrument is protected from
overload damage, even in cases of direct
shorting, by the utilization of an elec-
tronic overload circuit,

T
OVERIOAD oA
PROTECTOR T >0
SELECTIVE -
SETURM
CROUMDING
1HPUT ELECTROMIC :
117v. 8.0,
e REGULATED REVLIRN
CURRENT POWER SUPPLY | {1k
EC POWER 50 & 500 VOLT
SUPPLY =13
100 & 500 ¥OLT
ELECTRONIC RAMGE SELECTOR
METERING AND = -0
CIRCUIT DISCHARGE
AMPLIFIER CIRCUITS
66

The electronic metering circuit uses
the latest miniature-type vacuum tubes
to provide adequate sensitivity for meas-
urements throughout all ranges. The in-
dicating meter in the circuit is a 200-xa.
unit.

Guard circuits control stray and
lenkage cwrrents to assure accuracy at
maximum sensitivity, A terminal for ex-
ternal guard use is provided, and a se-
lective-return grounding circuit provides
for maximum guarding fexibility when
the instrument is used to test production
components or permanently installed
equipment.

This new product lists for $305. A

Simpson Model 250
Volt-Ohm-Milliammeter

For copy of manufacturer’s brochure,
circle No. 35 on Reader Service Card.

HE new Simpson Model 250 v.o.m.
has been designed with semicon-
ductor circuits in mind. Tt has a constant
millivelt drop on all its d.c. cwrent
ranges so that its effect on transistor cir-
cuits is regular and predictable.
Another new feature is the use of a
taut-band suspension annular (ring)
meter movement, Such a movement is
self-shielding, and the suspénsion has
superior repeatability due to the absence

of normal pivot-jewel wear. These design
improvements should result in an instru-
ment with vears of trouble-free service,

A special calibration circuit is included
which vields increased accuracy and fa-
cilitates recalibration to original factory
accuracy, should it ever be necessary.

An internal fuse is incorporated which
protects the v.o.m. from misuse on the
ohmmeter ranges and from excessive
overload on the milliampere ranges. A
special silicon diede protects the meter
movement even with 1000 times the
current applied.

Accuracy is within 2% on the d.c.
voltage and current ranges and within
3% on a.c. scales. Frequency response on
a.c. is flat from 20 cps to 100 ke,

The Model 250 is housed in a sturdy,

ELECTRONICS WORLD




phenolic case which is molded with re-
inforced walls. All the components are
attached to the front panel so that the
enlire instrument slips into and out of
the case in one piece. Most of the com-
ponents are mounted on a printed-cirenit
board. A special stiff handle is attached

POSITION *1 OF THIS SECTION
15 CONTALT ARM

to the case so that the v.o.m. can be
supported in a convenient sloping posi-
tion that allows easy viewing on the

bench top.

The v.o.m. has all the usual current,
voltage, and resistance ranges, It is
priced at $56.95.
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General Radio Type 1538-A Electronic Strohoscope

For copy of manufacturer’s brochure, circle No. 153 on Reader Service Card.

HE new General Racdio Type 1538-A

Strobotac® electronic stroboscope
represents a new development in the
technology of this well-known, extremely
useful type of instrument. Maximum
flashing rate, probably the most import-
ant single characteristic of a stroboscope,
has been boosted to 150,000 flashes per
minute—an improvement by a factor of
six over previous stroboscopes. A flash-
ing-rate capability of 150,000 per min-
ute enables this new stroboscope to be
used in motion analvsis and speed meas-
urement of the fastest machines known
—some of which are capable of operating
at speeds up to 1,000,000 rpm,

The stroboscope, essentially a flashing-
light source with adjustable, calibrated
control of flash frequency, is used to pro-
duce the optical illusion of slowed or
stopped motion and to measure speed.
The stroboscopic illusion depends on the
periodic interruption ol observation and
on the persistence of vision—the eye’s
ability to hold an image for a split sec-
ond after it disappears. If a cyclically
moving object is viewed under a light
that is flashing at or near the object’s
eyclic rate, the object will appear sta-
tionary or in slow motion. The tacho-
metric application is a converse of this
principle—that if the flashing rate is ad-

January, 1966
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§ Milwaukee, Wisconsin 53201 :
I Tell me about an engineering career through I
I residence study in: :
1 [ Electrical fields [OJ Mechanical fields 3
I B
L} L}
§ Name Age I
I L}
L} L}
1 Address. 1
i i
o ¥
1 City, State.... 1
I L}
L-------- ---'------—‘
CIRCLE NO. 103 ON READER SER\HCE CARD

INTERNATIONAL

— First Choice of those
who demand the Best!

Model SX724 Only
1/4 Track Stereo $975

e

Compare this Quality

Speed
7-1/2
3-3/4

Put a £=~o— in Your Future!

CIRCLE NO, 120 ON READER SERVICE CARD
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Response
+2db 30 to 20ke
+2db 30-15ke

S/N
54db
50db

L norurre Infernational
Box 1000, Dept. EW-1
Elkhart, Indiana 46517
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Your plant wil OWin 4
New Jersey Industrial Park!

Locate your plant in one of New Jersey’s spacious, well-
planned industrial parks. You'll be surprised and delighted
at all the facilities “’built in” to help your business grow
and succeed. Rail spurs, all utilities, hi-speed express-
ways, nearby deep-water ports, a huge market right at
your doorstep.

Send for more information on New Jersey's industrial
parks  and for your free copy of “New Jersey —Land of
Amazing Advantages”’, a 48-page booklet that is concise,
informative, of interest to businessmen. No obligation to
you, of course.

ES————————P P Ltk Bwa R e e eme P ST AT
r Public Service Electric and Gas Company ]
| Box CEW, 80 Park Place, Newark, New Jersey 07101 I
} E Please send my copy of: I
| B “NEW JERSEY/LAND OF AMAZING ADVANTAGES."” 1
| B 7] Also, send more information con industrial parks. 1
I Name. . !
| ]
I Title. - |
i : Firm *
| z Street. |
I City and State. |
! — i Ll R e e oty e e e e e R ]|

PUBLIC SERVICE ELECTRIC AND GAS COMPANY

TAXPAYING SERVANT DF A BREAT STATE
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justed to produce a stationary image,
the object’s rate can be determined from
a know]edge of the flashing rate.

The actual light flash in most strobo-
scopes occurs inside a xenon-gas tube
as the gas is ionized by the rapid dis-
charge of a capacitor. The gas must then
deionize before the next flash can occur,
and this deionizing time sets a limit on
the maximum flashing rate. If voltage is
applied to the tube before it has de-
jonized, a continuous discharge known
as “holdover” will occur, “

The key to the substantial increase in
flashing rate in GR’s new Strobotac is a
novel charging circuit which keeps volt-
age from being applied to the tube until
it has deionized, then charges the tube
very rapidly. The circuit is shown in the
diagram. A normally off switching tran-
sistor is turned on by a triggering pulse
for a period of time, t4, equal to the de-
jonizing time of the tube. This induces
a voltage in the secondary of the trans-
former. The winding sense is such that
the induced voltage back-biases the di-
ode D1, and no cwrent flows into the
capacitor, Energy is meanwhile building
in the transformer, and when the tran-
sistor switch is turned off (after time ta),
the collapsing magnetic field in the trans-
former induces a voltage in the second-
ary that forward-biases the diode. The
energy stored in the transformer is trans-
ferred resonantly to the capacitor, charg-
ing it to the operating voltage for the
tube.

The method of resonantly transferring
voltage to the tube is another novel cir-
cuit feature of the Type 1538-A and
may be seen from the block diagram.
A trigger pulse from a timing oscillator
flashes the strobe tube, discharging the
capacitor, starts a monostable circuit,
and sets a flip-flop to open a transistor
gate. The monostable circuit generates
a 200-usec. pulse which turns on the
transistor switch, causing a step of en-
ergy to be transferred to the charging
capacitor, as discussed above. The 200-
usec. pulse is also fed to a delay circuit
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e wic aowing the monsati « ve| FIFSt One-Piece All-Channel Antenna
e o e o | with Individual UHF and VHF Orientation

and raises the voltage in the charging
capacitor another step. This process con-
tinues until the voltage in the trans-
former primary exceeds that of a zener
diode (D). Then the zener diode con-
ducts, the gate closes, and the mono-
stable produces no more pulses, The
next triggering pulse from the timing
oscillator fires the strobotron tube, resets
the flip-flop, and starts the monostable
again,

The advantages of these new circuits
are many. Besides increasing the maxi-
mum flashing rate sixfold, the trans-
former charging circuit permits the use
of lower voltages, and thus transistors,
throughout the instrument. Efficiency is
also double that of traditional charging
circuils using resistors, These benefits in
turn have led to a battery-power option
for the new unit, a most important plus
in the case of an instrument that lends
itself to a variety of portable applica-
tions.

Other features of the Type 1538-A are

an accessory plug-in energy-storage ca- New JERROLB coloraxial 2

pacitor, which increases the intensity of

a single flash (for photographic applica- -
tions) by a factor of ten, an accessory a,’h 'nde" L

extension strobe lamp, and provisions
for external electrical or mechanical trig-
gering, The new Strobotac is housed in a

“fip-tilt” portable cabinet and is priced Now you can pull in strong VHF, UHF, and FM signals all from a single antenna,
at $465. [.o.b, West COI]COl‘d, Massa- with the assurance that all three bands are properly oriented for best reception.
('husetts, A The new PATHFINDER offers this all-channel versatility p/us a choice of 75-0hm

coaxial or 300-chm standard outputs. Prices are as low as $21.95 list.

Note from the illustration that the UHF section is hinged for individual

AUTO RECEIVER MOB'LE- orientation and maximum directivity. You get all the flexibility of separate

antennas, without the losses from coupling separate antennas to a common
RAD]O FM RECEPT]ON downlead. Rugged square-boom construction and Gelden Armor corrosion-
By CHARLES GC. MORRIS resistant finish assure long life. Flat response across all 82 channels, low

VSWR, excellent front-to-back ratio make PATHFINDER the antenna to answer

FM receiving equipment is hecoming every TV and FM reception need. Send for complete information.

very popular now, especially for mo-

bile use. This includes hi-fi, amateur, L e P P PP PP PP LI ET
g e : e ! JERROLD ELECTRONICS CORPORATION

public service, and aireraft bu'n(.ls. One ! Distributor Sajes Division’ Dept. EW-1 1
very popular method for receiving I'M 1 15th & Lehigh Ave., Philadelphia, Pa. 19132 u
signals without resorting to an expensive 1 Please send me complete information on [
M receiver, is to use a converter ahead = PATHFINDER all-channel TV and FM antennas. :

S0 + s !
of the standard BC auto receiver,.which i LELT .
is then adjusted for “slope detection.” I Address F
In this method, the signal is detected Ec‘t" State Zip .

along the slope of the AM selectivity CIRCLE NO. 108 ON RE
curve. This type of system has one draw- e S
back, though, in that the selectivity curve

ZIFF-DAVIS SERVICE DIVISIO

of the AM receiver is I‘l‘ll.lt‘.h sharper t}lan BﬂCk 1351;{,65 Dept. BCEW, 589 Broadway

l_‘lmt normally used for FM reception. . New York 12, New York

Slope detection will work without any A’L’ﬂfl(ﬂble

modification to the AM set, but tuning Please send the following back issues of
is usually critical and any receiver drift H LECTRONICS WORLD. | am enclosin
will affect the tuning once it has heen Use thls coupun to EE . to cover the cost of the mag&f
set. If the AM receiver uses the 262-ke. urder hack issues zine, shipping and handling.

i.f. commonly found in car radios, then

the tuning is even more critical, Uf ELEBTRUNIGS WURLD Month Year )

To broaden the tuning and, in eflect, Manth Year
reduce drift problems, the AM set’s i.f. We have a limited supply of
circuits can be “swamped” by connect- back issues that can be ordered el ife g
ing a l-megohm resistor directly across on a first-come, first-served Name i
each i.f. winding at the winding termi- basis. Just fill in the coupon
nals. A slight reduction in receiver gain below, enclose your remittance Addges
was noticed when this was done, but this in the amount of 65¢ each and City.________ Zone___ State
did not present any problems. Also, nor- mail.

Mo charge o.r C.0.D, orders please. e

mal AM reception did not change. A
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RCA INSTITUTES DID!

Here is a 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 f'o_r 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

the past about home training in electronics
_if you have hesitated because you thought
you might not be able to keep up—or that
electronics was too complicated to learn—
here is your answer! Read how

RCA Institutes has revolutionized

its entire home training ideas!
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361C AUDIO EQUALIZER

Varlable Equalizer necessary for professional quality
recording or playback, ldeal for use belween mixer
and tape recorder or fape to tape, efc, Write for
details or send %2.00 for LP demonstration record.
Covers tape and disc recording technigues. Refunded
with purchase.
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361C
s44°
Order Dfrec or Write for information.

KUHN ELECTRONICS
CINCINNATI 17, OHIO

Radiological Survey Meters
{Continued from page 46)

At this point, the circuit turns off, and
an inductive kickback voltage or pulse
appears across both windings. This
pulse, appearing across winding 3-4,
charges the integrating capacitor C2 via
diode D2 by an amount determined by
the selected range resistor RG, R7, or RS
and R9. The charge on C2 discharges
through the meter, M1, and its series
resistor. The resulting meter current is
dependent on the charge-per-pulse and
pulse rate. The calibration control R5
shunts part of the current around the
meter, M1.

The kickback voltage pulse is also
used for headphone aural monitoring,
This pulse is rectified by the diode D3
and applied to integrating capacitor C3.
R12 is an isolating resistor, and D4 acts
as a damper tor the headphone.

The high-voltage supply consists of
oscillator transistor Q2, transtormer T2,
rectifier D5, capacitors C4, C5, resistor
R11, and the voltage-regulator tube V2,
which maintains a constant 900-volt out-
put.

Before the survey meter is placed in
operation, it must be calibrated against
a standard source of radiation—the sole
source of radiation when calibration is
performed. Calibration should not be
undertaken when the background read-
ing is above normal, nor when in a radi-
ation field other than that produced by
the known source supplied with the in-
strument.,

Most material in the swroundings is
slightly radioactive, All building mate-
rial, on average, contains a few thou-
sandths of one percent uranium. Natural
radioactivity is produced by cosmic rays
from outer space. The detector is con-
stantly bombarded with all this natural

radioactivity. Whenever the survey mc
ter is in the “operate” position, the meter
reads this natural radioactivity. This is
the activity referred to as “background,”

To determine the background count,
set the survey meter to the “X 17 posi-
tion, The needle should be fluctuating
over a range of 0.01 to 0.03 milliroent-
gen/hour. About 20 to 30 clicks per
minute will be heard in the headphone,
Background and other low-level radia-
tion measurements can be made by
counting the clicks, timing them with a
watch.

To calibrate the CD V-700, turn the
meter to the “x 10" position. Present
the open window of the detector probe
to the center of the nameplate under
which is a radicactive source. The indi-
cating meter should read between 1.5
and 2.5 mR/hr, If the indication falls
below or above, adjust the calibration
contrdl R5 for an average reading of 2
mR/hr,

Maintenance of Meters

The CD V-715 and V-700 survey me-
ters, while ruggedly constructed, should
be considered delicate instruments. Se-
vere shock to the survey meter might
result in damage to the pivots and bear-
ings of the microammeter movement,
Most of the electronic components used
are standard parts and can be checked
readily by conventional means,

The detector insulators, electrometer
tube, high-megohm range resistors,
switch sections, and high-voltage insula-
tor are all parts of the high-resistance
input circuit. The insulating portions of
these components should not be han-
dled. The slightest contamination ol
these parts, by perspiration, dirt, or oils,
will create leakage paths. If surface leak-
age is suspected, cleaning with methyl
aleohol (190 proof) and a clean camel
hair brush is recommended.

Fig. 7. Complete schematic diagram of the CD Model V-700 radiological survey meter,
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When servicing these instruments,
first segregate the fault and then localize
it. {See Tables 1 and 2.)

[t a meter movement is the suspected
fault, check it for continuity and calibra-
tion accuracy. The preferred method
used to test a meter movement for cur-
rent drain is to compare it in series with
a meter of suitable current range.

For a quick check of the CD V-715,
merely rotate the switch to the zero po-
sition. If the survey meter can be zeroed,
the counting circuit is operating prop-
erly.

If the high voltage is suspected, the
following check can be made. With
proper operation, a buzz of about 200
cps can be heard, due to the oscillation
ol the transformer laninations, If a buzz
is not audible, the high-voltage supply
oscillator may be adjusted improperly
{in the Model V-700). Always use an
electrostatic voltmeter to measure the
output high voltage. The electronic high-
voltage supply has a very low current
output. Other voltmeters may load down
the supply, resulting in a low reading.
The voltage, measured between pins 1
and 3 of the G-M tube sockel, should
read about 900-910 volts d.c.

To check the counting circuit of the
V-700, connect the headphone and lis-
ten for clicks while tapping pin 1 of the
G-M tube socket with an insulated
screwdriver, A series of clicks should be
heard in the headphone on the % 1 po-
sition. If no click is heard, try the same
test by tapping the junction of C1 and
the pin-1 lead. If this produces eclicks,
the cable assembly might be at fault. If
continuity tests fail to localize the fault,
the circuit should be tested using an
oscilloscope.,

If the survey meter is to be stored
for more than a month, the batteries
should be removed and stored sepa-
rately, FFailure to remove the batteries
can cause excessive corrosion to battery
contacts and to other vital parts. The
survey meter should be stored in asclean,
dry place. Temperature should not ex-
ceed 120°F nor should it fall as low as
freezing,

If the meter has been stored for long
periods, batteries should be tested before
installation. Batteries never should be
used bevond the expiration date
stamped on them, nor should they be
used longer than one year from date of
manufacture.

Survey meters have an accuracy of
+20 percent of full-scale. They are de-
signed to be used as indicators of radia-
tion mot for absolute measurements.
They are easy to operate, to maintain,
and to calibrate. They are ruggedly con-
structed and, with proper care, are quite
dependable.

(Note: This article is based on work
performed under the auspices of the U .S.
Atomic Energy Commission.) A
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8/G MONEY

n MOBILE-RADIO MAINTENANCE

GEJ INTO THIS RAPIDLY
GROWING FIELD WITH
2nd CLASS TICKET AND

LAMPKIN MOBILE-
SERVICE METERS!

LAMPKIN 205-A
FM MODULATION METER

Measures instantaneous true peak
swing duve to modulation on FM
transmitters, 25 MC to 500 MC, con-~
tinuous. Easy fo operate, direct
readout on 0-12.5, 0-25 PKC meter.
Portable, just a 2-finger load.
$290.00. Quad-5cale version with
0-1.25/0-2,5 PKC added for se=
lective calling, $340.00,

LAMPKIN 105-B
MICROMETER FREQUENCY METER

Measures center frequency of AM-FM
transmitters. Continuous coverage
100 KC to 175 MC and up., Heterc=
dyne-type with internal crystal
standard. Front panel thermometer
provides automatic temperature cor~
rection, Ample accuracy for CB, all
marine and aviation; Business Radio
to 50 MC. Only 8 Ihs., 117 VAC.
$295.00,

FREE BOOKLET!

Send for “HOW TO MAKE
MONEY IN MORBILE-RADIOQ
MAINTENANCE™. B

These meters . . . with no additional crystals
or factory adjustments . . . will check
frequencies and M modulation on un-
timited channels at the lowest cost per
channel!

MAIL COUPON TODAY!

; [ L ampian LABORATORIES, INC. = -
For high band: the PPM Meter, accessory | MFM Division, Bradenton, Florida 33505 |
to the 105-B, provides accuracy better | At no obligation to me, please send free
than 0.0001%, $7160.00 | booklet and information on Lampkin meters,
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LAMPKIN LABORATORIES, INC.

BRADENTON, FLORIDA

Your new
copy is
waiting

For fun and pride in assembly, for long years of pleasure
) and performance, for new adventures in creative electronics
mail the coupon below and get Conar’s brand new catalog of quality
do-it-yourself and assembled kits.and equipment. Read about items
from TV set kits to transistor radios . . . from VI'VM’s to scopes . . .
from tube testers fo tools. And every item in the Conar catalog is backed
by a no-nonsense, no-loopholes, money-back guarantee! See for yourself

FREE!

why Conar, a division of National
Radio Institute, iz just about the
fagtest growing entry in the quality
kit and equipment business.
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B CONAR 3939 Wisconsin Ave., Washington 16, D.C. G =
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Bass-Reflex Enclosure
(Continued from page 28)

nomogram of Fig. 6 can be used for obtaining the proper di-
mensions for any desired volume. The resulting shape is based
on industrial design philosophy that no rectangle will be in-
teresting as an abstract shape until its width equals at least the
dingonal of the square on which it is based. The width is,
therefore, 1.414 times the height and the height is 1.414 times
the depth. Note: The dimensions obtained from the nomo-
gram are inside dimengions and must have the material thick-
ness added to them.

The proper method of using this nomogram is to draw a
straight line between the desired volume on the two outside
volume scales and obtain the dimensions from the intersection
of this line with the three inner scales. The dimensions ob-
tained should be rounded off to convenient numbers such as
height (H)=14%", width (W) =20%", and depth (D}=
104”7, for the examiple cited. The resulting volume will be
well within the limits of accuracy required,

The speaker cut-out should be placed towards one end of
the enclosure. The table below lists proper size cut-outs for 8-,
10-, 12-, and 15-inch loudspeakers,

Speaker Size Ballle Cut-Out
8-inch 657 diameter
10-inch 8417 diameter
12-inch 1057 dimmeter
15-inch 134" diameter

Tuning & Damping

The enclosure must now be tuned to the free-air resonant
frequency of the speaker. The charts of I'igs, 7.8, und 9 are
used for this purpose. They are based on ducts {(made of
heavy cardboard tubes) which are available for $0.50 each

from the Technical Service Department, Jensen Mfg. Div. of
the Muter Company, 6601 S, Laramie Avenue, Chicago, II-
linois, 60638, (Heavy cardboard mailing tubes, or draiwcing or
blueprint-carrying tubes, available in stationery or drafting
stores, may be used.—Ed.) The proper tube to use will be the
largest diameter (inside) which gives a tube length of at
least 1% inches less than the inside depth of the enclosure. In
the example chosen above, the duct is 44”7 i.d. and has a
length from the front panel of 3”. (Note: The photos shown
at the beginning of this article were taken before the duct
was cut to proper length.)

The speaker and tube should now be installed in the en-
closure with the tube being somewhere near the speaker, Al-
though the enclosure volume and tuning are now correct, the
system may not be Iree from hangover or boom. The usual
method of determining if adequate damping exists by meas-
uring the height of the impedance peaks with the circuit of
Fig. 1A can often be misleading. A speaker system that ap-
pears underdamped with this measurement may be ade-
quately damped when operated with a high-fidelity amplifier,
The reason is that the circuit of Fig, 1A does not include
damping contiibuted by the amplifier which can be appre-
ciable, For example, an amplifier with a damping factor of 20
appears as a 0.4-ohm resistor in shunt across the voice-coil
terminals of an 8-ohm speaker. Many of the transistor ampli-
fiers have damping factors of 50 and greater. The shunt re-
sistance will be less than 0.2 ohm in these cases.

Damping should be investigated with the circuit of Fig, 1B.
The value of R can be determined if the amplifier damping
factor and speaker impedance are known from: R=spcaker
impedance famplifier damping factor.

If the amplifier damping factor is not known, a }-ohm re-
sistor may be used, The battery can be an ordinary flashlight
type while the switch can be a push-button or toggle type.

The circuit of Fig. 1B is connected to the voice coil of the

THE TURNER TRANSISTORIZED

WITH VARIABLE OUTPUT LEVEL

Now, from Turner comes the very finest
base station microphone ever designed.
the # features a two transistor pre-
amp with volume control to give you up
to 50 times the output level you now have.
Yes, just dial your desired signal for maxi-
mum modulation all the time — every
time. You can work close or far away from
this microphone, or change the output fo
a big or little voice.

Eventually, all sets lose some
initial power. Turner's #4 put
back into your set and keeps it up to full
strength at all times!

The 44 has tailored frequency re-
sponse of 300-3500 c.p.s. for best and
clearest voice transmissions with knocked
down local noise interference.

Exclusive touch-to-talk or lock on-off
switching — the ## works with all tube
or transistor sets regardless of switching
requirements or type.

Ask your dealer about the new 4 .

2\

VOLUME CONTROL

LIST PRICE
$49.50

MICROPHONE COMPANY
'w/‘ 946 17th Street N.E., Cedar Rapids, lowa

Available in Canada
Export: Ad Auriema, Inc., 85 Broad Street, New York 4, N.Y.
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FRONT PANEL
Fig. 10. Method of installing fiberglass for damping purposes.

loudspeaker which is now installed in the tuned enclosure.
The switch is operated between its two positions and the re-
sulting sound produced by the speaker is observed. If the
sound is a distinet “click” with no low-frequency boom or
“bong” in both positions, the damping is adequate, Chances
are, however, that the “click” will be accompanied by some
boom and additional damping in the form of acoustic resist-
ance will have to be added. :

The author prefers not to place damping material in the
port. Somewhat better over-all results are usually obtained by
placing it directly behind the speaker where it.can then alfect
both “tuned circuits.” Fig, 10 shows the method used. Gen-
erally a I- to 2-inch thickness of lightweight fiberglass (%-Tbs.
density) stapled around the speaker so that the entire speaker
is covered will produce a boom-free click.

Mechanies of Good Construction

The enclosure should transmit, not absorb energy. Walls
that are allowed to vibrate will absorb energy that otherwise
would be radiated as sound and the total system efficiency
and smoothness of response will sufter,

The key to good construction is rigidity. The walls must be
rigid so that they cannot be vibrated by the pressures devel-
oped inside of the enclosure. Wall vibration can be minimized
by using a good grade of at least %-inch thick plywood .or
H-inch composition board. The walls should be fastened to-
gether with adequate amounts of furniture glue and good-
sized wood screws, Nails should not be used. It is common
practice to use glue blocks inside the cabinet when exposed
screw heads would be objectionable. All joints inside of the
enclosure should be caulked after assembly to prevent leaks
which could cause troublesome buzzes.

Sometimes, large heavy panels will vibrate in spite of good
construction techniques and additional means of stiffening
must be used. A 17 x 3” cross brace applied “on-edge” diago-
nally across the panel will usually suffice. In stubborn cases,
a sturdy cross-strut reaching across from the center of one
panel to the opposite one will be required.

A piece of grille cloth can be stretched over and stapled to
the front panel prior o assembly, The assembled enclosure
may be finished on four sides.

A final word of caution concerning the removable back is
needed, This panel is very often improperly made because it
iz usually hidden from view. It is important that the construc-
tion be as good as that of the exposed panels, although this
panel need not be finished, The speaker system connection
terminals are located on the back and the terminal board
used must not permit air leaks. The back must be made of the
same material thickness, must fit properly, and must be fas-
tened to the main structure by at least five good sized wood
screws along each edge. In addition, felt stripping should
be applied between the mating surface of the back and en-
closure so that a proper seal is obtained and panel buzzes are
prevented.

A number of loudspeaker enclosures have been constructed

emploving the design principles that have been described in
this article. These enclosures have performed well and in ac- |
cordance with expectations. A |
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a new money-making,
traffic-building tube tester

THE ALL NEW SENCORE TCI31
SEMI-AUTOMATIC TUBE CHECKER

After thousands of requests here is the “counter/bench”
version of the famous Sencore Mighty Mite Tester; designed
for the ultimate in tube checking thoroughness and oper-
ational simplicity! Designed for two-way use —as a pro-
fessional shop tester and customer self-service unit. Tests
over 2500 tubes — including Nuvistors, Compactrons, 10-
pins, Novars, Magnovals and foreign tubes with o big
6-inch meter for easy reading. Semi-automatic; simply
turn function control to any test and watch lighted arrow
on meter automatically stop on right scale. User can’t go
wrong — no guess work — everything is read right on the
meter (no tricky neon lights to misread); only 3 set-up
controls. Easy to read, speed-indexed set-up cards make
every test fast and sure, like the famous Mighty Mite, the
TC131 uses 100-megohm grid leakage sensitivity to spot
those “tricky” tubes other testers miss; tests inter-element
shorts and makes cathode emission tests under full oper-

ating levels. A real profit maker as a

counter checker or self service tube seller
in your shop . . . and it's only
See your distributor about the big TC131 trade-in deal.

professional qualify — that's the difference!
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WISH YOU

COULD PROGRAM
A BETTER FUTURE?

Find vourself yearning for a better

life . . . an end to worrying about
contracts that expire? Want security
and financial rewards to match vour
intelligence, education and ambition?
Then consider the advantages of
owning a franchised AAMCO Shop:

1.AAMCO is the world’'s largest
‘ coast-to-coast network of auto-
matic transmission specialists,
offering a nationally honored life-
time guarantee.

2. AAMCO Shops average an annual
gross of more than $110,000, with
the best shops grossing $250,000,
making possible personal incomes
of §30,000 to $50,000 a year.

3. With AAMCO, no automotive
"experience is necessary (some of
our most successful shop owners
were engineers). AAMCO trains
vou to use vour own ability.

If vou have the desire to succeed in
business with no limits on potential
and can invest from $12,500 to
$23 000 (depending on size and loca-
tion), contact us and furnish com-
plete personal details. Write, Wire
or Call . .. Robert Morgan, V.P.

AAMCO TRANSMISSIONS
Dept. EW 65

4500 M. FRONT STREET

FHILADELPHIA, PA. 19140
{215) GL 5-5411

CIRCLE NO. 125 ON READER SERVICE CARD

Fill in covpon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog —Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME.
ADDRESS
CITY.

ZONE___STATE e

If you have a friend interested in electronics
send his name and address for o FREE sub-
scription also.

OLSON ELECTRONICS, INC.

CIRCLE NO. 29 ON READER SERVICE CARD
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EW Lab Tested

( Continued from page 22)

making it one of the heaviest speaker
systems of its size.

The manufacturer emphasizes the
omni-directional character of the sound.
The bass is truly omni-directional be-
cause of its 360-degree slot radiator.
The wide dispersion of the speaker’s
highs, which complements its low-fre-
quency characteristics, is the result of
its dome radiators and acoustic lenses.
Although they do not cover a 360-
degree angle, they do provide excep-
tionally wide dispersion, with a subjec-
tive effect of room-filling sound.

A speaker system such as this, which
uses the reflection From room surfaces
to enhance its eflective dispersions can-
not be tested meaningfully in a “live”
room. We located the Model 9000 in
our test room about 207 from a wall and
measured its frequency response at six
points in the room. The average of the
six curves is shown as the frequency
response of the speaker. The dashed line
is the inherent low-frequency response
of our test room, and the response of the
speaker should be judged by comparison
with this line.

The irregularities in the response be-
low 1000 cps are due, in part, to the
reflections from the wall behind the
speaker canceling some of the forward
radiation. It is not possible to isolate this
effect from any inherent irregularities in
the speaker’s response. Above 1000 cps,
the response becomes very smooth and
flat, with a drop of 5 db commencing at
about 7 ke, (This characteristic, accord-
ing to the manufacturer, was designed
into the system to provide for optimum
over-all listening —Editor)

The low-frequency harmenic distor-
tion, with a 10-watt driving signal, is
very low down to 60 cps and is only
10% at 38 cps and 16% at 30 cps. The
10-walt input level represents a rather
high volume, far louder than would nor-
mally be used in the home.

The tone-burst response is good over
the entire range. The first unit we tested
had a few frequencies in the mid-range
which showed some hangover, but this
did not show up in a second unit, so we
assume the first was defective in some
manner. The two units had a very sim-
ilar frequency-response characteristic,
although the second had a somewhat
better mid-range sound which was
consistent with its improved transient
response.

The sound of the Model 9000, as
might be deduced from the curve, is
slightly muted on the highest frequen-
cles, with a rather heavy sounding low-
end response. It does not need nor was
it designed for corner placement to en-
hance its low-frequency response; in

fact, such a location might make it un-
desirably bassy. It is a very smooth,
easy-to-listen-to  speaker, without the
“sizzling” or “airy” sound often heard
from speakers with strong high-fre-
quency response, yet by no means dull
or lacking in high-frequency definition,
A very bright, “live” room would prob-
ably show it off to best advantage. On
the other hand, a heavily upholstered
room might cause it to sound uncomfort-
ably heavy.

The excellent dispersion of the speaker
system was much in evidence in our
listening tests. It has a “big sound” at
any volume level, yet one can stand
close to it without being overpowered,
We did not have the opportunity to use
a pair in stereo, but its ommni-directional
properties are ideally suited to produce
optimum stereo performance.

The distinctive and tasteful styling of
the “Royal Grenadier” is likely to ap-
peal to the lady of the household, and,
with due allowance for individual list-
ening preferences, its sound will not
olfend the most critical listener. It is
completely free from harshness or stri-
dency, which makes for easy listening
without strain or fatigue.

The Empire Model 9000 “Roval
Grenadier,” with the walnut top, sells
for $239.95. With a marble top, the
Model 9000M is $249.95,

NOISE LIMITER

By CHARLES C. MORRIS

HE noise limiter shown in the sche-

matic was built for use with a 12y,
automobhile radio when used with a ran-
sistorized high-frequency converter for
reception of the higher frequency ham
bands.

The noise limiter eflfectively reduces
ignition and atmospheric noise 1o a rea-
sonable level without a great reduction
in signal level. A switch has been pro-

vided for removing the noise limiter
DET.~AM.C.-AF,
STAGE
LAST i.F.
oON
4 oo:::-— EXISTING
4 VOLUME
CONTROL
250K 250K IN RCVR.
IMEG. 2 .—»4—{

.osu!.l

from the circuit should very weak sig-
nals be received.

With the exception of this switch, the
entire cireuit can be built on a terminal
strip and mounted within the auto re-
ceiver. The switch can be mounted on
the receiver case, or al any convenient

place outside of the receiver, using
shielded leads. A
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Tips op Tape Editing

It's easy to be an authority on tape
when you have a copy of HiFi/
Stereo Review's all-new 1966 TAPE
RECORDER ANNUAL handy.

This fact-filled volume contains over
130 pages, more than 20 complete
features, covering every aspect of
tape recording. You get expert tips
by the dozens, on equipment—mak-
ing better tapes—editing—copying—
sound—on everything you want and

2 % How 1o
Directory of Slerep Tap necnru:?'?

need to know about tape recording.

PLUS a complete directory of the
latest monaural and stereo recorders
—the only complete buyer’s guide
available in the tape recorder field!

Over 100 photos—full data on 220
models from 30 different manufac-
turers! All the model numbers,
specifications, dimensions and
prices...every vital statistic you

______ SEND JUST $1.25 TODAY FOR YOUR COPY OF_ __ __
r THE 1966 TAPE RECORDER ANNUAL

GET TH

The 1966
ANNUAL is

LEATHERFLEX-BOUND

for just $3 POSTPAID!

atiractive, gold-embossed, |
Leatherflex-bound edition—a su-
perb addition to your library of

E EXQUISITE

TAPE RECORDER

I
|
|
I
DITION |
|
|
also available in an E

HiFi/Storeg Rm-'inﬁ-"s 7

CORDER

crnmr RECORDING
| * Tapin 00se 3 Recordep
Picking the pest yap i ,ﬂm’;!“"""’""""es
ISES %k PLUS:
Actessorjgs, Mikes

Ziff-Davis Service Division » Dept. TR
589 Broadway « New York, N.Y. 10012

Send me a copy of the 1966 TAPE RECORDER
ANNUAL, as checked helow:
[ $1.25 enclosed, plus 15¢ for shipping and han-
dling. Send me the regular edition. ($1.50 for orders
outside the U.S5.A)
] -$3.00 enclosed. Send me the Deluxe Leatherflex-
bound edition, postpaid. $3.75 for orders outside !
| the U.S.A.) Allow three additional weeks for delivery.

&

need to compare the newest re-
corders and select the finest one in
your price range.

The 1966 TAPE RECORDER AN-
NUAL is an indispensable guide for
everyone wheo wants better per-
formance, greater versatility and a
lot more fun from his tape recorder
...month after month...tape after
tape!
If you fit this description...

bl S AL Sl

]
permanent reference books. This | - 0
deluxe volume will be mailed to [ ™@™M€ R AR EW-16
your home, postpaid, for just | .
$3.00, when you check the ap- I fqdress [
propriate box on the order form. I city state zip code !
L — — — PAYMENT MUST BE ENCLOSED WITH ORDER.— — — —
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The receiver was built into a compact LMB utility case ({Type
W-1C) measuring only 5” x 6" x 814", Dial is National MCN.

Design and construction
details on a 40-meter
amateur receiver

in which a balanced
mixer-detector provides
unusual sensitivity

and selectivity.

By DALE HILEMAN, WBGNTR

A Heterodyne Receiver

sponse to a need for increased selectivity in radio

receivers, The relatively narrow bandpass of an i.f. am-
plifier affords the required selectivity; but the frequency-con-
version process introduces spurious responses, often called
“spurs.”

The most troublesome spur is the image, although there are
a number of others to which a superhet js subject, Arising in
somewhat the same manner as images, these other spurs pro-
duce extraneous tweets and whistles, collectively referred to
as “birdies” in amateur radio parlance.

Most images and birdies can be avoided by the use of two
or three tuned r.[. stages ahead of the first mixer or converter.
Besides increasing the cost and complexity of a receiver, how-
ever, 1.f. stages contribute problems of their own, involving
stability, tracking, cross-modulation, and gain control. Most
inexpensive superhets represent a compromise between spurs
and cost, using cither one r.f. amplifier or none.

r I YHE superheterodyne principle was developed in re-

Heterodyne Receiver

This article describes a receiver designed to circumvent
the spur problem in the simplest and least expensive way, us-
ing the heterodyne principle of detection. With this method,
the local oscillator is injected at the same frequency as the re-
ceived signal; in effect, then, the Lf, frequency is zero. Hence
the image and any other spur depending on the difference be-
tween local oscillator and received signal is eliminated, mak-
ing r.f. amplifiers unnecessary. No. i.f. amplifier is used, either,
because there is no intermediate frequency,

Nor is there any need for a b.f.o.; in a heterodyne receiver,
the local oscillator performs the same function as the b.f.o. of
a conventional superhet. In other words, only one conversion
or beat-frequency action takes place in a heterodyne receiver,
the incoming signal being converted directly from r.f. to audio

_in the heterodyne mixer,-.

‘ Since it behaves outwardly like a superhet with b.f.0. on,
the heterodyne receiver is best suited for SSB and c.w. recep-
tion. It is also capable of AM reception, but the local oscillator
must be held very close to the incoming carrier frequency for
intelligible results. -

The bandwidth of a properly designed heterodyne receiver

Gs determined not by the selectivity of any tuned circuit but by
the bandpass of the audio amplifier. This is so because the
heterodyne mixer is a product detector, responding not to the

80

envelope of a signal but to the difference in frequency be-
tween local oscillator and signal. Since the detector responds
to signals on either side of the local oscillator, receiver band-
width is twice audio bandpass, L

Incidentally, therein lies one disadvantage of heterodyne
detection: in ¢.w, and SSB reception, signals adjacent to the
local oscillator but on the side opposite the desired signal can
cause interference. However, this is also true of inexpensive
superhets and s a small price to pay for freedom from spurs.
Also, in SSB reception, this apparent drawback has some of
the aspects of an advantage since it makes tuning easier; An

. upper-sideband signal tunes the same as a lower-sideband sig-

nal,
Another disadvantage of heterodyne detection is suscepti-

“ bility to overloading by strong adjacent-channel signals; but

this is the toll exacted for good sensitivity. The addition of a
low-gain r.f. stage will prevent most overloading, but this rem-
edy should be considered only if the receiver is to be used
very near an adjacent-channel transmitter.

Circuit Analysis

The heterodyne receiver (Fig. 1) uses five tubes and covers
the 40-meter amateur band of 7.0-7.3 mc. Adjustable selectiv-
ity is provided by active networks in the audio circuits of the
receiver. The power supply, using a semiconductor rectifier,
operates with 117-volt, 60-cycle input.

Mixer V1 is a balanced product detector, accepting parallel
signal inputs from antenna coil L1 and push-pull injection
from local oscillator V2. Balancing of a product detector mini-
mizes the effect of overloading by strong adjacent-channel sig-
nals, Grid balance trimmer C8 adjusts the capacitance in the
grid circuit of V1A, making it possible to equalize the signal
inputs. Cathode balance potentiometer R3 makes it possible
to equalize gain of the two triode sections, Since balance is
also affected by tuning of the antenna tank circuit, “Null” con-
trol C1 is provided as a fine balance adjustment,

Sensitivity of the product detector is enhanced by regenera-
tion introduced from the wiper of R3 to a tap on Ll. The
regenerative action also increases the effective “Q” of the
antenna tank circuit, thereby helping minimize the effect of
overloading.

The push-pull injection voltage is provided by local oscilla-
tor V2. Hartley oscillator V2A drives phase splitter V2B.
Phase trimmer C24 compensates for the Miller effect’in V2B,

ELECTRONICS WORLD




105, 105V, T
RE A =g el K
L JcLIPPER =——r1p !
R7E cl'.‘ll }El"’ G i %
£ 4 Dl D2
EARTH ANT. _— b wy : oo SPEAKER
’ i ci3 }_ 55:. s F
— ~c3 WVOLUME
= RIO V5
[emray D
T4
leir 2
| ROZ 1
|
o
ci|lfc2al? ca| Y : i SEB8
i BALONCE - o | POWER AMP.
Nuli ¢ : ﬁia Azl !
| = 104.5V. b
| = caaf ey
|
i I ]|I.\r '_-___ R23 15V,
SELECTIVITY
s CIEE = u
I E e o
i 1.sv > 3
{ 1ZAXTA L. =
PHASE-SHIFT AMP, Zpap
: Vi vz Vi V4 Vs T3 2
l cT
] —
I Fig. 1. Complete circuit diagram
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104.3V. LOCAL OSC.
i &
| L ; ; i 2
I I ‘C23—2000 pf. mica capacitor +5¢%
| C24-—-9-180 pf. trimmer capacitor
I Le Czci crlf C25—5 pf. mica capacitor
2:3: cz;: = 7"- C27—30 pf. mica capucitor
| cza=t= Znas A26 R27: —cao { C25—100  pi. tuhu_lnr cc{amic cnpaci,l:_nr - 26,
| BULSE 7 3 eaea | zero-temp. coefficient (Centralab TCZ-100)
E INE I C29—20 pf. tubular ceramie capacitor - 29, 750
= p.p.-m. neg.-temp. coeflicient { Centralab TCN-20)
TUNI oR ! i :
T O AT OR, e o L b s C31—40740740 i, 300 v, elee. eapacitor

RI1,R2,R26,R27—100,000 ohm, ¥4 w. res.
R3—100 ohm linear-taper composition pot.
R4,R5—1 megohm, 14 w, res.
R6—A47,000 ohm, 14 w. res, --105%
R7,RB—22(,000 ohm, ¥ w. res.
R9—2.2 megohm, 1% w. res. & 104
R10—500,000 ohm wvolume control

lund MAC-3}

“with switch
R11—1 megohm, 4 w, res.

R12—120,000 ohm, V5 w. res.

R13—680,000 ohm, 14 w, res.

R14—100 ohm, 5 w. res,
R15,R24,R25—1000 ohm, 1% w. res,
R16—120,000 ohm, 15 w, res. =59
R17,R1B—2000 ohm, 13 w, res, + 55
R19—H2,000 olim, 14 w. res. + 105,
R20—10,000 ohm, % w. res.

R21,R22—1000 chm, 15 w. res, =5¢%
R23—1000 ohm linear taper composition pot.

=104

making it possible to adjust the phase relationship of the cath-
ode and plate r.f. voltages to exactly_ 180 degrees. This phase
relationship provides best balance and greatest output from
the mixer, and also minimizes local oscillator tadiation.

Selectivity of the receiver is controlled by RC networks sur-
rounding audio amplifier V3 and phase-shift amplifier V4.
Selectivity adequate for phone reception is provided by the
bridged-tee network R9, C 14, C15, and R6 between the plates
of V3. This network provides an audio response centered at
about 1000 cps.

Variable selectivity for c.w. reception is provided by phase-
shift amplifier V4. Inspired by the “select-o-ject” circuit popu-
lar in amateur ¥adio circles, V4 introduces regeneration to
audio amplifier V3, at a discrete frequency of about 1030 cps.
This figure was selected becanse it is the operation frequency
of an FL-8 or FL-30 Range Filter, a surplus item used by
many amateur operators as an aid to c.w. reception. The
regeneration frequency of V4 may be varied, if desired, by

I changing the value of R16 or R19.

" Power-amplifier stage V5 includes clipper D1 and D2, in-
tended to soften the effects of transmitter ke¥ clicks when the
receiver is used in full-break c.w. communications. With
“Clipper” switch S1 closed, the voltage excursion on the con-
trol grid of V5Bis limited to about 2 volts, as established by

January, 1966

R28.R29—3300 ohm, V5 w, res.
C1,C3—1-5 pf. middet var. capacitor (Hammar-

C2—3-gang tuning capacitur (center gang B not
used), 5-20 pi. per gang; trimmer Cr part of rear
gong C. J. W, Miller 1460.

C3—2.7-30 pf. trimmer capacitor.

52) C4-—120 pf. mica eapacitor =56

C5,C6,C7—33 pl. miea eapacitor 4555

CB—5-80 pi. trimmer eapacitor

CH.C10—.01 puf., 500 v. dise eceramic capacitor

C11,C12,C13,C16,C17,C18,C26,032,C33—4700 pi.,
600 v. disc ceramie eapacitor

C14,C15-—-560 pi. mica capaecitor - 5%

C19—4700 pi., 1000 v. disc ceramic capacitor -

C20—50 pf., 15 v. elec. capacitor

C21—16 pf., 250 v, clec. capacitor

22200 pf, mica capacitor == 5%

Fl—15 amp “slow-blow" fuse

L1,L.2—17 t. #24 en, wire on 13-in. dia. x 11457
long slug-tuned form (National Radie XR-50
coil form}, tapped 4 t. from ground (slug) end

D1,D2—1N456 diode

D3—-5E6 silicon rectifier, 350 ma., 600 p.i.v. {In-
ternational Rectifier}

S1—5.p.s.t. toggle switch

§52—8.p.s.t. switch (on RI10)

Spkr.—3"x 57, 3.2.chm speaker (sce “Construc-
tion'")

T1—Maugnetically shielded audio transformer; one

- winding 20,000 ohms ¢.t., other winding not used
{see “Choice of Parts")

T2—Output trans., 4000 chms to 3.2 ohms

T3—Power trans. 125 v. @ 50 ma.; 6.3 v, @ 2
amps {Allied Radioc “Knight"” 6-K-28 HF ar
equiv,)

J1—Closed-cireuit jack

V1, V2, V3, Vi—12AX7A tube

V5—6EBS tube

the forward conduction barrier of silicon. If more clipping is
desired, a small resistor may be connected in series with cath-
ode bypass capacitor G20, or else this capacitor may be re-
Toved entirely, If less clipping is desired, an additional diode
may be connected in seri¢s with D1 and one with D2, The
added diode should be another 1N456 or other silicon type
and must be oriented the same way as the one with which it is
connected in series.

Resistor R15 in the screen-grid circuit of V3B helps stabilize
the +105-volt potential when the power amplifier is over-.
driven, If the clipper is turned off and a loud signal appears,
excessive drive voltage may be applied to V5B. Under these
conditions, the average plate current of V5B drops, but at the
same time, the average screen-grid curtent rises, Resistors R29
and R15, acting as a voltage divider, maintain a constant volt-
age at the junction in spite of the Tise in potential at one end
and the drop in potential at the other end. ' :

Choice of Parts

Most of the parts are not critical. The majority can be sub-
stituted freely, and most tolerances given in the parts list can
be exceeded without disastrous results. However, a few parts
are critical in one way or another, and these will be discussed
in the order in which they appear in the parts list.




! must be of the composition type, and not wirewound,
| & R17,R18—The value of these resistors is not critical, but for
| sharpest c.w. selectivity, the two should be as nearly equal as
possible.

R21,R22—See the foregoing comment regarding R17 and
R18. '

C28,C29—T or best frequency stability during warm-up, the
temperature coeflicients given in the parts list must be ob-
served. Or these two capacitors may be replaced by a single
120-pf, capacitor having a negative temperature coeflicient of
125 parts per million.

C31—Ratings not critical. This unit may, if desired, include

€20, but to avoid hum C21 must be separate,

'8 DI,D2—Nearly any silicon diode is suitable, but not ger-
manium. -

® D3—Any common rectifier capable of 35 ma. d.c. and 350
peak inverse volts is suitable,

/@ Tl-Impedance of the winding is not critical, but the trans-
| " former must be magnetically shielded to avoid hum pickup.
i / An open-frame type is positively not usable. At least 45 db of
' ' magnetic shielding is required, Since well-shielded transform-
ers are expensive, it is recommended that this item be ob-
tained surplus if at all possible.

Construction

Because of high audio gain in the heterodyne receiver, two
important precautions must be observed to prevent stray
coupling, A most importanl precaution, to prevent feedback
and hum pickup, is to mount mixer transformer T1 as far as
possible from power transformer T3 and output transformer
T2 (sec top view). Furthermore, if T1 is not a well-shielded
unit, it is recommended that permanent mounting provisions
for the transformer be deferred until the receiver is finished
and can be tested. It may be necessary to orient the trans-
former for minimum hum.

A second most important precaution concerns the grid cir-
cuit of mixer V1. All conductors connecting to pins 2 and- 7

Top view of chassis. Set includes speaker but external speaker
is preferred in order to minimize the effect of microphonics,
e
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® R3—To avoid reactive eftects, this particular potentiometer

must be kept as short as possible. All other conductors must
be kept as far as possible from these tube pins and from
capacitors C5 through C8. It is especially important to keep
the antenna lead well away from the grid circuit of the mixer.

The mixer is sensitive not only electrically but also mechan-
ically. To minimize microphonics, it is recommended that V1
be shock-mounted, especially if the loudspeaker is nearby. In
fact, it is prefer able to use an external loudspeaker exclusively,

Another important precaution to be observed in planning
the layout is to mount antenna coil L1 near cathode-balance
potentiometer R3, and R3 near mixer V1. (See bottom view.)
Keep the leads between these three parts as short as possible
to prevent parasitic oscillation,

In wiring the receiver, there are several minor precautions
it would be well to observe:

The leads from pins 6 and 8 of phase splitter V28 to capac-
itors C7 and C8 need not be very short, but they should be
kept close together and slightly away from the chassis,

All conductors connecting to pin 2 of audio amplifier V3A
should be kept as short as possible.

Capacitors C17 and C19 in the power-amplifier circuit of
V5 should be mounted as far apart from one another as con-
sistent with short leads.

Capacitor €29 should be mounted at least 14
nearest tube.

Once wiring is completed, adjustment may begin, The local
oscillator is adjusted first and then the mixer.

inch from the

Local Oscillator Adjustment

1. Equipment sctup: Connect the antenna to the receiver.

'Loosely couple a signal generator to the receiver by connect-

| ing a short antenna to the r.f, output of the signal generator,

2, Presetling the controls: Set anltenna trimmer C3 and grid

. balance trimmer C8 near maximum capacitance. Set “Freq.

| Fine” control, C30, to mid position and “Selectivity” control,

R23, to its extreme counterclockwise position (wiper at

| ground end). Set “Volume” control; R10, as required for a
comfortable listening level.

3. Initial adjustment of oscillator: Set the receiver tuning
dial 5 percent from maximum capacitance position, and set
the signal generator to 7.0 me., unmodulated., Adjust oscillator
slug 1.2 to obtain zelo be'lt Now set the receiver tuning dial
10 percent from minimum capacitance position, and set the
signal generator to 7.3 mec. Adjust oscillator trimmer Cy to

=, obtain zero-beat,

. A Final adjustment of oscillator: Repeat step 3 until slug

/and trimmer require no further adjustment, Then calibrate
the tuning dial in increments consistent with the accuracy of
the signal generator. Alternately, it is feasible to employ a

\linearby receiver for calibration since the local oscillator of the
“Nheterodyne receiver radiates enough signal to be heard.

Mixer Adjustment

1. Equipment setup: Leaving the antenna connected to the
receiver, attach an a.c. voltmeter across the receiver speaker,

2. Presetting the controls: Make sure “Freq. Fine” control,
€30, is still at mid position and “Selectivity” control, R23, is
at the extreme counterclockwise position. Set antenna trim-
mer C3 at 15 pf. or about mid position, and set grid balance
trimmer, C8, at 33 pf. or about mid-position. Set cathode bal-
ance potentiometer R3 and “Null” control C1 also to mid po-
sition. Throughout the following procedures, “Volume” con-
trol RI0 may be readjusted as necessary for comfortable

L._Iisteni ng level.

3. Adjustment of antenna slug: Set the receiver tuning dial
and the signal generator both to 7.15 me. Using a modulated
signal, carefully adjust the receiver tuning dial for maximum
output (near zero beat). Now adjust antenna slug L1 and
phase trimmer C24 alternately for maximum output, progres-
sively reducing the level of the signal generator to maintain
.only a minimum usable sig“%AIS(), as L1 approaches reso-
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nance it may prove necessary to readjust the receiver tuning
dial slightly for maximum output.

4. Initial check of antenna coupling: Observing the a.c.
voltmeter, adjust antenna slug L1 throughout its entire range.
If two distinet peaks occur, slightly increase the capacitance
of antenna trimmer C3 (the setting of C3 is fairly critical)
and then return to step 3. If only one peak oceurs, proceed to
step 5.

5. Adjustment of balance: Leaving the receiver tuning dial
set at 7.15 me., set the signal generator to about 6.5 mc. Then
increase the level of the signal generator until overloading
occurs, that is, modulation is heard in spite of the receiver and
signal generator being tuned to different frequencies. To ob-
tain overloading, it may be necessary to further increase the
signal level by bringing the signal generator antenna nearer
the receiver antenna or lengthening the signal generator an-

tenna; but use no more coupling than absolutely necessary.

Now adjust grid balance trimmer C8 and cathode balance
potentiometer R3 alternately lor a null.

6. Final check of antenna coupling: Turn “Null” control C1
back and forth. Tf a distinet null occurs at or near mid position,
then alignment is complete and no further adjustments are
required. If not, proceed as follows: Set “Null” contrel C1 to
mid position, slightly decrease the capacitance of antenna
rimmer €3, and return to step 3.

In (,d-,v of I"rouble

Parasitic oscillation, hum noise, ll‘nlhllaﬂi‘f‘ and howl are
the most likely trou bles. Parasitic oscillation in the grid-cath-
ode circuits of the mixer, resulting in poor sensitivity, may be
due to excessive lead lengths in either circuit. Shorten these
leads or connect a 10-pf. mica capacitor from the arm of cath-
ode-balance potentiometer R3 to ground.

The most likely cause of hum is magnetic coupling between

power transformer 73 and mixer plate transformer T1. Re-_

orient T1 or replace it with a better-shielded unit, The next
most likely cause of hum is excessive lead length_in various
grid circuits, especially the circuit of mixer V1, Before pro-
ceeding to rewire, however, try replacing tubes.

Since audio gain of the heterodyne receiver is very high,
hum may also be caused by proximity of a battery charger,
or any other electrical device generating a substantial fluctu-
ating magnetic field. In some cases, removing one of the line
bypass capacitors {C32 or C33) may reduce hum,

Slight hum may be the result of excessive regeneration, es-
pecially if accompanied by instability and mlcmplmmm To
decrease regeneration, replace injection coupling cap(mtm
C7 with one of slightly greater value, and then realign mixer,}

Sputtering or staticky noisg is caused by a defective com-
ponent part, often in the mixer circuit. Grid balance trimmer
C8 is a likely offender, especially if it is of the mica variety
and not brand-new. Capacitors C9-C12 may also be sus-
pected. Before replacing any of these components, however,
first try replacing tubes.

Inability to achieve proper balance is due to lack of sym-
metry in the mixer, especially in its grid cireuit. Check for ex-
cessive lead length, incorrect component value, or wiring er-
ror. Before making extensive changes, th(mffh try 1L‘pLu1n<f
mixer tube V1 and realigning the mixer.™
# Interference by a broadcast station or other medium-fre-
quency signal may appear if the antenna lead has been routed
anywhere near the component parts of the mixer grid cireuit.

Feedback resulting in audio howl may result if capacitors™

C17 and C19 in the power amplifier cireuit of V5 are mounted
too close together. Microphonics may also cause howl. If mi-
crophonic howl persists even when an external loudspeaker is
used, try interchanging mixer V1 with one of the other
12AXTA tubes, or set the receiver on a foam-rubber pad.
Operation
Except for “Null” control C1 and “Selectivity” control R23,
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Bottom view of chassis. Components in mixer circuit, including
L1, C8, and R3, are mounted near V1 to minimize hum, imbalance.

the heterodyne receiver is operated in much the same way as
any other receiver. Although the “Null” control serves a func-
tion similar to that of the antenna trimmer in an ordinary
receiver, its effect is not the same. The “Null” control is not
used to peak the incoming signal but instead acts as a fine bal-
ance control. It is used only to minimize the effect of overload-
ing in case of interference by a strong adjacent-channel signal,
so rarely needs to be adjusted during normal operation.

“Selectivity” control B23, used in c.w. operation, adjusts
gain at a certain discrete audio frequency of about 1030 cps.
Turning the control clockwise increases the gain at this fre-
cuency, thereby increasing selectivity, Advancing the control
beyond a certain eritical point, however, results in oscillation,
In tuning weak signals, best results are obtained at a setting
just below the point of oscillation. Under these conditions,
however, tuning is ‘extremely sharp. Therefore it may prove
necessary to occasionally readjust “Freq. Fine” control C30 to
compensate for slight drift of the local oscillator or signal
frequency.

In case of interference from a signal 1030 cps on the oppo-
site side of the local oscillator, it is necessary only to tune the
“Freq. I'ine” control away [rom the interfering signal and
through the desired signal to a point that is 1030 ¢ps on the
other side of the desired signal,

Conclusion

This article has deseribed an experimental receiver using
the heterodyne principle of detection. Although simple in de-
sign, the heterodyne receiver in many ways surpasses a much
more elaborate superheterodyne. The heterodyne detector
shows promise for other applications, such as portable equip-
ment, where simplicity is an important requirement. Also,
since the local oscillator frequency is the same as the fre-
quency being received, the amateur radio operator will recog-
nize the chance of using a common oscillator for his transmit-
ting aned receiving system. )

It is hoped that this article will stimulate further research
and experiment with the heterodyne principle of detection. 4

83



Solid-State Equipment Directory
(Continued from page 35)

/ Solid-State Tuners

Physical
_size
{inches)
L]
;..?
L3
S,
Se /& /o
& & &
3 & /&
5 FI /e
Model i ALY
BOGEN COMMUNICATIONS, P.0. Box 500, Paramus, N.J. 07652
FT-160 | no | 2.5 3 35 7 o 10 5 Irans. no | yes | yes | 15 | 4% [ 10 | 19995 - 27.95
ELECTRO-VOICE, INC., Buchanan, Mich. 49107 _
1155% [no | 3 Y Bt o 20 a2 trans. no | yes | wes | 8% | 3% |04 | 1s0.00 - inc.
FISHER RADID CORP., 21-21 44th Dr., Long Island City 1, N.Y. g
TFM-300 [ ro | 1.8 2 55 A & 10 — tube yes | — | no |15% | 4%s|N% | 27950 - =
TFM-200 | no | 18 | 22 55 3 a2 10 - tube yes - no  |15% | 4% (11246 | 229.50 - -
GROMMES, PRECISION ELECTRONICS INC., 8101 King St., Franklin Park, lllinais
2000° | yes ? 4 50 5 22003( 10 1 nuvistor yes no no 15 | & (13 | 1995 — no
107 yes 2 4 50 5 2 10 1 nuvislor yes no no 15 |4% 11 199.95 - 1o
HARMAN-KARD.ON. INC., Plainview, Long Island, N.Y.
$T-2000 [yes | 2.9 4 — 1 2% 1 b trans. — L SCA | nmo | W |4¥ | 10 | 189.00 - 24.95
HEATH CO., Benton Harbor, Mich., 49023
AJ-43D | yes 2 3 - i 2 — 5 trans. yos yes yes [15% | 5V | 14% — 109.00 | 552
AJ-33A |yes | 3 4 - 1 2 — 5 trans. yes | yes | yes |15% | 3% |14 . 94,50 ine.
AJ14 |no | 5 3 - 1 el - K trans. no | SCA | yes |12 |34 | 9% - 49.95 32
KENWO0OD ELECTRONICS INC., 3700 S. Broadway Pl., Los Angeles, Calif. 90007
TK-500 | no i 1.8 2 20 1 o 10 2 nuvister | yes | yes | yes 15} | 5% [12}4 | 17495 - inc.
KLH RESEARCH AND DEVELOPMENT CORP., 30 Cross St., Cambridge, Mass. 02139
18 no | 3 4 - 4 b - % trans. no | yes | me [ 8% | 4 |5% | 11695 — inc.
KNIGHT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, 1llinois 60680
KN-265A | yes 3 3 —_ 5 = 25 _— trans. —_ — yes 1378 [4}a | 12 149.95 —_ 14.95
KNIGHT-KIT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, lllinois 60680
KG-790 | yes 1.5 5 - J — - 1.25 trans. yes yes yes | 1634 5 15 — 139.95 19.95
KG-7465 | yes 2.5 9 — 1 - — — 1 trans. yes yes yes 13 2% n 139.95 74.95 12.95
OLSON ELECTRONICS, INC., 260 S. Forge St., Akron, Ohio 44308
RA-750 | yes | 2 TR I &5 ‘ neg. 5 l Frans. no | SeA | yes |[14% |44 | 10 | 9998 = inc.
PILTT RADIO INC., 100 Electra Lane, East Station, Yonkers 4, N.Y.
oo | — | 2 Tesee e 03 5 20 15 trans. | yes | yes | me | — | — | — | 22995 - -
T300 —_ 35 4 —_ A 1250]( 20 1.5 1rans. no yes no —_ — —_ 179.95 — —_
H. H. SCOTT INC., 111 Powder Mill Rd., Maynard, Mass. 01754
315 e | 27 § 40 1 a 20 1 EET no | yes | mo | 15%e |4's 1224 | 18495 - 12.95
3128 no | 1.9 4 45 1 a4 20 1 nuvistor no yes no | 15%s [4'%e [12)4 | 249.95 - 13.95
Lr-112 [ no | 22 4 45 1 a 20 1 novistor | no | yes | no | 15Me |4'He 124 — 179.95 | 13.95
SHERWOOD ELECTRONIC LABS INC., 4300 N. California Ave., Chicago, lllinois 60618
$-3300 |no |16 | 24 | — 3 2 10 1.5 trans. yes | yes | mo | 14 | 4 |10} | 167.50 = 7.50
V-M CORP., P.0. Box 659, Benton Harbor, Mich, 49023
1487 yes 5 —_ — — — 100 25 trans. no yes yes 1 kE 7 129.95 — inc.

All information supplied by manufacturer. All sterso units. All have tuning meters except Heath AJ-14 and V-M_1487. All have stereo indicator lights except
Olson RA-750 has meter. All have automatically switched stereo except Heath AJ-334, AJ-14, KLI 18, Knight-Kit KG-765 have manual switching.
oTaken at =200 ke. bModel 1156 same as 1155 except with AM. cModel 1000 same as 2000 except no AM and costs $197.50, dExceeds FCC limit.
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Solid-State Amplifiers

(Continued from page 41)

High-frequency oscillations that do
occeur are hard to observe, even with
wide-band oscilloscopes. For one thing,
transistor circuits are low impedance,
which means that voltages are low. The
oscillation may appear as a tiny notch in |
the waveform and still cause enough of a
shift in the operating point of the ampli-
fier stages to be heard.

Overload & Voltage Changes

In a class-B amplifier, little current is
drawn from the power supply when no
signal is present. Application of a large
signal results in heavy cwrrent drain from
the supply, with a corresponding drop in
supply voltage. If this voltage change is
fed back to the low-level stages, it acts as
an additional large signal, or it can even
change operating points sufficiently to
cause the amplifier to block. The fed-
back signal sometimes causes the ampli-
fier to “swallow” the input signal, and
follow it with a large internally generated
transient. This effect has been referred
to as “gulp distortion.” In an extreme
case it can actually cause an amplifier to
have a lower music-power output than its
steady-state rating.

The remedy is to operate low-level
stages from a voltage-regulated supply
and to design the feedback circuits so
that oscillation cannot occur at any fre-
quency, and with any type of load that
might be applied.

Since the power output of an amplifier
is approximately proportional to the
square of the d.c. supply voltage, it can
be expected to vary in a similar way with
variations in line voltage. If the amplifier
is rated at 117 volts, as is customary, op-
eration at 105 volts can reduce output
by 20%. This is less than 1 db, and not
audible. More important, however, is the
fact that line-voltage changes can shift
operating points, greatly increasing dis-
tortion, especially at lIow power levels.
Voltage-regulated supplies for low-level
stages, choice of non-critical circuit con-
ditions, and use of bias diodes are the
most common means of preserving op-
timum performance despite voltage fluc-
tuations.

Speaker Protection against D.C.

Direct connection of the speaker to the
output stage is attractive since it elimi-
nates a bulky and expensive electrolylic
capacitor. The “half-hbridge” connection
sometimes used connects the speaker be-
tween the junction of the series- (for
d.c.) connected power transistors and the
mid-point of the dual power supply. For
true class-B stages, which have zero
idling current, and for perfect balance,
this is fine. However, practical transistor
amplifiers are operated class-AB to avoid
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| STEREO FM SIGNAL
20 SIMULATOR -
Fe8d WR-5.2R :

RF CARRIER

120 e

Look what's happened to the RCA WR-51TA FM Stereo Signal Simulator

...It got to be the WR-52A...
NEW, REDESIGNED AND IMPROVED

Last year we decided to make a few improvements in
our WR-51A Stereo FM Signal Simulator...for two
years THE established test instrument for multiplex
stereo servicing. We intended to call it the WR-51B.
But one thing led to another and we made so many
extensive improvements that we virtually had a new
instrument on our hands. You're looking at it: the
NEW RCA WR-52A STERED FM SIGNAL SIMULATOR,
We've added an RF Deviation Meter to measure the
modulation level of both stereo and monaural FM sig-
nals. The meter is also used to accurately establish
the leve! of the 19 Kc subcarrier.

We’ve included provisions for modulating left or right
stereo signals with an external monaural source.
We've added a switch to disable the 19 Kc oscillator
to provide a low-distortion monaural FM output.
We've added a new frequency {72 Kc)...reguired,
along with the 67 Kc frequency, for trap alignment in
some sets.

These features, together with numerous internal cir-
cuit design changes have resulted in a wvastly im-
proved, almaost completely new instrument. And, the
RCA WR-52A includes all those features that made its
predecessor such a valuable servicing toal,

= COMPOSITE STEREQ QUTPUT—for direct connection
to multiplex circuit

Choice of left stereo and right stereo signals

® RF OUTPUT—for connection to receiver antenna ter-
minals

100 Mc carrier, tuneable

Choice of FM signals—left stereo, right stereo,
monaural FM, internal test and 60 cycle FM sweep

EM stereo deviation adjustable from 0-100%

100 Mc sweep signal adjustable from 0 to more
than 750 K¢ at a 60 cps rate

RF output attenuater
® CRYSTAL-CONTROLLED 19 K¢ SUBCARRIER (=.01%)
= SINE WAVE FREQUENCIES
Three low-distortion frequencies—400 cps, 1 Ke,
5 Ko
Two crystal-controlled frequencies—19 and 38 Ke
Additional frequencies—67 and 72 Ke for trap
alignment
® READILY PORTABLE—weighs only 1234 pounds,
measures 13%2" hy 10 by 8~
= COMPLETE WITH WIRED-IN CONMECTING CABLES
We also raised the price...just 50 cents. The WR-52A
is now $250.00.* Ask to see it at your Authorized RCA
Test Equipment Distributor.
*Optional distributor resale price, subject to change with-
out notice. May be slightly higher in Hawaii and the West.

RCAELECTRONIC COMPONENTS & DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
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Mwhether you operate
a space
rocket . ..

YOU NEED
TEXAS CRYSTALS

to control frequency!

Why TEXAS CRYSTALS? Simply because
you can be sure of their doing the job per-
fectly, just as they have in numerous space
projects. And, TEXAS CRYSTALS are
unconditionally guaranteed! Regardless of
your crystal needs — CB, amateur, com-
mercial 2-way, low frequency, marine, air-
craft, etc.—see your parts dealer for TEXAS
CRYSTALS.

If your dealer can’t supply your needs, send his
name with your request for catalog to our plant
nearest you.

®CB ® AMATEUR
® COMMERCIAL
® RADIO CONTROL .
® MILITARY
® MINIATURE
® LOW FREQUENCY
® AIRCRAFT

TEXAS

1000 Crystal Drive
Fort Myers, Florida 33901
Phone 813 — WE 6-2109

CRYSTALS

4117 W. Jefferson Blvd.
Los Angeles, California 90016

A Division of Whitehall Electronics Corp.

Phone 213 — 731-2258

A
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MOVING?

ATTACH
LABEL HERE

p—y

If you've recently changed your ad-
dress or plan to in the near future, be
sure to notify us at once, Affix address
label showing old address here, and
print new address below.

FEN

My New Address is:

name please print

address

city state
‘zip-code date at new address

Notify us of your address change as far in
advance as possible—it takes about 2
months for a change to become effective.
{Eg. A notice received in May becomes
effective with the July issue.)

Mail to: ELECTRONICS WORLD
1255 Portland Pl., Boulder, Colo., 80311
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crossover distortion and there is likely
to be some unbalance present as well. In
such a case, the unbalanced d.e. flows
through the speaker voice coil, displacing
it from its center rest position and causing
it to produce distortion due to its non-
symmetrical displacement by an applied
signal. In the admittedly unlikely, but not
impossible event of power transistor fail-
ure, the speaker finds itsell connected
directly across the power supply—until
the fuse blows,

If the decision is made to retain the
coupling capacitor, what can be done
to preserve low-frequency damping and
stability? Negative feedback taken from
the ocutput side of the capacitor keeps
the damping factor high even at very
low frequencies. The phase shift in the
capacitor is prevented from causing
stability problems by taking the negative
feedback signal from its input end as
well as from the output.

Input Impedance

Transistors arve inherently low input
impedance devices; the input imped-
ance of a typical grounded-emitter stage
is less than 2000 chms. On the other
hand, magnetic pickups and tuners re-
quire terminations of 50,000 ohms or
more. High input impedance is readily
obtainable in transistor amplifiers by
using negative feedback. The attendant
loss of gain must be made up by addi-
tional amplification, which increases
cost. This is not the place to economize
if wide-range, distortion-free operation
is to be obtained with auxiliary equip-
ment. .

The H.H. Scott Model 260 amplifier
illustrated in the photo embodies the
principles covered in this article. The de-
sign objective of this amplifier was
simply: superior performance at mod-
erate cost. It expressly excluded the con-
cept of using transistors just because
they are transistors. A

“What's a license?”
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““ELECTRONIC COMPONENTS HOBBY
MANUAL" edited by R. G. Kemplon.
Published by the Electronic Components
Division, General Electric Company,
Owensboro, Ky. 199 pages. Price $1.50.
Soft cover.

This handy little volume contains a
wide variety of projects for amateurs,
hobbyists, and engineers, One of the
most valuable sections of this book deals
with the operation of components—
ranging from capacitors through tubes,
rectifiers, SCR’s, photoconductors, ther-
mistors, magnetic reed switches, ete, The
text also includes instructions on the care
and handling of components, safety pre-
cautions, troubleshooting, device sym-
bols and connections, and other perti-
nent data.

The balance of the book is divided
into four main sections outlining auto-
mobile projects, entertaimment projects,
home or camp projects, and workshop

projects. Each of these construction proj- -

cets is described in detail, illustrated by
a photograph of the completed unit, and
accompanied by pictorial, schematic,
and complete parts listing.

* @ %

RADIO & TV SERVICING INFORMATION
compiled by M. N. Beitman. Published
by Supreme Publications, Highland
Park, Illinois,

Three volumes have recently been
issued by this publisher in the familiar
“Most-Often-Needed” diagram format.
The volumes include No. R-25 ($2.50)
covering radio, stereo amplifiers, AM-
FM tuners, portables, and clock radios
in the 1963 lines of most of the principal
manufacturers, Vol. TV-23 ($3.00) per-
forms the same service for television re-
ceivers in the 1965 line.

The third veolume, Vol 1 (82.50),
covers radio diagrams and servicing in-
formation for sets released during the
vears 1926 through 1938—a boon for
those who collect and restore old-time
radio receivers. This is a reprint of an
earlier volume. &

¥ k-4 o
“TRANSMISSION LINES, ANTENNAS AND
WAVE GUIDES” by R. W, P. King, H, R.
Mimmo & A. H, Wing, Published by
Dover Publications, Inc., New York. 338
pages, Price $2.00. Solt cover.

This is a corrected and enlarged edi-
tion of a book which was originally de-
rived from an intensive wartime training
course given at the Graduate School of
Engineering, Harvard University,

It provides practical insight into the
fundamentals of radio transmission and
radiation and is addressed to the prac-
tical engineer, radio astronomer, radio
amateur, and college-level student, New
material incorporated in this edition in-
cludes a set of 24 new graphs for distri-
bution of current, impedances, and
effective lengths of dipole antennas, and
for self- and mutnal-impedances of
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coupled antennas, incorporating new in-
formation and conclusions.

The bibliographies appended to each
chapter have been updated through
1964.

Since there are practical problems
presented in connection with each chap-
ter, some with answers, this volume can
be used both as a textbook and a refer-
ence work.

i L] *
“BASIC ELECTRONICS” by Bernard Grob.
Published by McGraw-Hill Book Com-
pany, New York, 578 pages. Price
$10.50.

This book for the beginner enjoved
wide popularity when it was first pub-
lished in 1959, and deservedly so, This
second edition is revised, updated, and
expanded to make it a completely self-
contained reference and self-study
guidebook,

Since the author is an instructor at
RCA Institutes, his selection of subject
matter and emphasis is based on long
experience in imparting electronics fun-
damentals to beginners,

The text is divided into 25 chapters
with the material presented in logical
progression. Early chapters cover elec-
trons and electricity, The text progresses
to d.c. circuits, magnelism, a.c. circuits,
vacuum tubes, and transistors. The text
is lavishly illustrated and well peppered
with summaries, self-examination ques-
tions, tables, and a mathematical review
which makes it ideal for the student
working on his own.

-3 & w
“TRANSISTOR CIRCUITS” by K. W. Cal-
termole. Distributed by Gordon and
Breach, Science Publishers, Inc., New
York. 462 pages. Price $14.50,

This second edition incorporates a
number of additions and revisions neces-
sitated by the advances in transistor
technology since the first edition ap-
peared in 1959, But, basically, the author
has adhered to his original, successful
format of relegating the high technical
and mathematical treatment to appen-
dices and limiting his text material to a
straightforward discussion.

In fourteen chapters the author dis-
cusses the place of the transistor, semi-
conductors, the electrical properties of
transistors, elements of transistor opera-
tion, single-stage amplifiers, multi-stage

BISIC B1EL qerey |

s Iy

T A U Fi
o LMy

Eatlie]

amplifiers, power amplifiers, hi-fi ampli-
fiers, supplies and bias stabilization,
negative resistance, binary circuits,
waveform generation, counting, timing,
and logic; modulation, detection, and
frequency changing; and the measure-
ment of transistor properties.

The level is fairly elementary and the
text is addressed primarily to those
whose interest lies in some field of tran-
sistor application,

o L] £
“ULTRASONIC ENGINEERING" by Julian
R. Frederick. Published by John Wiley
& Sons, Inc., New York. 365 pages.
Price $15.00.

Judging by the inquiries we receive
for all types of information on ulirasonic
equipment and applications, there is a
genuine need for a book of this type.

Although written for engineers, much
ol the material will be perfectly clear to
those involved in deciding whether ultra-
sonic techniques are applicable to a
specific problem.

The first chapter is general in nature
and serves as a brief history of the art
and speculates on its future. The bal-
ance of the text covers the basic princi-
ples of acoustics, an introduction to
ultrasonic processing, ultrasonic trans-
ducers for industrial processing, applica-
tions of ultrasonics to processing, the
uses of ultrasonics in measurement and
control, flaw detection, application of
ultrasonics to biology and medicine.

Since the range of applications cov-
cred by the author is so wide, this book
should be able to meet the informational
requirements of individuals in various in-
dustries and disciplines,

# £ @
“RECEIVING TUBE SPECIFICATIONS &
SUBSTITUTIONS" compiled and published
by Techpress, Inc., Brownsburg, Ind.
138 pages. Price $1.95. Solt cover.

This handy reference manual carries
specifications on more than 2000 Amer-
ican and foreign tubes including infor-
mation on tube type, application,
filament voltage and current rating,
maximum plate voltage, current and
power ratings, input and output capaci-
tance, and base pin mechanics and in-
ternal connections.

A “similar-tvpes” section suggests
tubes best suited for use as substitutes
for the various listed tubes. A
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CATALOG 250
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ALLIED RADIO

100 N. WESTERN AVE. » CHICAGO, iLL. 60680 » HA 1.6B00 (Area Code 312)

508 VALUE-PACKED PAGES

including exclusive products and
special values available only
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send today for your
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world’s largest selection

SAVE MOST ON:

Stereo Hi-Fi
Tape Recording
CB 2-Way Radio
FM-AM & AM Radios
Short Wave Radios
Portable TV » Phonographs
Amateur Gear
Intercoms & P.A.
Automotive Electronics
Test Instruments
TV Tubes & Antennas
Power Tools, Hardware
Parts, Tubes, Transistors

MORE OF THE BEST IN ELECTRONICS FOR EVERYONE

EASY TERMS
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Allied Credit Fund Plan
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in your FREE 1966 a111eD cataroe
see what's new in the wonderful world of kﬂigbt "kits B

KG-964 Superba
Series 64-Watt Solid-
State FM-AM Stereo
Receiver Kit.
$189.95

(less case)

KG-895 Superba Series ]
120-Watt Solid-State
Stereo Amplifier Kit. $149.95

(less case)

KG-371 Solid-State

Auto DC Power

Timing Light Kit.
19.95

Safari-1 Deluxe
23-Channel Citizens
Band Transceiver Kit. $129.95

KG-275 Solid-State

KG-635 5-Inch DC Universal Auto Ana-
to 5.2 Mc Wide- lyzer Kit. $49.95
band Oscilloscope

Kit. $99.95

KG-415 Superba
Series Professional
Sohd State Stereo

ape Dack Kit.
5249

(less case]

o ¥G-2§1 Fm Mc:‘nii
C-54 Low-Cost or Receiver Ki R
5-Watt Citizens (police, fire, ma- KG-201 Solid-State
Band Transceiver rine, ‘weather Metor-Speed/Light
Kit. $49.95 bands, ete.) $39.95 Control Kit. $9.95

T L oy T T ——— THERE IS A knight-kit For EVERY NEED ]

Build it. Operate it. You must be satisfied or we easiest to build—enjoy big savings

refund your money. * Stereo Hi-Fi * CB 2-Way Radio * Short-Wave
s Hobby Kits ¢ Test Equipment « Automotive
 Intercom_ e Amateur Gear

AL
ELEGTRQN_'QS send for your 508-page 1966 Allied Catalog
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N
\ 5 years or
50,000 ies*

no break-in
period -

no oil changes—
no grease jobs=-

no thousand
mile check ups

A new guarantee for an outstanding new
compact loudspeaker. The 1965 Jensen
Model PR-200 is an engineering triumph.
The “power plant” within the beautifully
crafted oiled walnut cabinet is a skill-
fully engineered 3-speaker, 3-way system
with a 12-inch woofer.

Three famous, exclusive Jensen loud-
speakers faithfully reproduce every sound
in the 25 to 20,000 cycle frequency range.
Contemporary wrap-around fabric of tex-
tured rattan compliments the beauty and
sophistication of fine Jensen crafts-
manship.

For the analytically minded write to the
Technical Service Department for a full
explanation of the 50,000 mile guarantee.

*whichever comes first
Suggested resale price $179.50

INETER T See your Jensen hi-fi dealer or

wrile for Catalog 165-L.

JENSEN MANUFACTURING DIVISION
THE MUTER COMPANY
B601 South Laramie Avenue, Chicago, llinois 60638

Argenlina: Ucoa Radio, 5.A., Buenos Aires
Mexico: Fapartel, S, A., Naucalpan, Mexico
CIRCLE NO. 79 ON READER SERVICE CARD
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Magnetic Measurements
(Continued from page 37)

in an ordinary transformer. In the trans-
former the coil does not move in posi-
tion, but the field builds up and collapses
as a.c. passes through the primary wind-
ing, so the field “passes through” the
coil.

The search-coil magnetometer may be
attached to a motor shaft and rotated,
independent of spacecraft spin, or fixed
to the spacecraft and rotated as the
spacecraft rotates, Despite the simplicity
and rugged construction, search coils are
not practical for very low field measure-
ments. The SCM output must be related
to spacecralt position for meaningful re-
sults, since the angle between coil and
field must be known. :

The Fluxgate Magnetometer

To understand the fuxgate magneto-
meter, refer to Fig. 1, An oscillator of
[requency f., usually around 10 ke,
drives the primary of a magnetic core.
The field to be measured aids the a.c.
field over one-half cvcle, and opposes it
for the other half-cvele. The presence of
the aiding/opposing field causes harmon-
ics of the frequency f, to be generated.
By winding each half of the primary in
opposite divections, the fundamental fre-
quency f, and all odd harmonics (3f..
5f., Tf., ete.) are cancelled out. The sec-
ondary winding “sees” only even har-
moniecs (2f,, 4f., 6f,, etc.}, and a filter
is usually employed to pass only the 2f,
frequency. The voltage amplitude of fre-
quency 2f, is then proportional to the
strength of the field to be measured,

Helium maognetometer carried in Mariner/
Mars. Unit was mounted on low-gain anten-
na mast, It weighs 1 lbs. while the ac-
companying electronics weighs 6 lbs, The
instrument requires 7 watts

of power.

More sophisticated fluxgate magneto-
meters have been designed, but the
principles remain the same. Fluxgate
magnetometers have been built with sen-
sitivities of 1/10 of a gamma and range
ol thousands of gemmas. Several of these
magnetometers may be flown on a space-
craft to record the field in several differ-
ent directions,

Atomic Magnetometers

Al least three different types of atomic
magnetometers have been developed,
We arbitrarily classify the proton-pre-
cession, rubidiuvm-vapor, and  helium
magnetometers together since they all
make use of atomic interactions to meas-
ure the magnetic field.

In the prolon-precession magnetom-
eler a sample of a fluid rich in hydrogen
is placed in a coil which is energized to
a magneltic field much stronger than the
field to be measured. Some of the pro-
tons (Hvdrogen nuclei) will line up so
that their spin is aligned with the field.
Other protons will line up with their
spin opposite the magnetic field. Spin
may be thought of as the direction in
which the nuclei rotate, say clockwise or
counterclockwise, with respect to the
applied strong field.

When the applied field is switched
off, the number of nuclei which-have a
particular spin is reduced in proportion
to the field which remains, the field we
wish to measure, As these nuclei are re-
duced in number they emit r.f, energy
of a Irequency proportional to the field
te be measured, A sensing coil, which
may be the same coil as used for excita-
ton, detects the r.f. signal. This r.f. sig-
nal is 0.0426 cycle per gamima. IHence, at
100 y the output frequency is only 4.26
cps, which is difficult to amplify. Thus,
proton-precession magnetometers are not
used for deep-space probes, where fields
are very weak,

I'ig. 2 shows a block diagram of a
svstem used aboard sounding rockets
which reach an altitude of up to 2500
miles. Two different proton samples (a
mixture of kerosene and oil) are used
tn record field strength in two directions.
The programmer and associated relays
automatically switch between coils.

The rubidium-vapor magnetometer as
well as the heliwm magnetometer make
use of the principles and techniques of
lasers. For details of the laser, sce the
articles by Warren Groner in this maga-
zine, “Lasers” (August 1963), “Laser
Practice and Applications” ({September
1965}, and “Laser Measurements” {No-
vember 1965).

A light beam of one frequency (mono-
chromatic} that is characteristic of the
licht source {(rubidium or helium) is
focused upon a sample of rubidium or
helium vapor. As shown in Fig. 3, the
light which passes through the vapor
cell is focused on a photocell. The pres-
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ence of the magnetic field causes a
change or splitting of the characteristic
absorption frequency of the vapor. This
is called the Zeeman effect. This change
in frequency is proportional to the
strength of the magnetic field. For ru-
bidium 853 it is 4.67 cvcles per gamma,
and for rubidium 87 it is 6.99 cvcles per
gamma. Rubidium 85 and 87 are ex-
amples of isotopes, atoms of the same
element which have different atomic
weights. For helium the change in fre-
(uency is approximately 23 cyvcles per
gamma. Hence, small changes in mag-
netic field produce large changes in fre-
quency.

Il a weak a.c. field is applied to the
vapor cell perpendicular to the field to
be measured, the light will be intensity-
modulated. By feeding back this signal
from the photocell to the r.f. coil, the
svstem is self-sustaining, Also, monitor-
ing the r.f. frequency yields the magnetic
field intensity. The system shown in Fig.
3 features automatic phase detection so
as to work for either direction of the
magnetic field. Fig. 4 shows a system
which eliminates phase switching by
providing dual cells, one for each direc-
tion of the magnetic field. Rubidium-
vapor magnetometers have been built
with an accurate range of 0.05 to
10,000 +.

Since the atomic magnetometers de-
scribed have an output frequency pro-
portional to the applied magnetic field,
and these proportions are very precisely
known, no calibration is required. Thus,
atomic magnetometers have a distinct
advantage over other types.

The Mars {ly-by performed by Mari-
ner 4 resulted in valuable information
about the planet. A helium magnetome-
ter was carried by the spacecraft, Tt was
this instrument which measured the
magnetic fields between the Earth and
bevond Mars. Results show that the
fields close to Mars are not appreciably
stronger than the regions of space far
removed from the planet. Hence we may
conclude that Mars has little or 1o mag-
netic field associated with it, While per-
haps not as spectacular as the Martian
photographs transmitted back to earth,
these results are perhaps more useful
and significant. A

Heppa?

7o — z
“What do you mean, ‘Why am | pulling this
wire?’ Ever fried pushing one?"
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The only lab instrument you need
to complete Scott’s new 80-watt
solid-state stereo amplifier kit

Scott's new solid state amplifier kit is completely protected against transistor blow-
out. An ingenious “Fail-Safe” circuit using an ordinary light bulb takes the load
off expensive silicon transistors when you first plug in your LK-60 . . . so, if you've
made a wiring error (almost impossible with this kit), no harm done! Other bright
new ideas from Scott: preassembled, factory-tested modular circuit boards; full-
color instruction book; amazingly low price: $189.95

Write for complete spec sheet: H. H. Scott, tnc,, 111 Powdermill Read, Maynard, Mass. Expart:
Scott Internaticnal, Maynard, Mass, Cable HIFI. Prices slightly higher west of Rochies.

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

* NO COMMERCIALS e
®* NO INTERRUPTIONS e

Australian pounds: 2414
Austrian schillings: 155
Belgian francs: 300
Colombian peso: 78
Danish kroner: 40
Dutch guilders: 20
English pounds: 2/3
Finnish new markka: 20
French francs: 30
Greek drachmas: 180
Hong Kong dollars: 35
Indian rupees: 29

Irish pounds: 2/3

Israeli pounds: 17

1U's easy! Just plug Music Associated’'s Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator,
Tune through your FM dial and hear programs
of continuous, commercial-free music you are

7 W ey W v o e e U e o e Wy o Y w 7

Italian lire: 3,745 now missing. The Detector, self-powered and )
Japanese yen: 2,150 with electronic mute for quieting between [
Lebanese pounds: 18 selections, permits receplion of popular back- fg

: : ground music programs no longer sent by wire *
Mexican pesos: 75 but transmitted as hidden programs on the
New Zealand pounds: 2/3 FiM broadcast band from coast to coast. Use A
Narwegian kroner: 43 :xrletih hz;ng FI}!‘I xtu!}eﬁ} Size: 532" x 6", Shipping :
Pakistan rupees: 29 N E & A
Philippine peso: 23 KIT $495° A
Portuguese escudos: 172 =
South African rands: 4.25 {with pre-tuned ceils, no alignment necessary) ‘5‘.
Spanish pesetas: 375 00 A
Swedish kronor: 31 wirep  $75 s
Swiss francs: 268 [Cover extra $4.95) ;‘-
Venezuelan bolivares: 27 Writa to: 4

West German marks: 24
Mail order with remittance to:

ELECTRONICS WORLD
Portland Place/ Boulder,Colo.,U.S.A./ 80311

MUSIC ASSOCIATED

635 Glenweod Read, Upper Montclair, New Jersey
& Phons: [201)-744-3387
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Get Your First Class Commercial

F.C.C. LICENSE

and earn your

A.S.E.E. DEGREE

Move up. Increase your salary and pres-
tige. How? By acquiring the knowledge
and skill that industry needs and pays
forl

The unique A.S.E.E. degree program
available at Grantham School of Elec-
tronics teaches you what industry wants
you to know for advanced employment.
And you can complete three-fourths of
this program while at home on your
present job. Only one semester must be
completed in residence.

Get the facts from our free catalog.
Then, with our assistance, get the knowl-
edge. Your F.C.C. license, your A.S.E.E,
degree, and higher-paid employment fol-
low naturally. Ask for Catalog 66.

Grantham School of Electronics

1505 N. Western Av., Hollywood, Cal. 90027
(Phone: HO 9-7878)
408 Marion Street, Seattle, Wash. 28104
(Phone: MA 2-T227)
B18-1Bth S5t., NW, Washingten, D.C. 20006
(Phane: 298-7460)
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SUBSCRIPTION SAVING UNDER
OFFER SINGLE-COPY PRICE

[l 3 Years $12.....YOU SAVE %6
[12 Years $9...... YOU SAVE $3
T11Year$5.......Y0U SAVE $1

O New [J Renewal [l Extension

SEND ELECTRONICS WORLD
REGULARLY EACH MONTH, FOR:

name please print
address
I i
city i statle zip code

L]

[Z] Payment enclosed. (We will add 2 EXTRA ISSUES -

at no extra cost, for each year of your order!)
[ Bill me, I'll pass up the bonus.

initial
Additional postage: Add $1 per year for Pan-Am
and all other foreign countries,
Mail to: ELECTRONICS WORLD
Dept. 0090, Portland Place, Boulder, Colo. 80311
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o AIRPORT TO THE MOON
{52e ‘‘For the Record'' on page & for further details.)

. {Above) The Vehicle Assembly Building (VAB) at NASA's
Kennedy Space Center, Florida where four Saturn V launch
vehicles will be assembled. (Left] A Bendix worker wears
a SCAPE suit needed in areas where “‘exotic’’ spocecraft
fuels are handled. These fuels are extremely toxic. The
wrench, made of non-sparking beryllium, is required
around highly flammable propellants, Wire is part of the
communications system fo keep him in touch with fellow
workers. (Below) The fiery blast of Saturn V, when it
takes off for the moon on Project Apolle, will be smothered
in this “flame bucket.”” A million-gallon water system
will supply the nozzles with sufficient water to cool the
flames generated by the powerful engines. (Bottom] An
artist’s rendering of the Crawler-Transporter which will be
used to move the assembled Saturn V vehicles from the
Vehicle Assembly Building to the launching pad, a dis-
tance of about three miles, at a speed of one mile per hour.
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TESTING DIODES

By DONALD LUDWIG

F REQUENTLY it is necessary to test
the condition of a diode or other
semiconductor device when a v.om, is
the only test equipment available. With a
knowledge of the multimeter, and the
configuration of the device to be tested,
this can be accomplished by the follow-
ing procedure.

The true polarity of the v.o.m. must
be known to avoid confusion in the tests.
Seme multimeters have their positive-
marked lead connected, either directly
or indirectly to the negative terminal of
the meter’s internal voltage source, while
the negative-marked lead is connected
to the positive terminal of the internal
source. Meter lead testing is as follows.

Place the v.o.m. on a relativelvy high-
resistance scale, Connect a known good
semiconductor diode with the anode to
the positive-marked v.o.m. lead, and the
cathode to the negative-marked v.o.m.
lead, as shown in Fig, 1A,

If a low resistance is indicated on
the v.o.m., and by reversing the leads,
as shown in Fig. 1B, a high resistance
is indicated, the markings on the v.o.m.
test leads correlate with the internal
voltage source. However, il a high resist-
ance is obtained using Fig. 1A, and the
low resistance with Fig. 1B, then the
v.o.m. leads are improperly marked and
this should be remembered when mak-
ing semiconductor tests.

In these tests, forward resistance is
in the direction of forward electron cur-
rent flow from cathode to anode. Re-
verse resistance is in the direction of
reverse current flow from anode to cath-
ode. Fig. 1C shows the direclion of for-
ward current flow (A}, the direction of
forward resistance (B), and the direc-
tion of reverse resistance (C).

Diode testing is similar to testing for
multimeter polarity. When checking the
condition of a diode, both forward and
reverse resistance are measured. For a
good diode, forward resistance should
be low, while reverse resistance should
be high. If a reasonably high ratio is
not obtained, then the diode is faulty,
and should be discarded, A

Fig. 1. (A} Low resistance forward cur-
rent flow. (B) High resistance reverse
current flow. (C) Current through dicde.
ANODE p g CATHODE

MULTIMETER MULTIMETER
{a} (8}
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HERE ITIS...ONLY

ALLNEW FROM TELEX

Never before such fine performance
at such a low price. This all new
stereo beauty from Telex has big 314
inch speakers with over 7 sguare
inches of cone area. They deliver a
terrific bass response down to 10 cycles
and reproduce highs clearly up to
15,000 cycles. Sound impedance 3-16
ohms.
Forward Sound
You get the aural perspective of an
audience seat with the exclusive “for-
ward sound” acoustic effect that puts
stereo sound oul front. You adjust to
normal “in-head” stereo effect by
reversing phones.
Comfort

Soft foam cushions combine with
light weight to assure effortless listen-

ing, even over long periods. Stereo
pleasure the way it should be en-
joyed—in solid comfort.

Rich new styling

The all new Adjustatone complements
the decor of any room, any stereo
set. Inset panels and silver trim
accent the smooth line styling. Con-
struction is of stainless steel and in-
jection molded high impact plastic.

Try the sensational new Adjusta-
tone at your dealer. No stereo set
should be without one. See also the
three other great Telex stereo head-
sets—the Stereo Twin ST-10 and
ST-20 and the ultimate of all stereo
headsets—the new Serenata. All
made in U.S.A

Products of Sound Research

DEPARTMENT 29A, 3054 EXCELSIOR BLVD., MINNEAPOLIS, MINNESOTA
CIRCLE NO. 84 ON READER SERVICE CARD
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Your Postmaster Suggests:
Always Include
Your (ZIP CODE) Number
in your
Return Address
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NEW PRODUCTS
& LITERATURE
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FLAMELESS TORCH
A 1000°T te mperature capability, coupled with

precise controls for air flow and temperature, are
features of a new 4-ounce pencil-type hot air
torch, the Maodel FT-200.

The new unit features changeable tips ranging
in diameter from 0.0377 to 0.093", allowing the

user to maich the size of the superheated air
stream to the application vequirement. Tempera-
tures and air flow at the torch tip can be set
precisely for predictible and repeatable levels via
a master control console.

The torch is a production tool designed [or all
soft soldering operations, heat shrinking of ther-
mal-fit tubing, plastic working, and heat curing

drving. Hencs

Circle No. 126 on Reader Service Card

LONG-LASTING BATTERY

A new and different transistor radio battery,
which is said to last up to seven times longer,
has been introduced as the "Duracell.”

The new battery is one of a series in an ad-
vanced system of mercury and alkaline manganese
batteries especially adapted [or use in transistor
radios, lape recorders, transceivers, and other
consumer items. Mallory

Circle No. 1 on Reader Service Card

DIFFUSED SCR’'S

Four new all-diffused SCR series are now avail-
able with guaranteed d.v./d 1. rating of 110 volts
per microsccond, minimunn, The NL-C45 and CAG
es are rated at 55 amps rans. while the NL-
CH0oand G52 series are [10=inp raMs. units.
There is no peak Torward voltage limitation, the
maximum required gate voltage is 3 volts, and the
maximum required gate current is 70 ma. Na-
tinnal Electronics

‘Circle No. 127 on Reader Service Card

SHIELDED TV ANTENNA LEAD-IN

A new television antenna lead-in, the 8290
shielded “Permohm,” that combines the strong
signal strength of 300-ohm encapsulated twin-lead
cable and the clean signal protection of shielded
cable has been announced.

Specially designed [or §2-channel color-TV re-
ception, the new lead-in features an orange web,
assuring uniform impedance, encapsulated in a
low-loss cellular polvethylene insulation and uti-
lizing "Beldfoil,” a patented 1005 shicld that
stops transmission-line pickup of electrical noise.

POLYETHYLENE JARNET
WK1 CHACK 1A SU3.ZEAD DR SUN

LOW LOSS ENCAPSULATING
OIELEGIAIS IRSULATIDH CUFFERMELD

COKIUGTOR-5TRENETH

UFEHEL WEI—
RELDFQIL= FAIENTED
100% SHIELD COYERAGE

dh UMIFOTH IVRERAIGE
GASUAD WiRE

926

A thick, non-contaminating polyethylene jacket
covers the lead-in over-all,

The lead-in matches the impedance of most TV
antennas and receivers, climinating the need for
costly matching transformers and connectors. To
further simplify hook-up, the lead-in is furnished
in 50-, 75-, and 100-foot lengths with factory in-
stalled terminals, as well as in bulk lengths. Bel-
den

Circle No. 2 on Reader Service Card

SERVICE NOTES FOR SINGLE SETS

A new service which supplies data on individ-
ual model television receivers has rceently been
established. Each service model pack contains the
schematic of the set, a parts list, chassis views,
parts location, tuner diata, tube complement,
alignment, waveforms, voltages, changes, amd re-
mote control service information.

Manuals covering sets from 19553 to 1965 are
available on Admiral, Emerson, General Electrie,
Magnavox, Motorola, Phileo, RCA, Sylvania,
Woestinghouse, and Zenith black-and-white and
color sets. Singlpak TV

Circle No. 3 on Reader Service Card

12-AMP SILICON RECTIFIERS
A new MRI120-30 series of 12-ampere stud
mounted silicon rectificrs is now on the market
to give designers more power handling capability
medium

at substantially lower cost in the low/
current arei.

‘This 5O-1000-volt series cavvics its full rated
[2-ampere load at an clevated case temperature

of 150°C. In addition, the new series ha
ampere current surge protection, 0.55 v. average
torward woltage, and is available with reverse
polarities. Full technical details are available on
request. Motorola Semiconductor

Circle No. 128 on Reader Service Card

LIGHT DETECTOR FOR LASERS

The development of an advanced, supersensi-
tive light detector that could be employed for
practical l: communications has been an-
nounced. The device can sense up to 100 million
||1lvm||\r Illrlnf.,L‘s a second in a beam of ]l}_,]n
ing it the capability of rlmm"ul‘.hm"
as 25 separate TV programs bun
taneously on a single laser beam.

The new light sensor is a f le-sized speck of
photoconductive material mounted in a stmall
cavity continuously bathed in microwaves oscillat-
ing at 10 billion cps. When light-bearing infor-
mation in the form of intensity variations enters
the cavity and strikes the photoconductor, clec-

15 LY

Additional information on the items
covered in this section is availadle
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

trons are freed and begin to oscillate rapidly up
and down within the material in response Lo the
alternating electric field inherent in the surround-
ing microwaves. These clectron oscillations, in
turn, control the amount of microwave power
permitted to leave the cavity. Thus intensity var-
iations in the light are converted to intensity
variations in the oulgoing microwaves which are
detected  and  proce
wave techniques. RCA

Circle No. 129 on Reader Service Card

d by conventional micro-

WIRING HARMNESS LACER

The development of a specially designed flat
braideq lacing tape for wiring harness applica-
tions has given rise to the development of a com-
panion “Cable-Lacer,” a tool designed to speed,
case, and improve the lacing of wiring harnesses
for the electronic and clecirical industries. The
new tools consist of a long, tool-steel hook, and
a spring action brake to stop the feeding of the
lacing tape. A bobbin of tape in the handle feeds
tape as needed. This makes unnecessary the hand-
ling of long sections of tape, at the same time
reducing the number of splices

The hook, which can be arranged for left-to-
rvight or rvight-to-lefi-hand lacing makes passing
the tape over and under the wiving a swift and
casy operation. An additional hook is supplied
with each unit for shaping to suit any special
operation. Gudebrod Bros.

Circle No. 130 on Reader Service Card

SHIELDED COIL FORMS FOR PC'S

A new series of shielded coil forms designed lor
use in printe cuit applications is available as
the “"Cambion™ 1159 and 1163, Both units e
engineered for use in circuits up o 12570 oper-
:|[ing Lemperatures, Both arve mounted on a
printed-cirenit grid with separvate grounding be-
ing provided lor static shielding.
fiber glass internally threaded col
smooth tuning in the ranges from T oghy, 1o 40
mhy. and enables the coil (o be closely couplod
to the magnetic path for high "0 and increased
inductive ranges. Cambridge Thermionic

Circle No. 131 on Reader Service Card

The polvesier
form provides

SCHEMATIC SYMBOLS IN TAPE FORM

Maore than 500 frequently used symbols have
heen produced in roll form and packaged in
handy dispensers to speed the preparation of
schematics and other electronic diagrams. Each
dispenser has its own built-in burnishing tool.
The transfer is accomplished by positioning the
svmbol in its exact location on the working sur-
face and rubbing lightly with the dispenser’s
burnishing tool. A special heat-resistant adhesive
backing and cohesive ink prevent the symbols
from moving, cracking, or bubbling in hot Te-
production or when sprayed with fixative or
lacquer, .

The roll “Deca-Diry ible in V&7 x 737
Lat oy 1007 1% x 1007 and 27 x 1007 sires.
Symbols not listed as standard catalogue items
are available on special order. Chart-Pak

Circle No. 132 on Reader Service Card

CONTROL-CIRCUIT KITS
Three new experimenter’s kits, enabling elee-
tronics enthusiasts to build 14 different elecivonic
control circuits using silicon controlled rectifiers,
thermistors, and photocells have been announced.
The basic kit, KD2105, provides the user with
maximum flexibility in the vaviety and number

ELECTRONICS WORLD




af circuils he can build at minimum cost. The kit
includes one silicon controlled rectifier, five sili-
con rectifiers, and two transistors. An 80-page in-
struction manual accompanies the kit

Two “add-on” kits, a heat sensor experiment-
er’s kit and a light sensor kit, can be used with
the basic kit o construct more exotic control de-
vices. RCA Electronic Components

Circle No. 4 on Reader Service Card

CRT CHECKER CONVERSION KIT

A conversion kit for its Models CR125 and
CRI128 CRT checkers to permit them to be up-
dated with a variable G2 voltage has been an-
nounced. It can be installed in minutes and comes
complete with control and new panel plates. With
the conversion kit installed, the checker can be
set up directly from a picture tube manual or
with a setup book [rom the firm’s CR133. Sencore

Circle Mo. 5 on Reader Service Card

SQUARE TRIMMER
A pancl-mounted miniature square trimming

pot with solder-hook terminations has been put
on the market as the Model 160, The new pot
features a heat dissipator as an integral part of
the solder-hook design. In addition, both the
panel-mounting bushing and the terminating sol-
der hooks are molded into the plastic case for
rugged, dependable mechanical bonds.

The wirewound unit measures 4537 x 468" x
2827 and is available in resistance ranges from
10 ohms to 50,000 ohms. Power tating is one watt
at 30°C, derating to (} at 173°C over an operating
range of 63 to +175°C. Techno-Components
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OPEN FAULT LOCATOR

A new portable instrument which enables a
technician to determine with a single reading the
location of an open fanlt in paired communica-
tions cable up to 20 miles in length is on the
market as the Model 4910A.

The locator self-calibrates for variations in con-
ductor capacity to give precise readings in feet
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to the location of an open in a communications
cable. Battery-operated, this all-solid-state instru-
ment utilizes the latest automatic charge sampling
technique. The taut-band meter in the instru-
ment has five linear-reading distance seales: 100,
200, 1000, 10,000, and 100,000 feet. Delcon
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SUBMINIATURE TOGGLE SWITCH

A new type of lightweight, subminiature toggle
switch, especially designed for use on printed-cir-
cuit DBoards and a wide variety ol lightweight,
portable equipment is now available as the Type
A2

Weighing only 1§ ounce, the switch is 147 square
and projects approximately 14* from the mount-
ing surfice. Contact arrangement is d.p.d.t. The
unit functions with high reliability through a
temperiture range of —65 to +200°T, Electrical
rating at 28 volts d.c. resistive is 7 amps; at 28
volts d.c. inductive, 2.5 amps; and at 125 volts a.c.
resistive, 7 amps. Milli-Switch

[
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LONG-LIFE LAMPS
A wide range of microminiature lamps for elec-
tronics and instrumentation use is now available.
Bulb diameters as small as 094" and lengths as
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short as .145” make them ideal for applications
where space is at a premium. Most lamps in the
line have lives approximating 100,000 hours and
are designed to withstand both normal and un-
usual conditions of vibration, shock, and thermal
variation.

The lamps are available in voltages from 5 to
28 volts and in three styles: sub-midget flanged
base, unbased with wire terminals, and with
axial lead wire terminals. Hudson
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IMAGE-ORTHICON TV CAMERA
A high-resolution, image-orthicon TV camera,

which is capable of producing pictures obtained
from scenes illuminated only hy starlight, is on
the market as the Rayscan 150. Adequate band-
width is provided to oblain 900 TV lines hori-
zontal resolution with 875 scan lines per frame.

The unit is a two-piece system with fixed scan

rates from 525 to 1023 lines. The camera weighs

28 pounds and measures 5¥87 x 7147 x 20”. The
camera eontrol measures 77 x 177 x 177, The sys-
tem draws 175 watts. Accessories include full EIA
synchronization, and a wide range of optics and
automatic light control. Raytronics
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‘'OVERLAY" TRANSISTOR

A new “overlay” transistor, the first single
transistor to offer watts of power in the micro-
wave frequency region, is being marketed as the
2N4012. The new device extends transistor per-
formance into the l-gc. frequency region with
2.5 watts output and 4 db conversion gain (mini-
mumy when operated as a tripler. One single
2N4012 can now replace both the transistor
power-amplifier and varactor-diode stages previ-
ously required to achieve this performance,

This epitaxial silicon “n-p-n" planar transistor
with an “overlay” emitter electrode structure is
especially designed to provide high power as a
frequency multiplier into the w.h.f., or L-band,
frequency range for military and industrial com-
munications equipment. RCA
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MINIATURE PUSH-BUTTON SWITCH
A miniature push-bution switch assembly, de-

signed for either printed-circuit or hand swiring
applications, is now available in various con-
figurations. Over-all thickness, including contacts,
is under 5" and when used with a printed-circuit
board the height over the board is under 14,7,

Assemblies are available from 1 to 12 buttons
and each button can be supplied with a maximum
of 8 poles d.t. with hard silver-plated brass con-
tacts. Mechanically it provides several latching
functions on one assembly and several mounting
possibilities. Seacor
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SOUND SWITCH

A compact, lightweight, portable sound switch
that can be plugged into a powerline socket
and one or more appliances plugged into it, is
now available as the “Sonuswitch.,” Measuring
618" x 514" x 147 tall, the unit is designed to
replace manually operated clectrical switches.
Sonus
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SUBMINIATURE INDICATOR LAMPS
A line of subminiature indicator lights has

been added to the firm's line of RTIshielded
front-of-panel components. In these new lights,

RFI is absorbed by a unigque mesh shield within
the plastic indicator lens. A special conductive
seal connects this shield to the indicator case
which, in turn, provides a low-impedance r.f.
path to ground. This combination effectively
climinates RFI radiation in the important 0.15 to
1000 me. range.

These subminiature lamps measure only %y"
over-all and weigh less than 0.032 ounce. Infor-
mation on the various types in the new line will
be supplied on request. Controls Company of
America
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ABSOLUTE LINEARITY POTS

New, improved linearities in the 900 and 930
potentiometers are now standard according to a
recent announcement. The ten-turn 900 series
now offers +0.1% absolute linearity, while the
three-turn 930 offers = 0.264% absolute linearity.
The improved absolute linearity is being offered
at no additional cost over the former independent
linearity pots.

The new design eliminates all trimming costs
and results in a lower ultimate over-all produc-
tion cost to the manulacturer. Amphenol Controls

Circle No. 140 on Reader Service Card

ANTENNA BOOSTER/COUPLER

The Model 63-1 hooster/eoupler is a two-tube,
fourset v.h.f. TV and IM distribution amplifier
designed for small commercial and deluxe home
distribution systems. Delivering 8 db gain in the
low band, FM, and high band at cach of the four
output terminals, the unit is housed in a per-
forated steel cabinet that measures only 635" x
F4s” x 3%g”. The unit is convenient to mount
and easily accessible for tube servicing. It operates

on 117-volt, 60-cycle a.c. and features an “on-off”’
switch, an a.c. convenience receptacle on the chas-
sis, and no-strip terminals. Finney Co.
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HI-FI—AUDIO PRODUCTS

AUTOMOTIVE REVERB KIT

A completely sclf-contained automotive
speaker/reverh unit which requires no connce-
tion to the car's battery is being offered as the
“Cathedral-Sonic” Series 400.

The new unit replaces the rear speaker without
additional wiring. The circuit is designed io
eliminate road noises, provides full-range reverb,
incorporates a dynamic 6” x 97 speaker, and will
handle 6 to 8 watts. Cleveland FElectronics
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CAR TAPE SYSTEM
A new tape sound system for automobiles which

can play back through the car radio as well as
record and be easily removed from the car for
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use as a completely separate portable recorder
is being marketed as the “'Car-Mount.”

This two-part unit comprises a specially de-
signed universal mounting which is attached be-
low the dashboard and the “Cavry-Corder 150,
a cordless, cartridge-loaded portable tape 71e-
corder, The Car-Mount” is powered by the tape
recorder, eliminating drain on the car battery.

The recording feature permits the motorist 1o
tape reports, travel information, vacation sights
“as well as pre-recorded selections of favorite music
for playback through the car radio. Noreleo
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RECORDERS FOR LANGUAGE LABS

A new language laboratory that is completely
transistorized and modular constructed is now
offered as a package. Each system features a
master control panel with plug-in  electronic
strips to accommodate up to 40 students per
system; a built-in transistorized amplificr or tape
recorder; and acoustically damped, sectionally de-
signed student booths with interchangeable parts.

The Model 92 teacher's tape recorder is a
three-speed, half-track unit featuring record-play-

back Irequency of 30-16,000 cps at 7V& ips. The
student unit, Model 10-21, is transistorized and
has special two-track steveo heads and printed cir-
cuitry. This recorder is used in conjunction with
the record/compare system and is built into the
student booth. Full details on the system ave in-
cluded in a 12-page illustrated brochure which is
available on request. Tandberg
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SOLID-STATE STEREO RECEIVER
A 70-watt solid-state AM-FAM-FM stereo receiver
has been recently introduced as the Model RT-
2000, The new madel [eatures counterbalanced
flywheel tuning, automatic FM-stereo switching,
vemote and local speaker selection, oversized heat

sinks for cool operation, protective fused cir-
cuitry, tape monitor input, four rocker switches,

instrument-type  luning  meter, and a Ustereo
minder.”
FM-scction sensitivity is 2.5 pv. and distortion

e

is less than 0.5% at full output. Hum and noise
level is G0 db below 1005 modulation. Bogen
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MULTI-PURPOSE INTERCOM .

A multi-purposc, six-station intevcom designed
for u wide range of applications in the home or
office is housed in an oiled walnut cabinet to
blend in with any decor. This all-master system
incorporates up to six masler stations enabling
three private conversations or a six-station con-
fercnce to be held. The master-to-remote maonde
permits the master station to communicate with
up to five remotes either separately or together.
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The master unit has a five-station selector control,
three-way “talk-listen-dictate” switch, and a vol-
ume control. The unit is designed for 117-volt,
G0-cycle a.c. Lafayette
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PRE-RECORDED TAPE LINE

An initial release of 12 three-hour tapes rang-
ing from light jazz to heavy classical has heen
announced. The new “Tape-Mates” include voc-
als, show tunes, variety, and dance, all perlormed
by top recording artists at 834 ips, using a new
recording concept to pavallel the original record-
ing quality. Additional releases will be marketed
at regular intervals. American Tape Duplicators
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BOOKSHELF SPEAKER SYSTEM

A high-compliance, acoustic-suspension system
which weighs only 9 pounds and measures 101"
x TVA7 x 77 deep is now being marketed as the
“Sonomaster” Model RM-0.5. The new unit will
handle a maximum power of 20 watts average
program material and 40 watls peak. Frequency
range is 35 to 22,000 cps. Impedance is 8 ohms
and the tweeter/wooler crossover is at 5000 c¢ps

The system includes a 4% linear high-comp!i
ance woofer and one 27 high-frequency” cone
tweeter. The speakers are matched by means of
an LG crossover network. The system is housed
in a hand-rubbed oiled walput finished cahinet.
Sonotone
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HEAVY-DUTY TAPE RECORDER

A new design magnetic tape recorder/repro-
ducer which has heen specifically engineered for
vadio stations, industry, and public salety organ-
izations requiring a rugged mechanism for eon
tinuous use is heing marketed as the Maodel R78.

The recorder is available [or tape speeds from
TLh ips (wide range) down 1o ¥ ips {communi-
cation and logeing). From one to cight separate
tracks may be recorded on Vi-inch tape. The self-
contained electronics are designed avound the
A-70 series of silicon-transistor, octal plug-in am-
plificrs. In addition to the record and playback,
amplifier accessory modules include automatic
gain control, voice or signal-operated relay, and
monitor amplifiers.

Full specifications on this heavy-duty unit are
available on request. Stancil-Hoffman
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FLUTTER METER

A solid-state, automatically self-calibrating flut-
ter meter is now available as the Model B-8100.

Designed lor use by the tape recorder manu-
facturer, broadcaster, and recording studio, sep-
avate meters indicate drift and flutter. A precision
“coarse-fine’’ zeroset pot permits absolute pitch
determination with a tesolution of 0.02%. A
front-pancl switch selects w ohted or unweighted
r.ms. Hutter measurements, Full-scale sensiti
range from 0.01% to 10% for fAutter and 0.055%
to 10% for drift. Bahrs Industries
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“MOVING MASS' CARTRIDGE

A new cartridge with & minute moving system
that performs below the critical point of record
sroove yield has heen introduced as the Model
10/E. The new stereo unit has a “moving mass”
ahout one-third that of the best magneuc car-
ridge, according to the manulactuyer,

This induced-magnet cartridge has a sensitivity
of 4 mv. at 5.5 em./sec. recorded velocity, a chan-
nel separation of 30 db from 50 to 10,0000 cps;
frequency vesponse of 10 to 20,000 cps =2 db,
a vertical tracking angle of 15°, a tracking force
range of ¥2 to 1 gram, and an elliptical stylus
with a contact radius of 0.00037. Compliance is
33 x 10-% cm./dyne. Audio Dynamic
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THREE-SPEED TAPE RECORDER
A new professional tape recorder which fea-
tures threespeed (3%4, 7V, and 15 ips) operation
at a frequency response up to 26,000 cps is being
offered as the Model 70-ESF. The machine records

stereo or mono on Vi-lrack tape as well as sound-
on-sound. It has two 4147 v meters, NAB equali-
zation, hysteresis-synchronous direct-drive motor
for minimum flutter and wow at all speeds, two
additional high-torque motors for the supply and
takeup recls, and four electric push-buttons for
all services,

The tape deck and preamp control pancl is
standard 19” rack mount, A portable carrying
case for the instrument is available extra, Premicy
Elcctronic
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TURNTABLE FOR HI-FI
The Model SLT-21 curntable features straight-
line tracking and a freefloating
sembly completely unaflected by

toncarm  as-
friction and

inertin. The tracking arm holds the stylus tan-
vent to the record groove at all times, eliminat-
ing inner groove distortion, skating force, and
uneven stylus wear,

The 12-pound precision-machined turntable
has tungsten carbide thrust bearings and a pre-
cision ground drive belt to provide maximum
isolation from acoustical feedback with rumbic
of —112 dh. The high-complinnce pickup and
arm sre designed specifically for this unit.

The wrntable operates at 53V5 and 45 1)
with futter and wow better than 0.04%.
CUENCY TEsponse is 20 10 20,000 and comp
is 30 x 10-° cm./dyne. The stylus is an ellipti
diamond,

The unit measures 18%47 wide x 147 deep x
G147 high and weighs 27 pounds with its walnue
Base. Marautz
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60-WATT FM-STEREO RECEIVER

The Model TK-A0 is a GO-watt FM-stereo v
ceiver powered by silicon transistors and provics
ing a total music power of 60 watts {IHF at £
ohms) and 50 watts (IHE ar # ohms).

The unit features a four-gang, all-transistor
[ront end, power transistor protection circuit,
autonnitic silent switching to proper mode, four
if. stages with § noise limiters and widehand
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monitor system, and a [ront-panel stereo head-
phone jack.

Amplifier response is 20-70,000 cps 41 db with
16 distortion less than 1% up to 18 walls per
channel, Tuner sensitivity is 2.5 pv. {THE) with
2 signal-to-noise vatio of 63 db. FM image rejec
tion is 80 db at 98 mec. while the capture ratio
is 2 dh. FM-stereo separation is 35 db at 400 cps

The unit measures 16047 wide x 513" high x
147 deep and weighs 22 pounds. Kenwood
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STEREQO TAPE DECK
A new professional-quality tape deck  whick
provides such features as sound-on-sound  aned
tape and source monitoring is being marketed as
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An exclusive radio coding system guaraniccs ga-
rage privacy. The new unit complies fully with
the rules set forth by the FCC and may be in-
stalled and operated without a licgnse.

The door operator is an all-solid-state device,
with the transmitter and receiver of all-transistor
design and the motor controlled by a compuler-
logic circuit.

Full details on this door operator are included
in a four-page data sheet which will be supplied
on request. Perma-Power
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10-BAND TRANSISTOR PORTABLE

A new portable radio with 10 bands and a
number of deluxe operating convenicnces is now
offered in kit form as the Model CR-45.

The portable tunes 150-400 ke. long-wave, #5-
108 me. FA, 550-1600 ke, AM, plus seven short-
wave bands covering 2-22.5 mc. Tuning a single
band is made ¢ by the 10-position rotating
dial, The unit uses 16 transistors, 6 diodes, and
44 factory-: and aligned r.f, civeuits, Two
separate AM and FM tuners arc pre-assembled
and ready to drop inte place.

There are two built-in antennas, one a ferrite
rod and the other a 5-foot telescoping whip. A

special battery-saver switch cuts current drain up
to 35% for normal indoor listening or provides
full power for strong, outdoor reception. The
unit opcrates on six D" cells plus a "“C'" cell
to power the dial light. Tt can also be operated
on 117 volt a.c. with an optional converterf
charger. Heath
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MICROWAVE R.F. EQUIPMENT

A new, solid-state G000-mc. operational fixed-
band microwave r.f. equipment, the MR-30, com-
bines advanced state-of-the-art solid-state design
with the cconomic advantages of an ultra-reliable
transmitting klystron.

The MR-30 provides a transmission medium
capable of toll quality performance utilizing com-
panion single-sideband or FM carrier equipment.
It will handle voice, telemetering, facsimile, and
data communications at lower channel cost, lower
maintenance cost, and lower total communica-
tions cost than existing equipment, according to
the company.

The complete basic terminal equipment oc-
cupies only 2234" of space on a standard 19-inch
rack and requires less than 700 watts from a 24-
volt battery system; 43-volt d.c. and 120-volt a.c.
operation are also available. Motorola
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MANUFACTURERS’ LITERATURE

SWEPT-FREQUENCY MEASUREMENTS

Complete information on microwave swepls
frequency measurements and techniques is pro-
vided in a new 42-page, fully illustrated booklet,
Application Note Nao. 65.

An introductory section covers history and
basic concepts and also contains a discussion of
leveled systems, Four additional sections explain
methods of displaving or rvecording broadhand
measurements of attenuation, impedance, power,
and frequency.
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Transparent s.w.r. and db scales are included
for direct readout on linear oscilloscopes.
Hewlett-Packard
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SELECTING ADHESIVES
Information on choosing the proper adhesive,

coating, or sealer for the original equipment
market is now available in a new 8-page illus-
trated selection guide (Z-SOEM).

Three comprehensive tables list product de-
scriptions, performance data, properties, and
applications for all materials covered. 3M

Circle No. 145 on Reader Service Card

EDUCATIONAL TV
A new brochure outlining closed-cireuit educa-

tional TV systems capabilitics is now offered.
Entitled “Is Your School Ready for ETV?" the
hooklet discusses consultation services, applica-
tions cngineering, installation, and maintenance
programs. Sylvania
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SHIELDING & GROUNDING
Practices, problems, and methods of shielding
and grounding for instrumentation systems Zre
discussed in a new 8-page, completely illustrated
paper. Dynamics Instrumentation
Circle No. 146 on Reader Service Cord

“OP ART" CATALOGUE
The latest art form—"op art”—is employed in

a new 1966 tape-recorder catalogue covering four-
teen recorders, thirteen microphones, three types
of recording tape, and various accessories. Fea-
tured in the eye-catching booklet are a 5¥4-pound
portable recorder and a voice-activated micro-
phone. Sony/Superscope
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TECHNICAL JOURNAL

Two new pieces of electronic equipment are
fully described and illustrated in an 8-page tech-
nical publication {Vol. 17, No.l1}. The first device
is the Model 414A “Autovoltmeter,” a precision
analog volt-chmmeter with automatic ranging.
The second item is the Model 1784A oscilloscope
recorder plug-in unit for recording fast and low-
level waveforms. Hewlett-Packard
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PROFESSIONAL RECORDERS

Information on the AG-330 series of solid-
state professional audio recorders/reproducers is
now available in a new 6-page foldout. Used for
broadcasting, recording-studio, industry, and
medical applications, the series comes in foor
basic models and unmounted, portable, and con-
sole styles. Complete technical specifications are
given in the brochure. Ampex
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PILOT LIGHTS

Information on specifying the proper push-
button or indicating light is now available in a
new 12-page selection guide (GED-3280). Tables
are included listing a wide range of factors to be
considered in choosing the proper device.

The illustrated brochure also contains cross-
references to six other publications which provide
further technical information on the push-but-
tons and indicating lights covered. General Elee-
Lric
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WIRE GUIDE
A new wall-chart wire guide containing data
on standard annealed copper wire and copper
wire stranded construction is now available, Birn-
bach Radio
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CONTROL REPLACEMENT
A new 2-page illustrated replacement chart
covering all plain, single-tap, and dual-tap con-
trols in the “Fastach 1I" line has been issued.
Plastic-laminated for durability, the chart pro-
vides information on  resistance, taper,  aps,

shafts, mounting hardware, and switches. Centra-
lal
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LIGHT DIMMERS

A new 6-page, [ull-color booklet showing the
effective use of “Li/Trol” light dimmers in a
series of decorator-styled room settings has been
published. Although intended primarily to stim-
ulate consumer interest in dimming effects for
decoration, the booklet also contains wiring dia-
grams, dimensional drawings, and installation
instructions. Federal Pacific Electric
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LAB CHART & CATALOGUE

A reference chart of standard formulas and
tables designed for use by electronic technicians
with laboratory test equipment is now available.
Featured are typical test set-ups for determining
return loss and response, amplitude response, and
u.h.f. converter performance.

Also offered is a new catalogue of test instru-
ments covering sweep generators, field-strength
meters, delay lines, fixed attenuators, and high-
output detectors. Blonder-Tongue
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CONNECTOR CATALOGUE
The “DRA Scries” of thread-coupling, bayonet-

lock, and push-pull types of miniature electrical
connectors is fully illustrated and described ina
new catalogue (DBAZ), which comes in the form
of 22 data sheets.

All connector styles feature the rear-release
contact retention system, interchangeable acces-
sory hardware, and a single insertion/removal
tool. Deutsch
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MICKEL-CADMIUM CELLS -
Information on rechargeable, sealed nickel-
cadmium batteries is offered in a new 4-page
illustrated technical brochure {BA-125). Physical
and electrical characteristics of the company’s
complete line are given in a handy table. Sono-
tone
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. BLOWERS AND FANS Ny
Six new catalogue sheets have been issued cov-

cring a completely redesigned line of blowers and
fans, Products described include the “Skipper.”
“Caravel,” and “Mark 4 Muffin'® fans, the “Spi-
ral” high-pressure/vacuum air mover, the
“Centrimax’’ blower, and the ‘Batac” d.c. Lo a.c.
solid-state inverter,

Each bulletin discusses in detail one particular
unit and provides such information as applica-
tions, materials, temperature Tanges, mounting,
motor characteristics, and special features. All
catalogue sheets are fully illustrated and cont: in
performance curves and dimensional drawings.
Raotron
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PLASTIC DATA GUIDE

A new pocket-sized, plastic “Electronics Data
Guide" containing a variety of commonly used
conversion factors, formulas, tables, and color
codes is now available. Ohm's Law formulas for
d.c. and a.c. circuits, sinusoidal voltages and cur-
rents, resonant-frequency formulas, and a decibel
table are among the items listed on this handy
guide. Cleveland Institute of Electronics

Circle No. 32 on Reader Service Card

PHOTO CREDITS

Page Credit
I LRSS L o ey Superscope

40 3 e H. H. Scat, Inc.
45, 46 .EON Corporation

&6 (right) .. 5 Simpson Electric Co.
A [T e e SEL e Associated Research
48 ..., v . . .General Radio Company
N R L PP The Bendix Corperation

ELECTRONICS WORLD



ZTTET
ANfRPR-4Y FM & AM RADIO RECEIVER
Shipment just received! High precision lab in-
strument, suitable for monitoring and measuring
frequency and relative signal strength of signals
fram 38 to 4000 Mc., in § tuning unit ranges.
For 110 ¥ 60 cycle AC operation, built-in
power supply. LIKE MEW. SPECIAL . $88.50
TH-16, TN-17, TN:18, TN-19 and TN-54 =
Tuning Units for above in stock. P.U.R.

FAMOUS BC-645 TRANSCEIVER
15 Tubes 435 to 500 MC

can he modificd for
communication, voi
eode, on ham band 4204

radio AE0-A70

me.  eltizcns

g, fixed and mobile 450-
o me. ielevision experi-
mental TO-500 me, 15

alane  worth

TIT
GFG, 2—D535
alGA, N o

480 me. Brand new BC-645 with tubes, less power
supply In factory carton.

Shippingewelzhi 25 |bs. sp;clnu.....l $19.50 I

PE-101C Dynamotor. 12/24% input. . $7.95
UHF Antenna Assemhbly | " 2.45
Complete Set of 10 Plug: 5.50
Control BOK . ... ccrarcicninicannanans 2.25

SPECIAL “PACKAGE’ OFFER:
nc-645 Transc . Dynamotor and all accessorles
above, COMP . BHRAND MNEW,

While Stocks Last PN I I N S
23 TRANSMITTER 100-1506 Me., includes
tuhbes: 2 i2A, 2-1G25. 5[]
TRRAND NEW, with Tubes and erystal ... . =
Used, less BUMS oo u i o i raane s oo s anaaans 5B.95
ARC-5/R-28 RECEIVER 2 r superhet, 100 Lo 156
Me., In 4 erpstal chanme implete with $
10k tubws, E Hent Tsed. oo cavn oo s =
ARC-5/MD7 MODULATOR 12.95
Tae. Uased, with tulss oo e e e ea e o aa $ u!
Complete set of 3 connecting plugs
for Modulator ... ..., Liseses $8.50
| ceiim samaanis pan

TG-34A CODE KEYER

Self-contained  automatic  unit,
reproduces code practice signals
on paper tape, By use
of built-in  speaker, provides
code-practice signals to one or
more persons  at  speeds  from
5 to PM.

Like MNew, $
Tested 34!50
Set of 13 Reels, Army Code
rractlee Lessons, BRAND NEW,
oripinal paclking . ... .. P.U.R.

TG-5-B TELEGRAPH SET
Made for USA Army Sipnal Corps. A dandy little field
et for 2-way communlcation, Sturdy me container,

G4 Y x4 84 % x4”, with hinged eovers, eomplete with
telegrapit key and hendsel, BRAND NEW, in $11 95
earrying casze with shoulder strap ... =
234-258 MC RECEIVER AN/ARR-2
EBRAND NEW 11-iube FooTunable  Recelver with
sehematic, Only a few ot thlis low pricet U 95
Complole with tubes. Exc, uscd $7.95.... il

SCR-625 MINE DETECTOR
Complete portable outfit in origi-$ 50
nal packing, with all accessories.

Excellent, Used ................

BC-929 3-Inch Scope, with all tubes,

ELECTRONICS ENGINEERING
AND INSTRUCTION

DO-IT-YOURSELF

FGC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up.
Catalog 25¢, refundable. PARKS, Box 25565, Seattle,
Wash. 98125.

ELECTROMNICS! Associate degree—29 months, Techni-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

ELECTROMICS—F.C.C. License Training—correspond-
ence, or resident classes. Free details, Write: Depl. G,
Grantham, 1505 M. Western, Hollywood, Calif. 90027.

REI First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free,
Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla.

HIGHLY—effective home study review for FCC com-
mercial phone exams. Free literature! COOK'S SCHOOL
OF ELECTRONICS, Craigmont, ldaho 83523.

LEARN ELECTROMIC ORGAM SERVICING at home. All
Makes including transistors. Experimental  kit—
trouble-shooting. Accredited NHSC. Free Booklet.
NILES BRYANT SCHOOL, 3631 Stockion, Dept. A,
Sacramento 20, Calif. :
B.Sc. DEGREE (Engineering} or College Entrance by
home study. Send $1 for 1966 prospectus. CIST, Suite
674, 263 Adelaide St. W., Toronto, Canada.

WANTED

QUICKSILVER. Flatinum, Silver, Gold, Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.

URGENTLY MEED MILITARY SURPLUS: ARC-27, ARC-34,
ARC-38, ARC-44, ARC-5Z, ARC-55, ARC-73, ARC-84,
ARN-14, ARN-18, ARN-21, ARM-59, 51X-2/17L-7, RT-
66/GRC THRU 70, RT-77/GRC-9, GRC-19, Test Sets with
ARM, UPM, URM, USM, 36 Prefixes. Top Dellar Paid.
Slep Electronics Company, Drawer 178ZD EW, Ellenton,
Fla. 33532, Phone (813) 722-1843.

CASH Paid! Sell your surplus electronic TUBES. (Want
UNUSED, clean Radio/TV Receiving, Transmitting, Spe-
cial Purpose, Magnetrons, Klystrons, Broadeast Types.)
Want military and commercial Lab/Test Eguipment.
Want commercial Ham Receivers and Transmitters, For
a Fair Deal Write: BARRY Electronics, 512 Broadway,
New York, M.Y. 10012 (WA 5-7000.)

WANTED LABORATORY Test Equipment. Electronicraft,
P. 0, Box 13, Binghamton, N.Y. 13902.

WANTED source of supply, Semicunductors’.. Resistors,
Capacitors——Manufacturers end runs, ok, Mo junk.
Please write stating quantity and price first letter.

TAPE AND RECORDERS

RENT Sleren Tapes—over 2,500 Different—all major
labels—free brochure. Stereo-Parti, 1616—E. W. Ter-
race Way, Santa Rosa, California.

BEFORE renting Stereo Tapes, try us. Postpaid both
ways—no deposit—immediate delivery. Quality—De-
pendability—Service—Satisfaction—prevail here. It
you've been dissalisfied 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.

TAPE RECORDER SALE. Brand new, latest models,
$10.00 above cost. Arkay Sales, 1028-B Comman-
wealth Ave., Boston, Mass, 02215,

STERED TAPES. Save up to 60% (no membership fees,
postpaid anywhere USA). Free 60-page catalog. We dis-
count 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.

TAPE-MATES makes available to you—ALL 4 Track
Stereo Tapes—ALL labels—at TREMEMNDOUS SAVINGS
—also 3 HOUR Long-Play Stereo tape albums—
CLASSICAL —POP—IJAZZ—DANCE and VARIETY—Top
recording artists—0MLY $9.95—plus a complete CAR-
STERED music LIBRARY and PLAYER—all POSTAGE-FREE
to your door—FREE Tape-Mates membership with
initial order—for FREE BROCHURE write TAPE-MATES,
5280-E W. Pico Blvd., Los Angeles, Calif. 90019.

HI-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y.

PATENTS

INVENTIONS: Ideas developed for Cash Royally sales.
R. Lee, 130-G West 42nd, M.Y.C. 10036.

RECORDS

DISCOUNT Records, All Labels—Free Lists. Write GIiff
House, Box 42-E, Utica, N.Y. ¥ :
PROTECT Your Records! Two Cleaning Cloths $1.00.

LS BN BV S s i ey et $16.50 1.B. Jones Co., P. 0. Box 43, Anaheim, Calif. Towers, Lafayette Hill, Pa. 19444,
i Conversion instructions, with diagram, ) — e e e e ]
10 ¥ A AtON o veiess .65
AR > CLASSIFIED ADVERTISING ORDER FORM |
Please refer to heading on first page of this section for complete data concerning terms,
LM FREQUENCY METER_ . frequency discounts, closing dates, etc. |
Crystal eallbrated, modulated. Heterodyne, 125 KC l
E.":ihl‘l:[ljl|lLE|l.‘lzlu I:L‘r_ |::_;§:'h . L-z\l:t_lr.u_u.(fun .h.o.u.k.- ..... $795U ot el oo Se o s e ) i
LM Freguency MMoeter apletely  checlked 1 2 3 A 4—_ 5 I R
oul, with tubes and o s libra-
tlon book, Exc. Used, clean . ....css0000. I st b o S 3 N, ML |
SCR-274 COMMAND EQUIPMENT | 6 7 8 9 10
ALL COMPLETE WITH TUBES Ll B AN p LN S e BT et NI e =L O Sl g b e 2 S
B b3 mecorvar T o o 11 12 13 14 15
190-550 KCo ......:.- $14.95 $18.95 P.U.R. ‘
BC-454 Receiver 3°6 Mc. . .$15.95 524.50 Cesieiy nl gl ok e
BC-455 Receiver 6-9 MC. $13.95 §19.50 524.50 e 19 = 20—— ]
BCB46 Receiver, 550-1500 Ke. Complete wilh all 16 LT 18
fubes, Brand MNew, In orlglnnl packing ... .. 548.50
1.5 to 3 MC. Recciver Brand New . ...... .. $22.50 | B et Pt At i)
110 Volt AC Power Supply for all 274 N amwl 21 22 23 24 25
Al i Reoe omplete with melal case, in-
wlree, tested. i ey e e T i b L - 9 30 T
SPLINED TUNING HKMNOBE fov a7a-M oand ANRC-5 26 27 28
RECEIVERS, Fits BO- 4 BBC and 49¢ = : o oo SR S ‘
others, Oaly IR 31 32 = 33 34 35 o ——
2,1 to it Me. Transmitter. Bramnd New .. .. ... 51Z.95
. — 5. o] ete with
LTI e b T Sy Words @ 40 ReaderRate |} _ g
Dilce New o oih'iiits { @ .70 Commercial Rate } =
I]Cﬂ'l;‘.'n‘)_ 'I'R.l\.'h.l?Ml TER—T7 1o & JMc 2
Snssle ey 19508 || Insert time(s) Total Enclosed $ gk e |
BC-696 TRA_N_SMIT‘I'ER 3-4 Me Complele with $1E 95
All 1'1:30.5 & Crystal, DBrand New .. 512‘ B I N E
B89 58 Moafator 000 § NEW'$5.95 AM
ALL ACCESSORIES AVAILABLE FOR ABOVE
SEND FOR BIG NEW G&G CATALOG of Military Elec. ADDRESS d |
tronic Sgl’pl\fﬁ;. _r“:\gqg%x:\:] Bargalna—include 2Z5¢
(Hefunded w 115 ap
Please include 25% posit with order—Bal. CITY ZONE STATE i
C€.0.D., or Remit:anc.;sig:ull. 526 Hamtlllrg.:(;:gargos
It orders unde .00. All shipments F.0.B. Our
:\’F'a?ehousersﬂ.$.c.r All Merchandise subject to Prior SIG NATURE 8,
Sal d Price Ch . _ ¢
e ——— WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
G & G RADIO SUPPLY CO. word each. Zone or Zip Code numbers nat counted. (Publisher reserves right to omit Zip Code if space does
Telephone: (212) CO 7-4605 not permit. Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols
77 Leonard St. New York, N.Y. 10013 such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-166
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1-YEAR
GUARANTEE
ON ALL TUBES
Individually hoxed
CODE DATED
BRANDED

Fresh MNew Stock of
Console Sclf Service

TUBE CHECKERS

HIGH FIDELITY

LOW, LOW quoles: all components and recorders. Hi-Fi,
Roslyn 9, Penna.

HI-FI Components, Tape Recorders, at guaranteed
“We Will Not Be Undersold’ prices. 15-day money-back
guarantee. Two-year warranty. No Catalog. Quotations
Free. Hi-Fidelity Center, 1797 (L} 1st Avenue, N.Y., N.Y.
10028.

FREE! Send for maney saving stereoc catalog #ELW
and fowest gquotations on your individual component,
tape recorder or system requirements. Electronic
Values Inc,, 200 West 20th Street, N.Y., N.Y. 10011,

FREE—$1.00 Value ‘“Miracle” Record cleaning cloth
with every quotation on HIF! EQUIPMENT. Our “ROCK
BOTTOM" prices on NAME BRAND amplifiers—tuners—
taperecorders—speakers—FRANCHISED—59 YEARS IN
BUSIMESS. Write for this month’s specials—NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St.,
New York, Mew York 10019,

TUBES

BEFORE you buy receiving tubes, Transistors, Diodes,
Electronic Components and Accessories . ..send for
Giant Free Zalytron Current Catalog, featuring Stand-
ard Brand Tubes; RCA, GE, etc.—all Brand new pre-

L s Bk mium gquality individually boxed. One year guarantee
Al with 3 or | —all at biggest discounts in America! We serve pro-
O maore draw- 3 s 5 H -
: il v Cto hold | Tessional servicemen, hobbyists, experimenlers, engi-
"'557 0} mare than | neers, technicians. Why pay more? Zalytron Tube Garp.,
™| 803 | e | 1% [©Q@UO| Eaider’ eharts | 469-W Jericho Turnpike, Mineola, N.Y. 11502.
1H5 vs | escr | 12aT7 = test mort | TUBES—33¢ each. One year guaranteed. Complete
ité gg\\ﬁ EEE"'-_} Fz'i{g ' Q&Pﬂh‘i‘_‘-c“'-igi{'r‘l: stock. Free list. Cornell, 4215—W University, San
;\g”g“ E%Eé EEE.; igéﬁ el with cach | Diego, Calif. 92105.
1uU4 GBEG tars | 13Bee shi 1 FoB | FREE Catalog. Electronic parts, tubes, Whaolesale.
1x2. | SBHe | SsN7 | 12EvS s '239&-?2 oo | Thousands of items. Unbeatable prices. Arcturus Elec-
2054 | emLz gldg 1zes Ada fol tronics ZD, 502-22 St., Union City, N. ). O7087.
3nze BRQS eve iite Cum;mclron s avallable
3DT6 | 6BGE | 6wa 12RS resiz, TUBES, SEMICONDUCTORS, ELECTRONIC EGUIPMENT &
3yd | &Ba7 | sws | 12347 New Stock of Government | COMPONENTS. Quality merchandise only! Serving engi-
saTe | gchs | 7Az | 125K SR,EE;ESTILE,B&SS” neers, purchasing agents TV/HiFi servicemen and hams
ua Egﬁf, 786 }gﬁg gfxcfas's:suh eAus, |for 16 years. Write for catalog or call WA 5-7000,
A -t i erne ' 1G¢ Each BARRY ELECTRONICS, 512 Broadway, New York, MN.Y.
GAGS BD04 TEG 22D. 10 for $1.50 10012,
SACZ ggE‘T- TTF; 25L6 Mest of I.DO $h13.50 =
5353 SBE‘E ;E& : §§§§ May Be Assorted THANSS'IIT'ELI;E‘ D:ancﬁfm;l. punmﬁe ;é.lggs NBEW
Self Service —— s % —51.40, 6146—%2. 826—
GALS | BDsa | BCG7 | 50C5 18 S 3 . L
SAms | éova | BADT | sOLG Portable” Tube  Testers | 46.00. 6146B—$4.75, 417A—$3.95. Catalog!! VANBAR
11373 Latest charts. . . . Carry- | Dist., Box 444G, Stirling, N.J. 07980,
ing Case with Handle! %

e ———
PICTURE TUBE SPECIALS $24.95

Shipped FOB

MO DUDS REQUIRED Compactron Adaptor
Any TD" 21" . $13.95 Available $12.95 Extral
hipped FOB
1102 ilcEl"i 21capa, Assorted Knoh Spemals

Bag of 25 for T.V.
Bag of 35 for Radia 9!
Sent in attractive Poly-
Paks! Postage Paid!

110 17BZP4, 1TDSP
17DTP4, ITBWI"4 $15.95

COLOR PIX TUBES

Pl i
%1.5-“5..:%;,&.1 R 16" Used f[:onsnle TV's*
TERMS: FREE POSTAGE in | bLack co“rl"“,:‘oé‘"gﬁ a2

USA on propaid orders. Add
50¢ for handling on orders
under %5. Send 257,
posit on COD orders.
ApRrox.

3 for $40.00
*TV's  5hi r)nlud East Of
Mississippi Only!

ANY TYPE NOT
LISTED MAY ALSO
BE ORDERED AT

35¢ each.
{$33 per 100}

postage on

dian & Foreign ordurh
Money v

I not cor
'Iuln

sO M S

amplele tube skl
vl aur  current  price
list and e Ay previs!
aus_price

NATION WIDE TUBE CO. v s

406 HARRISON AVENUE, HARRISUI‘J NEW JERSEY
CIRCLE NO, 100 ON READER SERVICE CARD

GOVERNMENT SURPLUS

JEEPS from $53.90... Trucks from $78.40.. . Boats,
Typewriters, Airplanes, Electronic Equipment, 100 000
Bargains ''as is" Direct from Government in Your Area.
Complete Sales Directory and Surplus Catalog $1.00
{Deductible First $10.00 Order). Surplus Service, Box
820-K, Holland, Michigan.

JEEPS FROM—$52.50 Typewriters From—=%$4.15, Cars
From—=%$31.50, Walkie-Talkies, Guns, Airplanes, Boats.
Typical ‘*As |s'" Bid Bargains From Uncle Sam. Tre-
mendous Variety. Exciting Free List, Write: Enterprises,
Box 402-B5, Jamaica, N.Y, 11430.

EQUIPMENT

McGEE RADIO COMPANY. Big 1966 Catalog Sent Free.
America’s Best Values. Hi-Fi-Amplifiers—Speakers—
Electronic Parts. Send name, address and zip code
number to McGee Radio Company, 1301 McGee Street,
Dept. EG, Kansas City, Missouri 64108.

January, 1966

PLANS AND KITS

TACHOMETER! Fully Transistorized for All make Cars.
0-10,000 RPM. Build for under $7.00. Send $2.00 for
details. Group Laboratory, Box 87, Prospect Hts., Il
60070.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Minety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
IW Electronics. Box 51B. Bloomington, Indiana.

METERS—TEST EQUIPMENT REPAIRED—CALIBRATED.

Free- catalog. Bigelow Electronics, Bluffton, Ohio
45817.

TOOLS

TOOL CATALOG Send 25¢. Silvo Hardware, 107 Ziff,

Walnut, Phila,, Penna. 19106.

EMPLOYMENT
OPPORTUNITIES

TEACH Electronics Technology in Community Gollege
on Jersey Shore. B. 5. plus experience required.
Write Box 583, ELECTROMICS WORLD, One Park Ave.,
Mew York, N.Y. 10016.

BOOKS

FREE CHECKLIST—ELECTRONICS BODKS THE WORLD-
OVER FROM EXCLUSIVE U.S. DISTRIBUTOR. LISTS ALSO
AVAILABLE OF COUNTLESS OTHER SFORTS, HOBBIES,
LEISURE TIME ACTIVITIES. INDICATE SPECIAL INTER-
ESTS. ENCLOSE 10¢ FOR PDSTAGE AND HANDLING.
WIDE WORLD BOOK CENTER, P. 0. BOX 153, NEW
ROCHELLE, N.Y. 10802.

GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for New '65 catalog

Extra Special Purchase
Reconditioned General Electric

Voice Commander

Personal FM Transmitter-Receiver

132 to 172 MC, 1 W 9.5"x5.3"x1.7"
PRICE, including Brand
New rechargeable Nickel-
Cadmium Battery Pack

$178

If crystals and tuning is
desired, add $40.00.

We also have the proper
charges for these units,
GE Model #4EP27A10,
Price: $18.°

If addt'l. nickel cadmium
batteries are required,
$25. each. Lapel micro-
phones at $5. . . . or bat-
tery pack, power supply
bottom housing at $40.

Free $5 Lapel Microphone
WITH EACH VOICE COMMANDER
Offer for Limited Time Only!

NEW LOW PRICE!

148-172me
RCA CMC 60B

6/12v dual dyna-

motor 60 watt. Fully
narrow banded complete
with all accessories, less crystals &
antenna.

Less Accessories $128.00. Same unit
tuned to desired frequency including
new antenna

MOTOROLA 30-50mc

T-516 SERIES
VIBRATOR
6/12v 50-6B0 watts
plete with all ics, less
Same unit tuned | crystals and antenna.
to desired fre-|ygg, gongd ... $208

guency, including
new antenna, add
$40.00.

Transmitter & Receiver
Fully Narrow Banded $238
{Less accessories, deduct $30.00)

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
ceormones~. GCORPORATION

249 Rt. 46 + Phone 489-5000
Saddle Brook, N.J. + Area Code 201

- GREGORY =

CIRCLE NO. 110 ON READER SERVICE CARD

CLUBS

COUPOM BOOK, special offers from wvarious firms.
Latest Membership Benefit of Electronic Experiment-

ers’ Club. Dues $2.00. Further Information FREE.
Box 53325, Inglewood, Calif. 90310.
EDUCATIONAL

OPPORTUNITIES

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

LEARN while asleep. Remarkable, scientific. 92% ef-
fective. Details free. ASR Fnundatmn Box 721, Dept.
e.g., Lexington, Kentucky.

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

“"BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

TELEPHONE EQUIPMENT:

EE-8 Field Telephone—Batt. Oper., Used: $12.95
EE-8B Field Telephone—Sound Powered... Used: 15.00
BD-71 Switchboard—¢ line,. : 9.95
BD-3% Switchboard—20 Mag. 59.50
. BD-95 Switchboard—Cordless. 24.95
MICROPH
T-30 Throat Mlcmnhane—Uscd 3 f.-’$1 00 Mew: $ 1.00
T-45 Lip Microphone... s ve scd—each_ JI5
T-17 Microph Carbon 7.95
H-18M Mlcrnphone Carhon —sed: $1.00. 1.50
T-24/M Carbon 4.95
HANDSETS:
T5-9 Butterfly .95

Switch—Used:

5295 RE-Cund s
Powered...

D170312 Sound

HEADSETS

H5-33 Headset: with chamoeis cushion $ 795
rubber cushigns, : 693

HS5-23 Headset: with chamois cushion 4,95
with rubber cush ons. 5.95

Chamois _Cushions only ... 1.50
Rubber Cushions only, 1.00
HB-7 Headband only, for H5-33/23 3.00
ANBH-1 Element only, for HS-33. 4.00
H5-30 Headset—Hearing Aid Type .78

CODE EQUIPMENT:
TG-10_Keyer—Code Practice.
V0-3 Code Oscillator..............
MX-333/GG Code Tape Pul
Blank Paper Tape: 3&" 900 Fi

OSCILLOSCOPE—Per NOV, Ad:

©5-51/USM-24—Less Front and Back 59 5[|
Covers—with Delay Line. .. ... $ -
05-26'USM- 24—Lcss Front Co\'r_'r and $4g 5['
Less Delay Line., ... oL ... -
©05-26/USM-24—With Front and EI1I:I( Covers— sﬁg 5['
Less Delay Line. . . !
BC-221 FREQ. METER—per Aug. 1965 Ad:

New: $125.00—Used: $79.50

FOR BIG CATALDG—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!

Address Dept. EW @ Prices F.O.B. Limag, O, ¢

25%, Deposit on C.O.D.'s ®* Minimum Order $5.00

FAIR RADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO

AUTHORS’' SERVICES

hliched

AUTHORS! Learn how to have ycur book p

INVENTIONS WANTED

promoted, distributed. FREE booklet “ZD, " Vantaae.
120 West 31 St., New York 1.
WANTED WRITERS! Short stories, articles, books, plays,
poetry. Will help place, sell your work. Write today,
free particulars! Literary Agent Mead, Dept. 37A, 915
Broadway, New York 10, N.Y.

PHOTOGRAPHS

PHOTOGRAPHS and transparencies wanted, to $500.00
gach. Yaluable information free—Write Intraphoto-EW,
Box 74607, Hollywood 20004,

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning Cat-
alog! Drawer H400, Ruidoso, Mew Mexico 88345

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—*‘Childbirth’' one reel,
Bmm $7.50; 16mm $14.95. International W, Greenvale,
Long mand, MNew York. 7

SCIENCE Bargains—Recguest Free Giant Cataleg “'CJ"’
—148 pages—Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New lersey.

REAL ESTATE

FLORIDA WATER WONDERLAND—Home, cottage, Mobil-
sites. Established area. $590 full price, $9.00 a month.
swimming, fishing, boating. Write: Lake Weir, Box
KE38, Silver Springs, Fla. AD 6-1070 (F-1)
FREE!—FALL-WINTER CATALOG Big, 180 pages! Se-
lected Best thruout the U.S. Thousands of properties
deseribed, pictured—Land, farms, homes, businesses,
—Recreation, Retirement. 490 offices, 35 states
coast to coast. World's Largest. Mailed FREE! STROUT
REALTY, 50-ZD East 42nd St., N.Y., N.Y. 10017.

INVENTORS. Outright cash sale or royalties for your
inventions. Patented. Unpatented. Active demand from
our client manufacturers. Financial assistance avail-
able. Write Dept. 48, United States Invention Broker-
age, 78 Wall Street, New York 5, N. Y,

PATENT Searches including maximum’ speed, full air-
mail report and closest patent copies, $6.00. Quality
searches expertly administered. Complete secrecy
guaranteed. Free Invention Protection forms and
“Patent Information." Write Dept. 1, Washington Pat-
ent Office Search Bureau, 1426 G Street N.W., Wash-
ington 4, D.C.

IMMEDIATE cash, for Patent Applications, free Patent
Searches. Write for details, Universal Patenis, 184-Y,
Marion, Ohio.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction, other work proj-
ects. Good paying overseas jobs with extras, travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

TECHMICIANS needed Cape Kennedy and Caribbean
Tracking Stations; Pictures, Information $1.00. Re-
search, Box 33 Cape Canaveral, Fla. 32920.

"WRITING GUIDE Gives Step-By-Step In-

JOB RESUME Wi
structions, Examples, Tips. 1966 Edition only $2.00
Postpaid, Starr Publications, Box 5342-A Seven Oaks
Station, Detroit, Mich. 48235,

MAGNETS

PERMANENT-Alnico-Ceramic-Flexible-Assemblies. What
you need, we have, Maryland Magnet, 5412-E Gist,
Baltimore, Maryland 21215.

RUBBER STAMPS

RUBBER Address Stamp $1.00. Signature $2.88. Cata-
log. Jackson Products, 1433 Winnemac, Chicago, 111,
60640,
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FIRST TIME IN U.S.A.!
‘‘“ONE_PRICE’’ SCRS!

Imagine 7-amp, 16-amp and 25-amp at one
price! Just check the proper amp and PRV blocks,
L] 7-Amps [ 16-Amps [] 25-Amps
l_’RV Sale PRV Sale [] 300 1.50
] 25 .25 [] 150 75 [] 400 1.95
[ 50 45 [J200 1.00 []|500 2.50
[ 1100 .65 []250 1.35 []&00 2.75

750 MIL TOP HAT AND EPOXIES

NOW FOR THE FIRST TIME—
T_V_Ig EDITIUNS EACH YEAR

F'Ai ...... i FDE]’%ON $1.25

1‘365 ELECTRONIC,
EXPERIMENTER’S

SPRING
DOUBLE
BONUS

[ FREE
WORTH OF
Transistors
Rectifiers
e Lc:ndenhors
Diodles
knnbs
« Colla, ele.

Fal N DL B €0 QI Sale. . PIV " Sala’ PIV - Sals
) ,, [5G 600 [ 19¢ 1400 [ 95¢

; . [ e 800 [ | 24¢ 1600 [ | 1.10
Radie, TV Parts. Add 25¢ for handling ... 9% 1000 [ ]| 51¢ 1800 [ ] 1.35

{1 13¢ 1200 [] &9« 2000 |7 1.50

PROJECTS PLUS SILICON POWER STUD RECTIFIERS
GALORE CHOOSE $ ITEM AMPS 25 PIV 50 PIV 100 PIV 200 PIV
. SCIENCE FAIR Check 1 P o Elea DL e WIS E U ey
AUDIG heck - ANY FREE 15 Ol 15¢ [ 22¢ [ 40¢ [ &5¢
- 35 O 39¢ ([O50¢ (75 [71.19

HOUSEHOLD
AUTOMOTIVE

AMPS 400 PIV 400 PIV 80D PIV 1000 PIV

BOTH “GIFTS* FREE

TEST EQUIPMENT WITH $10.00 ORDERS 12 eoe M as Bl e e
HI-Fl MORE 35 [J1.90 [ 250 7275 [ 295

POWERFUL

k0 B | oo SEMIKON-DUCTORS _ieé.... §1PARTS PAKS

[] 85 WATT 2N424 PLANAR, silicon, TO-53 npn. 51
[} 30 “KLIP IN'* DIODES, e by "“]“"“'Sl
s ) 1 IGNITION SWITCHING TRANSISTORS,10.AMP 21 ZENER VOLTAGE REGULATORS 1 watt
SECT‘ON ] 4 2ZN336 NPN SILICON trunsistors, Transisiron $1 - 3 3 For sl
[[] 10 ZENERS:REFERENCES slud, asst 1yrpes caesea Pl e ]
THE [ 2MN998 TYPE, 1000 GAIN, npn silicen, planur . .31 ts Volts Volts Volts voits
FABULOUS (] *"MICRO-T"' TRANSISTOR. like TMT-1615. 1 68 10 5 7y Yoits V"'“‘:"s's’
DIODES" [l 6 TRANSITRON TRANS'TRS, 2N341, no test, npn §1
[] 4 “TEXAS' 20 WATTERS, "M nas-ln4z s w/isink §1
[] 4 2n170 TRANSISTORS, by GE., npn for gen'l f §1
[] 6 TRANSISTOR RADIO SET, nsc-ifs, driver-pp . . $1
Fall 1965 Z [] 25 GERMANIUM & SILICON DIODES, no test . .$1
[[] 25 TOP HAT RECTIFIERS, silicon, T50mu, no test §1 =
[] 10 1000 MC-1N251 GERMANIUM DIODES . .. .31 E :SFKB;’E"I?'LH%TECTRO”T'“ Sushogme oS
ELECTRONIG (] 5 30MC TRANSISTORS, like 2N247, Sylvania .. §1 | M . O DETECTOR TRANSDUCER - - $1
(| 3—2ZN705 MESA, 100 me, 300 mw, np TOLE | §) |—_i I:J:FW'?):LESSP?JEIAA?,?éég REFLECTOR & FILTER - 51
] ] 1 3N35 TE 150 i stor, sili | COND., to .0Gmf ..., §]
EXPERIMENTER’'S = 10 NP SWITCHING TRANSISTORs. 33104 105 51 | [T 4 TRANSISTOR TRANSFORMERS, uset. varih 525 £
7 10 NPN SWITCHING TRANSISTORS, 2N7:5, 440 §1 | | 2 CLAIREX PHOTO ELECTRIC CELL, CLGOT 1
HANDBOOK 7 15 PNP TRANSISTORS, CK722,2N: 45,107 no Lest §1 ] $25 RELAY SURPRISE, sealed, tiny types . .. .. . 1
E [ 15 NPN TRANSISTORS, 2N35, 170, 440, no test 81 | L] 3 INFRA-RED DETECTORS, with leads . . . .. .. | 1
8 : 5 25 [] 30 TRANSISTORS, +1,If nudin, osc-ifs, T05 no ftest 81 § LI $25 SURPRISE PAK: Lransistors, rect, diodes, etc.§]
pages of fun-fo-build, T 4 2N996 PNF PLANARS, 10ONC, 10455 cane §1 | 1] 40 PRECISION RESISTORS, 72,1, 2Wi1 % vaues §1
H H ice H [} ] 4 2N117 TRANSISTORS, tim silieon, TO2% ‘_»; | 30 CORNING ''LOW NOISE'™ ;u.x,tm\, asst. .. §1
exciting electronics projects! only :I 10 FAMOUS CK722 TRANSISTORS, Pop « ... .. } |._1| 60 Bli!:gmn CONDENSERS, (o .5mi, to 1Kv, asst 81
oy 7 5 2M1 7 TRANS'TRS, by G, op, audi k$1 L1 40 COMNDENMNSERS, ETmmt' to DEmf to 1KY $1
The brand new Fall, 1965 edition of ELECTRONIC | = 5 20" pN SILICON MESA 51858, snin 31 | (1 60 TUBE SOCKETS, recenineios, puse, midin, exc. o
EXPERIMENTER'S HANDBOOK is packed with fas- [ 10 ZENERS GLASS SILICON DIODES, ixial, leads §1 39 mgﬂégﬁfﬁmgkﬂ“’ PONE Lo 24 Haling, :
. . . ] N BATTERIES T 114" sixes, [|Il enElEve § o lmf, silvers too! .,
cinating projects: "Shotgun Sound SROOPEr”... | (| 2 2n718 NPN SILICON PLANARS. by Fatveniia . o1 10 VOLUME CONTROLS, to 1 mcg, switch too! . §1
“Telsa Cail"..."Panic Alarm”..."Hi-Fi Yolume Ex- [ 4 2N213 TRANSISTORS, mixer-conv, T022 .. . .31 ]53 REALDEJ‘E)TR&OHT;EQ:;; »t}ﬂnnj', CaiEn \tn:h\lﬂ:u'sgl
N i . 10 MICRODIODE STABIST e lic ; ] asstd, colors & styles . §]
ander—and 26 more! PLUS—a special 16-page | — } SRS ehosy elliconsi 3] 10 TRANSISTOR ELECTROLYTICS: 10mf to 50 6mis]
£ 7 3 2N706 500MW, 300MC NPN PLANAR, i .51 F
section on “The Fabulous Diodes", and dozens of LI 10 30-MC TRANSISTORS, w/shield, TO5, no test §1 gg g\ggswaj&mokges, I ant, ose, & more ., :
r i ‘ i 1 (| 3 2N255 POWER TRANSISTOR EQUALS, TO9 casef) ¢ Asst inels AR, too! ..,
professional pointers, tips and techniques to in- IE 2— S00MC, 2N708 NPN Silicon planae TO46 . . $1 gg :f«le WATSTTEOR;é a B, 5 ool . 8]
ills an iciency! [ 3 2N711 300MW. 300 MC, PNP MESA, TO18 . . $1 RES] 2, 1, 2W, 16 & 5 G valnes §1
crease your skills and proficiency [ 15 1AMP 200V epoxy rectifiers, mude m .‘-wl\mn\ 1 10 PHONO PLUG & JACK sns tuners, amps . ,11
NOW AVAILABLE IN AN EXQUISITE [l 4 ZeNER ereRBaeee e DD e 31 1T 0 Y ELLGAT MYLAR LMD e Jabia sar )
[l 4 ZENER REFERENCES, 1N42D, Gi-vall, L.1|.c.m .41 i AR CONDENSERS s ».1:( val' 51
5 [l 2 “*TINY'™ 2N1613 2W. 100MC, TO46 case, npn 81 60 CERAMIC CONDENSERS, discs, npo's, to 05 §1
LEATHERFLEX- BOUND EDITION for just $3 | 0 2 soomc tRANS'TRS, 58064, mesns, pu, Tois 31 | [ 40 “TINY' RESISTORS, 1,10, ¢ ¢
[] 1 B5W SILICON PWR TRAMSTR, tpn, like ZN1212g] | |I l&g nggégﬂgg SOCKETS for pp-npn transistors §1
. By = 4 2N43 OUT ANSI 1 - GH, 3 T ND'S, mylar, pore, black beautly 1
This deluxe, gold-embossed edition | [] 4 2N43 OUTPUT TRANSISTORS, e ]I”.]. 705 41 b3 GEIGER COUNTER DETECTOR. tubes. sormies &1
is a valuable “first”—a collector’s | [ 1q 2 6amp RECT's, studs, silicon, 50 Lo 490V . 41 1 Q¢ FOR OUR “SPRING” BARGAIN CATALOG OF;
item for your library of outstanding gfl 6 TRANSISTOR RADIO SET, oec-ils-driver, pp . .§] I Semltnndutlnrs [ Poly Paks [ Parte
. | ] 3 2-WATT PLANAR TRANS'TRS, 2KNG97, 100me §1 Bt RENG ANSOR T
eit_acttrumcs ]JOD:E, C"K(!JC!( tfhE appr% [T 4 2ZN35 TRANSISTORS, npn, by Ls\-l‘.':aniu, TOZ22 4] 0 LY Iiﬁvl?u’:-l lj)ndmzze_'n“;‘.m:,ty
priate bl_}:( on the order orm, an = 4 “MICRO" TRANSJSTORS aN181s, 17167, of 31 u]mm’;_]r_'_lon. Rated, net 40 days.
we'll deliver your copy, postpaid! | 4 CK721 TRANSISTORS, pup, aluminum case .. $1 P.O. BOX 9
] 2W, TRMO, T 0. 42W
[] 32N721 PNP PLANAR, 2W, T5MC, TO-15 . .. .§] K SO. LYNNFIELD, MASS
FILL IN, DETACH & MAIL COUPON TODAY! [, 3 2N735 NPN MESA, -Jthl\[\\ 1i; |M( TO-18 .§1 “PAK-KING' OF THE WORLD
T T e B A e R T o o T CIRCLE NO. 98 ON READER SERVICE CARD
LTF-DAVIS SERVICE DIVISION, Dent, EEH FREE “Franchise Profit Letter” tells how unique NFR
9 Broadway, New York, N.Y, 10012 service s helping thousands seeking profitable busi-
Yes! Send me a copy of the Fall, 1965 ELECTRONIC BUSINESS OPPORTUNITIES nesses. Write {loday. Mational Franchise Reports,

EXPERIMENTER'S HAMDBOCK as |'ve indicated
below:

O $1.25 enclosed, plus 15¢ for shipping and han-

0 D-528, 333 Morth Michigan, Chicago BOB01.
SELL CB ELquipment—Dealerships available 1o aggres-  FREE REPORT, "'Businesses You Can Launch At Home.”

dling. Send me the regular edition, ($1.50 for sive peaple who can sell Citizens Band Radio full or Immediate earnings! Wyman Enterprises, B-16, Con-
orders outside U.5.A.) part time. Knox Electronic, Dept. 194, Galeshurg, ger, N.Y. 10820,

[ $3.00 enclosed. Send me the Deluxe Leather- 1. 61401. 22
flex-Bound edition. (33.75 for orders outside FREE BOOK '‘990 Successful, Little-Known Businesses.” DETECTIVES

U-S.A.) Allow three additional weeks for delivery. Work Home! Plymouth-945R, Brooklyn, New York 11218, :
| MADE $40,000.00 YEAR by mailorder! Helped others ~ DETECTIVE Opportunilies. Experience unnecessary.
make money! Start with $10.00—Free proof. Torrey, ~ Write, Wazgner, 125 W. 86th, New York 10024.

Box 3566-N, Oklahoma City, Oklahoma 73106.

e e e o e e e e e e e e ]

L L ————— |

name plaase print
ARNOLD PALMER OFFERS YOU unequalled opportunity MISCELLANEOUS
te profit from tremendous popularity of golf and :

address EW-16 power of Palmer. Highly profitable exclusive Palmer ~ WINEMAKERS: Free illustrated catalog of yeasts,
Golf Franchises available. Complete national program.  equipment. Semplex, Box 7108, Minneapolis, Minn.
Hefty profits—minimum investment. Write for de- 55412,

oty STald T tails. Arnold Palmer Enterprises, Dept. CD, Pleasant- PDEMS or New Songs Wanted. Tin Pan Alley, Inc.,
ville, New Jersey, Tel, 609-646-3500. 1650 Broadway, New York, N.Y. 10019.

e e s e e e e = = = — e S U MATUORDER LAWS $2.00. Kelvin Kahn, Attorney, 4504  ENVELOPES. Paper. Ribbons. Stencils. Garbons. Ink.
PAYMENT MUST BE ENCLOSED WITH ORDER. Pine, Philadelphia, Pa. Catalog: Tower, Lafayette Hill, Pa. 19444,

January, 1966 105
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STEREO REQUIRES o
MATCHED MICROPHONES . . .

Pianos sound like barrel organs? Violins
like musical saws? Voices lost in a welter
of “hollow” background sound? Friend—
look to your microphone! You'll be
amazed by the clear, life-like tapes you
can make with the new Shure Unidyne A
- . - a low-cost, fine quality unidirectional
microphone that picks up sound from the
front uniformly while rejecting sounds
from the rear. Equipped with plugs to
match most tape recorder inputs. Uni-
dyne A matched pairs can detect the
subtle differences that “localize" sound
for realistic, spatially-correct stereo tapes.

CNEW!

UN|DYNE/[§3

MATCHED STEREO
MICROPHONES

In the quality tradition ofs the
famed Unidyne family of unidirec-
tional dynamic microphones . . . at
a new dramatically low price. Never
before such guality at so low a
price! Model 580SA(MP)—Only

\_ $70.80 net for the pair.

. LOOKING FOR
“PROFESSIONAL”
QUALITY?

UNIDYNE III

The favorite of performers
and public speakers. Dual
impedance, ultra-small size,
WL true-cardioid pick-up pat-
tern, symmetrical about the axis in all
planes, at all frequencies. Wide-range
response. Amazingly faithful voice and
music reproduction. Model 5455 (with
On-Off switch) $53.97 net. (Matched pairs
available),

Shure Brothers, Inc.
222 Hartrey Avenue, Evanston, Illinois
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MODEL 630 V-0-M ziisi
Standard Of The Industry

6000 off  ———F000
(200 Rt ———300|A
p|300— / § G |
¥ o s G0
4 ¥ oouT
v — pur
) y
3 ]
Sk i
12A- GomM
Bov o —¥ 10l 0
\;é g i2 —x 000
. T o E et —¥ 100 000
I P et @ W VLA

60009, ACY

FACTS MAKE FEATURES:

Popular streamlined tester with long meter scales ar-
ranged for easy reading. Fuse protected. '

Single control knob selects any of 32 ranges—less chance DC VOLTS 0-3-12-60-300-1,200-6,000

of incorrect settings and burnouts. : 42000 o bRl
AC YOLTS 0-3-12-60-300-1,200-6000
Four resistance ranges—from .1 ohm reads dlrect' at 5,000 ohms per volt.

4%, ohm center scale; high 100 megohms. : 0-1,000-10,000.

MEGOHMS
Attention to detail makes the Triplett Model 630 V-O-M a lifetime investment. me——

It has an outstanding ohm scale; four ranges—low readings .1 ohm, high AWPERES ot 0o,

1(?0 njlegs. Fuse affords extra protection to the resistors in the ohmmeter pe MILLI- B e
circuit, especially the XI setting, should too high a voltage be applied. Accu- T

racy 3% DC to 1200V. Heavy molded case for high impact, fully insulated.

T630A same as 630 plus 1%% accuracy and mirror scale only $59.50'
TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO
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RCA rare-earth
\ Hi-Lite
Color TV Picture Tubes

for every smart
customer who wants
a superior color picture - |

: WHY? Because RCA’s:Hi-Lite. line represents a big step
o forward in color picture brightness—brightness _ ¢

that is unsurpassed in the color TV industry. Rare-earth phosphors J
applied by RCA’s advanced screening methods create brighter reds, J
better contrast and natural, vivid colors . . : Everything the smart " f
|

i

|

customer wants. Are you ready to service your smart customers ?
Keep posted. See your RCA Distributor today.

5 RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
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