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MODULATION CIRGUIT DESIGNS FOR SOLID-STATE CB TRANSMITTERS
CIRCUIT ANALYSIS OF NEW 35-W. TRANSISTOR POWER AMPLIFIER
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Cutaway of ultrasonic drill and graph of transducer action.
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SPECIAL CUSTOM DESIGNED TRAINING
EQUIPMENT INCLUDED
Since NRI pioneered equipment units to provide
ACTUAL ON-THE-JOB EXPERIENCE in home
training, NRI instructors have invested many thou-
sands of man hours in testing, changing, retesting, im-
proving NRI equipment to simplify and speed training.
Unlike other schools “‘stock’ or “‘standard”’ equipment
is not good enough. NRI equipment is custom designed
EXCLUSIVELY FOR TRAINING. It demonstrates
theories, circuit action, defects; you get experience in
operation, maintenance, trouble shooting.

PICK YOUR CAREER

1 TELEVISION-RADI0 SERVICING —Tearn to fix black-and-

white and color sets, AM-FM radios, stereo hi-fi, etc. A

® profitable field for part or full-time business of your own.

INDUSTRIAL-MILITARY ELECTRONICS —Learn Principles,

2 Practices, Maintenance of Electronic equipment. Covers

® computers, servos, telemetry, multiplexing, other subjects.

COMPLETE COMMUNICATIONS —A comprehensive pro-

3 gram for careers in broadcasting or mobile, marine, avia-

= tion communications. Learn to operate, maintain trans-
mitting equipment. Prepares for FCC License.

FCC LICENSE —Prepares you quickly for First Class Li-

cense exams. Every communications station must have

¥ licensed operators. Also vzluable for Service Technicians.

MATH FOR ELECTRONICS —A short-course of carefully
5 prepared texts going from basic arithmetic to graphs and
® glectronic formulas. Quick, complete, low in cost.
6 BASIC ELECTRONICS—Abbreviated, 26-lesson course cov-

ering Automation-Electronics, TV-Radio language, com-
® ponents, principles. Ideal for salesmen, hobbyists, others.
ELECTRONICS FOR AUTOMATION —For the man with a
knowledge of basic electronics who wants to prepare for

7 a career in process control, ultrasonics, telemetering and

® remote control, electromechanical measurement, others.

AVIATION COMMUNICATIONS—For the man who wants

a career in and around planes. Covers direction finders, !
w ranges, markers, loran, shoran, radar, landing system

transmitters. Prepares for FCC License.

MARINE COMMUNICATIONS —Learn to operate, repair
transmitters, direction finders, depth indicators, radar,
.other Electronic equipment used on commercial and

pleasure boats. A growing, profitable field. Prepares for
your FCC License.

MOBILE COMMUNICATIONS —Learn to install, operate,
maintain mobile equipment and associated base stations
¥ as used by police, fire departments, taxi companies, ete.
Prepares for FCC License. T
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NATIONAL RADIO INSTITUTE /¢,

Oldest and Largest Radio-TV Electronics Home Study School
Washington, D.C.
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Now enter the world of the professional. With the Sony Sterecorder 600,
a superbly engineered instrument with 3-head design, you are master of the
most exacting stereophonic tape recording techniques.

1964

Professional in every detail, from its modular circuitry to its 3-head design,

this superb 4-track stereophonic and monophonic recording and playback unit
provides such versatile features as: & vertical and horizantal operating positions
® sound on sound a tape and source monitor switch e full 77 reel capacity

& microphone and line mixing ® magnetic phono and FN stereo inputs & £ V.U.
meters a hysteresis-synchronous drive motors @ dynamically balanced

capstan flywheel s automatic shut off ® pause control and digital tape counter—
all indispensable to the discriminating recording enthusiast. Less than $450,
complete with carrying case and two Sony F-87 cardioid dynamic microphones.

R —— Multinlex Ready!
SONY SUPERSCOPE m ‘Y:;;‘ '3;0!

Sony tape recorders, the most complete line of quality recording
equipment in the world, start at less than $79.50.

For literature or name of nearest dealer, write Superscoge, Inc., Dept. M
Sun Valley, Calif. In New York, visit the Sony Salon, 585 Fifth Avenue.

CIRCLE NO. 142 ON READER SERVICE PAGE
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REMOTE CONTROL
OPERATION

LIMITED SPACE INSTALLATION

. NEW MODEL 1000
EXECUTIVE_ TRANSCEIVER

@%vowni
G

10 RMO

MODEL 1000 (oRSOLE

If you are looking for a citizens band transceiver
designed for limited space or remote operation, then
you need International’s Model 1000* transceiver . . .
the very latest in the Executive series of fine two-
way radios.

Engineered for flexible installation, the Model
1000* may be used in a car, boat or plane. Operates
on 6 or 12 vdc and 115 vac. Features include: series
gate noise limiter, high frequency crystal filter for
reducing adjacent channel interference, delayed avc
system, speech clipper amplifier and crystal filter.
All frequency control circuits are housed in Inter-
national’s new (RMO) remote console.

The console, 2¥2” H x 77 W x 5”7 D, mounts under
the dash. Nine receive and nine transmit crystal
sockets are provided for the selection of any desired
channel. The illuminated Channel Selector (an Inter-
national exclusive) makes channel selection easy.
Console panel provides: on-off switch, volume and
squelch controls, channel selector, microphone recep-
TE tacle, transmit and receive indicator lights.

"ﬂf’”"gf*‘w{ - Model 1000, complete with remote console, mobile

vy T mounting brackets for transceiver and console, cables,
1 set of channel 9 crystals, microphone, speaker.
Cat. No. 600-115 $259.50

*Model 500, similar features but does not contain
delayed avc, speech clipper amplifier and crystal
filter. Cat. No. 600-114 S ~$179.50

2 CIRCLE NO. 124 ON READER SERVICE PAGE ELECTRONICS WORLD
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THIS MONTH'S COVER il-
lustrates the construc-
tion and operation of an
ultrasonic driil and shows
some of its applications.
A power oscillator is used
to produce ultrasonic energy
that is applied to the trans-
ducer. The magnetostrictive
transducer converts this
electrical energy into verti-
cal mechanical motion of a
tool brazed to the tool hold-
er. The tool is able to drill,
slice, and dice through the
use of an abrasive slurry
made of boron carbide in wa-
ter. For details, see our |lead
story in this issue. Photo-
graphs from The Sheffield
Corp. ... vv . (Ilustra-
tion by Otto E. Markevics.)
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ELECTRONICS
TRAINING

Thousands of men are today in
good jobs or in business for
themselves, thanks to DeVry
Tech training. You too may
learn at home with training
films, real equipment, practical
projects and experiments, mod-
ern texts. Or, you may prepare
full-time or part-time at one of
our big modern laboratories.
Your life can take on new and
brighter meaning. Find out how!

Effective Employment Service
Once you finish your DeVry
training we help you get started
in the electronics field. Our
employment service is always
available. If you are 17-55, get
full information now.

DeVry Tech

The School that Stands
Behind the Men it Trains!

SEND FOR FREE BOOKLETS

DeVRY TECHNICAL INSTITUTE 2092 |
4141 Belmont Ave., Chicago 41, IIl.,Dept. EW-2-0
Please give me your two FREE booklets, ‘‘Pocket

Guide to Rea! Earnings” and ‘‘Electronics in Space |
Travel.”” Also, include details on how to prepare

for a career in one or more branches of Electronics. |}
Name Age l

|
i
|
|
1
| (Please Print)
|
i
1
|

Street

City. ____Zone State
O Check here if you are under 16 years of age.

Canadian residents: Write DeVry Tech of Canada, Ltd.
970 Lawrence Avenue West, Toronto 19, Ontario |

CIRCLENO. 112 n! !!!l!l !!!!I!! !!E
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NEXT
MONTH = -

TRAVELING-WAVE TUBES

These not-too-familiar electron tubes
play a vital role in telephone, TV, and
communications transmission now but
their greatest potential lies in defense
and space communications applications,
according to John H. Jarrett, chief[ of
{raveling-wave tube engineering at West-
ern Electric.

TRANSISTORS FOR MUSIC

The importance of phase shift, transient
response, damping factor, noise, and
power in the design of a hi-fi amplifier
is discussed by two engineers from
Harman-Kardon—a firm  strongly in
favor of transistorized hi-fi.

WHY NOT U.H.F. TWO-WAY RADIO?

The 450-mc. two-way radio band offers
many advantages over the lower fre-
quency bands and Howard H. Rice of
Motorola Inc. believes it offers the best
chance of relief from present-day band
crowding.

THE INTEGRATED AMPLIFIER-SPEAKER

Although the concept of designing an
amplifier for a specific speaker is not
new. package radio-phono makers have
been doing it for vears, it is new in the
ni-fi field. Ken Gilmore advances the rea-
sons why such a concept is suited to hi-fi

L T

TRAVE LING RAVE
* TUBES

&

applications and how such units are de-
signed to meel performance criteria.

NEW Tv DESIGNS FOR 1964

The new circuits used by some 13 tele-
vision manufacturers in their 1964 lines
are discussed by Walter Buchsbaum.
Among the sets to be covered are two
color receivers by Zenith and RCA.

HIGH-POWER PHOTOCELL

This new semiconductor unit by Alo-
torola can control 100 watts of power and
will operate small motors or large relays
direct from the power line. Because of
their low cost, technicians and experi-
menters will want to try them out in
both old and developmental circuits.

ADVANCES IN ULTRASONICS

The concluding article of this two-part
series covers such varied applications as
ultrasonic welding, echo ranging. non-
destructive testing, and medical uses.

NEW LOOK IN TRANSFORMERS

New core materials and new fabrication
techniques are responsible for making
modern transformers smaller and more
efficient. If vour last contact with trans-
formers was five vears ago, you are in
for a number of pleasant surprises with
this new breed.

All these and many more interesting and informative articles will be yours

in the MARCH issue of ELECTRONICS WORLD . .

20th.
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COLUMBIA STEREQO TAPE CLUB NOW OFFERS YOU

ANY 4

of these exciting pre-recorded 4-track

STEREQ TAPES

FOR Value up to

332,80 at
OHLY regular Slub pricas

598

if you join the Club now and agree to purchase as few as 5 selections from the more than 150 to be offered in the coming 12 months

THE
BARBRA
STREISAND [

ALBUM

Happy Days
Are Here Again 4
A Sieepin’ Bee ¥ -

. i
Cry Me ARIVEr ' i
8 MORE COLUMRIA |

QOriginal Soundtrack
cotumaia] Recording

TCHAIKOVSKY;
SWAN LAKE
Ballet Suite

ORMANDY
Phillad el b Arch.

i;f i Includes a
I Special Booklet
i and Rare

[Corumaia |llustrations

ANDY WILLIAMS
DAYS OF WINE 3
AND ROSES <

+ 9 mora

9034, Also: A Taste
of Honey, My Honey’'s
Loving Arms, etc.

Co_Uniis o

Jury Murad's
HARMONICATS

9060. Ramona, Ruby,
Fascination, Mack
The Knife, 12 in all

9004. ‘‘The most ad-
venturous musical
ever made.'" ~Life

8047, ‘‘Brilliant per-
formance ... lush. ..
rich.”’-Musical Amer.

9048. ‘A treat, a de-
light all over again.'
—N.Y. Journal-Amer.

JOHNNY'S NEWEST HITS

What Wil

Mary Say

That's The Way bk 4
#t1s <10 maRE :

JOHNNY MATHI;

Wasn't

9006. Also:
the Summer Short?,
Marianna, etc.

ORFF- CARMINA BURANA
THE PHILADELPRIA ORCHESTRA
soloists and chorus
ORMANDY canducting

9038.¢Superh...best
of many perform-
ances.''—Wash. Post

Themes for Tousg Lovars

PERCY FAITH

iz, 1 WILL FOLLOW You
r ™ MY COLORING
. BooK

% .
RHYTHM OF
THE RAIN

9 more
COLUMBIAT

TIME OUT
THE DAVE BRUBECK QUARTET
B e

i

LERNER & LOEWE

SCamelot--

RICHARD BURTON
A JUUE ANDREWS /:
ROBERT GOULET |>

and Orsginal Broadway

[Comgmpia) _ Cast

9033. Also: What
Kind of Fool Am 12,
May Each Day, etc.
The Hew

ANDRE
KOSTELANETZ

"Wonderland
L of @

¥  Spund”
9015. Be My Love,

Unchained Melody,
Volare, 12 in alt

Rhapsody [n Blug

An Amarican In Paris
Leonard 99
Bernstein

plays
Gershwin §

8025. "It soars and
swings . . . a hreak-
through."’ —Playboy

- BRUBECK
-ELLINGTON
+ DAVIS - MONK
CONDON
10 others

9022. Also: Go Away
Little Girl, Up on
The Roof, etc.

Py
9031. A truly defin-
itive cross-section of
the great comhos

9003. ‘‘Most lavish,
beautiful musical; a
triumph!’—Kilgallen

BEETHOVEN
3 “Empew”

N.Y. Philharmeaic

9058. Most exciting
and thrilling of all
Beethoven concertos

9035. ““Fierce impact
and momentum.’—
N.Y. World-Telegram

TONY !
BENNETT
| Left My
Heart in
San Francisco ¢
Tender is the Night

Smile + 9 more

9028. Also: Love for
Sale, Candy Kisses,
Marry Young, etc.

GREAT 7iciuxe THEMES

EXODUS
NEVER ON SUNDAY
THE APARTMENT
plus 13 more

REX HARRISON
JULIE ANDREWS
MY FAIR LADY
7

W~ cast
= .\ RECORDING
R

i
U\F COLUMHIA

9030. Also: Smile,
Some Like It Hot,
Magnificent 7, ete.

MESSIAH

EUGENE
ORMANBY
: The Philadelphia

Drchestra
THE MORMON TABERNACLE

8001. The hest-sell-
Ing Original Cast re-
cording of alt time

TWIN-
\ PACK
o ; _ Equivalent
’)‘(? N “A&}’ To Two

% Selections

9044-3045. Two-Tape Set (Counts As Two

Selections.) “‘Zestful . .

. a powerful, vital

statement!" —Hifi/Stereo Review

March of the Toreadors
American Salute
Stars and Stripes Forever
Meadowlands
9 more
PHILADELPHIA DRCH
ORMANDY

FIRST TIME!
DUKE ELLINGTON
MEETS

E
COUNT BASIE

COLUMBIA

9059. “‘Abundance of

pulsing rhythms,"”—
St. Louis Glohe Dem.

February, 1964

9024, “Walloping en-
sembles and stirring
solos.—High Fid.

The Versatile
HENRY

MANCINI
ORCH
>

9009. Ehb Tide, The
Breeze and |, Sleepy
Lagoon, 12 in alt

TCHAIKOVSKY
Symphony No. 5
LEONARD BERNSTEIN
NEW YORK PHILHARMONIC

9057. ‘A wholly per-

Ray Conniff Singers
SO MUCH
IN

COLUMBIA

9008. Chances Are,
Just Walking in The
Rain, 12 in all

THE NEW CHRISTY MINSTRELS
with RANDY SPARKS

This Land is Your Land
Nire Hundred Miles

12 MoRe

[

g

9007. Also: Railroad
Bill, Cotton Pickers’
Song, Whistle, ete.

CIRCLE NoO.

FREE-if you join Now

P REEL

E-U
REVOLUTIONARY SELF-THREADING TAK

/2

der
i el, start your recorder,
Stgc;?c;\ei process automatically

he end of the tape over :
leases freely on rewind.

4 itself! Unique
1 thre? any thickness, re

Just drop tt
and watch i
threads up tape ©

IF YOU ARE ONE OF THE FORTUNATE PEOPLE who own 4-track stereo
tape playback equipment, you know the thrill of the near-perfect
fidelity, the unsurpassed sound of tape. Now you have an exceptional
opportunity to build an outstanding collection of superb stereo tapes
at great savings through the most generous offer ever made by the
Columbia Stereo Tape Club!

By joining now, you may have ANY FOUR of the magnificently
recorded 4-track stereo tapes described here — sold regularly by the
Club for up to $39.80 — for only $5.98!

TO RECEIVE YOUR 4 PRE-RECORDED STEREQ TAPES FOR ONLY $5.98
— simply fill in and mail the coupon today. Be sure to indicate which
Club Division best suits your musical taste: Classical or Popular.

HOW THE CLUB OPERATES: Each month the Club's staff of music ex-
perts chooses outstanding selections for both Divisions. These selec-
tions are described in the Club Magazine, which you receive free
each month.

You may accept the monthly selection for your Division . . . or
take any of the wide variety of tapes offered in the Magazine to
members of both Divisions . . . or take no tape in any particular month.

Your only membership obligation is to purchase 5 tapes from the
more than 150 to be offered in the coming 12 months. Thereafter,
you have no further obligation to buy any additional tapes . . . and
you may discontinue your membership at any time.

FREE TAPES GIVEN REGULARLY. If you wish to continue as a member
after purchasing five tapes, you will receive — FREE — a 4-track
stereo tape of your choice for every two additional tapes you buy.

The tapes you want are mailed and billed to you at the regular
Club price of $7.95 (occasional Original Cast recordings somewhat
higher), plus a small mailing and handling charge.

SEND NO MONEY — just mail the coupon todav to receive your four
pre-recorded 4-track stereo tapes — ALL FOUR for only $5.98!

IMPORTANT NOTE: All tapes offered by the Club must he played on
4-track stereo play-back equipment. If your tape recorder does not
play 4-track stereo tapes, you may be ahle to convert it simply and
economically. See your focal service dealer for complete details.

COLUMBIA STEREO TAPE CLUB Terre Haute, Ind.

SEND NO MONEY-mail coupon to receive 4 tapes for $5.98

suasive perform.
ance!”—N. Y. Times I COLUMBIA STEREQ TAPE CLUB, Dept.423-2 SEND ME |
Terre Haute, Indiana THESE FOUR '
' 1 accent your special offer and have written TAPES
in the boxes at the right the numbers of the . |
' 4 tapes I would like to receive for $5.98. plus {fill in numbers
i a small mailing and handling charge. I will below}) '
o A Johann l also receive my self-threading reel — FREE!
ﬁ: % Strauss l lEll)]l'Oll me in the following Division of the J’ I
ub:
Festival i
| [0 cassicat ] POPULAR |
I understand that I may select tapes from r— I
I either Dirision. T agree to purchase five se- o
lections {rom the more than 150 to be of- I
o I fered in the coming 12 months, at the regu-
9042. “‘Performances lar Club price plus a small mailing and han- I
that really sparkle I dling charge. T}gorvla{!or.lir 1 d?cide to con-
5 i tinue my membership. am to receive a
and glow.”High Fid. ' 4-track. pre-recorded tape of my choice - I
FREE for every two additional selections I I
I accept.
| LT E586 85 00000066000660000 80658 00060000000808000 I
' (PLEASE PRINT) I
| LY L 8805 H06 0600000 860060000 0000 060660360000 l
bl L : (41} b4 State l
. L ane....3tate...... ...
9002. A show that's This offer is available only within i
perfectly wonder. | the continental limits of the U.S. T3
Ll S T Sy B ——— |
@ Columbia Recurds Distribution Corp., 1964
109 ON READER SERVICE PAGE 5
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Get two soldering temperatures
in a single soldering tool!

Dual Heat Soldering Gun Kit

Everything that's needed for quick, easy
soldering and scores of household repairs.
Featuresthe same Weller "Expert’’ Dual Heat
Gun that’s used by professional servicemen
and homecrafters the world over. Pull the
trigger—tip heats instantly and spotlight illu-
minates work. Two trigger positions give a
choice of two soldering temperatures. You
can switch instantly to high 140-watt or low

For hi-fi kit building For electrical repairs

100-watt heat to suit the job. By using high
heat only when necessary you prolong tip life.
Tipis made of copper for superior heat trans-
fer and premium plated for rigidity and long
life. Included: 3 soldering tips, tip-changing
wrench, flux brush, soldering aid, solder. And
everythingis in acolorful, break-proof plastic
carrying case. Model 8200PK. $@95
Welier Electric Corp., Easton, Pa. list

For mending metal For many other jobs

CIRCLE NO. 144 ON READER SERVICE PAGE
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The move into electronics is your decision. GRANTHAM

SCHOOL OF ELECTRONICS makes your move easier. ..

. « . casier by teaching you clectronics in a logical, step-
by-step manner, preparing you for employment as an
electronics technician or engineer.

Grantham School of Electronics offers training in the
classroom, in the laboratory, and by correspondence, as
explained below.

WHAT Training is Offered

The entire Grantham electronics training program is

divided into a series of sections or levels, as follows:

Section IA “begins at the beginning,” with the assump-
tion that the student has no previous knowledge of
electronics. It prepares him to pass all F C C examina-
tion required for a first class radiotelephone license.

Section IB is a laboratory training program which gives
the student practical experience in the operation and
maintenance of electronic equipment. Practical lab
training is most valuable to the student who under-
stands theorctical concepts upon which it is based.
Therefore, Section 1B is offered to Grantham students
after they have completed Section TA.

Section II begins where Section IB ends, and trains the
student in advanced clectronics, usually while he is

Prepare for Employment and/or Advancement in Electronics

by training with

GRANTHAM

SCHOOL OF ELECTRONICS

1505 N. Western Ave., Los Angeles, Calif., 90027

employed as an electronics technician. Section II pre-
pares the student to advance in both status and income.

WHERE and HOW Training is Offered

Grantham School of Electronics was established in 1951,
in Los Angeles, Calif. Since that time, new divisions of the
School have been opened at other locations. There are
now five divisions — located in Los Angeles, South Gate,
Seattle, Kansas City, and Washington, D.C.

FCC License Training (Section IA) is offered in the
classroom at all divisions, and is available by correspond-
ence from the Home Study Department of the Kansas City
Division. Laboratory Training (Section IB) is offered in
Los Angeles and Washington, D.C. Advanced Electronics
(Section II) is offered in residence in Los Angeles and
Washington, and by correspondence from Kansas City.

Write or Phone for Free Brochure

Your future depends on you. The move into electronics
must be your decision. Details of our training (in our
44-page brochurc) are free for the asking. Simply mail
the coupon below, or telephone one of the numbers listed
—it's your move.

9320 Long Beach Blvd., South Gate, Calif., 90280

408 Marion Street, Seattle, Wash., 98104

3123 Gillham Rd., Kansas City, Mo., 64109

821—19th Street, NW, Washington, D.C., 20006

February, 1964

_____________________________________________ 1
]

Mail i ! t tal d 1

: {Mail in envelope or paste on postal card} 468 :

: To: National Headquarters Office :

; Grantham School of Electronics !

sy “,

%, ! 1505 N. Western Ave., Hollywood 27, Calif. ]

NHSC ! 1

G t Gentlemen: :
M |

= = o : Please send me your free booklet describing electronic training. :

“orry 51\‘“‘ : | understand that this does not obligate me in any way. :

1

i i

1 Nome Age |

HO 7-7727 | ;

564-3421 | Address '
2 I

- |

MA 2-7227 : City . __ Stote =
- ]

JEﬁaZQ ! 1 am interested in: [] Home Study (] Classroom Training }

ST 3-3618

7
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RISE
STEVENS

Applauds the “Better,

Clearer, More Natural
Recording Quality” of

~ 0
Jandberg,
Model 74/3 speed-4 track
Complete Stereo

Music System

And so will vou! Just check these

oulstanding features:

Frequency Response: 712 |.P.S., + 2DB 30-16000
¢; 3% I.P.S. -—— 2 DB, 40-10000c: 178 I.P.S.,
— 2 DB, 55-5000c. Wow & Flutter: .15%-71%2 I.P.S.
2%-3% |P.S.; 3%-178 |.P.S.. Signal to Noise
Ratio: at least 55 DB. Crosstalk Rejection: better
than 60 DB. Precision laminated heads; 19 KC
filter for recording FM multiplex; 4 pole asynchro-
nous motor: Lowest tape tension; Two matched 77
x 4” speakers: Two Power amphfiers: Pause con-
trol: Electronic eye record level indicators; Free
position tape thread.

Tandberg is rated the number one

quality choice by evervone,

ONE YEAR GUARANTEE
AT FRANCHISED DEALERS
ONLY .. ... ......... NELS0

nTﬂndbﬂrg®op AMERICA, INC.,

P.O. Box 171, 8 Third Avenue, Pelham, N. Y.
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WM. A. STOCKLIN, EDITOR

SATELLITE COMMUNICATIONS

E talked by phone to Jack Ioward

at the Goddard Space Flight Cen-
ter the other day, Although that in it-
self is not unusual, the method of com-
munications was. Jack placed the call
from his office in Greenbelt, Maryvland
to the ITT Satellite Receiving Station in
Lakehurst, New Jersey. From there the
signal traveled to the “Syncom™ conmni-
nications satellite and back, and then it
went by land lines to our New York
office. This was not just a stunt, since
communications  tia  “Syncom,” “Tel-
star.” and “Relay” satellites have pre-
viouslv heen successful, even between
nations. But we had to be convinced that
a two-way telephone conversation, using
a high-orbit satellite like “Syncom.”
would not be seriously affected by the
problem of time delay.

There have been differences of opin-
ion on this point. Bell Labs has always
felt that a low-orbit satellite, like its
“Telstar” 1 and 11, and RCA's “Relay”
satellite, would be the ultimate answer.
There are no arcuments that all types
of communications, including wide-band
TV, proved to e very successful with
these satellites. But, is snch a satellite
svstem completely practical? Does it
represent the best approach to a world-
wide communications network? In view
of “Telstars’” low orbits, 600 to 6700
miles, and their high relative speeds,
actual  communications  contacts  were
limited to a maximum of 90 minutes out
of an orbit, This wonld mean that per-
haps 25 to 40 identical satellites would
be required for world-wide, 24-hour
communications service.

“Syncom,”on the other hand. is a high-
(22,300 mi.) orbit stationary satellite. Its
velocity and altitude are such that it ap-
pears to be practically stationary with
respect to a point on the earth. Tt was
put into orbit over the equator and fHue-
tuates about 6 degrees north and south.
At the present time, it is drifting slightly
to the west, but this drift is re-adjusted
about every two weeks. In view of its
height, it has an carth coverage of about
10% and, therefore, only three such sat-
ellites would be required for world-wide,
24-hour communications.

Obviously this approach seems to be
the answer, that is, il the time delay re-
sulting from the long travel time does
not seriously affect two-way conversa-
tion. Bell Labs has made many tests to

www.americanradiohistorv.com

determine the effects of time delay pro-
duced artificiallv. But not until “"Syvn-
com” hecame a reality were we able to
make actial tests on a communications
svstem operating over sneh a great dis-
tance.

One of the longest transmissions to
date covered 70000 miles—from “Syn-
com’” to the USNS "Kingsport ™ at Lagos,
Nigeria, back (o “Syncom.” to Lake-
hurst. New Jersev, and then by Jand
lines to Hudalies Aiveraft Company in
Culver Citv, California, This particufar
transmission was nol involved with the
problen of time delayv, since, for the
most part, it was a one-way “live™ telem-
etry data transmission originating from
the satellite. The  company’s  report
stated: “There was no observable distor-
tion in the received data ... The highest
fidelity tape recorders seldom receive a
direct recorded sienal-to-noise ratio of
over 33 db and most of the Syncont’
voice telenetry transmission received ex-
ceeds this quality hefore it is recorded
... Background noise is often just that
inherent in the magnetic tape itsell.”

On the matter of delay time. there is
disagreenment as to how much delay from
1 second to 1 second can be tolerated
for two-way conversation. Many more
experiments must still he performed and
this studyvis apt to go on for some time
to come.

Onr commumication, that is, hetween
our office and the Goddard Space Flight
Center. covered about  13.000 miles.
Considering  the speed of electromag-
netic radiation as 186,000 miles per sece-
ond. the delay time was about .24
second. The results were outstanding—
we were not aware of this amount of
delay, and the voice quality, when
proper satellite tracking was obtained,
was sharp and ¢lear with no noticeable
background noise.

In view of these results, it seems that
communications tia a high ssnchronous
orbit satellite covering 10% of the earth’s
surface is definitely feasible. Whether
relaving  commumications through  two
or three similar satellites  (.48-second
and .72-second delay respectively) s
{easible is vet to be determined.

With the humching of “Syncom II”
on July 26. 1963, there dawned a new
era in communications. Congratulations
to Hunghes. NASA. and the Goddard
Space Flight Center, A

ELECTRONICS WORLD
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WHEN
YOU
NARROW
IT DOWN
ITHAS
TO BE
UNIVERSITY!

Syl-O-Ette Mini Tri-Planar

LISTEN to all the slim speakers. Base your decision on sound. That's what a speaker is for.
University won't sacrifice reproduction quality regardless of speaker size or shape. Any of the three
speakers in this ad will give you all the subtle magic Beethoven intended...all the dazzling color of
De Falla or Stravinsky...all the individual virtuosity in a jazz combo. it's almost incidental that
University decorator-thin speakers will adorn any wall, accommodate limited space or fit tastefully
wherever larger units would seem obtrusive. It's the big sound (the true sound) we were after...and
captured. Hear for yourse!f.

TRI-PLANAR—a 3-way system only 13" thin (the world’s thinnest speaker) with a response
from 45 through 18,000 cps...the equal of many larger conventional systems! The 264 sq. in. woofer
is larger than that of most big speakers. Sound radiates from both sides to surround the entire
listening area. Measures only 15" x 23" x 13" thin. With cane grille and oiled walnut finish, $79.95.

MINI—A miniature masterpiece, only 18” x 13%” x 2" With the extraordinary respanse of 50 through
17,000 cps.! Entire frontal area functions as woofer and mid-range speaker. Highs are effortlessly
handled by the specially designed University tweeter. Mini fits anywhere...on wall, table, floor or
the smallest shelf. Qiled walnut finish, $44.95.

SYL-O-ETTE —Big speaker performance engineered into a 3-way ultra-thin system (29" x 23" x only
4" deep)! Enclosure is University’s exclusive RRL tuned ducted-port to enhance reproduction guality
over the unusually wide range of 40 to 20,000 cps. Looks like a magnificent, framed picture. With
hand-embroidered Petit-Point grille, $109.95. With Neo-Classic art or cane grille, $99.95.

For free University Catalog, write Desk S-2, LTV University, 9500 West Reno, Oklahoma City, Okla.

LTV UNIVERSITY

9500 West Reno, Oklahoma City, Oklahoma

F
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complete

COMPUTER
LIBRARY

for the man who wants
to grow with this field

UNDERSTANDING DIGITAL COMPUTERS
hy Ronald N. Benrey
Excellent first step to a basic understanding of
digital computer operation without the need to dig
through excess of technical detail. Thi, hook bridges
the gap between college level textboohs and the
over-simplified treatments of  computers now in
print. Digital computers are discussed in terms of
similar and simple. build.ng blocks that makce up
the systems. Function ol these building blocks s
stressed, rather than their electronic construction.
You're first introduced to computers lrom the
standpoint that they are machines that do arith-
metic. You are then shown how electronics cireu'tyy
is designed to Jdo arithm:tic and how these anth-
metic circuits are eventuuly combined with suitable
control circuits to produce a computer. Program-
ming. binary numbers, logical design and other vital
aspects are fully covered.
=319 paper. $3.75: =319-H cloth, $5.45

iBM 1620 PROGRAMMING
FOR SCIENCE & MATHEMATICS

by trving Allen Dodes
This new programming guide completely explains the
language and opcration of modern computers in
practical, workab'e terms. Provides vou with a
firm knowledge of how to get the screntitic data
and the program into m=mory properly and how to
get it out again in suitable form.

You learn how to analyvz.. plan, program, dcbug
and completely solve prob'ems in science, engineer-
ing and pure mathemuatics. While this book discusses
general programming with a specitic machine in mind
—the IBM 1620. a working knowledge of the 1620
is immediately applicable to most other machines
today. even much Jarger models such as the IBM
T090. =511-H, 300 pages. $9.95

COMPUTER ARITHMETIC
by Henry Jucobowitz
This book is a must for those who look to carcers
in opcrating, programming digital computers or as
computer technicians. This text describes binary
and all arithmetic systems currently used to fced
information into digital computers and makes them
casily understandablc. =297 %$3.00

BASICS OF DIGITAL COMPUTERS

by John S Murphy * 3 vol. pictured rext course
This is the lamous pictured text training coursc
used in industeial programs to make the ABC s of
digital computers absolutely clear and understand-
able. Fundaimentals are pxescnted idea by idea, per-
mitting the reader to build his own knowledge step-
by-step as s'owly or as quickly as he likes. The com-
puter Ianuua,,“ is made completely understandable
This 3 vol. course starts with a review of the de-
velopment of computers—what a computer is: binary
data representation—basis of digital computers:
basic concepts of automatic calculation: program-
ming and control. Vol 2 details the components and
the units. The basic building blocks of logical sys
tems—combination of circuit components which
when taken together form a logical unit: transition
from communications to clectronics to computer
clectronics: uses of tubes diodes and magnetic cores:
examples ¢combining building blocks and elemental
circuits. Vol. 3 discusses the operation of the com-
puter. 196 3 vols soft cover $8.40;

#196-H all 3 vols in one cloth binding $9.50

BASICS OF ANALOG COMPUTERS

Anyone with the slightest knowledge ol electrical
engineering or physics can develop a [irm under-
standing of the basic principle and practical ‘lpph(‘d—
tions ol analog computers., This 3 vol. course in-
troduces you to the simple ideas of analog devices
Next vou learn about the mathemnatical concepts m-
volved You get a clear picture of the workings of
modern general-purpose of electroniz analog com-
puters. Finallv., your knowlcedge of analog com-
puters is completed with a thorough discussion of
practical applications.

= 2536-1 3 vols. in one cloth binding $12.50

Take vour first step towards an excellent career in
computers. These hooks are available at your dis-
tributor or wse coupon below to order.

ORDER TODAY—10-DAY APPROVAL

JOHN F. RIDER PUBLISHER INC.
|l1(. o

Division of Hayden Co.,
850 Third Ave., New York 2 2, N.Y,

Please send me the following books on a 10-day i
free-examination. | understand that after 10-davs, |
will $|ther remit the price of the book, plus postage |
or return

Name ..

Zone. ... State.........

Enclosed is payment Rider pays the postage. |
Send me free 1964 catalog. i
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LETTERS
FROM OUR
READERS

TRANSISTORS VS TUBES
To the Editors:

For a number of months vou have
been mnning articles on the subject
of tubes vs transistors: however. there
didn’t appear to be too much of a fight
since the transistors usually came out on
top.

While it may be true that transistors
have an indefinite life and are nsed
owr high-reliability space programs, my
hi-fi amplifier is not about to be shot up
to the moon, T am still a little worried
about accidental shorts across my speak-
ers or a little too much heat or Tack of
ventilution. Transistors just won'’t tuake
as much punishment as my tnbes will.
What is more, the really good transistor
amplifiers T have seen were at least
big and heavy as the tube versions and
thev cost two or three times us much.
True there may be a meusurable im-
provement in performance, but, after all.
the tube amplifiers are down in the frac-
tions of a percent distortion too.

So. imntil the transistor designers can
come up with a simple, reliable four-
transistor amplifier using a handful of
resistors and capacitors that will give me
an honest 30 or 60 watts output (which
describes my present fube amplifier).
and at a reasonable price, then T will
stick with tubes for now!

MreL
Baldwin,

SorzERs
N.Y.

Any comments on the above from onr
readers who have had first-hand experi-
ence with hi-fi transistor amplifiers?

—Editors
L & *
AUOIO SQUARE-WAVE TESTING
To the Editors:

Von  Recklinghausen, Linder. and
Mason's comments (“Transistors for Hi-
I'i,” September, 1963) on wide-band
andio are an old hassle which never
seems to die awav. As the editor’s note
implies, there is some strong disagrec-
ment on these points and has been for
many vears.

Their arcuments are practical com-
mercial design points. but tend to over-
simplify things and to some extent, imply
design contradictions. While it may be
truc that the ear is relatively Insensitive
to a simple-pattern. steady-state signal's
comiponent phase relations since it works

www.americanradiohistorv.com

as a sort of a comb-filter sampling device,
this is not necessarily trne where com-
plex dyvnamic signal conditions and non-
linear phase-shift are involved.

We find that where we get
roll-off in amplitnde-bandwidth  skirts.
there are related sharphy non-linear phase

a sharp

excirsions. The sharper the amplitude
roll-off. the more non-linear the phase
excursions and the greater the damped-
oscillation  “ringing” under transient-
impluse signal conditions. 1t is largely
this “dirtv” ringing we wish to evaluate
with onr square-wave tests and not just
simple linear phase shift. among other
things.

Now, if we sav we want “distortion-
less” response in the so-called “andible”
20-20,000 ¢ps  passhand  (and  some
voungsters can hear mnch higher), we
imph 0 db response. How do we get
this withont a gradual one-octave roll-
off bevond the "working” passband? We
need a gradual negative-slope rol-ofl
to hold down highly non-linear phase
deviations and heuavy ringing. Further-
more. most audio design men use nega-
tive feedback. Again, how do we get low
phase shift and stable feedback over the
useful passband nnless we go one or two
octaves bevond it on both sides—especi-
ally if we loop aronnd a “messy” reactive
outpnt transformer?

We can argue in directly the opposite
direction. That is. it is patently nureal-
istic to talk of steady-state sine-wave test-
ing. looking into a resistance load and
talk of amplitnde-distortion ratings of
fractions of 1%, when we may be getting
10% overshoot ringing (transient distor-
tion) due to non-linear phase shift; or
if the loudspeakers are generating a very
“dirty”™ 10% FM distortion.

Square waves simultancously show up
amplitude roll-off, both linear and non-
linear phase shift, ringing, low-Irequency
recovery time, cte. and remain one of
the most versatile and useful audio signal
tests we have availuble today. The sine-
wave burst, “grey” noise, and fast-sweep-
ing FAI oscillator tests all closely parallel
the square-wave test, but less conven-
iently.

Tin PoweLL
Glen Oaks, New York

We feel sure that Mr. von Reckling-
hausen, et al, know and have used the

ELECTRONICS WORLD
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ON A DESERTED MOUNTAINTOP
10,000 FEET ABOVE THE
CALIFORNIA DESERT THE
SCOTT MONOPHONIC 310 IS
ABOUT TO BE REPLACED...
S BY THE NEW TRANSISTOR
R R 4312 STEREQ TUNER

? : sl g High atop Mount Santa Rosa, in California, the Palm
. ANy . _ Springs Television Company has heen using monophonic
2 AW all M Scott 310 broadcast monitors to relay FM programs from

{ ' Los Angeles 105 miles away to the town of Paim Springs,

GHEE ; ) directly hehind the mountain. With the advent of stereo,

. ' e il s s BT R R new equipment was needed that would be as reliable as the

e Sy e ) e L 310, and provide the same performance ... now in stereo.
e ¥ R = a A S A L After an exhaustive study of available tuners, the brand

: R T TSR e o _  new Scott4312 transistorized tuner was selected for the job.

g Y R e - fLbviar e M o Like the 310's they are replacing, the new Scott 4312's

: o b3 g ST et will have to undergo a punishing ordeal on the mountain-
top. Towering snowdrifts make these tuners completely in-
accessible for many months of the year. There is no margin
for error . . . these tuners have to work perfectly, with
unvarying reliability. They cannot drift even slightly dur-
ing the entire period.

Robert Beaman, Chief Engineer for Palm Springs Tele-

vision Company, emphasized the two basic factors in the

selection of the Scott 4312:

1. The radically new Solid State circuitry, designed by
Scott, provides the optimum in stability and assures
years of cool-running, trouble-free performance . . .
a must for a remote location like Mount Santa Rosa.

2. New Scott transistor circuitry makes possible three-
megacycle detector bandwidth which provides a new
standard of stereo separation not previously achieved
with vacuum tube tuners,

2

SRR

T e ity
b

i
i
o
By
£
i
i

Here are the seven features that make the Scott 4312
the world’s first truly reliable TRANSISTORIZED tuner.

1. Transistorized time-switching multiplex circuitry. Separation in excess of
35 dh at 400 cps, a new industry standard.

2. 3-megacycie detector, widest of any tuner ever designed. Results in ex-
tremely good stereo separation, drift free performance, excellent capture
ratio.

3. Nuvistor front end. Nuvistors chosen for their reliable performance and
extremely low cross modulation, in excess of —65db. This outstanding design
specification assures you that strong local stations show up only once on
the dial.

4. Silver-plated RF circuitry. Assures sensitivity of 1.9 microvolts (IHF).
5. Sensitive tuning meter and antenna orientation indicator.

6. Transistorized Auto-Sensor circuitry instantly switches to stereo mode
when stereo broadcast goes on the air.

7. Professional slide-rule tuning, with heavily weighted mechanism, and use
of hall-bearings throughout. Assures true velvet-touch tuning. $365*

SCOTT"

H. H. SCOTT INC., 111 Powdermill Road, Maynard, Mass.
*Slightly higher West of Rockies. Accessory cases extra. Export: Morhan Exporting
Corp., 458 Broadway, N.Y.C. Canada: Atias Radio Corp., 50 Wingold Ave., Toronto
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Choose Mylar

or Acetate f

e

o

ENGINEERED

for highest fidelity

e, ‘..‘F‘_N‘..'\-""‘

High Output—can accept signals
with dynamic range to realize the
full potential of even the finest
professional equipment.

Wide-Range Response—virtually
flat response for all recording fre-
quencies.

Low Distortion—distortion is less
than 24% at maximum record level
as measured by Navy Specifica-
tion W-T-0061.

High Uniformity—uniformity with-
in a 1200-foot reel is within plus
or minus %% db. A new oxide for-
mula and special selectivity of
oxides protect recording heads
from wear and prevent abrasion.

Humidity and Temperature Pro-
tection—special coating, prim-
ing, and binding techniques help
keep Tarzian tape in new condi-
tion longer in ordinary good tape
storage conditions.

Complete Line—choose from 14
and 1-mil acetate, or 1-mil and J4-
mil tensilized Mylar tape on 3,
3%, 5, and 7-inch reels; lengths
from 150 feet to 2400 feet for every
recording application.

Tarzian Tape won’t turn up its nosc at
any recording job you care to give it.
Some manufacturers claim that their
“premium” tapes are so good that you
shouldn’t use them for your fun activi-
ties, but only for the greatest music.

Why should you pay premium prices
to have someone tell you what you
should record? Tarzian Tape gives you
unsurpassed quality at a price that
makes it excellent for any recording ses-
sion—from children’s birthday parties to
the latest version of Beethoven’s Ninth.

As long as you have the practical good
sense to avoid damaging your recorder
with cheap “white box™ and “special”
tape, but you don't want to pay premium
prices for a fancy box, come along with
Tarzian. In case your local hi-fi or photo-
graphic equipment dealer cannot supply
you, send us his name and we’ll sec
that your requirements are supplied
promptly.

Meanwhile, send for a free copy of
Tarzian's illustrated 32-page booklet,
“Lower the Cost of Fun With Tape
Recording.” It’s full of tips to make your
tapes more enjoyable and more valuable,

SARKES TARZIAN inc.

World's Leading Manufacturers of TV and FM Tuners » Closed Circuit TV Systems ¢ Broadcast
Equipment  Air Trimmers » FM Radios » Magnetic Recording Tape « Semiconductor Devices

MAGNETIC TAPE DIVISION*BLOOMINGTON, INDIANA
Export: Ad Auriema, Inc., N.Y. » Canada: E. J. Piggott Enterprises Lid., Teronto, Onf.
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Professional Quality

TARZIAN

advantages of square waves. Howceeer,
their point was that the phase errors in
amplificrs that show vp on a square wace
are completely inaudible since the ear is
insensitice to this type of  distortion.
Theeefore  they  conclude  that “any
change i the appearance of a square
wave used for lesting of an amplifier
does not indicate any change in listening
characteristios of the amplifier.”

Other designers, who do not concur,
will cxpress (heir views in upcoming
articles.—Editors.

o @ L3

CERAMIC FILTERS FOR CB
To the Editors:

We have noted with interest vour
article “New Citizens Band Cireuits™ in
the November issue ol Ernverrosics
Wonen. You point out quite prominently
that Allicd Radio is nsing for the first
time o ceramic filter for narrowing re-
ceiver bandwidth, We believe vou will
wish to be corrected. since the one-watt
kit described is quite recent and our
own Cadre five-watt solid-state  trans-
ceivers have heen using the same tvpe
of ceramic bypass filters for nearly 18
months. Of course the effect is the same
in improving adjacent channel selectiv-
itv, which is to the advantage of the CB
operator. In addition. our own C-75
hand-held  1.3-watt transceiver uses a
Clecite ceramic bypass filter.

Josizrin H. Ginns

Sales Manager

Cadre Industries Corp.
Endicott. N.Y,

™ - ©

SCR LIGHT DIMMER
To the Editors:

In vour October issne. vou have an
article on silicon controlled rectifiers. T
enjoved the article, but T am puzzled
about the schematic of the light dimmer
on the bottom of page 30. I looked up
the ratings of some of the parts, and
found that the diodes (1N2611°s) have
a current rating of only .75 amp. Since
they are connected in series with the
load, T cannot see how the rating can be
observed and still manage to control a
300-watt load.

Jaares PO WELAND
Pinedale, Wyoming

Reader Weiland is correct, of course,
in his assumption that the IN2611 rec-
tifiers are not suitahle for controlling the
current to a 300-watt load. These de-
vices were used in the original proto-
type. which was required to handle only
relatively light loads. To handle ¢ max-
anum loud, the rectifiers must he able
to control at least as much current as the
SCR. Suitable rectifiers. for example. are
the press-fit type IN3493, and the stud-
mounted type IN3210, rated at 25 amps
and 15 amps respectively. Both of these
types have a p.io. rating of 200 volts,
making them perfectly suitable for this
circuit =Ediiors. A

ELECTRONICS WORLD
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ALLORY

Tips for Technicians

Mallory Distributor Products Company
P.O. Box 1558, Indianapolis 6, Indiana
a division of P. R. Mallory & Co. Inc.

When you need a lot of microfarads...

S e F

ELECTROLYTIC
CAPACITORS

FOR HIGH RELIABILITY APPLICATIONS

MATTRY

Ask your Mallory Distributor for Bulletin 9-282 on Computer
Grade Capacitors. It lists all ratings which he carries in stock.

February, 1964

|

COMPUTER GRADE

Mallory manufactures the riont comsplote hine of aluminum

industry, Consputer Grade capacitors meet the high quality
und extrems relisbility requiremente of flter and energy
storage capacitors Gaed in the power supplies of military
and commercial corputens

Maltory Computer Grade Capacitors Feature

«PRESSURE BENSITIVE SAFETY VENT
CONSTRUCTION

STEMPERATURE RANGES 85°C AND 15°C
PWIDE VARIETY OF CONTAINER SIZES
9TWO TYPES OF INSULATING SLEEVES
»TWO TERMINAL INSERT SIZES
SLONG LIFE—sea pages 3 and 7

You may be occasionally confronted with the prob-
lem of finding a lot of capacitance. Maybe for a
sound system where you want to squeeze the last
bit of ripple out of a power supply. Or for brute-force
filtering of low voltage, as in a DC supply for fila-
ment circuits.

If your first inclination is to round up a bunch of
duals, triples and quads until they add up to the
microfarads you need, then hook them in parallel —
for the sake of your budget, resist the temptation and
read the rest of our tip. For you can get a lot of
capacitance in a single unit, at considerably lower
cost, by using a Mallory Type CG Computer Grade
Capacitor.

These are called computer grade because they were
designed specifically for use in computer power sup-
plies. But you don’t need to own a computer to use
them. What’s special about them is the way they're
made. Since they are expected to last practically
forever, they are made of extra-pure materials and
assembled with tender, loving care. All of which
seems to pay off, for they turn out to be just about
the purest microfarads you can find—very low in
equivalent series resistance and d-c leakage. And
life is almost unbelievable! We've tested them for
the equivalent of 20 yearsservice at room temperature!

What 4sn’t special about them is their price. In many
instances, a single Type CG will cost less than half
as much as the three or four conventional capacitors
you would need to get the same rating. In standard
stock case sizes, you can get as much as 75,000 mfd
at 3 volts and 1300 mfd at 350 volts.

And best of all, you can get ’em when you need ’em
at your Mallory Distributor. He’s your best source
for all electronic components.

CIRCLE NO. 129 ON READER SERVICE PAGE 13
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We Make the Model 2
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this, HiFi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi STEREO REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

/ Frequency response—a direct check of eighteen

sections of the frequency spectrum, from 20 to
20,000 cps.

Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.

Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.

Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.

Channel halance — two white-noise signals that
allow you to match your system’s stereo channels
for level and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

R S N

Stereo Spread

ALSO:

Speaker Phasing
Channel Identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

NOW...GET THE FINEST

STEREOD TEST
R E COR D ever produced

for just. . .54. 98

Featuring Tests Never Before Availahle
Outside Of The Laboratory

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

« Warble tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within &= 1 db from 40 to
20,000 cps, and within == 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber.The frequency
limits of each warble are within 5% accuracy.

» White-noise signals to allow the stereo channels to he matched in
level and in tonal characteristics.

« Four specially designed tests to check distortion in stereo cartridges.

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

AllTests Can Be Made By Ear

HiFi 'STEREQ REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—SUPPLY LIMITED

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. Due to the overwhelming demand for this record, only a limited number
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a
first come, first serve basis. At the low price of $4.98, this is a value you won't want to
miss. Make sure you fill in and mail the coupon together with your check ($4.98 per

record) today.
" FILL IN AND MAIL TODAY!

i 1
i Stereo Test Record :
! Electronics World—Dept. SD !
! One Park Ave., New York 16, N.Y. :
: Please send me test records at $4.98 each. My check (or money :
: order) for § is enclosed. | understand that you will pay the postage :
! and that each record is fully guaranteed. (Orders from outside the U.S.A. add 1
1 50c to partially defray postage and handling costs.) :
1 1
1

1 Name . |
1 (Please Print) 1
1 1
] Address :
1 1
1 City Zone State 1
3 1
! SORRY—No charges or C.0.D. orders! EW-24 !

www.americanradiohistorv.com
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READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products,” “Hi-Fi
Product Report,” and “Test Equipment Product Report” can also be
obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

Your requests for literature will be forwarded to the
manufacturers who will be glad to fill them promptly.

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

TOTAL NUMBER OF REQUESTS B

Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.

100 101 102 103 104 105 106 107 108 109 110 1T 112 M3 114 WS 116 17 118 119

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
; 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179
. NEW PRODUCTS 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

20 2 22 23 4 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4 4

42 43 44 45 46 47 48 49 50
(Key numbers for advertised products also appear in Advertisers Index) :
NAME (PRINT CLEARLY)
ADDRESS i
Iy ZONE STATE i
VOID AFTER FEBRUARY 29, 1964 2
February, 1964 15
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Why Fred got a better job...

I laughed when Fred Williams. my old high school
buddy and fellow worker, told me he was taking a
Cleveland Institute Home Study course in electronics.
But when our boss made him Senior Electronic Tech-
nician, it made me stop and think. Sure I'm glad

Fred got the break ...but why him ... and not me?
What’s he got that 1 don’t. There was only one
answer . . . his Cleveland Institute Diploma and his

First Class FCC License!

After congratulating Fred on his promotion, I
asked him what gives. “I'm going to turn $15 into
$15,000,” he said. “My tuition at Cleveland Institute
was only $15 a month. But, my new job pays me
$15 a week more . that’s $780 more a year' In

twenty years . . . even if | don’t get another penny
increase . . . 1 will have earned $15.600 more! It’s
that simple. I have a plan . . . and it works!”

What a return on his investment! Fred should have
been elected most likely to succeed . . . he’s on the
right track. So am | now. | sent for my three free
books a couple of months ago, and I'm well on my
way to Fred’s level. How about you? Will you be
ready like Fred was when opportunity knocks? Take
my advice and carefully read the important infor-
mation on the opposite page. Then check your area
of most interest on the postage-free reply card and
drop it in the mail tsdey. Find out how you can
move up in electronics tco.

www.americanradiohistorv.com
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How You Can Succeed In Electronics
. . . Select Your Future From Five Career Programs

The "“right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right’” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . . .
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class I'CC License.

2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to main-
lain and service all types of
transmitting equipment,

3. Broadcast

Engineering

Here’'s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitiers.

\iiu. :

[Tt

4. Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this “‘com-
pact’” program , . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding,Industrial Conirols,
Servomechanisms, and Solid
State Devices.

An FCC License . .. or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2. 3. and 4 will
prepare vou for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:

The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund «/l tuition payments. You
get an FCC License . . . or your money back!

Cleveland Institute's new “Check-Point Plan”
helps you learn faster and better

Cleveland Institute uses the new programmed learning
approach. This “Check-Point Plan” presents facts and
concepts in small. easy-to-understand bits . . . rein-
forces them with clear explanations and examples.
Students learn more thoroughly and faster through
this modern, simplified method. You too will absorb . . .
retain . . . advance at your own puce.

Job placement service . . . another CIE extra
to help you get ahead in electronics

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
Jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph. General
Electric, General Telephone and Electronics, IBM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry

... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a ClE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

B NS¢

Full accreditation . .. your assurance of
- competence and integrity
Cleveland Institute of Electronics is accredited by the
Acerediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a stadf of skilled electronics instructors.

Your Future In Electronics Is

Up To You. Make It A Brighter One.

Mail Reply Card Today.

OtV
o

Cleveland Institute of Electronics

February, 1964

Dept. EW-86, 1776 E. 17th St., Cleveland 14, Ohio
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK IABS

Fisher 500-C FM-Stereo Receiver
Electro-Voice Model 664 Microphone
Audio Dynamics ADC-16 Speaker System

Fisher 500-C FM-Stereo Receiver

For copy of manufacturer’s brochure, circle No. 45 on coupon (page 15).

o

—
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HE Fisher 500-C sterco receiver is a

newer and improved version of the
Model 500-B which we reported on in
this column almost two years ago (April,
1962). It was interesting to find that the
improvements were substantial and
worthwhile, despite the fact that the
basic model designation remains un-
changed and the price increased only
slightly.

The 500-C is a highly sensitive FM-
stereo tuner, with switching-tvpe multi-
plex demodulating circuits, combined
with stereo control amplifiers and a pair
of 30-watt (contimous) power ampli-
fiers in a single, attractively stvled unit.
The I tuner features the “Stereo Bea-
con.” an automatic stereo-mono selector
which is actuated by the presence of the
19-ke. pilot carrier in the received signal.
This operates a relay which switches the
tuner from mono to stereo mode of op-
eration and lights a lamp behind the dial
face to signify stereo reception, The sec-
lector switch on the panel also has posi-
tions for full-time stereo and mono re-
ception, for those occasions where weak
signals or flnctuating levels make the au-
tomatic feature undesirable.

The other inputs include tape head,
magnetic phono (two sets ol mput con-
nectors, for high- and low-output car-

CONTINUOUS SINE-WAVE POWER PER CHANNEL WITH BDTH CHANNELS5 DRIVEN

tridges, are supplied). and an “Aux” in-
put for tape plavback amplifier. TV
sound, or other high-level input, The vol-
ume control has switchable loudness
compensation, Other controls include
concentric tone controls, a balance con-
trol, and a speaker selector which chan-
nels the receiver's outputs to either of
two pairs of speakers, to both combined.
or shuts off all speakers for headphone
listening. A headphone jack is located
on the front panel. with suitable level
pads so that stereo phones will not be
overdriven by the amplifiers. A group of
slide switches operate high- and low-
cnt-off filters, a multiplex subcarrier fil-
ter. and the tape-monitoring facility.
The receiver has a nnique switching
system for use with a three-head tape re-
corder having separate recording and
plavback amplifiers. The plavback am-
plifiers are connected to the “Mon” in-
puts and the recording amplifiers are
connected to the “Redr Out” jacks. Any
program source selected by the input
selector is fed to the recorder without
passing through any of the receiver’s
controls (except the "Low Filter”). Set-
ting the “Tape Monitor” switch to “on”
feeds the ontputs of the recorder’s play-
back amplifiers to the balance of the
amplifier circuits, so that the program

50 — .
T T TTTT T TTTT  Twax power=3swatts [ [ | | T[T T TTT] |
. -
e e  Ga e msssa—Estra
|~ zof— + i T LEFT CHANNELL | L4t Ll e
[Tl | 2% THD ‘ ] i T
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PERCENT DISTORTION

may be monitored while making a ve-
cording, and compared to the original
program by operating the “Tape Moni-
tor” switch, without interrupting or uf-
fecting the recording. When listening to
previoushy recorded tapes, the input se-
lector is set to “Aux.” which causes the
plavback amplifiers to pass through all
the receiver’s control cirenits and discon-
nects all other signals such as the timer
output. The input switching circuits ac-
complish this without the need to chanve
the recorder output leads from the
“Non” to "Aux” jacks.

The FM tuner, featuring the “Golden
Synchrode” tuner front end, is rated at
1.8 «v. THEF usable sensitivity. We meas-
ured it as 2 gy, which is within the nor-
mal spread of experimental error. This

275t o | |

| INTERMOOUL ATION OISTORTION
| BDTH CHANNELS DRIVEN 47
250~ | 60/6000CPS ——

f

B EAHEE
I e 2= R e A1 [
1 2 3 5 7 10 20 a0 50 7C 00
POWER QUTPUT-WATTS (EQUIV SINE WAVE}

places the unit among the top ranks of
FM tuners in regard to sensitivity. Its
limiting action was virtnallv complete
with only 4-¢v. input, and the distortion
was less than 1% at that level and for all
higher input levels. Warm-up drift was
too small to measure. The residual hinm
of the tuner was —61.5 db referred to
100% modulation, which s approxi-
mately the inherent hum of our signal
generator.

The FM-multiplex section was simi-
larly fine in its performance. The stereo
separation was better than 30 db from
90 to 9500 ¢ps, and reached 42 db at

ELECTRONICS WORLD
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THE FISHER - Srearalf<T

This is the beginning
of the Fisher
KX-200 StratakKit.

FHE 1S HY N

This is the end.
The absolute end in stereo
control-amplifiers.

You begin the Fisher KX-200 StrataKit with the most
logically organized kit package and the clearest, most
detailed assembly manual in the entire field of high
fidelity Kkits.

The StrataKit method of kit construction is a unique
Fisher deveclopment. Assembly takes place by simple,
error-proof stages (Strata). Each stage corresponds to
a separate fold-out page in the manual. Each stage is
built from a separate packet of parts (StrataPack).
Major components come already mounted on the
chassis. Wires are precut for every stage—which means
every page. All work can be checked stage-by-stage
and page-by-page, before proceeding to the next stage.

As a result, you end up with an 80-watt stereo con-
trol-amplifier that is completely indistinguishable from
a factory-built Fisher unit.

The KX-200 has enough power to assure peak per-
formance with the most inefficient speakers and incor-
porates exclusive features like a laboratory-type
d'Arsonval bias/balance meter and a third-speaker
output with separate volume control. Price, $169.50.*
The Fisher KX-100, a 50-watt stereo control-amplifier
kit of advanced design, costs only $129.50.*

FREE! $1.00 VALUE! The Kit Builder's

Manual, an illustrated guide to high fidelity . Th.e ,
kit construction, complete with detailed Kit Builder's
specifications of all Fisher StrataKits. Manual

Fisher Radio Corporation
21-40 44th Drive
Lorg Island City 1, New York

Please send me the free Kit Builder’'s Manual.

Name
Address
*Walnut or mahogany cabinet, $24.95; metal cabinet, $15.95. All prices stightly higher :
in the Far West. Overseas residents write to Fisher Radio International, Inc., Long City State 1
Island City 1, N.Y. Canadian residents write to Tri-Tel Associates, Ltd., Willowdale, Ont. —_— L) ALY
February, 1964 CIRCLE NO. 118 ON READER SERVICE PAGE 21
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Because you've got to
SEE it to BELIEVE it...
we will send you a FREE sample!

t 3 ATE

A REVOLUTIONARY NEW
METHOD FOR MARKING
ELECTRONIC EQUIPMENT

“Instant Lettering” brings you the newest easiest
way to get professional lettering instantly on all
electronic equipment, drawings, schematics, etc.
Makes prototypes look like the finished product.
NOT A DECAL...NO WATER...NO TAPES...NO
SCREENS ... NO ENGRAVING. Transfers instantly to
practically any surface ... looks like printing.

AVAILABLE IN THE FOLLOWING SETS
TITLES FOR ELECTRONIC EQUIPMENT

... this set contains 24 sheets...thousands of
preprinted titles ... researched to give you up to
95% of all electronic panel marking. For labeling,
marking, titling, all electronic control panels, draw-
ings, prototypes, etc.

FADERS ELECTRONICEN
GND HARMONICS VOX
No. 958-Black ... $4.95 No. 959-White . . . $4.95

TERMINAL & CHASSIS MARKING KIT

... 24 sheets of all the necessary letters, letter
combinations and numerals for marking chassis,
printed circuit and terminal boards, rotating com-
ponents, etc.

LCR KRRRRRVVV TP
99 100 101 102 103 104 105 106

No. 966-Black ... $4.95 No. 967-White ... $4.95

In stock at ALLIED, NEWARK, LAFAYETTE, ARROW,
HARRISON, FEDERATED and other leading distribu-
tors or direct.

THE I]AIAK CORPORATION

63 71st STREET — DEPT. 614-2
GUTTENBERG, NEW JERSEY

Send for FREE Folder and Sample

CIRCLE NO. 22 ON READER SERVICE PAGE
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mid-frequencies. The “Sterco Beacon”
worked perfectly, although it has a slight
time lag of abont 1 second in its opera-
tion which requires the receiver to he

| tuned at a moderate rate when searching

for stereo broadeasts.

The audio section is rated at 75 watts
total THEF music-power output or 60
watts total continuous output with both
channels driven. We measured the con-
tinuous output as 72 watts for both chan-
nels with 2% distortion, and 70 watts
with 1% distortion. The power band-
width was from 22 to 20.000 ¢ps at 1%
distortion and to well bevond 20,000 c¢ps
at 2% distortion. IM distortion was under
0.5% np to 15 watts per channel, reach-
ing 2% at a total output of 75 watts con-
tinuons. Hum was inaudibly low. rang-

ing from 65 db on tape head inputs to
—84 db on anxiliary inputs, referred to
10 watts output. The high and low filters
have 12 db octave slopes which. com-
bined with their well-chosen cut-oft fre-
quencies of 6000 c¢ps and 60 ¢ps allow
them to eliminate most extraneous noise
from poor records without affecting the
program material.

A comparison between the 500-C and
its predecessor, the 500-B, shows the
following differences: it has appreciably
more power output. higher sensitivity,
more flexible tape-recording facilities,
provision for two sets of speakers and or
headphones. and automatic IF\l-stereo
indication and selection. 1t lacks channel
reversing, phase reversing. and phono
level setting adjustments. The first two
are of little importance now that sterco
recording standards are well established,
and the latter. although certainly desir-
able. has been partiallv handled by hav-
ing two sets of phono inputs for car-
tridges of differing outputs.

All in all. the unit proved to he a top-
notch sterco receiver, just abont as sen-
sitive as thev come, and with amplifiers
of sufficient quality and power ontput to
do justice to any tyvpe of speaker svstems.
It was very easv to tune and handle, be-
ing not at all critical in its adjustment for
proper F\-sterco reception.

The 300-C sells for $389.30. A
wooden cabinet for the receiver sclls

for $24.95. A

Electro-Voice Model 664 Microphone

For copy of manufacturer’s brochure, circle No, 46 on coupon (page 15).

y"} “,
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HE Elcctro-Voice Model 664 is a

dynamic microphone, with a cardioid
pattern, designed specifically for public-
address applications. A cardioid ve-
sponse is commonly obtained by allow-
ing some sound to reach the rear of the
diaphragm, through an additional aper-
ture, with the correct phase shift to pro-

duce a cancellation of rear response. The
Model 664 has three such sound en-
trances, which effectively change their
distance from the diaphragm inversely
with frequency. This results in a cardioid
pattern which is relatively uniform over
a wide frequency range.

The microphone is a large, ruggedly
built unit. Finished in satin chrome, it is
over 10 inches long, including the
mounting fixture, and 1% inches in diam-
eter. It weighs 1 pound, 10 ounces ex-
clusive of cable. 1t has a built-in trans-
former to provide high-impedance and
150-ohm outputs. Either can be selected
by appropriate wiring of the cable con-
nector, An 18-foot shielded cable is in-
cluded, fitted with an Amphenol MCAN]
connector.

We measured the frequency response
by comparison with our calibrated lab-

(Continued on page 92)
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If you took advantage of the offer, February 8th TV Guide tells every reader in your neighborhood that you
are the expert on whether they should repair or replace their TV set. And a helpful free booklet titled *'Fix or
Buy?'' is in your hands for distribution free to your customers. m National advertising in TV Guide, the book-
let, plus a banner advertising the booklet for your store —a triple-barreled way to hit your very best pros-
pects. m Specials like this are available regularly through your participating Sylvania Distributor. They show
that he is sincerely concerned with raising your profits and your prestige—and so is Sylvania. = You can
expect more than the highest-quality tubes when you deal with your Probuct-PLus Sylvania Distributor
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Build your own
top quality Eico Kits
and save up to 50%

New Tape Deck

Eico Classic 2400 stereo/mono 4-track
tape deck. Kit $199.95; wired $269.95
(Incl. oil finish walnut base)

3”Portable Scope

Eico 430 General Purpose 3"
Scope. Kit $65.95; wired $99.95

Eico 369 TV/FM Sweep generator,
with built-in post injection marker
adder. Kit $89.95; wired $139.95

GB Transceiver

Eico 777 dual conversion 6 crystal-controlled channels,
- 5-watts. Kit $119.95; wired $189.95

i:?

New Stereo Rcvrs.

Eico Classic 2536 36-watt FM-MX Stereo Receiver. New Stereo Amplifiers Eico Classic 2036 36-watt.
Kit $154.95; wired $209.95 (Incl. F.E.T.) Kit $79.95; wired $109.95. Eico Classic 2050—50-
New Stereo Tuner Eico Classic 2200 FM-MX Stereo watt stereo. Kit $92.50; wired $129.95. Eico Classic

Tuner. Kit $92.50; wired $119.95 (Incl. F.E.T.) 2080 80-watt stereo. Kit $112.50; wired $159.95.

'~.ea,,;;.';.é.§. New Tube Testers
i e

i BT CopmttANCe YoM e yeasauTie sexe

x.m%m..‘» DR 1‘.94—04'
. e A

Add 5% in West
Conductance Tube & e e e e

i' Transistor Tester. Kit
-\

EICO Electronic Instrument Co., Inc.
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\CES IN LLTRASOMC

PART 1-CLEANING, MACHINING,

SOLDERING

By CYRUS GLICKSTEIN / Author: “Basic Ultrasonics”

LTRASONIC applications continue to expund steadily,

Under water, on land, and in space “silent sound”

waves are used in an ams wzing variety of applications
—from underwater sound gear used in anti-submarine warfare
to experiments for controlling the combustion of solid-fnel
missiles, from welding metals to delicate brain surgery. from
antomatic parking svstems to hurglar detection devices. from
remote control TV channel selectors and garage door openers
to new techniques for cancer detection, and many, many
more,

To anyone unfamiliar with ultrasonic principles, it mav
seem rather strange that vibrational (mechanical) energy
above the runge of human hearing can be so versatile. It may
be helpful to review some of the basic principles as back-
ground before discussing current applications.

Ultrasonics makes use of “sound” waves above the range of
human hearing, that is, above about 16.000 ¢ps. The fact that
ultrasonic vibrations can be applied to solids, Hguids. or gases
at low or high power provides the hasis tor dozens of diverse
applications in many fields,

Initial Developments

Ultrasonics received its first big impetus in 1917. During
World War 1, French scientist Paul Langevin found that ultra-
sonic waves could be used in underwater echo-ranging to
locate enemy submarines. Further developments were con-
tinued in this area after the war, In World War II, Sonar
(Sound Navigation end Ranging) used more refined meth-
ods of generating, transmitting, and receciving ultrasonic
waves and was one of the decisive factors in winning the
Battle of the Atlantic against German submuarines.

The principle of underwater echo ranging is simple (Iig.
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1), Pulses of ultrasonic energy are transmitted through the
water in a focused beam (comparable to snapping a light
beam from a flashlight on and off or to a pulsed electro-
magnetic beam from a radar set). An object like a submarine,
which is a dissimilar medium (metal) from the surrounding
medium (water), causes a reflection (echo) of some of the
energy in the beam back to the source. This is detected in the
receiver and displaved on equipment which is calibrated for
range and bearing of the target.

The echo-ranging principle was subsequently applied to
solids and used for flaw detection (non-destructive testing)
in metals, thickness gaging of metal pipes, and in many differ-
ent tvpes of medical applications where x-ravs are mnot
practical or possible. Ultrasonic energy is also used in related
echo-ranging applications suclt as guidance for the blind.
Interestingly enough, bats use ultrasound for much the same
purpose—~as a guide during flight to prevent collision with
obstructions as well as to home on a target.

Cavitation is the second major area of ultrasonic appli-
cations. Cavitation occurs when high-power ultrasonic energy
from a generator is applied through a transducer to liquids,
whether the liquid is water, molten metal, or a paste (Fig. 2).
Cavitation is a “cold boiling.” The high-power ultrasonic
energy causes intense agitation of the molecules in the liquid.
Vapor bubbles form and implode continuously in step with
the alternating rarefaction and compression cycles of the vi-
brational energy applied. As a result, tremendous local forces
are released in the liguid medium. Ultrasonic cavitation in
liquids is the basis for applications such as ultrasonic clean-
ing, drilling, soldering, and numerous others. In related ap-
plications, such as ultrasonic welding of metals and sealing
of plastics, the ultrasonic energy applied to the surface of
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This type of ultrasonic drill (machine tool} is used for a wide
variety of applications—drilling, slicing, dicing, and machining.
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Fig. 1. Principle of underwater echo ranging using ultrasonics.

the materials breaks up the surface film (oxides, contami-
nants, etc.). This causes a diftusion-tvpe of molecular inter-
action at the point of contact. A weld results without pro-
ducing or requiring enough heat to melt the materials.

Cavitation involves high power, echo ranging compara-
tively low power applied to the transmission medium.
Specialized applications not falling readily into either of these
categories commonly use low power.

Ultrasonic Transducers

How is ultrasonic energy generated and applied? Two
basic ingredients are required—an electric or electronic gen-
erator (usually the latter) and a transducer. The electronic
generator is simply an oscillator plus, when necessary for
greater power output, amplifiers. A transducer is an energy
converter. Ultrasonic transducers convert the electrical energy
at an ultrasonic frequency to vibrational energy at the same
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frequency or vice versa. A loudspeaker is a familiar example
of a typical transducer in the sonic range; it transforms
audio electrical energy to sound waves by vibrating against
the transmission medium (air). A loudspeaker can also con-
vert sound waves to electrical impulses, as is the case in
most intercoms.

Piezoelectric and magnetostrictive transducers (Fig. 3)
are used in ultrasonics. Piezoelectric materiuls include quartz
crystals, lithium sulphate, Rochelle salt, ammonium dihvdro-
gen phosphate (ADP), barium titanate, and lead zirconinm
titanate. Piezoelectric transducers have the quality ol electro-
striction—they change shape when a voltage is applied. It
an a.c. voltage is applied, they change shape (vibrate) in
step with the signal. Conversely, they produce electrical sig-
nals when vibrations are applied. The action of a quartz
cryvstal in a crvstal oscillator is a familiar example. Piczoelec-
tric ceramic transducers such as barium titunate and lead
zirconium titanate are widely used because of high conversion
efficiency and relatively low cost, although they are not able
to withstand as high a temperature as magnetostrictive trans-
ducers.

Magnetostrictive transducers may be made of any one of
a number of materials (mainly metals) that can be mag-
netized—steel, iron, cobalt, nickel, and a number of alloys.
{n becoming magnetized, these materials exhibit the property
ol magnetostriction—a change in physical size. Alternating
current at an ultrasonic frequency is applied to an electro-
magnet wound around luminations of the metal (nickel or one
of the other magnetostrictive metals). The alternating mag-
netic field produces vibrational energy which is applied to
the load. In the same way, vibrations applied to the trans-
ducer will induce an electrical signal into the coil around
the transducer and so transform vibrational energy into elec-
trical energy. To prevent doubling of the generator frequency,
a continuous polarizing bias current is applied to the electro-
magnet.

Why is ultrasonic energy used rather than sound energy?
In many applications sonic vibrations could be used and in a
few cases are actually used. But, for the most part, the
volume of sound output even for comparatively low-power
applications would be intolerable to the human ear. In addi-
tion, the higher ultrasonic frequencies have shorter wave-
lengths as compared to sound. This permits detection of
smaller flaws in applications such as non-destructive testing
(NDT). Finally, higher frequencies permit more directional
beams with smaller transducers, an important consideration
in many echo-ranging applications.

Cavitation Techniques

Currently, ultrasonic cleaning is probably the most widely
used ultrasonic application. Many different types of ultra-
sonic cleaners are manufactured, from small units suitable
for cleaning watches to outsized units for cleaning missile
components. Frequencies commonly used in these cleaners
range from 20 to 40 kc., although higher frequencies (around
90 ke.) are nsed in some units designed to clean miniature
parts. Readily available commercial units range from a small
generator rated at 33 watts with a %-gallon tank to generators
rated at 3 kw. with a 753-gallon tank capacity. Units may be
manual or automatic (go through a complete wash and rinse
cyvele automatically). Cleaners may have separate generator
and transducer-tanks or mayv consist of an integral unit in
which the generator, transducers, and tank are combined in
a single unit such as an automatic cleaner for surgical in-
struments.

The ultrasonic electrical signal from the generator (oscil-
lator) is applied to transducers which are cemented or holted
outside the tank or immersed inside the tank (using water-
proof comnectors). The transducers convert the electrical
signal to vibrations which cause cavitation in the liquid
medium in the tank. The forces generated by cavitation lit-
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erally blast off impurities from the surface of the material
being cleaned. So explosive is the force that the material
itsell would be gradually eroded if lett for too long a period
in the cavitating solution. Most ultrasonic cleaning is per-
formed in a relativelv short time—generally less than 10
minutes and in many applications less than 1 minute. The
type of liquid used (water, water plus cleaning agent, hydro-
carbon, etc.) depends on the type of material to be cleaned
and the nature of the soil. A wide variety of cleaning agents
is available for specific cleaning problems.

Today ultrasonic cleaning is used in almost every hranch
of industry including electronics, Electronic manufacturers
clean printed-circnit boards after fabrication, precision items
such as gyroscope parts, transistor and vacuum-tube parts,
subassemblies prior to final assembly, and missile subassem-
blies. Whole units such as typewriters are cfficiently cleaned
quickly and thoroughly without disassembly. Ultrasonic en-
ergy is able to reach into hidden crevices of assemblies, wher-
ever the liquid is able to make contact and apply agita-
tional forces.

Ultrasonic cleaning mayv, in the near future, be introduced
to the home appliance field. Large ultrasonic dishwashers
are now in production for commercial use but theyv are too
bulky and expensive. as compared to conventional maodels, to
make them widely acceptable for home use at this time.
While ultrasonic clothes washers mayv eventually be avail-
able, the fact that soft fabrics tend to damp ultrasonic energy
presents at least one basic design problem to be solved.

L ltrasonie Drills

Other ultrasonic applications that are increasingly common
are ultrasonic drilling, grinding, welding, and plastic sealing.
Ultrasonic drills are, in many respects, like miniature com-
pressed-air drills such as those used to break up street pave-
ments. Instead of compressed air, ultrasonic vibrations are
used at frequencies of 19 to 25 ke., the amplitude of vibration
is much smaller (about 003 inch) and the over-all drill in
many cases measnres less than one foot.

A drilling unit (more accurately, a machining unit) con-
sists, essentially, of an ultrasonic generator in a separate con-
tainer and a combination stand and drill head. The drill
head consists of a transducer and tapered stub (see cover
illustration). Interchangeable drill bits are connected, as
required, to the tapered stub. Ultrasonic signals from the
generator are applied to the transducer (generally mugneto-
strictive ) . which converts the electrical energy to mechanical
vibrations. The tapered stub acts as a mechanical transformer
so that the vibrations at the wide end are amplified at the
narrow end where the drill bit is conmected.

(Our cover illustration shows the implification of the ultra-
sonic energy from the transducer and the regions of minimum
and maximum vibration. Note that maximum vibration occurs
at the end ol the bit).

The bit is applied to liquid-borne abrasive grains on the
work surface. The abrasive liquid carrier is supplied by a
recirenlating pump. The cavitation in the liquid plus the
tiny trip-hammer impacts permit drilling through the hardest
and most brittle materials. Ultrasonic drills are used to cut
specially shaped holes throngh exceptionally hard materials
like tungsten carbide or brittle materials such as glass and
ceramics. The shape of the hole follows the shape of the

Fig. 2. Cavitation or ‘‘cold boiling’” of a liquid medium.

g TANK Lt
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bit point. Since ultrasonic drilling produces a negligible
amount of local heat, there is no change in the chemical or
physical properties of the material.

The most commonly used abrasives are boron carbide, sili-
con carbide, and aluminum oxide in varions degrees of fine-
ness. The finer the abrasive, the finer the tolerance which
can be achieved in muchining to close specifications. In many
cases, a coarser abrasive is used initially, followed by a fine
abrasive for completing the work. In ultrasonic drilling, the
tip is not worn too much no matter how hard the material.
Bits of abrasive material become embedded in the point and
take up most of the wear,

Closely related applications are ultrasonic cutting, dicing,
and grinding. By using the proper tools applied to the ultra-
sonic drill, a number of paralle] cuts can be made simulta-
neously to slice materials into thin wafers. These walers, in
turn, can be diced into minute rounds. Grinding operations
involve shaping the contours of the work to specific dimen-
sions and providing a given finish,

In ultrasonic soldering, the soldering iron contains a heat-

ULTRASONIC
GENERATOR

OUTPUT TO
TRANSDUCER (DIRECTION OF VIBRATION
L AMINATIONS DEPENDS ON TRANSDUCER
CRYSTAL POLARIZATION)
DIRECTIONT
oF - —_

VIBRATION

MAGNE TOSTRICTIVE
TRANSDUCER

PIEZOELECTRIC
TRANSDUCER

Fig. 3. The two main types of transducers used in ultrasonics.

A commercial ultrasonic cleaner with integral generator, trans-
ducers, and tank operating with an automatic cleaning and rins-
ing cycle. This unit is used for cleaning surgical instruments.

ing element just as in the usual iron as well as an ultrasonic
transducer which applies ultrasonic vibrations to the tip.
The heated tip melts the solder as usual while the ultrasonic
energy applied to the tip causcs cavitation in the molten
solder. This breaks up any film at the joint and at the same
time prevents an oxide from forming as the result of the ap-
plied heat. A clean joint is obtained without the use of flux,
thereby eliminating contaminants, possible corrosion, and
cleaning problems.

Next month, we will cover additional important applica-
tions of ultrasonics: including ultrasonic welding, echo-rang-
g devices, non-destructive testing, medical uses, and others.

(Concluded Next Month)

27

www.americanradiohistorv.com


www.americanradiohistory.com

MODULATION CIRCUITS for
SOLID-STATE CB TRANSMITTERS

By WILLIAM A. RHEINFELDER /Chief Engineer, Ameco, Inc.

Design of novel, linearized base-modulation and double-modulation circuits
which feature low current drain, low distortion, light weight, and small size.

ECENTLY improved transistors which permit the full
legal d.c. power input of 5 watts into the final stage
became available. For this reason, a modern, high-

quality circuit can be built with just three transistors: one
each for crvstal oscillator, driver, and final stage. A further
simplification would be possible by combining the crystal
oscillator and driver stage. However, this scheme leads to
more imherent FAI modulation and somewhat higher envel-
ope distortion. Disregarding some of these circuit variations,
there seems to be no bar to the satisfactory design of the
r.f. portion of CB transmitters for even highest quality re-
quirements, The circuits to be discussed can be built com-
pletely pre-tuned and constructed in minimum space. Current
drain is low and performance and reliability are generally
excellent.

Because of these r.f. circuits, it is rather disappointing to
examine a complete CB transmitter using conventional mod-
ulation circuits. Most conventional methods of modulation
appear strangely out-of-date, and there is much room for
improvement, With this in mind, new modulation circuits
have been developed.” Application of these circuits to Citi-

Conventional Modulation Circuits

Let us first consider the basic shortcomings of most con-
ventional modulation circuitry. In a typical collector-modu-
lated eircuit, four transistors are needed; two voltage ampli-

2N741| (100)

DI;..S/32 2N2218 70 ANT.

{500)
00t

Relel]

ooyt

|

~13.6V,

| MODULATED | UNMODUL ATED

R.F. POWER OUTPUT 780MW. 640 MW.

TOTAL CURRENT HoMA., 101 MA. (Ckll_'ug‘swuﬁcgfﬂNCE
SUPPLY VOLTAGE 136 V. 13.6V. EXCEPT DECIMAL
MODULATION INDEX 20 % - I‘:«A;:‘JE%D\:JEI‘:’::NAC:E
DEMODULATED AUDIO 65V. - ;

DISTORTION 5.7 % - VAR Cs LY
FINAL CURRENT 78 MA. 75 MA.

D.C. POWER, FINAL 1.06 w. 1.02 W.

MODULATING POWER 300 MW. =

LOAD FOR MODULATOR | 300 OHMS -

Fig. 1. Circuit of 1-watt boot-strapped transmitter.

Fig. 2. CB transmitter circuit with isolated heat sink.
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\
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zens Band transmitters has provided rather gratifyving results.
fiers and a pair in a push-pull class-B stage for current
economy. The circuit design of such a modulator is straight-
forward but has the following shortcomings:

1. Excessive current drain: Tt can be shown that for 100%
modulation, an audio modulation power of exactly one-half
the d.c. input into the final stage is required. With the normal
efficiencies obtainable in class-B audio amplifiers, current
drain for the transmitter is about doubled.

2. High distortion: The high-quality r.f. circuits men-
tioned previously can be modulated with less than 1% en-
velope distortion at 100% modulation. However, it is costly
and difficult to design a modulator to match the quality of
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Fig. 3. Circuit of
3.5-w. emitter-fol-
lower final stage.

—13.6V.

| MODUL ATED | UNMODUL ATED

R.F. POWER OUTPUT 3w.

DEMODUL ATED AUDIO 16.5v. -
DISTORTION 3% o
FINAL CURRENT 250MA. 235MA.
TOTAL CURRENT 317 MA. 300ma.
SUPPLY VOLTAGE 13.6V. 136 V.
MODUL ATION INDEX 100 % -
D.C. POWER, FINAL 35w, 3.2wW.

the r.f. circuit. This involves an expensive modulation trans-
former, additional stages, and feedback. The same consid-
erations apply to frequency response. Experiments show
that poor speech quality can usually be attributed to the
modulator.

3. Large size and weight: This is due to the necessary
audio transformers and the added battery weight. This pre-
cludes the use of conventional modulation circuits in hand-
held equipment, particularly for 5-watt transmitters. Some
of the problems can be overcome by more expensive design,
but these attempts must be regarded as brute-force methods.

R.F. Circnitry

Before discussing new modulation circuits, let us cover
briefly the r.f. portions of the circuit examples given here.
Typical 1- and 3.5-watt circuits are shown in Figs. 1, 2, and 3.
A comparison with earlier circuits® is revealing.

The crystal oscillator is a standard Colpitts with the crystal
operating in the series mode and connected into the feed-
back path, This leads to low cuwrrent in the crystal and pro-
duces excellent frequency stability, The Colpitts capacitors
are used simultaneously for matching into the driver stage.
In the other circuits shown without a driver stage, the analo-
gous Hartley oscillator was used with mutual-inductance
coupling into the final stage. The coil is wound continuously
in a single laver, in one direction, with taps brought out for
primary and secondary.
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2N74| (100}

Dia.3/32 2N2218 500 ANT.
e

-13.6V. Ty
68K 47K S22k $410 10
3 A+ 3 3 - =272V,
25 H 25
2N1193
PERFORMANCE
] AS IN FIG. |
a7k = 3100
3 Tl?s b
Fig. 4. Complete 1-watt circuit with base modulation.
CIRCUIT OF FIG. 12 3 4 5 6 1
R.F. Power Output | .780 w. 3w, .780 w. 1.8 w. 2.2 w. 29w,
Demodulated Audigl 6.5V, 16.5v. 6.5 V. 14 v. 15v. 17 v.
Distortion 5.7% 3% 5.7% 5.2% 3.2% 6.6%
Final Current 78ma. | 250 ma. | 78 ma. | 180 ma. 180 ma. | 262 ma.
Driver & Osc. .
Current 32ma. | 67 ma. | 32 ma. 72 ma. 71 ma. 8 ma.
Supply voltage 13.6 v. 13.6 v. 27.2v 27.2v. 27.2v. 27.2 v,
13.6 v. 13.6 v. 13.6v. 13.6 v.
Audio Input Power | 300 mw. | 1000 mw. — — — 1 mw.
D.C. Power, Final 1.06 w. 3.5w. 1.06 w. 4.32w. 4.57 w. 3.6 w.
Audio Input Res. |300 ohms|{ 150 ohms |100 ohms| 1000 ohms [2000 ohms|115 ochms
Audio Input Volt. = — 0.5 mv. 2 mv. 8 mv. —_

*Oscillator current

Table 1. Comparative performance data for various circuits.

The secondary should be polarized for best performance.
Driver and final stages use standard pi-matching networks.
In some cases two chokes are shown in parallel; this is merely
a fine adjustinent of inductance since standard epoxy-en-
capsulated chokes were used. A single coil of proper in-
ductance may be substituted.

The transistor for the final stage was originally made up
of four driver tvpes connected in parallel, however, new
transistor tyvpes have since become available for this appli-
cation at reasonable cost, so only a sin-
gle transistor is necded for the final
stage. Types {rom Motorolu, PSI, TI, 2N74l
and other manufacturers ure available
for this particular application.

New Modulation Techniques

An elegant engineering solution to the
modulation problem is provided by the

to very satisfactory results and is probably the best modula-
tion method.

It should be mentioned that the supply voltage must be
doubled with base modulation since, unlike collector modu-
lation, no increase in collector voltage is possible by addition
of modulating voltage. This higher supply voltage require-
ment is not a problem with portable equipment since the
current drain is reduced proportionately and the total power
consumption is practically the same. In the circuit of Fig. 4,
only two small-signal transistors, Type 2N1193, are needed
to fully modulate this l-watt transmitter. In conventional
collector modulation, this circuit requires two additional
power transistors, one rather heavy modulation transformer,
and a driver transformer. Even with this bulkier and more
expensive conventional circuit, performance was below that
of the circuit of Fig. 4 in speech intelligibility, due to har-
monic distortion and poor frequency response, Total power
consumption of the transmitter of Fig. 4 is about one-half
that of a conventional circuit. Complete performance data
on the circuits is given in Table 1.

Modulating Higher Power Transmitters

In high-power transmitters, inclusion of the driver stage
leads to the possibility of applving the double-modulation
principle.” This vesults in a further reduction of distortion
and a saving of modulation power. In Fig. 5, base modulation
is used for both the driver and final stage. The proportion of
modulation for each has been carefully adjusted to obtain
the best point of operation. Two supplies are used in the
circuit of Fig. 5. This does not present a problem as the
circuit Is designed to operate from two 15-volt batteries
connected in series, with the crystal oscillator and first audio
stage connected to the tap.

In three-transistor circuits, sometimes excellent results can
be obtained by modulating the driver only. A typical circuit
is shown in Fig. 6. Due to decreased emitter resistance in
the final stage, a higher power output was actually achieved.
Also the output stage was converted to an emitter-follower,
thereby eliminating the r.f. interstage transformer which is
critical in its coupling coefficient and inductances and might
present construction problems where instruments are lack-
ing. This circuit, then, represents the utmost in simplicity for
a high-power CB transmitter. It can be duplicated easily and
does not require critical adjustments. Compared to the circuit
of Fig. 5, it has somewhat less audio gain and may be inade-
quate for low-sensitivity speaker-microphones. In this case,
the first audio stage of Fig. 4 should be added. This provides

Fig. 5. Circuit of 4.3-watt common-emitter transmitter with base modulation.

4% 2N2218
IN PARALLEL

2N2218 .
(HE AT SINK) 174" DIA.
3T 4T

R =500

circuits of FFigs. 4, 5, 6, and 7. All cir-
cuits, except Fig. 7. use a newly devel-
oped linearized base-modulation system.

ANAAVAAA

Base modulation produces an inherently
high degree of envelope distortion, It

was found that by partial rectification of
the audio signal in the base-eniitter junc-
tion of the final r.f. stage, good bias con-
trol is possible. This action is controlled
by the total d.c. resistance, base-to-
cemitter, in the r.f. stage. In addition,
series current feedback, effective at
audio frequencies only, is used in the
final r.f. stage. This method, together

with re-alignment of the r.f. stage, led
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CURRENT AT 27.2V. 180MA,
CURRENT AT |3.6V. TIMA.
AUDIO QUTPUT 15V,
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MODUL ATION 100 %%
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AUDIO QUTPUT 0 12 14 8 1TV 2NI76
DISTORTION 25 36 46 6.3 6.6 o
MODUL ATING POWER 1.0 MW,
LOAD ON SEC. OF MOD - 1
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Fig. 7. Circuit diagram of 3.6-watt transmitter with series collector modulation.

additional gain reserve so that a volume control may be used
it the builder desires.

In order to further reduce the battery drain for portable,
hand-held equipment, a controlled-carrier transmitter was
developed by the author. This principal is normally used only
in high-power commercial transmitters to conserve energy.
In controlled-carrier transmission, the modulation percentage
is kept nearly constant at all times, usually hetween 80 and
100%. On modulating the transmitter, the carrier level actually
adjusts itself antomatically to the audio signal level, as re-
quired for the distortion-free transmission of intelligence.
These transmitters have a greatly reduced battery drain
when used with normal speech signals. This is, of course, not
true with constant audio signals {rom an audio generator
when testing the circuit.

In the circuit of Fig. 7, d.c. collector modulation is used
with a series power transistor. Normally half the supply
voltage is dropped across the audio power transistor. Be-
cause this is a form of collector modulation, the total current
drain, even with controlled-carrier operation on a steady
audio signal, is similar to that of the circuit of Fig. 6. But
the r.f. efficiency is very high. From Table 1, the efficiency is
2.9/3.6=81%. This circuit has the small disadvantage of re-
quiring an audio driver transformer and added gain stages
in the modulator. However, it has the highest r.f. power out-
put for the legal d.c. power input into the final stage, due to
the high efficiency of the final stage. Double modulation is
employved into the driver stage. This is a highly reliable
circuit design.

Controlled-carrier operation sometimes causes problems in
associated receivers, with a.g.c. circuits becoming sluggish
due to the change in carrier level, Also, because of the high
modulation index which is maintained automatically, distor-
tion in the receiver mayv be high unless the detector circuit
has been designed to accept high modulation percentages.
With this in mind, this controlled-carrier transmitter shows
excellent possibilities,

30

USE MICROPHONE STAGE OF FIG.4
WITH THIS CIRCUIT

Fig. 6. Diagram of a 4.5-watt transmit-
ter employing o base-modulated driver.

—27.2v.

Normally, when aligning transmitters
only power output is maximized. Power
output is indicated by a light bulb, sim-
ple rectifier circuit, or bolometer. This
form of alignment invariably leads to
poor performance in an AM transmitter,
that is, the distance which can be cov-
ered is small and intelligibility is low.
The reason for this behavior is that a
distorted (clipped) envelope contains
more r.f. power, but also less intelli-
gence. Therefore, all methods involving
the peaking of output power result in
the highest dissipation in the final stage
for a given transmitted signal. This align-
ment method is still commonly used,
probably due to lack of the instruments
required for a really good alignment job.
Fig. 8 shows a test setup which permits
alignment to the highest standards. A
less elaborate setup is possible. For ex-
ample the audio v.t.v.m. can be replaced
by the meter in the distortion analyzer.
This involves constant recalibration of
the distortion analyzer and is much less
convenient as the distortion null may be
hard to spot. Also, instead of the distor-
tion analvzer, a simple 1-ke. bridge-T
filter might be used. The bolometer
could be omitted by measuring the rec-
tified d.c. current in the 47,000-ohm
diode load resistor and then calculating
the power.

Generally good alignment is possible just by observing the
modulation envelope on an oscilloscope. If only a low-fre-
quency oscilloscope is available, the modulation envelope
can be observed in the i.f. strip of the CB receiver. For the
ultimate in performance, the rectified audio voltage is peaked
while the envelope distortion is nulled. At the same time, the
r.f. power output and, with it, dissipation in the final is mini-
mized. The real criterion of good transmission is maximum
demodulated audio signal at low distortion. It will be found
that normally rather broad tuning adjustments become sharp
and distinct when envelope distortion is minimized.

However, the experimenter with less elaborate instruments
need not despair since, in the circuits shown, most of the
critical adjustments have been eliminated and replaced by
fixed components. There is an adjustment in the crystal oscil-
lator which is made for maximum oscillator current (oscil-
lator power) and an alignment in the tank circuit which may
be set for minimum collector current in the final stage. This
procedure insures acceptable performance.

Adjustments during experimentation should be made into
a 50-ohm load. Alignment with an antenna connected may
be performed only by a licensed technician. It is generally
preferable to use a separate pi-network to match the antenna
to 50 ohms. This operation (Continued on page 91)

Fig. 8. Setup employed for alignment of the transmitters.
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By A.L. TEUBNER

A triangular connection of resistors (delta or pi)
must be converted into a Y or T network in order to
apply Ohm’s law to the solution of resistive bridge
networks. This chart solves the problem graphically.

R ANY times a resistive circuit cannot be analyzed by
the old standby rules for series and paralle] resist-
4 ances, because it contains a triangle of resistors
called a delta or pi network, depending on how it is drawn.
A familiar example of this is the so-called bridge circuit
shown in Fig. 1 (top left). As the diagram shows, if the delta
is transformed to a “Y” (or a pi to a “T”), the resistance be-
tween the two external terminals can be found.

This nomogram is designed to make the conversion. The
formula on which it is based and which is shown on the
chart, can be stated in words as follows: The impedance
connected to any terminal of the T-network equals the
product of the two impedances connected to that terminal
in the pi-network, divided by the sum of the three pi im-
pedances.

An example problem is solved on the nomogram to dem-
onstrate its use. The three resistors in the pi circuit are 4,6,
and 10 chms. On the left side of the chart, a line is drawn
between 6 ohms on the scale labeled “Z.” and 10 ohms on the
“Z:” scale, and continued until it cuts the uncalibrated turn-
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Fig. 1. Example of delta-Y transformation discussed in text.

ing line in the center of the nomogram. A second line con-
nects this intersection with 20 ohms on the “S” scale, the
sum of the three pi-network resistors. This second line crosses
the “Z:” scale at the 3-ohm graduation. Thus, the terminal
which had the 6- and 10-ohm resistors of the pi-network con-
nected to it requires a 3-ohm resistor for the equivalent
T-network. The same process is repeated for the other two
terminals, giving 1.2 ohms and 2 ohms, as shown.

Several additional details should be pointed out. First,
the “Z:” and “Z:” scales are interchangeable. In the solution
described, the 10 ohms could have been on the “Z.” scale
and the 6 ohms on the “Zs”. Second, to solve problems with
larger resistors, multiply all scales by the same power of ten.
Third, the reverse problem, T to pi, can be solved by the
same process if all impedances are first converted to admit-
tances, where Y: equals 1/Z.. The values found are, of course,
admittances, and must be reconverted. A

Z2

s ]

3
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Helicopter-Installed Helical. (Right) A helicopter installs a
helical receiving antenna to complete the first foreign-
owned automatic picture taking station equipped to receive
pictures from weather observation satellites. The station,
purchased by the French government from Fairchild Stratos,
is one of 42 to provide a worldwide network that will oper-
ate with “Tiros,” our weather satellite.... Physiological Mon-
itoring. (Below) Compact sensors worn by a patient measure
blood pressure, respiration, temperature. Information is dis-
played on bedside unit and central console. This Executone-
Gulton system is now in use at Perth Amboy (N.J.) Hospital.

32

Laminated Computer Memaory. Dwarfed by
an aspirin, the square unit at the right is
a high-speed memory produced by a new
manufacturing process borrowed by RCA
from the plywood manufacturing industry.
Using thin laminated sheets of ferrite, the
unit shown is capable of storing up to
256 bits of information permanently. In
the foreground are typical ferrite sheets,
in their unfinished form, from which the
new memories are built by a series of
“doctor-blading,” siik-screening, lamina-
tion, and high-temperature techniques.

www.americanradiohistorv.com
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U.H.F.-TV Klystron. (Left) A new, air-cooled power klystron, rated at 11-kw.
sync-power output, has been introduced by Amperex. The TV transmitting
tube is said to be the first u.h.f. power klystron to employ permanent-
magnet focusing and air cooling. The construction is such that the tube
can be mounted outdoors on a TV transmitting tower.... Solid-State
Space Radar. (Below) An advanced all-solid-state radar system for space
missions has been built by Westinghouse. The radar, operating at X-band
frequencies, measures velocity by sensing Doppler frequency shift and
measures distance by range tracking. The system’s interrogator and trans-
ponder are shown. The radar’s operating range is said to be in the order
of 500 mites; it is designed to help perform a space rendezvous mission.

IN ELECTRONICS

Football-Field Telemetry. A Northwestern University fullback
with a pressure transducer in his helmet and an FM trans-
mitter in his shoulder pad is helping medical men study the
problem of head injuries in football. The shock impuises pro-
duced are telemetered to a receiver in a press-box booth,
where they are recorded on a Honeywell high-speed, direct-
writing oscillograph. A study of the recording at the left
shows a 3660-G impact (A) on the helmet when the player is
hit hard from the left side. An instant later, a 680-G sec-
ondary impact (B) is recorded. Prior to the use of the oscil-
lograph, the impact data was applied to a tape recorder. This
information later was monitored with an oscilloscope and the
wave patterns photographed so they could be analyzed. This
led to tedious data processing and in incomplete data.

February, 1964

Matched Twin Transistor. The unit
shown at the left is one of a line
of dual silicon transistors encom-
passing both “n-p-n" and “p-n-p”
devices housed in 6-lead TO-5
packages. Some of the dual tran-
sistors, made by Motorola, have
closely matched parameters suit-
able for differential amplifiers,
while others provide space savings
in switching and amplifier appli-
cations. The company also has
packages with up to 16 diodes.
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ers disturb the phase linearity of the

DESIGN OF A
TRANSISTOR POWER AMPLIFIER

By ROBERT E. FURST / Vice-President, Engineering, Harman-Kardon, Inc.

Objectives in design, and circuitry employed in new
Harman-Kardon dual 35-watt solid-state amplifier.

HE evolution of high-fidelity instruments is moving

with relentless certainty toward transistorization. As

a result, the subject of semiconductor applications is,
without a doubt, the most interesting topic of the day. Con-
sidering the varied applications. as in tuners, preamps. and
power amplifiers, design engineers will be discussing the
merits of one circuit over another for years to come. Since
manufacturers are working independently, it is understand-
able that there are many varied design philosophies.

It is our conviction at Harman-Kardon that the applica-
tion of transistors in amplifiers and tuners is not just another
merchandising gimmick to stimulate sales, but the realiza-
tion of a new level of sound quality. We now know that the
“listenability” of an amplifier is not only determined by har-
monic or intermodulation distortion, but to an equal and
possibly larger extent by the freedom from phase shift in the
audible spectrum, and the intimate coupling of the amplifier
to the loudspeaker, as expressed in its damping factor. It is
in these areas in particular where transistors, properly ap-
plied, can vastly exceed the capabilities of present commercial
vacuum-tube amplifiers,

General Considerations

Extensive listening tests in our laboratories have clearly
indicated a deterioration of tone quality with the introduction
of either interstage or output transformers. Since transform-

HIGH-QUALITY

amplifier, this is easily understood.

It therefore became our aim to de-
velop a reasonably simple transformer-
less circuit with excellent phase linearity
and high damping factor, particularly in
the frequency spectrum from 10 cps up
to cover the area of speaker resonance. It
mav be said here that vacunm-tube am-
plifiers usually have their damping fac-
tors rated at 1000 cps. At the resonant
frequency of the speaker the damping is
severely curtailed by the output trans-
former primary inductance.

Another controversial topic is the se-
lection of the audio output transistor,
Three tvpes have been considered.

The first one is the alloved germanium
transistor commonly found in automo-
tive radios. This is a rugged, mass-pro-
duced device, not suitable, however,
above 10 kc.

The second and most commonly used
type is the diffused junction, which has
a superior high-frequency characteristic.
The major drawback of this device is a
phenomenon called “secondury break-
down.” This tendency toward sudden
failure has not been too well inderstood
until very recently. When exposed to
high-frequency tone bursts, the junction
will funnel the electron flow through a constricted passage,
causing a hot spot and subsequent rupture,

The third type of transistor, although far more costly, is the
silicon single diffused junction. This device has adequate
high-frequency response and a complete lack of secondary
breakdoswn. Its junction temperature can be pushed to 200
degrees C (392 degrees I') without causing any damage. and
due to its low reverse leakage current there is no tendency
to thermal runaway. Tts high saturation resistance prevents
instantaneous failure under load short-circuit conditions. This
was the type of transistor chosen for our amplifier.

Shown in Fig. 1 is the power output and driver stages of
one channel of our Model AT000T integrated stereo amplifier.
Although it may appear to be the simplest of all possible
designs, it does produce a continuous sine-wave power of 35
watts per channel at extremely low distortion and can be
used with 4-, 8-, or 16-ohm speakers. The ontput stage, con-
sisting of Q6 and Q7, is a so-called “totem-pole” (single-
ended push-pull) design.

Referring to Fig. 2, which shows an equivalent circuit dia-
gram, note that when the positive alternation of an a.c. signal
is applied to 6, its resistance drops materially and “Point X”
could reach the value of the supply voltage, 80 volts. On the
following half-cycle when the positive alternation is applied
to O7, the opposite effect is obtained; that is, the resistance
of Q7 drops to almost zero and “Point X” approaches 0. In

+80v.

Fig. 1. Circuit diagram of power ampli-
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fier portion of integrated stereo unit,
One of two identical channels is shown.
Transistors are specially selected switch-
ing types for whick factory replacement
is required. Thermistors in collector cir-
cuits of Q4 and Q5 protect these tran-
sistors from excessive currents in case

of short across speaker; high current in-
creases thermistor resistance. OQutput
transistors do not require such protec-
tion as they can handie the amount
of current that would flow under such

conditions. RC network (33 ohms, .005
nf.) across speaker improves high-
frequency stability, prevents ringing.
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Fig. 2. Equivalent circuit of output
transistors. In class-B  operation
the negative half-cycles are cut off.
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class-B, negative half-cveles are cut off,
This type of circuit has the potential
of producing close to SO volts peak-to-

peak across the speaker. This s about :
the maximum output possible with this
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the signals fed to the output stage. Since
there is no voltage gain in the output
pairs. the phase inverter must be capable
of swinging through the entire SO-volt
range. It can do this with minimum dis-

design to date. considering the type of — - J
transistors availuble at the present time.
It should he obvions that lower power
ontpitts could be obtained by reducing
the power-supply vaoltage.

Transistor power amplifiers. in general. are being operated
in the cluss-B mode. o this mode little or no enrrent Hows
through the output transistors imder quicscent conditions.
With increasing signal amplitudes. current inereases through
the outpnt trunsistors. As a result, the power dissipation in
the outpnt transistors is kept to a minimum and is propor-
tional to the signal. This prevents transistors from runming
too hot and extends their nseful power range. Unfortunately.
elass-B operation introduces an objectionable form of distor-
tion, called “switching™ or “crossover distortion.” This distor-
tion occurs when one of the ontput transistors has stopped
conducting and the opposite one is about to start tuking up
the signal, thus cansing an interruption or discontinnity in the
signal, This phenomenon is particularhy severe on low-level
signals. Althongh switching distortion can he minimized by
judicions design and  application of fecdback, its raucous
sound effect cannot be eliminated entirely.

Our approach has been to operate with a somewhat raised
idling current in the outpnt transistors. As a result, the am-
plifier is operating in a class-A mode up to 2% watts, eliminat-
ing switching distortion at a power level where this form of
distortion has been particularly disturbing, At the higher
power levels where switching transients are far less andible,
the amplifier reverts to class B, with the switching distortion
reduced below the threshold of audibility. This change in
operation comes about, not by anv change in the amplifier’s
bias operating point but merely by virtue of the change in
signal level. For low-level signals, collector cnurrent flows for
the entire input cycle: at higher signal levels. more of the
negative half-cveles are cut off, resulting in class-B operation.
As a result of this type of operation, the ATO00T amplifier
lacks the harsh tone quality usvally associated with “transistor
sound” in poorly designed amplifier cirenits.

Cireuit Deseription

Fig, 3 shows a partial schematic diagram of the power-
output section of the amplifier. The basic function of the ont-
put transistors has abready heen explained. QO and Q6. as
well as Q5 and Q7 are connected ina Darlington circenit.
Since silicon output transistors have a very low befa (current
gain), Q4 and O3 are needcd to act as heta multipliers and.
as a result, furnish adequatc cnrrent amplification. Individual
bias-adjust pots (sce also Fig. D) set the idling current in the
ontput transistors. They are set for an idling current of 50 ma.
when the transistors are cold or for a voltage drop of 25 mv,
across each of the 0.3-ohm output emitter resistors.

O3 functions as a conventional split-loud phase inverter.
An a.c. balance potentiometer is provided here to equalize
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Fig. 3. Partial schematic of output stage.

- tortion onlv if it is driven from a very
= low sowrce impedance. (02, connected in
an emitter-follower configuration, pro-
vides such a low impedance. An emitter-
follower is the transistor analog of a tube cathode-follower
and generally fills the same functions. Q1 operates in a con-
ventional circuit and provides the necessary voltage gain.

Since the amplifier is inherently phase linear_ it can with-
stand approximately 30 db of feedback. The circnit actually
emplovs only 30 db and therefore provides i very large mar-
gin of stability. The feedback is supplied from the speaker
comnection in the output via an RC network to the emitter
resistor of the first stage.

The power supply uses two 3-amp silicon rectifiers in a
full-wave circuit arrangement, with 3000 «f. of clectrolvtic
capacitors for filtering. (Note that the currents shown on the
schematic were obtained after 1 hour of operation with no
signal.) Despite its simplicity, the supply has excellent regu-
lation and the required low source impedance.

Amplifier Performance

Unlike their vacttum-tube counterparts, solid-state ampli-
fiers are not limited to one load impedance for optimum
operation. They function as a constant-voltage source similar
to a high-capacity battery. For practical considerations, our
amplifier has been limited to optimally drive speakers varving
in impedance rating from (Continued on page 76)
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Fig. 5. The intermodulation-distortion curve of the amplifier.

One of the two glass epoxy circuit boards used in the amplifier
is swiveled away from the chassis for easy accessibility. Two
output transistors for each channel are on sides of the chassis.
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By WAYNE W. CHOU, C/M Laboratories

TRANSISTORS vs
TUBES for HI-F1

Circuits should be designed with direct coupling, rapid
overload recovery and protection, and high damping factor.

Lditor's Note: Our author is the designer of the new C/M Labora-
tories” all solid-state 100-watt (dual 50-wart) stereo power ampli-
fier. Many of the conceprs discussed by Mr. Chou in the following
article have been embodied in the design of this unir.

HE mujor advantages of transistor hi-i components,

when properly designed and used, lie in their inher-

ent long-term stability, low heuat, and subsequent long
lite. There are, however, many unseen advantages in that
their use allows certain features to be incorporated easilv.
Direct coupling, for instance, although known for many vears,
was not practical and was therefore only incorporated in the
most sophisticated types of electronic tube equipment. The
advantage of using direct-coupled circuits is that optimum
bias levels, set for minimum distortion, cannot shift due to
overloads. Such overloads in conventional capacitance-
coupled circuits would produce effects immediately after
these transients—ranging from distortion due to the shift in
bias to the complete blocking of the umplifier for some
period of time thereafter. Direct-coupled circuits—because of
their iustantaneous recovery—are inherently without these
problems and account for one of the reasons why transistor
amplifiers sound better.

Direct coupling, also, is good at frequencies down to d.c.
without phase shifts, This allows more feedback to be used
without instabilities, such as under-damped. low-frequency
oscillations  (nsually  inaudible) and/or “motorboating.”
Again, this tyvpe of disturbance causes distortion in the ampli-
fier due to the shift in bias levels from the optimum at these
low-frequency rates. Allowable feedback without these un-
desirable side effects will lower distortion and improve the
damping factor.

The absence of an output transformer is another advantage
which transistor amplifiers have over tube types. The output
transforimer must have a verv wide frequency response, not
becanse it is necessary to reproduce music at inaudible fre-
quencies but because, for technical reasons, phase shift and
cut-oftf frequencies necessarily must go hand in hand. I the
transformer should have too much phase shift within the
audio band, the amplifier would be unstable when feedback
is applied. Therefore, the major cost of a tube unit is in the
output transformer. It must have a wide lrequency response
with very little phase shift, it should not have unusual peaks
or dips in its frequencies of interest, and it must be able
to deliver rated power at all andio frequencies without ap-
preciable distortion.

The transistor amplifier which utilizes an output trans-
former is obviously not taking full advantage of the transis-
tor. A transistor can easily drive a londspeaker load directly
without an intermediate component. A tube can be made to
do what the transistor inherently possesses. However, a tube
amplifier built with the same design philosophy may very
well be several times its present size, with several times the
number of tubes (and associated heating), and mav even be
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costlier than a transistor unit having identical power rating,

There is no reason to assume, however, that the consumer
would necessarilv be better off with a transistor unit rather
than a tube amplifier if the ratings and the pricing were
the same. In fact. the transistor unit is generally priced
higher than an “equivalent” tube amplifier in any price cate-
gorv. The cost of the transistor itself is high today. Its price
has been steadily decreasing and will be even lower in the
coming vears. However, it is our opinion that there is no
point in competing against the tube amplifier unless the
transistor unit is just as good us the tube amplifier and then
some. The higher cost at present must be justified to the
consumer in some manner, and when the glamour has faded,
these units must continue to perform well.

Also, there is no apparent rcason why a transistor pream-
plifier would necessarily: be a better choice thun a tube pre-
amplifier, There are more reasons than less hum and lony
life for one’s choice and it would depend a great deal on
the internal design of the unit rather than a matter of “tubes
vs transistors.”

Some transistor amplifiers sound better than tube units.
Others sound several times worse. It is unfortunate thuat
some manufacturers are capitalizing on the glamour of the
market rather than on the device itself. As a result, many
consumers and dealers have had sad experiences with tran-
sistor equipment in the past. Admittedly, the transistor is
still in its infancy. However, with proper design and with
education on the part of the user. equipment now available
will give consistently good performunce throughout his life-
time if carefully selected.

Transients and Square Waves

Transient responsce and the measurement of it is usually
taken as the speed of response on the leading and trailing
edges of the square wave. The faster the rise and fall without
undesirable effects, such as ringing and overshoot, the “bet-
ter” the transient response. A transient, as defined and as
oceurs in program material. is a non-recurrent phenomenon
unlike that of square waves. In addition, transients may be
either fast or slow: a drum beaut. for instance, contains a slow
transient. However, a square-wave response is useful in the
measurement of amplifier frequency response and in the
observation of amplifier stubility when excited by steep
wavefronts. An extremelv steep waveform of a square wave
at the output is indicative of the npper frequency limit of
the amplifier. A rise time of a few microseconds is equivalent
to an upper frequency limit of several hundred kilocycles
per second. (It has been found empirically that: liigh-fre-
quency cut-off (me.) = 0.353 to 0.45 [ rise time in usec.) A
10% droop or tilt of a low repetition rate square wave is equiv-
alent to a lower frequency lmit of a few cyveles per second.

The square-wave response has too often been misused as
the vardstick of an amplifier’s listening performance. All
the f'reqnencies in “perfect” square  (Continucd on page 80)
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"R.F. RESPONSE MEASUREMENT

By JOSEPH TUSINSKI

Senior Technical Instructor. 0ld Dominion College Technical Institute

Novel technique for measuring narrow r.f. bandwidth
that does not require use of elaborate lab equipment.

A\

4

T some time or another most technicians have tried to
A measure the vl response of a communications receiver
or even a simple broadeast reeeiver only o find that
their cquipment seems to be inadequate for the job. In a
simple broadcast receiver the techuician knows that the
cirenits have been optimized for a 10-ke. response. But his
TV sweep generator will not reach the low L. frequency of
133 ke, Then if he tries to interpolate the low-fregneney rof.
signal generator dial in increments of possibly a kilocyele, he
wonld be at a loss in most cases.

The method that will be described does not have to be
confined to receivers. since any filter or narrow-band netwaork
mayv be checked as well.

A functional diagram of the equipment nsed and a con-
ventional superheterodyne receiver are shown in Fig, 1.

Use of Audio Generator

The basic problem is to insnre that the r.f. signal-generator
frequency is varied in known increments. Then the output
voltage can be measured with each change in frequencey and
a graph of this ontput voltage versus trequencey will indicate
bandwidth of the system measured. A typical response curve,
obtained with the method to be desceribed, is shown in Fig. 2.

The accuracy of the frequency changes is dependent. for
the most part. on the audio oscillator used: however, even
the most inexpensive audio oscillator’s scale can be inter-
polated to at least 100 ¢ps or better. 1f there is any donbt
regarding the calibration of the audio oscillator, it mayv he
checked against the power-line frequencey, using Lissajons
figiires. This arrangement is shown in Fig, 3.

Note in the third pattern of Fig. 3B that a horizontal line
woutld tonch the three loops and only one would be touched
by a vertical line. Thus, the frequency ratio is 3:1 and. in
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Fig. 1. Basic setup used for over-all response measurement.

this case. the andio generator is set to exactly three times the
reference frequency, or 180 eps. When the ratio hecomes
very high, it is difficult to commt the loops: however, if two
andio oscillators are available the frequency of the second
¢ be set aceurately at some higher multiple of 60 eps and
the two generators are “walked-up” to the higher audio
frequencies. Higher standard andio frequencies. such as 440
eps and GOO ¢ps broadeast by WWV_ can also be used. Other
ritios are possible to check other points on the dial by the
use of Lissajous fignres.

Another important consideration, just as in the alignment
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of TV receivers, is to disable the av.e. svstem. The reason
is that if the response of the if. amplifier falls oft, the av.c.
voltuge also drops and. in turn. the amplifier’s gain will in-
crease. trving to restore the original signal level. A TV bias-
box can be used for the substitute fixed bias in this case.
Amount of bias can be determined by measuring the awv.c.
voltage with a v.tv.m. when the receiver is operating nor-
mallv. Then the bias-box voltage is adjnsted to this value
and placed across the aav.e, bus,

It is possible to overload the vf. stages with a.v.c. inopera-
tive. the lowest signal that will give usable readings on the
ontput meter shonld be emploved.

Measurement Procedure

Now that we have some of the preliminary information in
mind. we can proceed with the measurement. Note that in
Fig. 1 a second signal generator (or b.f.o. in a communica-
tions receiver) is looseh (Continued on page 90)

b - ey |00 %

BANDWIDTH

RESPONSE

CENTER
FREQUENCY

450 455 460
FREQUENCY -KC.

Fig. 2. Typical response curve obtained by method described.
The bandwidth is measured between the points where the output
voltage is 70 percent {-3 db) of that at the center frequency.
The output power at these points has been reduced to one-half.

Fig. 3. Checking audio generator calibration against the line.

001 TO
Ayt
SCOPE
2*J 0————)}—’-
GE::ngOR VERT. NORIZ) TO 60 CPS POORWER LINE
o o— ,I AC. LINE INTERNAL SWEEP
(A)
31 X

60~ 120~ 180~ 300~
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Flectronic Switch
for your
scilloscope

By STANLEY E. BAMMEL

Construction of a transistorized switch with
1 ke. and 10 ke. switching frequencies. The
response i1s 3 db down at 10 cps and 300 kc.

Fig 1. Sine and square waves displayed with author’s switch.

F YOU want to display two signals simultaneously on an
oscilloscope, generally there are two ways to go about
doing it. You can use a dual-heam scope or some tvpe

of switch. The dual-beam scope is. of course. best but it is
also many times more expensive than a switch. A mechanical
switch such as a relay might be used but it is not as versa-
tile and its operation is limited to a very slow switching rate.
Electronic switches, on the other hand. are much more versa-
tile and do not have a low-switching-speed limitation. The
use of transistors instead of tubes affords the obvious ad-
vantages of small size and portability.

This switch has two switching frequencies: 1 ke, and 10
ke, The signals to be observed can be either above or below
the switching frequency and can be displayed either sepa-
rated or superimposced. The frequency response of each
chamnel is identical: —3 db at 10 cps and 300 ke, but response
is useful bevond 1 me. The input can be as low as 50 mv.
before noise and switching transients become a problem.
Input impedance is moderately high: 23,000 to 100.000 ohms
depending on the setting of the input attenuator (R., Ri). Cost
is less than $15 and construction time just an evening or two.

One type of electronic switch nses a bistable multivibrator
which is triggered by pulses from the sweep circuit of the
oscilloscope to generate the switching frequency. This method
of svnchronization with the scope necessitates a more com-
plicated circuit and a connection to the scope sweep cir-
cuit. This switch uses a free-running or astable multivibrator
and no attempt is made to relate its frequency to the fre-
quency of either input signal. The scope is synced by one
of the signals to be obscerved, but this is only a slight in-
convenience.

The Circuit

V., V., and associated components constitute the free-
running mulivibrator. Its frequency is either 1 ke or 10
ke, depending on whether Caand Coor Caand C, respectively,
are switched in the circuit by S.. Since the output of the
multivibrator is neither of sufficient amplitude nor sufficiently
square to be a good switching voltage, V. and Vi square it
up and increase its amplitude.

V. and V. alternately switch Vi and Vi, respectively, off
and on. Consider the instunt when V. is off and Vi is on.

Fig. 2. Schematic. When R.. is in mid-position, two patterns will be superimposed. Off-centering it causes outputs of V,,V, to be unequal.
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Ri,R—3.3 megohm, 14 w. res.
R,.R.—100,000 ohm andio-taper pot

Rs.Rw R

10,000 ohm, Vo w.

res.

R R»—120,000 ohm, Yy w. res.
R, R w—A7.000 ohm, V4 w. res.

R Ri—3300 ohm, V4 w. res.
Ry R1—=2700 ohm, Vi w. res.

R s, R p—1000 ohm, V3 w. res.

R R R—AT00 ohm, V2 w. res.

R:—22000 ok, Va3 w. res.

Ro—100,000 ohm linear-taper pot

R:—6800 ohm, V3 w. res.
CLC
C.

25 uf., 600 v. capacitor
—.01 uf.. 25 v. capacitor

C;:C-.I uf.. 25 v. capacitor

$.5:—8.p.d.t. slide switch

S —D.p.d.t. slide switch

8§ —8.p.s.t. slide switch
CR,CR—IN34, IN6D. or IN295 diode
JiJi—Five-way binding posts

B~ 6 v. battery

Vi, Ve—"pon-p” transistor (2N1264)
Vo, Vs—“nep-n’ transistor (2N233)
Vo, Vi—""p-u-p> transistar (2N1265)

ELECTRONICS

WORLD
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V, is forward biased by R and R and a signal at its base
will appear at its collector. As far as V. is concerned.
does not exist at this instant. At the same moment, the cur-
rent through V. causes a voltage drop across Re. Therefore.
the emitter of V. is about two volts niore negative than ity
base. The emitter-buse junction of V. is then reverse hiased
cutting it off. A signal at the base of V. at this instant will
not appear at its collector. At the next instant, conditions
will be reversed, that is V. and V. will be on and Viand V-
will be off. The collectors of Vi and V. hiave a common load
vesistor, R, from which the output signal is taken. It the
alie of R is too high. Vooor Vo when on, will not pass
enonch current to adequately cut off Vior V.o respectively.
There will then be noticeable crosstalk between the chan-
nels. as shown in Fig. 4, Teft.

R.. is the position control. Consider operation when its
arm is near the end connected to the emitter of V.. At the
instant when V. is on. some of the current throngh Ri goes
through Re and Re leaving less to go through Vi Vi's col
lector is then more nevative than normal. At the next instant
when V. is on, not as much of the cirent through R goes
through R and R, allowing nore to go throngh V. Vs
collectar is then less negative than the collector of Vi was
an instant ago. This creates a square wave with one chaimel
displayed on the upper peak and the other on the lower.
Figs. 1 and 4. right, show the cifectiveness of the control.

CR. and CR: in conjunction with R: and R protect V. and
V., respectively, from accidentally high, potentially dam-
aging input signals. Since CR, and CR: are reverse biased
during normal operation, thev don’t aflect normal operation.
Since input impedance is high, R- and R. introduce only a
negligible loss.

Consider a high-amplitude positive input pulse to V.. This
reverse biases both junctions. If breakdown is reached. sig-
nificant current Aows. Rs alone offers a little protection by
limiting current, but because the voltage across the transistor
is quite high, the power can be destructive. However, if
CR. is in the circuit, it is forward biased long before break-
down of V. is reached and no more than a fraction of a volt
will be applied to V.. R. limits cirrent through CR. to a
safe value.

[f there is a negative input pulse, the junctions of V. are
forward biased and CR. remains reverse biased. Because
the forwuard biused junctions of Vi conduct at low voltage,
onlv a fraction of a volt is applied. Again, R. limits the
current to a safe value. V., CR:, and R. operate the same way.
With this arrangement, inputs of 200 v. a.c. with the attenu-
ator (R. or R.) set to maximum, have caused no damage.

S.. R, and R. and S:, R, und R. constitute the input attenu-
ators. When S and S: are in the “Hi” position, the input is
attenuated about 30 times or about 30 db.

Construction

Construction is straightforward. The author made his own
printed-circuit board, however a standard perforated circuit
board and flea clips will work just as well. Mounting the
circuit board above the chassis with long screws is rugged
and leaves room at the bottom for batteries.

Using The Switch

In use, the oscilloscope is svnchronized by connecting one
of the signals to be observed to the scope external svne jack.
If you attempt to intemally syne the scope, there will be a
tendency toward sync with the switching frequency which
will canse instability. External sync gives a more stable dis-
plav. There may be a problem when the input frequencies
are close to the switching frequency. This will be apparent
as a slow beat signal that momentarily blanks out part of the
input signals. To correct this, change to the other switching
frequency.

(Continued on page 62)

February, 1964

Fig. 3. Author's switch was built in metal cabinet, six inches wide.

Fig. 4. (Left} Crosstalk between channels when R.. is too large.
(Right) Signals are superimposed when R.. ('‘Position’) is centered.

Fig. 5. (Left and Right) Two signals were displayed superimposed
by positioning R::, in order to make a comparison of amplitudes.

Fig. 6. {Left) Two equal-amplitude signals are 90° out-of-phase.
(Right} Waveform distortion caused by deliberate switch overload.

Fig. 7. (Left) Two-to-one frequency ratio. (Right} Third signal was
applied to horizontal input for comparison to displayed signals.
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WHICH
CHANNEL

By LEO G. SANDS

To determine on which channel a mobile business
radio set operates when there is no frequency

IS IT information, all you need is the operating FM
receiver and a good AM communications receiver.

RACTICALLY everyone servicing mobile radio equip-

ment has, or has access to, a frequency meter. Such an

instrument will tell if the transmitter being serviced is
on frequency, or off frequency by a certain amount. But, it
won't necessarily tell if it is on the correct channel.

When servicing a transmitter that has been operating in
a system and its signals have been picked np by receivers
used in the system, it is obviously equipped with a crystal
for the correct channel. But, yvou may be called upon to
service a transmitter whose frequency is unknown or whose
transmitter crystal may be defective or incorrecth labeled.

With a continuously tunable heterodyne-tyvpe frequency
meter, vou can attempt to measure the frequency of the trans-
mitter output signal. However, it is possible to detect several
zevo beats and an educated guess is required to determine
the right one.

A typical frequency meter of this type consists of a tunable
oscillator, a mixer, and a beat-Irequency amplifier, as illus-
trated in Fig. 1. The transmitter signal (unkuown frequency)
is picked up and mixed with a harmonic of the instrument’s
tunable oscitlator. When the oscillator is tined to obtain an
aural zero beat, the dial reading is noted and reference is
made to a chart to determine frequency.

Assume that the tunable oscillator is set to 2.7 me. to get
a zero beat. The transmitter might be on 162 me. (60th har-
monic), 159.3 me. (39th harmonic), 156.6 me. (38th har-
monic), or any frequency that is a multiple of 2.7 mc.

A deviation-type frequency meter uses a crystal-controlled
reference oscillator, a mixer, and a beat-frequency measuring
circuit, as shown in Fig, 2.

PICKUP ANTENNA
(TRANSMITTER SIGNAL f5)

fy3 (fj + f2 orR f; = )

/

TUNABLE
OSCILLATOR

/

Fig. 1. A continuously tunable heterodyne frequency meter
can be in error by any harmonic of its internal oscillator.

MIXER |—»1 AMPLIFIER HEADSET

Fig. 2. A deviation-type frequency can also be in error by
any multiple of its internal crystal-controlled oscillator.

PICKUP ANTENNA
(TRANSMITTER SIGNAL f2)
METER
f3 (f, + 1 OR f, = 1)

CRYSTAL |, ]( e PULSE
CONTROLLED#~ MIXER |—a] LIMITER }—w{ OIF FERENTIATOR }—»{ RATE
0SCILLATOR GLIEA INTEGRATOR
40

AM
fs comgumca*norqs
N ECEIVE
e (fy+ t3 OR £, - f5) . (TUNABLE)
ANTENNA

06

FM RECEIVER
{FIXED TUNED}

TRANSMITTER

Fig. 3. The AM set picks up the i.f. beat resuiting from the
mixing of the set's local oscillator and the external signal.

The transmitter signal (unknown frequency) is picked up
and mixed with a harmonic of the reference oscillator
(known frequency). The beat sianal (the ditference between
the two frequencies) is amplified, converted into a square
wave by a limiter, then differentiated into a train of pulses.
whose rate is measured by a pulse-rate integrator and indi-
cated on a meter calibrated in cveles and kilocveles of devia-
tion from the reference oscillator.

The frequencies that can be measured depend upon the
erystals installed in the meter. Some have capacity for only
four erystals, while others can accommodate up to 24 or 48
crystals. Since there are hundreds of channels in the three
mobile bands, ouly those frequencies for which the meter is
equipped can be measured.

While the chances ol error are small, they can occur. If
the meter emplovs a 4-mc. crystal, for example, there may
be difficulty in differentiating hetween 132, 156, 160, 161,
168, and 172 me., which are all mnltiples of the 4-me. crvstal
frequency-.

It the meter is equipped with a 9.47656-mc. crvstal for
measuring 151.625 me., and an on-channel indication is pres-
ent. it is possible to get the impression that the transmitter
is on the I31.623 mc. channel while it is actually on the
161.1-me channel. I the meter reads 1.4 ke.. indicating
that the transmitter signal is within 1.4 ke, of 151,623 me., it
mayv actually be on 161.1014 me.

A heterodyne or deviation-tvpe frequency meter of at least
0.00025% accuracy is required to measure 150-174 me. and
430-170 me. band [requencies, and to set transmitters on
frequency to conform with FCC regulations, once vou have
estublished which channel thev are on. Most of the time,
however, vou will know with [air certainty that vou are on
the correct channel.

But, il vou don’t know which channel voure on, there’s
an eusy way to find ont. You need a multi-hand, short-wave
AM communications receiver with a built-in or external
100-ke. calibrator and an FM receiver lor the band of interest.
The bench set-up is shown in IYig. 3. (Continued on page 84)
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s

By LESLIE SOLOMON

Associate Editor

- CONVERTERS crurs & oesien

There are three basic types of u.h.f. converters. Here is a
discussion of these types, how they work, why certain circuits

were chosen, and some general

FFECTIVE April 30, 1964, all new TV sets must be

capable of receiving the 82 allocated w.h.f.-v.hf. chan-

nels. The question then arises—what about the mil-
lions of v.h.f.-only sets made prior to this date that have no
provisions for wh.f.? The answer is an external u.h.f. con-
verler operating in conjunction with the v.h.f. set with the
combination then being capable of receiving all allocated
channels.

Simply, the converter accepts a wh.f. transmission oc-
curring between channels 14 (470 - 476 me.) and 83 (584
~890 mc.), mixes it with an internal local oscillator, and
produces an i.f. outpnt at either v.h.f. channel 5 or 6, de-
pending on which of these two channels is the clear channel
in the viewer’s area. The v.h.f. set is switched to one of these
channels and the w.h.l. converter can then be tuned to re-
ceive the desired charnel between 14 and 83.

Converter design is reasonably similar among manufac-
turers, and falls into three categories: a premium unit having
an r.f. amplifier, low-noise diode mixer, local oscillator. and
a post i.f. amplifier tuned to either the channel-5 or chiannel-6
i.f.; a middle unit consisting of a tuned
r.f. preselector, diode mixer, local oscil-
lator and a post i.f. amplifier; and a low-

. priced wnit, for use in strong signal . o
areas, having a tuned r.f. preselector, EN

A i
I\

R ESELECTOR, MATCHES AN- |
TENNA TO RF. IMPEDANCE OF MIXER |

information on converter design.

as the L. is lowered thus producing a better signal-to-noise
ratio. The aren between channels 3 and 6 (76 to 88 mc.)
sutisfies most of these criteria, so either of these channels can
he used. However, some converters use other if. output
frequencies for special applications.

It is FCC policy not to assign two frequency-adjacent
channels in the same area. To avoid reader confusion, chan-
nels 4 and 5 are not frequency adjacent as a look at the fre-
quency allocations will show that there is a 4-mc. segment
separating these two allocations. This 4-me. gap, used ftor
other than TV services, starts at 72 me. (end of channel 4)
and runs to 76 me. (start of channel 3). Thercfore, either
chanmel 3 or channel 6 is assigned in an area,

Weak-Signal Reception
e ]

Almost any wh.f. converter can be used in a strong-signal
area. For such applications, there is no need for low noise
ficure or high gain. Converters with just a mixer and local
oscillator can be used even though they have conversion loss
(conversion loss in a typical erystal mixer can be 8 or 9 db)

Fig. 1. [A) Simplified circvit of the Blonder-Tongue BTU-2T vu.h.f. converter shows
what each section contributes to the over-all circuit. (B) Lf. neutralization cir-
cuit. (C) Simplification of the r.f. circuit as used in this u.h.f. converter.

U.H.F. FLTER | I.F. | I.F. AMPLIFIER AND OUTPUT TRANSFORMER

|
|
mixer, and local oscillator. :
. !
LK. Output |

|

Most u.h.f. converters use either v.h.f.
channel 5 or 6 as their output. Choice of
these two particular channels is a result

T

':/-

e

of satisfving a number of needs. The ==
higher the i.f,, the less the possibility of
image interference because then the
images will be far enough away from
the reccived channels so that they can
easily be rejected by the input tuned

circuits; oscillator radiation is less severe Lo jer §
at the higher frequencies, and there is " Q
less chance of oscillator harmonics inter- ; L5fp
fering with reception; converter gain I GIR

usually decreases as its outpnt frequency
increases; and noise becomes less severe

February, 1964
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and therefore attenuate the signal level as they convert.

Weak-signal reception. however, can be a problem. Here
we are dealing with two basic factors; sensitivity and noise
figure. The characteristics of the TV set greatly influence the
performance of the converter. Some of the newer TV sets
have so much gain and are so sensitive that thev provide
maximum contrast on the noise (snow) even when no signal
is present. When a converter is used with a set such as this,
no amount of converter amplification will improve the pic-
ture contrast. The only way to improve such a picture is to
improve the signal-to-noise ratio. This means that the con-
verter must have a lower noise figure than the TV set. How-
ever, most modern TV tuners have as good a noise figure as
the hest u.h.f. converters and amplifiers.

If the TV set is a vear or so old, and is still using the
original tubes, or has low sensitivity or a high noise figure,
a good wh.f. converter can improve reception a great deal
as both gain and signal-to-noise ratio will be improved. On
the other hand, a new TV set with excellent noise figure and
very high gain may not only need a simple converter having a
mixer and local oscillator to produce acceptable pictures.

Preamplification

Most people feel that signal preamplification will always
improve signal reception in weak-signal areas. This is far
from true. Although the preamplifier will improve the average
weak-signal installation, it may not improve weak-signal
reception noticeably when used with a sensitive TV set and
a low-noise converter. This is becanse no further signal gain
may be needed and the noise figure of the preamplifier is no
better than the noise figure of the converter. (Tube noise
figures are no better than those of good mixer diodes.) Any
increase in gain would only improve picture contrast on a TV
set with low gain. In any case, increased gain is attained more
easily and economically with an i.f. stage.

However, a mast-mounted w.h.f. preamplifier is another

UHF ANT.
[@—] ALL CAPACITOR VALUES IN pf. SERS
CH. 5-6
10 10 M~ AMPLIFIER
= ==

~n

LY

1K
AL -
: 100K
=
270 100K

story. Under dry weather conditions, an average 300-ohm
transmission line can have about 1 db loss per hundred feet
of length at 100 mc. At 500 mc. (low end of u.h.f. band), the
same line may have approximately 3 db loss while at 900
me. (high end of u.h.f. band), the loss may increase to about
5 db. Totally immersed in water, some tyvpes of transmission
lines can lose up to approximately 70 db per hundred feet.
Preamplification at the antenna eliminates the deterioration
in signal-to-noise ratio caused by the down-lead loss, and will
definitely improve reception in weak signal areas.
ULH.F. Wiring

Once across the wh.f. border. some components are not
always what they seem to be. For example; a piece of ordi-
nary hookup wire 4 inches long and a diameter of .04-inch
(#18 gauge) has un inductance of .1 phy. At 1 mc., the in-
ductive reactance is .63 ohm. However, at u.h.f. (500 mc.)
the reactance of this bit of wire rises to 314 ohms, while at
900 mc., the reactance increases to 365 ohms. Also, in con-
junction with its distributed capacitance and inductance, at
the higher freqnencies, this piece of wire starts to behave
like a tuned circuit.

Even an ordinarv-looking chassis takes on a new electronic
look at w.h.f. At these [requencies, the very metal mayv have
sufficient inductance and resistance between two grounding
points to offer an appreciable impedance to the u.h.f. signal
currents. This is why common-ground points are used for each
stage and why these should never be disturbed.

That crinkly looking piece of flat braid (usually silver
plated) mayv look a little sloppy just hanging there. Take care
—it may be an inductor specially bent to that crinkly shape
to suit a particular purpose.

Some capacitors, especiallv local oscillator-to-mixer cou-
plings, may be just a wire “gimmick” and in some cases look
just like a piece of wire connected to one socket connection
and terminating near another, The amount of capacitance
(therefore the amount of oscillator in-
jection voltage) is determined by the
proximity between the loose end of the
wire and the socket connector that it is
supplving with a signal.

A section of transmission line, as
commonly used in tuned circuits at
wh.tf. can act as both inductor and ca-

i

/I

pacitor. A quarter-wave line with a
short-circuit termination is equivalent to

Q TO VH.F.SET

=

balanced

é XTAL BIAS TEST POINT
—0.15 TO +0.15V.

Fig. 2. Actual circuit of
BTU-2T u.h.f. converter shows that it oper-
ates with grounded
tuned-circuit

a parallel-resonant circuit whose reso-
nant frequency is adjusted by varving
the effective length of the line with an
adjustable short-circuiting slider.

The lesson here is—don’t touch or re-
dress components or wiring as vou may
throw the converter out of alignment.

Typical U.H.F. Converter

Blonder-Tongue

“B+4+" supply and
r.f. resonators.

Operation of a typical uw.h.f. converter
can more easily be explained with the

~Ll-IK
B——=< . .
. . o . aid of an actual converter schematic
Fig. 3. The grounded-grid preamplifier as used in the Jerrold **Ultra-Vista'’ con- e

verter. Although it appears so, that is not a short across balun transformer T1. agram. . . .
TotF Because of the frequencies involved
L o 60L4/EC-88 AMP, at u.h.f., it is not difficult to obtain the
,_I IC:SOJ/ desired B-mc. passband. As the local

||

U.H.F. ANTENNA

oscillator and the desired frequency are
closer together in percentage at u.h.f,
skirt selectivity becomes important to
discriminate against signals just outside
the passband. It is necessary to provide
rejection of image signals, other spurious

LIo

%5 el
E IOOEI?V.

HTR.
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LOCAL
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responses, and 1Lf. feedthrough. An es-
pecially strong spurious response elimi-
nated by tuned r.f. preselection is the

ELECTRONICS WORLD
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conversion formed when the second har-
monic of the local oscillator beats with
an incoming w.h.f. channel. Another ad-
vantage of tuned preselection is that it
reduces the strength of unwanted off-
channel signals arriving at the mixer,
thus reducing possibility of cross-modu-
lation.

A simplified circuit of the Blonder-

UKF. ANT,
2N2494

3000
TWINLEAD

Tongue BTU-2T is shown in Fig. 1A,
The balanced r.f. c¢irenits are shown sin-
gle-ended and a conventional negative-
ground power supply is used. (The

c2 _é ci10
553 /1600
33 —
TEST POINT
0370 .25vD.C.o =

actual circuit is shown in Fig. 2.)
The converter input consists of a
capacitively coupled. double-tuned r.f.

preselector. The low antenna input im-
pedance is stepped up by capacitive
network C1 and C2 to match the pri-
mary tuned circuit. then stepped down
in the secondary by C3 and C4 to match
the impedance of the mixer diode. C4
represents the strayv capacitunce appear-
ing across the mixer diode.

The r.f. preselector is capacitively coupled to provide
greater rejection below resonance, thus reducing oscillator
feedthrough to the antenna. The oscillator frequency is below
that of the incoming signal to prevent frequency inversion.
Because of the shape of their i.f. response curves, some TV
receivers will distort signals that are inverted at their an-
tenna terminals.

The local oscillator is a conventional ultraudion circuit.
R.f. chokes are provided both in the heater and cathode leads
to permit the cathode to float at a potential determined by
its stray capacitance to ground. If the plate were grounded,
it would bhe a simple Colpitts oscillator. Capacitor C5 trims
the tuning at the low end, while inductors L3 and L4 con-
trol the high end. The oscillator is cupacitively coupled to
the mixer through a twisted-wire “gimmick.”

The mixer diode beats the incoming frequency with the
oscillator frequency. A crvstal diode is usually used because
it requires no heater power thus reducing generated heat,
generated random noise is less than that of @ vacuum tube,
and a eryvstal diode mixer requires less oscillator injection than
a vacuum tube, thus minimizing oscillator radiation with its
accompanving interference signal.

In this converter. the crystal mixer is d.c.-biased by voltage
divider R]1 and R2. Resistor R1 is set for a current of about
1 ma. while R2 is adjusted for best average performance
across the band.

The uw.h.f. filter portion of Fig. 1A has approximately con-
stant impedunce at the i.f. frequency. It passes the difference
frequency (i.f.) between the incoming signal frequency and
the local oscillator frequency, rejecting the sum and two
fundamental frequencies. The i.f. signal is then stepped up
by the i.f. impedance step-up circuit. The impedance step-up
of this circuit is controlled by the ratio of L1 to L2. This
ratio is adjusted to present the optimum impedance to the
arid of the i.f. amplifier, resulting in the best possible noise
figure.

The i.f. amplifier uses a shiclded-grid triode in the inter-
ests of best noise figure. This particular circuit uses u patented
neutralization circuit with a simplified circuit shown in Fig.
1B. Grid-to-plate capacitance, as represented by C86, is neu-
tralized by C7, C8, and L3, To visualize circuit operation,
imagine a voltage applied between the plate and ground.
A capacitive current will flow through C6 to the input. As-
suming that the reactance of L3 is lower than the reactance
of C8, the voltage at the shield electrode will be 180° out-
of-phase with the applied voltage. Thercfore, if this voltuge
is of the correct amplitude, it will feed a current through C7
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Fig. 4. The Jerrold “Super-Vista' converter uses a neutralized semiconductor i.f.
amplifier. Oscillator injection is capacitive {C5) and magnetic (bifilar L4-L4A).

that is equal to, and 180° out-of-phase with, the current
through C6. Thus, complete neutralization is achieved. While
this circuit is frequency sensitive, it is wide enough to pass
the desired i.f. passhand (76 to 88 mc.).

As shown in the actual schematic of Fig. 2, the unit oper-
ates with a grounded “B+” supply and the r.f. resonators
used are baluced-tuned circuits. Fig. 1C shows a simplifi-
cation of the r.f. circuit. The stray capacitance of the 300-ohm
input tarminal screws is used as C9. The main resonating
capacitors are C12 and C13. This balanced single-tuned cir-
cuit is capacitively coupled to a similar circuit consisting of
Cl4, C15, and L9. Capacitors C13 and C14 are ceramic
trimmers used to adjust tracking at the low end of the band.
The small coils at the ends of L8 and L9 perform a similar
function at the high end of the band. In the actual schematic,

R.F
PARTITION 1F.COoIL oK

3000 INPUT
-\_ll\.j

66pt

Fig. 5. Semiconductor u.h.f. converter by G-E includes voitage regulator.

the center of each tuning coil is gronnded either directly or
through a resistor. This connection does not affect the oper-
ation of the input circuit at the frequency to which it is tuned,
but it suppresses any parasitic resonance. This is because both
impedance and voltage of a half-wave balanced circuit such
as this approach zero at the center and therefore is not af-
fected by a connection at that point. The output from the
tuned circuit is single-ended. The actual tunable inductors
are silver-plated stamped rings with sliding spring-silver con-
tacts that are rotated for frequency selection.

R.F. Amplifiers

A typical example of r.f. preamplification is shown in Fig.
3. This particular circuit is used in the Jerrold “Ultra-Vista”
converter. The 300-ohm antenna input is converted to 75
ohms by the balun transformer 7T'1. The input frequency is
then single-tuned to the center frequency by resonating L1
and L2 with C1 and the input capacitance of the cathode of
the grounded-grid amplifier. The cathode bias resistor R1 is
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Fig. 6. The General Instruments Corp. TC-20 u.h.f. converter
uses three high-'Q", end-tuned, coaxial transmission lines and
variable capacitors for preselector and oscillator tuning.
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Fig. 7. Two types of i.f. amplifiers. (A) Gavin Instruments’
Model G-4 uses a grounded-grid amplifier requiring no neu-
tralization. (B} Model A by Standard-Kollsman uses a triode
that is capacitively neutralized as the i.f. output amplifier.

r.f. isolated from the cathode by the impedance of choke L3,

The plate circuit of the r.f. amplifier is a double-tuned net-
work set to the center frequency by L4 with the bandwidth
adjusted by L5 and symmetry controlled by the transmission-
line stuly composed of L6 and C2. The signal is inductively
coupled into one side of the mixer diode through L7. Plate
voltage is supplied through u.h.f. plate choke L8.

The local oscillator is coupled to the mixer diode with the
difference frequency Howing through the low-pass filter com-
posed of LY and C3 and impressed on the base of the tran-
sistor i.f. amplifier. L10, R2, and C4 d.c. ground the mixer
diode. The junction of L10 and R2 is the oscillator test point.

Semiconductor Amplifiers

With the advent of new w.h.f. transistors, it appears that
u.h.f. converters, boosters, and built-in uw.h.f. tuners may go
completely solid-state in ‘the not-too-distant future. At the
present time, some manufacturers are using transistors in a
few of their latest u.h.f. converters. One such tyvpical unit is
the Jerrold “Super-Vista” converter whose schematic is
shown in Fig. 4.

Here, a tunable filter matches the 300-ohm input circuit
to the mixer diode. Double-tuning action is accomplished by
Cl and C2 tuning the stul lines. For ease in tracking the
higher frequencies, coils L1 and L2 are affixed to the ends
of the stub lines and are made adjustable., Bandwidth is
adjusted by varving C3. Low-pass filter L3 and C4 keep the
oscillator and the u.h.f. frequencies from passing through to
the i.f. stage. Oscillator injection is both electrostatic (C3)
and magnetic through bifilar coils L4 and L4A.

The oscillator is a modified Colpitts with a decoupled anti-
resonant circuit consisting of C6 and C7. The variable stub

44

line is tuned by €8 and the grid-to-plate capacitance of the
6DV nuvistor. L4 presents a d.c. ground for the oscillator
cathode, vet offers a high r.f. impedance from cathode to
ground.

The converted output from the mixer flows through the
low-pass filter (L3 and C+4) and is then transformed from 300
to 75 ohms through the bifilar transformer T'1 and capaci-
tively coupled through C9 to the base of the if. amplifier.
The junction of R1 and C10 is used as the oscillator test point.

The transistor i.f. amplifier is base-biased by the voltage
divider R2 and R3 while the emitter is biased through R4
The transistor is neutralized by the combination of C11, R5.
and the Dbifilar transformer T2. The collector output is a
T-section filter consisting of L5, L6, L7, and C12, The un-
balanced output is then transformed to 300 ohms by T3.

In the G-E all semiconductor w.h.t. converter shown in Fig.
5. a transistor is used as the local oscillator.

Coaxial Tuning

The u.h.f. converters made by General Instruments Corp.,
are based on that company’s uh.f. tuner that has been in use
tor many vears. The basic difference between the tuner and
the u.h.f. converter is that the converter oscillator tunes from
384 to 815 mc. and the i.f. output transformer now tunes to
approximately 82 mec.

The circuit of the TC-20 w.h.f. converter is shown in Fig.
6. The design consists of two high-“Q,” end-tuned coaxial
transmission lines used as r.f. preselectors with another end-
tuned line acting as the oscillator tuned circuit, Tuning is
accomplished with the ganged three-section variable capaci-
tor, C1, therefore eliminating sliding contacts. The 300-ohm
antenna input is coupled to the first coaxial transmission line
by L1. The interstage shield between the two preselector
tuned circuits has a hole in it to couple energy from one
circuit to the other. A portion of the diode mixer coil L2 lies
parallel to the second couxial transmission line and couples
the r.f. signal to the mixer diode. A small portion of coil L2
projects into the oscillator compartment to pick up the neces-
sary oscillator signal. The i.f. signal is picked off the mixer
diode circuit and passed through the i.f. transformer to the
neutralized 6CW4 nuvistor i.f. amplifier. Some models do
not have the i.f. amplifier.

As an example of some tvpical gain figures, when this
circuit is used without the i.f. amplifier, there is a 9-db con-
version loss. However, when used with the i.f. stage, there
is a conversion gain of 8 db, therefore the i.f. stage is worth
17 db of signal, showing the value of such amplifiers.

Other LF. Amplifiers

The Model G-4 converter, made by Gauin Instruments
Inc., uses a grounded-grid i.f. amplifier that requires no neu-
tralization and is shown in Fig. 7A. The output from the mixer
is passed through a low-pass filter that removes both the
origmal u.h.f. frequency and the local oscillator frequency.
Bias for the amplifier is through the 47-ohm resistor that goes
to ground through an r.f. choke which, in turn, is bypassed
by a 10-pf. capacitor. This holds the cathode at the correct
d.c. potential while keeping it at a high impedance with
respect to ground.

The plate load of the amplifier is the primary of a trans-
former that provides the 300-ohm balanced output to the
v.h.f. television receiver.

The neutralized i.f. amplifier as used in the “Model A” by
Standurd-Kollsman, is shown in Fig. 7B. Here, i.f. coil L1
provides the d.c. ground return for the mixer crystal and
the i.f. signal is picked up by a coupling capacitor and passed
to the i.f. amplifier through L2, This coil is tuned to an i.f. of
approximately 83 mc. The triode amplifier is neutralized by
capacitors C1 and C2. Once again, the plate load of the i.f.
amplifier is a coupling transformer that delivers a 300-ohm
balanced output to the v.h.f. set. A
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WORLD’S LARGEST RADAR TELESCOPE

Recently placed in operation near Arecibo, Puerto Rico,
this massive radar telescope 1is built into the earth.

MAGINE an antenna having a reflector area of almost
785,000 square feet, a gain of 60 db, a beamwidth of .6
degree, a diameter of 1000 feet, with the antenna feed

located almost 300 feet above the reflector surface, Further-
more, imagine driving this antenna with a 2.5-million-watt
radar set, making the effective radiated power of this com-
bination a staggering 2,500,000,000,000 watts.

This is precisely what is happening at the latest radar
telescope recently placed in operation at Arecibo, Puerto
Rico. The installation has been made to help scientists create
a detailed profile of the ionosphere, the shell of ionized par-
ticles surrounding the earth, which playvs a very important
role in radio communication, satellite and missile tracking,
and which may also play an important part in creating
weather.

The antenna can also be used to make observations within
our own solar system, make detailed maps of the heavens,
and study distant electrical phenomena.

Arecibo was chosen because it met a number of criteria:
it is located within 20 degrees of the equator thus easing
observation of the sun and planets; there was a natural howl
in the mountains thus simplifying construction; the area has
a very low background noise level; and it is easily accessible
to the continental United States.

Antenna System

After the excavation was roughly shaped, the huge reflec-
tor was formed from steel-mesh panels which were secured
to steel cables and tie-downs that also serve to maintain the
spherical shape. Each panel was bonded to the other to form
a good electrical contact.

Three massive towers were erected about the rim of the
bowl and these ure used to carry the heavy steel cables
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which, in turn, support the 500-ton feed structure high above
the center of the reflector, The actual transmitter and re-
ceiver are housed in an operations building, located near the
base of one of the towers.

Most conventional reflectors, such as used in radar or other
microwave systems, are shaped like a parabola and use a
point-source r.f. feed. If such a parabola is not moved, then
it can only receive at its focus, rays coming from only one
direction, This is fine when only a single direction is intended
for the microwave beam or when the reflector can be moved
to point the bean. However, in an antenna of Arecibo’s di-
mensions, moving the reflector is out of the question. To
enable this antenna to move its beam in many directions, the
spherical-section reflector is made fixed and its feed, or focus,
a movable line. A sphere has the property of focusing parallel
ravs on points along a radius in the direction of the rays, up
to a distance one-half the radius from the surface. By moving
the feed along a curved support, the beam can be tilted 20
degrees each side of the vertical center line.

The r.f. is coupled to a 96-foot-long phased-array line feed
that uses radiating slots along its length to control the phase
of the r.f. energy reaching the reflector to produce an equal-
amplitude wavefront. (Sce illustration.)

The feed can be moved awayv from the vertical by 20
degrees and also can be rotated about the center line thus
permitting operation within a cone 10 degrees across. cen-
tered on the vertical center line. Provisions have also been
niade on the support structure for the addition of another
feed antenna somctime in the near future.

The over-all structure has been designed so that the end
of the 96-foot feed will not shift position by more than
six inches in the preseuce of a 30-knot wind. Although the
surrounding hills offer some (Continued on page 57)
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TRANSISTORIZED
SIX-METER
CONVERTER

00D performance can be obtained on six meters with
a transistorized converter which uses inexpeusive
transistors and is easy to construct. The converter
described in this article uses three Motorola 2N963 p-n-p
mesa transistors which can be purchased for about the same
price as a set of tubes for a vacuum-tube converter. Over-all
gain of the converter is in excess of 30 db. Sensitivity is
about 1 microvolt for a 10-db signal-to-noise ratio at the
receiver audio output with a 307 modulated signal, and well-
modulated signals of less than % gv. can be copied with ease.
For comparison, the same laboratory test setup was used to
measure the sensitivity of both a simple pentode vacuum-tube
converter and a two-r.f.-stage nuvistor converter. The re-
sults were over 5 uv. for the pentode converter and 0.7 av.
for the nuvistor converter.
The total parts cost (including transistors and the 43-mc.
crystal) is under $20.00 if all new components are used.

|

The Circuit
The circuit consists of an r.f. amplifier, a mixer, and an
oscillator. See Fig. 1. The rf. amplifier is a neutralized
common-emitter stage. The mixer is also common-emitter,
and base injection of the oscillator signal is used for sim-

Ql Q2
2N963 2N963
MIXER

R.F. AmP,

I~

C18 Fig. 1. Circuit of

2 e e LY converter, Lower ca-
a _1¢ xTaL .

> T o ) E pacity ceramic trim-

R8 as s i mers can be employed

N T T T if they are shunted

[of ¢ with fixed capacitors.

RI-—3100 ohm, V4 w. res,
R2—8200 ohm, Yy w. res,
R 1200 ohm, Vi w. res.
R4—11.000 ohm, Vi w. res.
R5— 10,000 ohm, V4 w. res.
R6—-2000 ohm. V4 w. res.

pression or ceramic trimmer

Ci12, Ci13, C16, C17, CI18—0.02 pf. ceramic
capacitor

C14—12 pf. mica capacitor

C15—82 pf. mica capacitor

L1—5 t. #20 en. wire, V4" dia. close-wound;

R7— 12,000 ohm, V4 w. res.
RE--22000 ohm, V4 w. res.
R9—470 ohm, V4 w. res.
RIO-— 1000 ohm, V4 w. res,
C1—.003 uf. disc ceramic cap.
C2, C6-—35-80 pf. mica com-
pression or ceramic trim-
mer
C3, C7—0.1 pf. disc ceramic
cap.
C+—0.01 uf, disc ceramic cap.
C5—18 pf. mica capacitor
C8—.001 uf. disc ceramic cap.
C9- 5 pf. mica capacitor
C10—.05 pf. ceramic cap,
C11—25-280 pf. mica com-
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tapped 1 t. & 2 ¢, from cold end (0.15 uhy.)

L2—8 1. #20 en. wire, V4" dia., close-wound:
tapped 2 t. & V5 t. from cold end (0.19
nhy.)

L3—26 1. #28 en. wire, V" dia,, close-wound,
center-tapped (2.3 phy.)

LA—10 t. #26 en, wire, V4" dia., close-wound,
slug-tuned (0.55 to 0.85 uhy.)

Note: A set of prewound coils is available

from Frank Davis, 2110 North McAllister,

Tempe, Arizona for $3.30, postpaid in the

U.S.A.

RFCI—18 phy. rf. choke

Ji, J2—BNC coax connector

Xtal—43-me, third-overtone crystal

@1, 02, O3—2N963 ““p-n-p"" transistor

Construction of converter, using inexpensive
mesa transistors, that permits signals
of under % rv. to be copied with ease.

By ROY C. HEJHALL, K7QWR

plicity. The crystal oscillator is a Colpitts type using a third-
overtone crystal to generate the required 43-me. oscillator
signal directly. The intermediate frequency is 7 to 11 mec,,
which allows the 40-meter receiver bandspread to be used
for the low end of six meters. Input impedance of the con-
verter is 30 ohms, and it will work satisfactorily into load
impedances ranging from about 50 to a few hundred ohms.

Single-tuned circuits are used throughout. Double-tuned
circuits were considered and would have provided improved
rejection to i.f. feedthrough. However, the single-tuned cir-
cuits simplify construction and alignment, and rejection of
i.f. feedthrough has proved adequate.

Power requirements are 9 volts d.c. at about 8 ma. Either
a power supplv or a 9-volt transistor radio battery may be
used to power the converter. The power-supply leads are
filtered to reduce spurious responses in the units,

Construction

The converter was constructed on a copper chassis, which
was eut and formed as shown in the photos, so that the com-
pleted converter could be enclosed in a gray LMB 54" x 3”7 x
2% chassis box. Copper was selected for the chassis only
for ease in soldering components directly to it and an alum-

Converter was enclosed in a 54”7 x 3” x 2" chassis box.

inum chassis could have been used with equal success. Each
end of the chassis was slotted for type BNC coaxial connec-
tors. The connectors serve as input and output signal jacks
and also clamp the chassis to the box. Care must be given to
vertical placement of the chassis in the box, since the crystal
above and coil forms below the chassis leave little clearance
when the box is assembled. Two banana jacks were mounted
in the box for power-supply leads.

The usual precautions in v.h.f. wiring, such as short leads
and minimum chassis current paths, should be observed. The
photograph of the bottom of the chassis can be used as a
guide for layout. Tt is suggested that the general layout of
the r.f. stage, including the shield between base and col-
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lector, be followed. Minor changes will be insiguificant, but
a radically different layout may affect neutralization. There
are no special precautions to be followed in the construction
of the mixer and oscillator stages. The r.f. stage shield should
also function to shield local oscillator signal from the r.f.
stage input.

The coils are wound on 4-inch diameter coil forms. The
oscillator coil is slug-tuned; the other coils have no shugs.
Another version of the converter has been built using no
coil forms in the r.f.-stage input and output circuits, since
the #20 wire used is rigid enough to support itself.

Building the converter on this size chassis did cause some
crowding of components. and a slightly larger chassis and
hox could be used, particularly if it is desired to power the
converter with an internal battery .

Alignment and Testing

Before attempting alignment, a check for correct d.c. oper-
ating conditions should be made. About the simplest check is
to measure total current drain; it should be about 8§ ma.
Emitter current of each transistor should be about 2 to 2.5
ma; this can be checked by measuring voltage drop across
the emitter resistors.

The first step in alignment is to tune the r.f. input and
output circuits and the mixer output circuit to approximate
resonance, using a grid-dip meter. This can be done with
the power to the converter off. Couple the grid-dip meter to
L1 and tune C2 for resonance at 30 me. In the scune manner,
couple to L2 and tune C6 for resonance at 50 mc. Then
couple to L3 and tune C11 for resonance at 7 me. In each
case a definite dip should be obtained if the circuits are
operating properly.

The next step is to adjust the oscillator coil slug (L4).
Set the slug about mid-range in the coil. Connect an r.f.
signal generator to the converter input jack and connect the
converter output to the antenna terminals of any receiver
which will tune to 7 me. Connect a 9-volt d.c. power source
to the converter. Apply a 30-mc. nodulated signal to the
converter and locate the signal with the receiver tuned to
7 me. If the oscillator is detuned too far it mayv not oscillate,
so if the signal cannot be located at first. continue to search
for it while slowly moving the oscillator slug. Once the signal
is Jocated, adjust the slug for maximum audio output in
the receiver.

Next, with the 50-mc. signal still applied to the converter
input, tune C2, C6, and C11 for maximum signal output.
This completes the alignment.

If the converter is constructed in a box, placing the cover
on the box has a slight effect on alignment. Therefore, holes
should be drilled in the box to allow the final peaking of
C2, C6. and C11 to be done with the box assembled.

If no grid-dip meter is available. it is possible to skip
the first step by tuning C2. C6, and C11 all about mid-range
and using a strong signal from the signal generator until

Bottom view of the converter. A full-width shield cuts across the Q1 socket.
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the signal is located with the receiver. Once the signal has
been located, the remainder of the alignment is carried out
as described.

If no signal generator is available, tuning C2, C6, and C11
to approximate resonance with a grid-dip meter should be
done first as before. Then connect the converter input to a
6-meter antenna and perform the remainder of the alignment
as previously described, except that on-the-air signals are
used in place of the signal generator.

Alignment may be performed at any frequency in the
6-meter band where maximum sensitivity is desired. The
3-db bandwidth of the converter is 1.6 mc., and if the align-
ment is done at 50.8 mc., the converter will provide optimum
performance from 50.0 to 51.6 mc.

Once proper alignment has been completed, it probably
will never have to be repeated, since transistor characteristics
normally do not change with age and the life expectancy of
the transistors is greater than that of the person constructing
the converter. Also, the circuit operates at room temperature
so there is no heat present to degrade other components
used in the construction of the converter.

Performance

Performance data on the converter constructed by the
author is given in Table 1.

Some spurious responses may be encountered from strong
TV or FM broadcast stations mixing with oscillator har-
monics. The best cure for this is to place a trap for the
offending station or a 6-meter low-pass filter ahead of the
converter.

It must be emphasized that the design objectives in this
project were to determine what performance could be ob-
tained using low-cost transistors and reasonably simple cir-
cuitry, and the results were gratifving. For those who demand
the ultimate in performance, today’s newer high-frequency
transistors enable solid-state converters to be built with
performance equivalent to that of the very best vacuum-tube
converters.

The author wishes to express his thanks to Frank Davis,
K7VKH, for his valuable assistance throughout this project. A

. s

Side view of converter shown here with cover removed. Note
that unit has been turned over for this particular photo.

Table 1. Performance data on
converter constructed by author.

31 db
1.6 mc.
54-db down

Over-all Gain
3-db Bandwidth
I.F. Feedthrough

Sensitivity (for 10 db
signal-to-noise
ratio at receiver
audio output with
30% modulated

signal) 12 pv.
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STATE-POLICE MICROWAVE

By MARSHALL LINCOLN

Description of the 794-mile, 9-terminal-station system
used by Indiana State Police for communications. The
* entire system is maintained by only six full-time
electronics technicians who travel close to 4000 miles
each month to do troubleshooting and routine servicing.

departments whose problems have been multiplving

even faster than our population. Two-way mobile ra-
dio, once used only by portions of the big-city police de-
partments, has rapidly become commonplace throughout the
nation. Even the small-town police force with a handful of
men now has a full complement of mobile and, often, even
portable equipment.

It is only natural that progressive police departments be
on the lookout for new electronic techniques to improve their
efficiency in dealing with their law-enforcement problems.
Microwave, a communications tool extensively utilized in
industry, is also being adapted to police communications
requirements.

The Indiana State Police is a pioneer in this field with
one of the first state-wide police microwave systems in oper-
ation in the United States.

A state police department, charged with the responsibility
of a great variety of enforcement problems over a large geo-
graphical area, needs a rapid, accurate, direct point-to-point
communications svstem for maximum effectiveness. A de-
partment that aims at keeping abreust of technical develop-
ments needs a system that will be adaptable to new uses in
the future without complete overhauling.

Microwave meets this need easily, its users have found.

The Indiana system, started in 1957 and completed in
1961, has filled the need that existed for it when it was
planned and has demonstrated its capability of dealing with
future problems which are still in the crystal-ball stage.

I jLECTRONICS has been a godsend to modern police

Before Microwave

Before the availability of microwave, the ISP (Indiana
State Police) used either ¢.w. or its 42-mc. mobile frequency

A radio operator at General Headquarters uses the microwave
dispatch channel, which provides simultaneous communication
with all Indiana State Police posts and district headquarters
in north half of state. The wall phone on panel at the left
is also part of microwave system. With it, operators can
carry on private conversations with police personnel at any
of the department’'s stations anywhere in state. Boom mike
feeds 42.42-mc. transmitter, used for mobile communications.
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for most of its communications between General Headquar-
ters and the 20 district headquarters locations and posts
scattered over the state. Some messages went by teletype-
writer over conventional telephone circuits on an individual-
call basis. No regularly established teletvpewriter network
existed in the department.

Several developments have intensified the limitations on
these methods. Police departments, as well as commercial
firms, are finding it increasingly hard to obtain c.w. opera-
tors. As problems requiring police attention have increased,
the department has increased in size to meet them, and
additional police cars on the road put an increasing load on
the 42-mc. mobile frequency. Some point-to-point messages
could still move by teletypewriter over conventional tele-
phone lines, but the cost and delay of moving very many
messages this way is a distinct drawback to the use of this
method.

ISP communications personnel logically turned to micro-
wave for the additional message capacity thev needed.

The first link in what became a state-wide system was
installed in early 1957 between General Headquarters in
Indianapolis (the state capital) and District 4 headquarters
at Pendleton, about 25 miles away. )

Microwave rapidly proved its usefulness and the svstem
was extended to all other district headquarters and all posts.
(The ISP divides the state into 11 districts for administra-
tive purposes, with most districts also divided into two or
three post areas if the district is extensive.)

The entire state-wide system consists basically of four legs
extending northwest, northeast, southwest, and southeast
from Indianapolis, which is in the center of the state. RCA
installed the northwest, northeast, and southwest legs under
a “turnkey” contract. This type of contract is far different
from that commonly associated with police matters. In this
case, it meant RCA installed the svstem and turned the key
over to the ISP, giving the department sole control as well
as maintenance responsibility.

ISP radiomen slated to maintain the system took a two-
week RCA course in microwave techniques, then set to work
installing the southeast leg of the system themselves.

The 1SP helicopter, used mainly in searches for fugitives
and for traflic observation duties, was a handy tool in de-
termining the location and height of the microwave antenna
towers needed.

The completed system has a total path length of 794.1
miles, and contains nine terminal stations, seven through re-
peaters, ten drop repeaters, and seven junction stations. plus
the central control point and switchboard at General Head-
quarters in the State Office Building at Indianapolis. The
average distance between repeaters is 24.3 miles.

Although most industrial communications specialists would
say it can’t be done, the ISP maintains the entire system, with
no outside help, with only 6 full-time maintenance men.

These men live at various locations scattered over the
state and each travels an average of 3500 to 3800 miles a
month to do troubleshooting as well as routine maintenance.

Voice & Teletypewriter Channels
The microwave system currently carries two basic modes
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of radio transmission: these are voice and teletvpewriter.

The teletvpewriter equipment consists of machines at each
post and district headquarters location and at General Head-
quarters, with direct kevboard and tape-sending capabilities
and tape perforators at cach point,

There are three tvpes of voice channels in the system.
These are private line, party line, and dispatch channel.
Each of the nine district headquarters locations and each
of the nine post locations has its own private-line voice chan-
nel. Each half of the svstem has a party-line voice channel
common to all locations in that half of the state. These voice
channels terminate in telephone-type instruments in euch
ISP radio room throughout the state as well as on desks of
command and administrative persoimel.

\When any point in a given half of the system is using a
party line, anyone at another point in that half of the state
picking up a partyv-line phone will get a busy signal, but
will be unable to hear the conversation that is taking place
one the line.

The dispatch channel is a voice channel common to all
posts and district headquarters locations in the north half
of the state. Anv voice signal on this channel is heard at all
other locations in the north half of the state. This circuit
terminates in a speaker and mobile-tvpe push-to-talk mike
at the radio operator’s console in each district headcquarters
and post in the northern half of the state as well us the radio
room at General Headquarters, The dispatch channel serves
as a quick, ready meuns for point-to-point communications
without the necessity for dialing a call or using the busy
mobile frequency. It has not been extended to the southern
part of the state pending a decision on whether it might
become too congested to be of too much practical value.

The ISP system uses RCA equipment throughout and op-
erates with I'M carrier frequencies of 1865, 1903, 1925, 1943,
1965 and 1983 mc.

These carrier frequencies are distributed through the sys-
tem in such a wayv that no repeater transmits on the same
frequency on which it receives from the opposite direction.
This eliminates the chance of a receiving location receiving
two signals of the same frequency, slightly out of phase be-
cause theyv came from different repeaters in a line with the
receiver. Further isolation is accomplished by appropriate
use of vertical and horizontal polarization.

For example, if stations A, B, and C were approximately
in a straight line and A and B both transmitted with the
same carrier frequency, station C might receive signals from
both A and B, but slightly out of phase. To eliminate this
possibility, A transmits a carrier of, say, 1903 mc. horizontally
polarized. B receives this signal and retransmits to C on 1985
me. vertically polarized. Thus C can’t possibly receive any
signal from A.

Voice chanuels in the baseband use single-sideband sup-
pressed carrier which, in turn, frequency modulates the mi-
crowave carrier for actual transmission. Teletvpewriter signals
are single-tone on-off signals keyed by the five-level teletype-
writer code.

Audio bandwidth in the baseband is about 300 to 3300
cps, with each voice channel assigned a 5-ke. segment of the
baseband, including guard band. Teletvpewriter signuls are
between 4.5 ke, and 10 ke. in the baseband, with all voice
channels above 10 kc., except for the service channel which
is below the teletvpewriter channels and is directly modu-
lated from the audio frequencies of the source without the
need for multiplexing., All other voice channels are hetero-
dyned up to their assigned frequencies in the baseband by
means of the multiplex equipment.

The service channel is a voice channel used by mainte-
nance men. It is terminated in a telephone handset in each
station equipment rack. This channel also carries single-
tone “fault” signals whereby automatic reports of equipment
failures at all repeaters, both manned and unmanned, are
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seut to General Headquarters, located in Indianapolis.

These fault signals are 2800-kc. toues inserted in the
service channel in coded pulses. These pulses ure initiated
by a motor-driven commutator switch in an equipment rack
of each repeater. When a portion of the repeater fails, the
motor starts and the commutator switch forms the appropriate
pulses, which are read out on a series of lights at the General
Headquarters microwave station. From there, servicemen can
determine, from which of the lights are on, the location and
the nuture of the fault.

Types of faults reported are: receiver-modulator failure,

A technician checks frequencies of microwave equipment on the
top floor of the State Office Building in Indianapolis. Six
men, stationed at various [ocations over the state, perform
all routine and emergency maintenance on the entire system.

transmitter failure, loss of commercial power, tower-light
failure, and illegal entry into the station.

Equipment Employed

The microwave transmitters throughout the ISP system use
2C39 lighthouse tubes with cavity resonators for tuning.
Final output power from each transmitter is approximately
three watts,

Most antennas use either 4- or 6-foot diameter dishes, with
two 10-foot diameter dishes used where a very short tower
or additional gain was required.

The antennas are fed with Heliax, a coaxial line using a
helical dielectric to support the center conductor within the
shield. Air spaces in the helix lower dielectric losses. Air
pressure to prevent accumulation of dampness in these lines
is obtained from a %-inch copper tube inserted into the air
stream of the blower used for cooling tubes in the equipment
racks.

Most towers in the system are between 200 and 400 ft. tall.
Most district headquarters locations already had 300- or 400-
foot tall towers before the microwave installation was made.
They were used for supporting antennas for point-to-point
and point-to-car transmissions, so microwave dishes were
added to the tops of these. Additional guy wires had to be
installed to prevent these towers from twisting, even slightly,
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in a horizuntal direction, with resultant microwave signal at-
tenuation.

The way the svstem is presently “wired,” all channels ap-
pear at all stations in the system, with appropriate multiplex
equipment at cach station to read out the channels intended
for that particular station.

Most of the stations in the northern part of the state, in-
stalled eurliest in the development of the system, have narrow-
band equipment with a capacity of 24 voice channels. The
baseband of these units gocs up to 160 ke, The remainder
of the system has wideband equipment, with the baseband
extending to 600 ke, and with a capacity of 96 voice chan-
nels, of which 24 are now in use.

A rerouting of two legs of the svstem now underway will
effectively split the stations in the north half of the state
from those in the south half, This will permit channel fre-
quencies used in one half of the state to be reused in the
other half of the state, giving the system added capacity with-
out modification of equipment. The two halves will still be
linked by the General Headquarters switchboard.

This switchboard, fully automatic, resembles telephone
PBX boards and performs the function of “calling up” the
intended stations when a call is initiated, either by voice or
teletvpewriter.

Voice terminal wunits, except for the dispatch channel, are
conventional Stromberg-Carlson  telephones with 10-digit
dials. Teletypewriter call selection is done by coded pulses
actuated by teletvpewriter kevs.

All repeater and terminal stations throughout the svstem
have standby receiver-modulator units, transmitters, and
power supplies, and have motor-generator units which are
switched in when a commercial power failure occurs. At all
unmanned stations and most manned stations, this switching
is done automatically.

Many of the motor-generator units use propane rather than
regular gas, eliminating the problems of stored gas becoming
stale and the varnish accumulation in carburetors.

{Left) Unmanned repeater station, one of 14 used to cover dis-
tance between posts and district headquarters locations, is
hous~d in this small structure. Both the building and the
gate are kept locked and equipment inside can signal General
Heausuarters of the Indiana State Police of an illegal entry.
{Right} Antenna towers such as this, most of them 300-400
ft. tall, can support microwave dishes, At post or district
headquarters locations, they also support ground-plane an-
tennas for communications with police cars and other agencies.

S ] ' .
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Batteries for all motor-gencrator units are kept on trickle
chargers, insuring full power for starting.

In addition to telephone desk or wall sets for radio op-
erators and command personnel, each post and district head-
quarters location and the General Headqguarters radio room
has a Teletype machine, with both kevhouard and punched
tape sending capability, and a Remington Rand “Synchro-
tape” typewriter.

The “Synchrotape”™ machine can be used as a tape per-
forator for preparing tapes for later Teletype transmission.
Such messages can include tabular or spaced materials which
will reappear in its original form after being transmitted by
teletypewriter und fed through a “Synchrotape” machine at
the receiving station,

In addition to all communication modes already men-
tioned. there is an additional channel in use at three locations
in the stute for a special purpose peculiar to certain areas.
At these locations. there are local shielding problems. so-
called “dead spots,” which make it difficult for troopers to
maintain radio contact with their post or district headquar-
ters on the 42.26-mc. car-to-base frequency.

In such locations, a 42.26-mc. receiver at an unmanned
microwave repeater feeds this signal by microwave to the
nearest post or district headquarters location, as the case
may be.

Formerly this relay function was handled by a different
type of automatic mmanned repeater at an elevated location
in the “dead spot.” This repeater converted the modulation
of the 42.26-mc. signal from a police car to a specially as-
signed frequency in the 453-mc. police band which in turn
was monitored at the nearest district headquarters location.

Possible Future Uses

It’s easy to see the Communications Section of the Indiana
State Police has done a thorongh job of utilizing modern
microwave techniques to solve the specialized problems of
a state-wide police organization. Several additional wavs in
which the existing svstem could be used have been considered
but not put into use because the need doesn't exist as vet.

One possible future use of the microwave network would
be the transmission of facsimile. The department experi-
mented with facsimile Detween General Headquarters and
Pendleton on the first leg of the svstem shortlv alter it was
installed. Officers hoped they could transmit fingerprints
with this system, but the photographic image resolution pos-
sible with equipment then available was insufficient for the
use of standard-size police fingerprint file cards. Photographic
enlargements had to be made to get the required detail,
Handwriting and tvpewriting samples from questioned docu-
ments, as well as pages of printed information for use by
policemen, presumably could also be transmitted this way
if better equipment is developed.

Data bits for computer use could easily be transmitted,
but the need for this type of information has not yet developed
in Indiana. Officials say if drivers license and vehicle regis-
tration data is someday stored in a computer memory device,
the microwave system could be used by men in the field to
obtain needed information much more quickly and accurately
than the present manual filing system.

A very dramatic use for the microwave net would be as
a state-wide alarm. ISP communications personnel say this
could be done by linking the microwave system to the 42.42-
me. transmitters used at each post and district headquarters
location for communicating with patrol cars. In the event of
a serious crime requiring action by officers over a wide area,
the information could be simultaneously broadcast from a
single point (either General Headquarters or any post or dis-
trict headquarters) to all other stations and state police cars
throughout the state. This would reallv be an appropriate use
for that old Hollvwood B movie line—“Calling all cars!” A
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AUDIO LEVEL CLIPPERS & LIMITERS

By THOMAS R. HASKETT

Survey of circuits used in communications, recording,
and other audio areas to prevent overload, improve
signal-to-noise ratio, and reduce interference.

HE wide dvnamic range of the human ear—120 db.

or about a trillion to one in power—is far too great to

be handled by most electronic circuits, Thus, in mam
areas. such as two-way commmumications, public-address, re-
cording, and broadcasting, it becomes necessary to restrict
volmme levels. The advantages are prevention of overload
and  distortion, better signal-to-noise ratio, and mininnuon
interference to other services. Muny devices are nsed, with
each designed to snit « particular need.

Peak Clippers

Where clearl understood speech is the only desirable qual-
itv—as in AM two-way communications—certain liberties cun
be tuken. For instance, in ordinary speech, vowel sounds con-
tain a lot of power, but they ure not what causes vou to under-
stand words. Consonants are; and even though they contain
little power, they are the key to intelligible speech. I vou
alter the speech waveform to decrcase vowel power as vou
increase consonant power, vou will obtain greater intelligibil-
itv. The speech may sound unnatural, but vou will be able to
understand it. And most important—you’ll put more audio in
the listener's receiver for the same carrier power.

The clipper-filter. Operating instantaneously, the clipper
chops a speech waveform when it exceeds a certain ampli-
tude. This limits volume, although it also introduces a lot of
harmonic distortion. But distortion can be filtered out so it
isn't transmitted. Fig. 1 illustrates clipper function. As VIA
cathode swings positive (Dbelow the value of its plate voltage)
the tube conducts until cathode and plate potentials are
equal. Current flow through the combined load resistor R4.
couples the signal into V1B, where it appears across R2 and
the output, During the input signal’s positive peak, wheu
V1A cathode is positive with respect to its plate, current flow
through V1A is nil, and no signal is coupled to V1B or to the
output, During the negative half-cvcle, increased current flow
through R4 causes a voltage drop equalling the applied plate
voltage. Since V1B plate is no longer positive with respect to
its cathode, conduction through V1B ceases and the negative
peak does not appear in the output. Hence, both positive
and negative peaks are clipped at a level established by R3.

Typical clippers provide up to 20 db clipping. Much dis-
tortion is generated (by square-wave action) and this is
usually removed by a pi-section filter, together with small
values of coupling capacitors, as shown. Thus frequency re-
sponse of the average two-wayv communications system is
about 300 to 3000 cps.

Auntomatic deciation limiting. In FM two-way radio, over-
modulation is not possible in the same sense as in AM. But
channels are few and crowded and FCC rules limit deviation
to avoid mutual interference and to increase talk power.
Therefore, FM communications transmitters use the clipper-
filter described previously. Only the name is changed, it's
now called automatic deviation limiting (ADL).

Peak l.imiters

Where fidelity of reproduction is desirable, as in recording
and broadcasting, the peak clipper obviously can’t be used.
The original signal waveform must be preserved, to minimize
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the distortions that would be produced if the peuaks of the
original waveform were chopped off.

The standard limiter. Fig. 2 illustrates the circuit, push-pull
throughout. The first stage is variable-gain, the other two are
fixed gain. The output signal is rectified by control diodes
V7 (made full-wave to provide limiting even on asyimmetrical
waveforms) and the resultant d.c. furnishes control bias for
the first stage. To establish a limiting threshold, V7 receives
cathode bias so it won't conduct until signal exceeds this
value. Below threshold, all signals are amplified linearly. An
RC network in the control-voltage line sets attack and release
times.

Below threshold, a limiter's output is directly proportional
to input, as in Fig. 3. Above threshold, output is much re-
duced for inpnt increases. (No limiter is perfect, and there is
always some slight rise in output for an input increase.) The
relation between input and output variation is called com-
pression or limiting ratio. If the input increases by 20 db and
the output by 2 db, the ratio is 10:1. When a peak hits the
amplifier, it takes time for limiting to gecur, This is called the
attack time. When the input signal drops below the peak,
more time elapses before the gain returns to normal—this is
called release time. While a fast attack is preferable to pre-
vent overload (a few milliseconds is common), release time
depends on desired action. Hall a second to several seconds
is found on most units, Fast release is used on voice and on
pop and jazz music, but slow release is better for classical and
religious music. A compromise circuit is often used; single,
short peaks trigger fast release, but a long peak or a succession
of short ones causes slow recovery.

The R.F.-AF. limiter. Developed recently by General
Llectric, this circuit is used to overcome thump and motor-
boating problems. Incoming audio from the preamplifier is
converted to r.f. sidebands at the balanced modulator, and
the carrier removed. Gain-controlling action takes place only
for these sidebands, which are then detected by a synchro-
nous detector. Thump, hum, and other transients induced in
the limiting process can’t be passed on with the signal, for
the detector is insensitive to evervthing but r.f. And with the
input signal controlling output, rather than the other wayv
around, there is no danger of motorboating. A constant-am-
plitude, 10-mec. carrier is produced in the r.f. unit and sup-
plied to both the modulator and the detector.

Recovery time depends on program material. A slope con-
trol and delay bias control establish the limiting threshold so
that control voltage increases as input signal increases. A pro-
gram-controlled recovery diode receives fixed cathode bias
to provide a 6-db platform above threshold. In this region,
recovery time is long. Above 6 db, recovery time is fast for
short-duration peaks, but long following a succession of short
peaks. Hence rise and fall of background noise with speech is
minimized.

The wvarighle-frequency limiter. In recording and FM
broadcasting, a 75-gsec. pre-emphasis curve is used, which
boosts the highs and provides a better signal-to-noise ratio.
Unfortunately, this causes problems. When a limiter is nsed
ahead of the cutter head or transmitter to raise average level,
high-frequency audio is boosted by pre-emphasis and may
overdrive and distort. If the limiter is used after pre-emphasis,
occasional program material may contain excessive highs,
which will cause limiting of the highs, the mid-range, and the
lows, although the latter two may not need limiting. The re-
sult is an unnatural-sounding decrease in gain.

Recent limiters cope with this problem by adjusting the
gain to fit high-frequency program content, In other words,
if the input audio contains only normal highs, response is
flat. But if high-amplitude. high-frequency signals occur, re-
sponse is rolled off bv a 75-usec. de-emphasis network, the
reverse of transmitter or cutterhead pre-emphasis. Hence, vou
can maintain a high modulation level without overload or
distortion,
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Compressors

While peak clippers and limiters set ceilings on volume
level, they do not raise the level of low-amplitude signals.
Compressors do; they compress volume range by amplifying
low level signals more, high levels less.

Single-ended vacuum-tube type. In single-sideband com-
munications transmitters, automatic load control (ALC) is
used, as shown in Fig. 4. Similar to receiver a.g.c., ALC con-
sists of a feedback loop to an earlier r.f. stage. The power
amplifier r.f. output is developed across capacitive voltage di-
vider C1 and C2. C2’s portion is rectified by V3 producing
negative d.c, filtered by C3-R3. Charge-discharge time con-
stants are established by R3-R4 and C3-C4, and the resultant
d.c. becomes grid bias for V1. “Load Control” R2 establishes
threshold for the ALC by biasing V3 cathode and no control
voltage appears until the power amplifier’s envelope peaks
exceed this value. Beyond this point, V1 gain decreases to
compensate for rising audio, maintaining envelope peaks at
consistent level.

Distortion incidentally generated by this system is removed
by the sideband filter between V1 and V2. Some SSB trans-
mitters also use an audio a.g.c. loop, wherein control voltage
is fed to an early a.f. stage for grid-bias purposes. This gives
much tighter control over various talk levels,

Audio compressors occasionally employ the single-ended
configuration in communications work. As shown in Fig. 3,
audio output is rectified by control diode V4 to furnish grid
bias for V1B, the controlled stage. However, the process gen-
erates harmonic distortion and is not compatible where fidel-
ity is desired, as a filter must be used to remove distortion,

Push-pull vacuum-tube type. By emploving the push-pull
circuit of Fig. 6, harmonic distortion cancels in the output
transformer. Such devices are widely used in public-address,
background-music, recording, and broadcasting work. It is
quite similar to the peak limiter, except that the limiter has
fast and drastic gain-controlling action (average l-msec. at-
tack time, 12:1 compression ratio), while the compressor is
an averaging device (24-msec. attack time, 3:1 compression
ratio). By comparing Fig. 7 to Fig. 3 vou can see the differ-
ence. The limiter operates below the knee of the curve, while
the compressor operates above it. Hence, a limiter normally
amplifies Knearly and limits only on peaks; whereas a com-
pressor reduces gain constantly, compressing high-level sig-
nals more and low-level signals less. This is also shown in
Fig. 8.

Transistor type. When transistors are substituted for vac-
uum tubes in the standard push-pull compressor, circuit func-
tion is identical. However, a single-ended transistor compres-
sor is available (see Fig. 9), which clips and compresses at
the same time. When power is applied, CI and C2 charge
through D1 and D2, respectively. At this point they furnish
bius to the diodes. When speech signals exceed this bias, the
diodes conduct and their impedance is lowered by current
passing through them. Since the diodes are across 11, the
transformer primary impedance drops, attenuating the signal.
But the waveform is rounded off and compressed more than
clipped or chopped.

Shunt-diode type. From the above systems it is but a short
step to the controlled diode of Fig. 10. Output signal, at a
level set by R3, is amplified by V3A and fed in push-pull to
V4. The balanced d.c. output of V4 goes to V5, the con-
trolled-impedance diode. R4 adjusts static current through
V'35 to set a high impedance at V3 with no signal through the
amplifier. When audio exceeds the level set by R3, d.c.
through V5 lowers its impedance, attenuating the signal to
V1B. Because this losser system is used, signal-amplifier
stages run at constant gain, precluding trouble from harmonic
distortion, thump, or instability.

Shunt-photoresistor type. This method, shown in Fig. 11, is
the shunt-diode tvpe using a light-sensitive losser. Incoming
andio appears across “Gain” control R1, and PC1_ a photore-
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sistor. in parallel. The following stages are conventional and
fixed-gain. Degree of compression is set by R2. The control
voltage is then amplified by V3A and V4 and is fed to lamp
PL1, which is close to PC1, within a shielded enclosure.
When output signal increases, so does the control current
through PL1. This causes an increase in brilliance, which
causes a decrease in PC1 resistance, The result is an attenua-
tion of incoming andio. As dbove, the resistive compression
method prevents distortion or thump during gain reduction.

Special Circuits

A number of devices exceed the simple, stundard systems
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described. Each further refinement is made to suit a specific
application.

AGAMP (automatic gain adjusting amplifier). Developed
for wire and radio telephone work, AGAMP is a syllable-con-
trolled, variable-gain, speech amplifier with an input range
of 40 db, an output variation of 4 db, and a bandpass of 250
to 3000 cps. High-level signals are compressed, and low-level
signals are expanded. Furthermore, gain-increasing action
occurs only on speech—not on noise. And at high input levels,
gain-increasing action is fast; while at low levels, it is slow.

Fig. 12 illustrates AGAMP operation, The “Input Atten.”
and “Preamp.” are conventional. Following these, speech sig-
nals pass through the “Variolosser” and “Output Amplifier.”
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Fig. 12. Automatic gain adjusting amplifier (AGAMP) operation.
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The “Variolosser” is simply an 8-diode bridge, the impedance
of which is varied by control current, thus attenuating speech
signals.

Control is by feeding a portion of the “Preamp.” output o
the “Threshold Level Control,” which sets the point at which
gain-increasing action occurs. (Most speech is above thresh-
old and noise below; hence signal-to-noise ratio is bettered
here.) Speech signals then pass through another amplifier to
the “1.2-Kc. Filter,” which restricts control-voltage sampling
to speech frequencies, rejecting high- and low-frequency
noise. Then the “1.2-Ke. Filter” output is split. One line is
further amplified and fed to the “7-cps Svllabic Filter,” re-
stricting output to speech svllables. This line is passed
through the “Gain-Increaser Amp.,” rectified, and furnished
to the “D.C. Combining Circuit” for use in controlling the
“Variolosser.”

The other output of the “1.2-Kec. Filter” is amplified by the
“Proportional Control” (PC). This circuit furnishes, to the
“D.C. Combining Circuit,” control voltage of the opposite
polarity to that from the “Gain Increaser Amp.” But, there is
no output until a difference between AGAMP input and out-
put signals exists. Where this is so, PC output is proportional
to that difference. Hence PC permits gain to increase for sig-
nals at threshold, but as signal level vises. amplifier gain de-
creases. At nominal input level, PC. inhibits gain-increasing
action. PC also contains a time-delay circuit. At low input
levels, the time required for a signal to reach full output level
is great (16 svllables); at high input levels, this time is much
less (1 svllable).

The “Idle Gain” adjusts static operating gain, by furnishing
fixed d.c. to the “D.C. Combining Circuit.” The “Gain De-
creaser Amp.” is a conventional volume-limiting feedback
loop across AGAMP output. This circuit contains no filters
and therefore functions on all output signals (including noise)
to prevent overload of following equipment. The “D.C. Com-
bining Circuit” output is chopped, amplified, and rectified (to
avoid instability problems inherent in d.c. amplifiers), then
fed to the “Variolosser,” to control impedance and signal
level.

Compander. Another common device in voice circuits is
the compressor-expander. In this type of circuit, a conven-
tional compressor restricts dynamic range of input signals,
following which this compressed audio is fed to wire lines or
transmitters. Since the signals are compressed, they may be
handled much closer to the upper limits of amplifiers without
danger of overload, thereby raising the signal-to-noise ratio.
At the other end of the line, an expander veverses the process.
Incoming speech reaches the amplifier while some input volt-
age is rectified and used to control variolosser attenuation.
thus increasing gain. The output signals are restored to their
original dynamic range.

Noise suppression and gain control. In recording and
broadcasting, the usual combination of a compressor driving
a limiter produces a problem. During pauses in program ma-
terial, the gain-control circuits increase background noise
obiectionably. To overcome this, several devices provide for
differentiating between noise and program material. Unlike
AGAMP, these circuits must handle both speech and music,
without impairing fidelity or frequency response.

One circuit combines a compressor and an expander and
Fig. 13 shows its transfer curve. Note the knee in the curve.
Below the threshold, amplification is linear, above the thresh-
old, signals are expanded into the compression region. This
provides 10 db signal-to-noise isolation, when program mate-
rial is above threshold. Background or studio noise is thus
held behind voice or music.

Another device, developed by CBS Laboratories, com-
presses average audio slightly over long periods of time (10
seconds or so). Instantaneous peaks are still limited, where
they do not exceed one second. This establishes a compression
platform, which follows mean (Continued on page 85)
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We didn't say it. A lot of technicians
have used these very words to describe
PHOTOFACT. One particular letter
(unsolicited) says it like this:
“I'wouldn'tthink of being in business
without PHOTOFACT. It's alifesaver.”
Others say they're sunk without
PHCTOFACT. We don't really expect
anyone to “drown’ without it, but we
do know it saves time and saves trou-
ble and floundering around. We do

“*It's a lifesaver.”

know it often means all the difference
between making a profit and not.

There are over 40 “lifesaving” fea-
tures in every PHOTOFACT Folder,
time-saving features to show you the
way to fast TV-radio troubleshooting.
(Really keeps you on top of those
tough-dog jobs.)

Users don't measure PHOTOFACT
by its pennies-per-page cost. It's the
time-saving, profit-making worth of

A PHOTOFACT LIBRARY PAYS ITS OWN WAY—

Now, more than ever, it pays to own PHOTOFACT—the world's
finest TV-radio service data. Now, you can start or complete your
PHOTOFACT Library this Easy-Buy Way:

e FREE with your order for 180 Sets—a deluxe 4-drawer file
cabinet worth $38.95 ¢ Only $10 down ¢ 30 months to pay ¢ No
interest or carrying charges ¢ Prepaid transportation ¢ Add-on
privilege of a year's advance subscription to current PHOTO-
FACT on the same Easy-Buy contract ¢ Save 30¢ per Set—
special $1.95 price applies on Easy-Buy (instead of the regular

$2.25 price).

4 Ways to Select Your PHOTOFACT Library: 1. Complete I
your present PHOTOFACT Library. 2. Ordera PHOTOFACT "Start-
er’” Library—180 Sets (Sets 301 to 480—coverage from 1955 to 1960—
only $11.36 per month). 3. Order by brand name and year—see the
handy selection chart at your Distributor. 4. Order a complete

PHOTOFACT that counts.

Of course, you can get along without
PHOTOFACT—a few do—and maybe
they're making a living. But it's the
hard way.

Doesn't it make good sense to see
your Sams Distributor today for de-
tails on an Easy-Buy PHOTOFACT
Library and Standing Order-Subscrip-
tion?

Or use the coupon below.

PHOTOFACT Library—get FREE file cabinets, p/us a selection of

invaluable books and Electronics Courses.

SEE YOUR SAMS DISTRIBUTOR FOR FULL DETAILS, OR MAIL COUPON a
February, 1964
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e —————————— e e .
|  Howard W. Sams & Co., Inc., Dept. EWF-2 |
| 4300 W. 62nd st., Indianapolis 6, Indiana |
| [Jsend FREE Photofact Cumulative Index ® |
| [0 Send full information on Easy-Buy Plan |
| [ Enter my Photofact Standing Order Subscription |
I |
| My Distributor is |
I
I Shop Name I
! Attn. !
|
: Address I
| City Zone State I
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i Technical know-how is important but “packaging” your skill
is equally important if you hope to become truly successful.

SHOWMANSHIP IN SERVICING

throwing down the nut-driver he had been using
to tighten chassis bolts on a radio.

“What brings this on?” Mac, his employer, inquired.

“Last night I stopped in at my cousin Harry’s for a look
at his new color set. It was working beautifully, but you
should have heard him gripe. And do you know what about?
He was bellyaching because the service technician who came
out to set up the receiver used a cracked service mirror in
making some of the purity and convergence adjustments!

“‘Here I pay seven hundred clams for that color set,” savs
my cousin Harry, ‘and they send out a clown with worn-out
equipment and a cracked mirror to adjust it. All that jazz
the salesman gave me about how I was buying the finest color
set, assemDbled in the most modern factory by the finest crafts-
men, and then some dope goofs up the whole thing by squint-
ing into a cracked mirror while messing with those little
knobs!””

“I told cousin Harry 1 knew the technician who did the
set-up and that he was far from being a dope. I explained
he only used the mirror for making rough adjustments nec-
essary at the rear of the set and that the crack could not
possibly make any dieffrence in these. Really critical adjust-
ments were made with the technician looking directly at the
face of the tube. But Harry wasn’t buying. No one will ever
convince him his color set is working correctly simply because
the technician used a cracked service mirror. Doesn’t it make
you sick the way some customers will latch onto some un-
important action on the part of the technician or some
irrelevant item of his equipment or appearance—something
that has nothing whatever to do with his competence—and
condemn his whole performance because of that one measly
little nit-picking (quote) fault (unquote)?”

“Let’s not hasten to condemn the customer for being hasty
in condemning the technician,” Mac suggested with a grin.
“Take a look at things from his point of view. He’s not a
technician; so he can’t be expected to know what’s important
and what’s not in work done on his set. All he can do is fall
back on things he does know something about: the neatness
and cleanness of the technician, the appearance and quan-
tity of his equipment, his professional deportment or lack
of it, and his attitude toward his work. From observation of
these things the customer forms an opinion about the tech-
nician that, right or wrong, is very important. It determines
whether the technician will be called again, and it dictates
what the customer says to his friends about the technician.
The fellow who performed the set-up with the aid of a
cracked mirror may be a cracker-jack technician, but he
would be wise to put more showmanship into his work.”

“Oh come on now!” Barney objected. “Don’t tell me you're
advocating that service technicians waste a lot of time going
through useless hocus-pocus just to impress the customer!”

“Showmanship is not useless hocus-pocus,” Mac said
calmly. “Neither does it have to be cheap, misleading, un-
ethical, or anything else of which you need be ashamed.
Showmanship is simply presenting your wares, your abilities,

CCES OME people really slay mel” Barney exclaimed,
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or vour message in the clearest and most effective light pos-
sible. The housewife calls on showmanship when she ar-
ranges a salad to appeal to the eye as well as the palate—and
the meal is more enjoyable for her effort. Presidential candi-
dates who put on makeup before appearing in front of TV
cameras to debate great and serious issues are using show-
manship.”

“Guess I was a little offside,” Barney grudgingly admitted.
“I suppose there’s nothing wrong with putting vour best foot
forward—and making sure the customer sees that foot. You
got some specific ideas about how a service technician can
use showmanship?”

“That I have. The basic idea is simply to convince the cus-
tomer of your ability, your preparation, and your good in-
tentions as far as fixing his set is concerned. You want to
impress him subtly but unmistakably on all three counts.
There should be no need to mention neatness and cleanliness.
If the technician needs to be told about these matters, he’s
in the wrong business. No one wants a dirty, unkempt man
in his living room, no matter how much he knows about
electronics. If he doesn’t care about himself, it’s pretty hard
to believe he cares about anvthing else.

“But cleanliness and neatness should extend bevond his
person to include his equipment. We know a grease-smudged
meter face and frayed test leads have nothing to do with the
accuracy of the meter’s readings, but the customer does not
know this. For his benefit, test equipment should ahlwvays
look shining-new and show evidence of having been treated
with tender, loving care. Obviously, a cracked service mir-
ror is out!

“This brings up another point. Some technicians pride
themselves on being able to perform a high percentage of
home service calls with only the aid of a v.om. They are
making a mistake. You would not be favorably impressed
by a garage that had only a screwdriver, a monkey wrench,
and a ballpeen hammer in the way of tools. now would you?
The technician who employs a minimum of instruments is
not impressing the customer with his superior technical abil-
ity. The idea being planted is that you need to invest very
little money in equipment to do service work!

“When a technician carries in a full tube caddy, a neatly
arranged tools-and-parts kit, a tube tester, a v.o.m. or v.t.vam,,
and complete service data on the customer’s black and white
receiver, he is announcing without actually saying a word:
‘See; I've spared no expense to equip myself completely to
service your set.” Moreover, with the equipment right at hand,
the technician will find real use for most of it. The tube tester
will spot marginal tubes otherwise overlooked and possibly
causing a call-back. Reference to the service data will save
time in identifying adjustments, locating check points, and
even in replacing tubes in blind sockets. As more and more
work is performed in the home, fewer and fewer customers
ever see the equipment we have here in the shop; so it’s
increasingly important they be shown we're not ‘screwdriver
mechanics.” After they catch a glimpse of our fragile and
expensive equipment in operation, they will be better pre-
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prepared to pay a reasonable service
charge.”

“You said something about the tech-
nician’s attitude toward his work. Where
does showmunship get into that?”

“I think we both know technicians
who trv to impress others with their
technical sophistication by down-grad-
ing practically everv receiver they work
on. They snarl at flimsy printed circuits
and at hard-to-remove tubes. They are
contemptuous of small speakers, light
cabinets, and production shorteuts of
anv kind. When vou see them in action,
vou get the impression thev suspect the
set manufactirer, the set itself, and
mavbe even the customer of being in
league just to annoy and frustrate them.

“Now this is no good. Criticizing a
customer’s set hacks away at his pride
of possession and impugns his judgment
in buving the receiver in the first place.

“A smart technician keeps disparaging
opinions of the receiver to himself. He
works in a cheerful, nnhurried, thor-
ough manner; and he shows respect for
the customer’s receiver by the careful
way he handles it. Whenever possible—
which is practically ahvays—he notices
and corrects small defects in the per-
formance of the receiver the customer
has not seen for himself. I mean things
like improper centering, slight pincush-
ioning, poor lnearity, slightlv  noisy
sound, or poor focusing. He conveys the
impression he likes service work and
is a perfectionist. Incidentally, if vou
need to be convinced of the importance
of seeming happy at vomur work, just
notice the determined smiles on the fuces
of commercial givers, singers, and even
acrobatic dancers on TV, And remem-
ber performing artists are old hands at
showmanship.”

“It seems to me all this showmanship
is designed simply to improve the image
ol the service technician,” Barney sug-
gested.

“If you insist on using a word that’s
becoming a little flv-blown, ves,” Mac
agreed. “The picture that pops into the
average man’s mind when he hears ‘serv-
ice technician” might be called an image,
but that image is very likely to look ex-
actly like the feillow who fixes the aver-
age man’s TV set. Building an image is
an integrating process verv similar to
building the vertical sync pulse in a
receiver. The image is composed of all
the individual technicians with whom
the public comes in contact. Only when
these technicians present imiform high
quality impressions will those impres-
sions add together to produce a satis-
factory image, That means all of us must
be constantly and keenly aware of the
impression we are making on our cus-
tomers. We must build our own image.
No copyvwriter can do it for us.”

After a little pause, Muac continued
with a grin: “I was just thinking of a
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good example of what showmanship can
do for a technician. A few vears back we
had a real radio nut in this town. Norm
was a young bachelor who ate, drank,
and Dbreathed electronics. He was so
busy studying and experimenting with
electronics he had little time for any-
thing else. He seldom combed his hair;
his clothes were usually missing a button
or so; it seemed he alwavs needed a
shave. He ran a little hole-in-the-wall
service shop to keep from starving, and
he worked for practically nothing, but
he did know his electronics.

“IFinally a girl saw something in him
others missed and married him. Theyv
moved away, and 1 did not see him for
four or five vears; and when I did see
him 1 scarcelv knew him. He was neat
as a pin, welldressed, driving a fine
car; and he had a very responsible well-
paving job with an airwayvs company.
That girl had used showmanship to re-
package the electronic know-how inside
Norm, and there were plenty of takers.”

“I get the message!” Barnev inter-
rupted. “All I have to do if [ want to
succeed is to brush my teeth, keep
smiling, and get married. I'm not sure
it's worth it!” A

Largest Radar Telescope

(Continued from page 45)

protection from the high winds, the
reflector surface is guyed down so that
its tolerance is = 1 inch.

Electronies

The transmitter used in this installa-
tion has an output of 2.5 megawatts
peak and 150 kw. average power. It is
also capable of transmitting a 100-kw.
c.w, signal for special purposes, Shaping
and timing circuits enable the operator
to tailor the transmitted pulses to any
desired values.

Operating frequency is presently lim-
ited to 430 mec. with a stability better
than 2.5 parts in 10", This frequency
was chosen because it best suits the
needs of the present observations. At
some later date, other frequencies will
be added.

As the actual transmitter and receiver
are located alongside one of the support
towers, the transmission waveguide is
over 500 wavelengths long and consists
of abonut 1300 feet of waveguide. Total
run from the transmitter to the antenna
is about one-third of a mile with system
attenuation less than 1.8 db.

The receivers are equipped with two
low-noise ront-ends to permit reception
of both horizontally and vertically polar-
ized signals simultaneously. Each in-
cludes a parametric amplifier, low-noise
r.f. stages, ¢rystal mixer and a 30-mnc.
i.f. amplifier. The remainder of the svs-
tem is located within the operations
building, A
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captured by Concord

THE
INTERGALACTIC
FORMULA
FOR
AUDIOSONIC
CALCULATION

T A

track stereo record

and playback

speeds:

Th, 3%, 1%

separated 6” speakers:
2 dynamic microphones

low price

[i—tl\?Wbﬁ

1 good reasons why

vou should own a
Concord 550-4 with exclusive
Trans-A-Track priced under $320

Concord’s 550-4’s transistorized opera-
tion assures greatest reliability with
freedom from noise, heat and hum.
Exclusive “Trans-A-Track™ for educa-
tion and fun is one of many fine features
including automatic reel-end shutoff,
pushbutton controls, sound-on-sound
and 2 VU meters. Uses amplifiers and
speakers of hi-fi svstem or completely
self-contained. (530-D tape deck ver-
sion available, less than $230)

Prices slightly higher in Canada

TRANSISTORIZED

CONCORD 550-49

for connoisseurs of sound

Mail coupon to:
CONCORO 0 ELECTHONICS CORPOHRATION
*

Dept. 24, 809 N. Cahuenga Blvd., Los Angeles 38, Calif,
for Concord's free booklet **All The Facts'' and the
full story on the 550-4.

NAME

ADDRESS

CITY STATE

In Canada / Regal {ndustries Ltd., Montreal-Toronto
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Exclusive with RCA e

the faster,

easier way
toward a career

in electronics

Amazing home training method makes learning almost automatic

Exclusive with RCA. *'AUTOTEXT'"' the revolutionary home
training method introduced by RCA Institutes, Inc., is stir-
ring the interest of thousands. Every day, “AUTOTEXT" is
helping people like yourself join the thousands of other suc-
cessful electronic students who are working toward profit-
able careers right now! This faster, easier way to learn elec-
tronics uses the latest scientific development in the field of
home training—and “‘AUTOTEXT" is exclusive with RCA.

New trend in education. This exciting new trend in edu-
cation represents a significant advance in teaching elec-
tronics. People who have been interested in careers in
electronics in the past, but have had difficulty with conven-
tional home training methods, can now begin to master the
fundamental principles of electronics almost automatically.
Tested in schools throughout the country, checked out and
proved with thousands of students, programmed instruction
is helping people learn more quickly and with less effort,

Prove it to yourself now! f you have a natural inclination
or interest in the exciting field of electronics, that’s all
you need. RCA “AUTOTEXT" will help you do the rest.
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And the future is unlimited. Jobs are available for qualified
technicians in Space Electronics, Communications, TV,
Computer Programming, Automation, and many other elec-
tronic fields. The important thing is to get started now!

Complete course available. Right now, RCA Institutes offers
you a complete Home Training Course (‘‘Introduction to
Electronics”’) using the “AUTOTEXT"' method. You get a
complete set of theory lessons, service practice lessons,
experiment lessons, and all the kits you need. And most im-
portant, “AUTOTEXT"' takes most of the effort out of learn-
ing the all-important groundwork of the electronics field.

FREE OFFER! We'll send you complete in-

formation on amazing new RCA ‘'Autotext” along
with a FREE SAMPLE of a lesson to prove to you how
easy it is to learn this new way. Send the attached
postage-paid card and check ‘‘Autotext’’.

ELECTRONICS WORLD
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The Most Trusted Name in Electronics

Wide choice of Home Training
courses In Electronics:

s Autotext s Electronic Fundamentals
Introduction to Electronics (also available in Spanish)
Introduction to Semiconductors

Computer Programming

¢ TV Servicing s Transistors

* Color TV ¢ Electronic Drafting
¢ Communications Electronics o Industrial Electronics
¢ FCC License Preparation Automatic Controls

Industrial Applications
Nuclear Instrumentation
¢ Automation Electronics Digital Techniques

* Mobile Communications

RCA Institutes Home Training Courses are complete step by step easy-to-
understand units. You get prime quality equipment in the kits furnished to
you, and ali of it is top grade. It's yours to keep and use on the job.

Liberal Tuition Plan. RCA Institutes Home Training Courses are available
under a liberal tuition plan that affords you the most economical possible
method of home training. You pay for lessons only as you order them. If, for
any reason, you should wish to interrupt your training, you can do so and you
will not owe a cent until you resume the course. No long-term obligations!

Set Your Own Pace. RCA Institutes Home Training takes into consideration
your own ability, finances and time. You learn at your own speed, in the most
effective manner, with personalized instruction every step of the way. You get
theory, experiment, and service practice beginning with the very first lesson.
All lessons are profusely illustrated—a complete training package in every way.

CLASSROOM TRAINING

RCA Institutes Resident Schools in New York City, and RCA Technical Institute
in Cherry Hill near Camden, N. J., offer classroom training that will prepare
you to work in rewarding research and production positions in many fields of
electronics. No previous technical training required for admission. You are
eligible even if you haven't completed high school.

Free Placement Service. RCA Institutes Resident School graduates are now
employed in important jobs at military installations, with important companies
such as IBM, Bell Telephone Labs, General Electric, RCA, in radio and TV.
stations and in communications systems all over the country. Many other
graduates have opened their own businesses. A recent New York Resident
School class had 92% of the graduates who used the FREE Placement Service
accepted by leading electronics companies, and had their jobs waiting for
them on the day they graduated!

Coeducational Day and Evening Courses are available at Resident Schools.
You can prepare for a career in electronics while continuing your normal, full-
time or part-time employment. Regular classes start four times a year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY! SPEC-
IFY “AUTOTEXT”, HOME STUDY OR CLASSROOM TRAINING.

RCA INSTITUTES, INC. oept. ews

A Service of Radio Corporation of America,
350 West 4th St., New York, N.Y. 10014
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TWO SOUND INVESTMENTS IN PROFESSIONAL QUALITY

TAPE SPEEDS: 3.75 and 7.5 inches per

REEL SIZE:
HEADS:

DIMENSIONS:

MODEL 1021

RECORDER/REPRODUCER

For Monaural Operation

359

(fully transistorized)

MODEL 1022
RECORDER/REPRODUCER

For Two-Track Stereo or
Half-Track Monaural Operation

1739

(fully transistorized)

1021

second
5-, 7-, and 8-inch E.l.LA. hubs

Full-track Erase, Record and

half-track play 2-channel

1022

7.5 and 15 inches per second

5-, 7- and 8-inch E.ILA. hubs

Selectable 2-channel
Record, 2-channel

Erase,

ptay and VY4 track play

19” wide, 1534” high, 12” deep

19” wide, 1534” high, 12” deep
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For industrial users, professional users, and all others who know
and appreciate the professional guality of sound

models .

. two new

.. the 1021 and 1022. Both offer unprecedeﬁtéd reliability

insured by the name Magnecord — at lowest conceivable prices —
and no accessories required! Obtain all the facts, and then select
the 1021 or 1022, depending on your needs.

Write: Magnecord Sales Department
MIDWESTERN INSTRUMENTS, INC.

P. 0. BOX 7509 / TULSA, OKLAHOMA 74105

CIRCLE NO. 160 ON READER SERVICE PAGE
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Electronic Switch
(Continued from page 39)

To compare amplitudes of the signals
shown in Fig. 3, left, set both attenuators
to provide equal gain by simultaneously
applving one of the signals to both chan-
nels and adjust for a superimposed
waveform. Then remove the connection
from one of the inputs and connect the
other signal. When it is necessary to de-
termine which channel is which, momen-
tarily disconnect one of them. Waveform
differences are most apparent when the
two signals are superimposed as in Fig.
3, right. Here, the distortion of an am-
plifier is being checked. The sine wave
is the input and the distorted wave is the
output.

If there is a phase difference hetween
the input and output, it will look some-
thing like Fig. 6. left. Here the phase
difference between the signals is 90 .
Phase difference can be calculated wwith
the following formula: 6 = (C/D) x
360 . 6 is the phase difference, D is one
wavelength, and C is the fraction of a
wavelength between corresponding
peaks of the two waves. In Fig. 7, left,
the frequency of the lower signal is twice
that of the upper signal. This is obvious
as there are twice as many cvcles on the
lower c¢hannel as on the upper. Note
that the frequencies must be related by
an integral ratio. The more complex the
ratio. the greater the difficulty in inter-
preting results.

Fig. 7. vight, shows how a third sig-
nal can be simultaneously compared with
the other two signals. The third signal
is fed into the horizontal deflection am-
plifier of the scope. The upper signal is
90 out-of-phase and the lower signal is
in-phase with the horizontal signal. The
switch produces a 180" phase shift,
therefore the lower pattern is opposite
to what it would be without the switch.
The oscilloscope used for the photos has
an upward and left deflection for positive
input signals.

FFig. 6. right, shows the switch over-
loaded. This, however, is deliberate.
Within the available range of attenu-
ation, it will indeed be a large signal
that cannot be sufficiently attenuated
for an undistorted display. A

Fig. 8. Inside view. The author designed
and built his own printed-circuit board.

ELECTRONICS WORLD
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Most people prefer to build Heathkits because
of the extra savings and knowledge realized
through do-it-yourself assembly! Heathkit
construction manuals are world-famous for
their clarity and attention to detail with sim-
ple step-by-step instructions, large pictorial
diagrams for casy assembly, plus complete
information on the use and maintenance of
your instrument for effective and dependable
results in every application.

But, many people prefer to buy Heathkit
units factory assembled because they ree-
ognize the high quality and performance
they provide at low cost! You even save over
other comparable factory built units because
you buy direct from the manufacturer, elim-
inating middicman protits and expensive
distribution costs!

Whichever way vou prefer to buy Heath-
kits, you'll find their dependable time-proven
circuitry, top-grade components and latest
design features the perfect answer to your
test cquipment needs ! Compare these Heathkit
favorites with any other and you'll see why
Heathkit is your best buy!

Heathkit IM-11 VTVM...World’s
Largest Selling VI'VM! e Fincest quality
components throughout for long life and
dependable performance e Single test probe
convenience o 7 AC, 7 DC and 7 Ohms ranges
o large, casy-to-rcad 415" 200 UA meter
e 1€, Precision resistors for high accuracy.
Kit IM-11...51bs..................824.95
Assembled IMW-11...5 bs..........839.95

SPECIFICATIONS —Meter scales: DC & AC (RMS): 0 1.5,
5, 15, 50. 150, 1500 volt, full scale. AC peak-to-peak: 0.4, 14, 40,
140, 400, 1400, 4000. Resistance: 10 ohm Ci-ntur rcale «1, %10,
%100, x1000, x10K, x100K. 1 mea. M. asur s .1 onm 10 1000 mea-
ohms witn internal battery. Meter: 4'77 200 ua moveme nt
Multipliers: 194 precision tyoe. Input resistance DC: 11 meg-
ohms (1 megohm in probe) on all ranars, Circuit: Balanced”
bridae (push-pull) usina twin triode. Aceuracy: DC *+ 3%. AC
+ 6% of {ull scale. Frequency response: =~ 1 d¢p, 25cpstol me
(600 ohm source). Tubes: 12AU7, vALS. Battery requirement:

February, 1964

CIRCLE NO.

vatcuw Tose
wormrorn

1.5 valt ciz. *C" ‘la hhinht ci . Power requirements: 105
voll 50 (0 ¢,cl AC 10 ~ail . Dimensions: 7). H » 411 1570 4
447D,

Heathkit Laboratory AC VIVM
...for Precision AC Work! o
Voltage ranges—0.01 to 300 volts RMS full
scaleg e +1 DB, 10 CPS to 500 KC frequency
response ® 10 Megohm input impedance for
high accuracy o Calibrated DB scale for audio
measurements VU type ballistic damping of
meter movement o Kit IA-21...5 ths. . $33.95
Assembled INW-21...5 lbs ... 85295

SPECIFICATIONS —Frequency response: + 1 cb 10 cn 0
500 ke, + 2 1p 10 cp= to 1 ¢ all raraes, Ranges: VOLTS Ten
ranacs 001 tn 702 .olts RMS - 2. Decibels: Torzl-
ranas — 545700 meterscale —12t0 2 (B wa=1man
cO0 o m ) Lnsatcn s lech uana s irem —4) du o $50 enon
13 up st Input impedance: 10 m o hm sauaied by 12 wut
on rana-< 10 ‘o 200 volts, 10 M. aohm . huat d by 22 uls on
fan s 01 to 3 volt.. Tube complement: (1) 6AWS (1) (EJT/
EF.134. Accuracy: Mithinb ol full scale. Power requirements:
105 125 .olts AC 50-00 cycles, 10 watli.. Dimensions: 7 ,"H x
ST s 487D,

Heathkit Variable-Voltage Reg-
ulated Laboratory Power Supply
o [deal for all types of circuit design & devel-
opment work e Furnishes B+, bias and
filament voltages o DC output variable from
0 to 400 volts ¢ Panel meters monitor output
voltage and current  Rugged, well-rated com-
ponents throughout for dependability and
long life o Air [P-32...16 Ibs........556.95
Assembled IPW-32.. 16 1bs.. ... .....884.95
SPECIFICATIONS —Output: 0 :00 colf, rrqulated DC at 0-100
ma coni., 125 ma int reutth rt. 015 —100 volt, DC At 1 ma varnable
bias.oltane L 3.otts ACat famp-, til yment voltan:. Regulation:
Quiput vaniation ¢ s than 1°- from no load to full load: Output
varation liss than 0.5 volt for a £10 v. chann= at 117 v. AC
input. Ripple: lres than 10 millivolls RMS, ripole, ntier and
nois:. Output impedance: less than 10 ohms. DC to 1 mc.
Meters: Voltmeter 0400 V or 0-150 V.: Milliamm: fer 0-150 ma.
Dimensions: 13“\W x 84"H x 77D,

Heathkit ‘‘Extra-Duty’’ Lab 5"
Oscilloscope o Professional styling & fea-
tures at low cost ¢ Full 5 MC bandwidth—
ideal for Color TV servicing e Heath patented

www.americanradiohistorv.com
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sweep circuit— 10 CPS 1o 500 KC e Push-
pull vertical & horizontal output amplifiers
o Finest oscilloscope value in the industry!
Kit 10-12...24 Ibs.. .. .. .. N $76.95
Assembled 1I0W-12.,.24 ths. . ... .5126.95

SPECIFICATIONS—(Vertical) Sensitivity: 0.025 volts
REAS totince 1t 1 ke, Frequency response (referred to 1 ke
fevel): ~1 " Hcn. 025 me. F1.51t0 =50ab. 3¢cp tebme,
r non oat:z58nc, —0.2 du. Rise time: 0 08 micros. cond, or
I» = Input impedance: (al 1 KC) 2.7 mogonm, &t X1; 3.3
~oaonm it £10 ard ¥100. (Horizontal Channel) Sensi-
tivity: 0.7 ;olt, RMS pirinch at 1 kc. Freguency response:
+1unler.to200kc., £3db1cn,10400ke. Inputimpedance:
49 ™ nm o' 1 ke, Sweep generator: Rana:—10c¢n 10 500
bCon Frae sted o, varani- plus any 2 suoitcheselected pee ot
Saop roque nce ot raaas . Synchronizing: automatic
lack in Circat uoina s—li-limhina synenromzing ¢athode ol
loser. Power requirements: 105-125 ,olts 50 50 cvel. , AC at
80 v 1M, ie..d. Dimensions: 14)47H x 84"W x 157D,

FREE 1964 CATALOG |
See these and over 250 other |
exciting Heathkits available in l
easy-to-build kit form. Save |
50% or more by doing the easy |
|
|
-1

assembly yourself! Send for
your free catalog today!

HEATH COMPANY |
Benton Harbor, Mich. 48023

[J Please send my free Heathkit Catalog,
[ Enclosed is 3

-
[

|

|

|

| . plus postage.
I Send model

|

I

|

|

|

L

Name.

Address

City

State

ZipNo. . __
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STOP!
WRECKING YOUR TV...

Inrush surge currents at ‘Turn-On’ destroy more
TUBES, RECTIFIERS, ond CAPACITORS than all
other causes. . . .
EFFECTIVE, AUTOMATIC REDUCTION of the
punishing inrush currents is immediately pro-
vided by the . . .

WUERTH SURGISTOR"

G-C
No.
25-84 !R

‘Natts

Wuerth Workman
fange No No.

4100-2
S0n0-1
BO35-5

NH-1
SR-2
SR-3

Use SURGISTORS with your TV, Hi-Fi, Film
Projector, or ony device requiring inrush surge
current protection. SEE  your distributor or
deoler TODAY. Or, send order direct to us for
prompt action.

WUERTH PRODUCTS CORP.

1931 Moffett St. Hollywood, Florida

I
CIRCLE NO. 147 ON READER SERVICE PAG

E

ELECTRO-VOICE, INC., Dept.

CARTRIDGE PROFITS!

1. More 'look-alike" exact replacement
models than any other brand. Over 350
needles, 225 cartridges. 2. Easy-to-use
reference material. E-V computer-printed
catalogs make proper needle/cartridge
selection easy, fast and accurate.
3. Highest standards. Rigid quality con-
trol and inspection cuts call-backs, gives
full value to every customer. Stock and sell
E-V needles and carlridges for more profits,
today! Write for FREE replacement guides!

24N Buchanan, Michigan

EleithoYores

BETTING MEW STANDARDS IN SOUND

CIRCLE NO. 115 ON READER SERVICE PAGE

64

TEST

EQUIPMENT

PRODUCT REPORT

“Knight-Kit” Ten-2 CB Checker

For copy of manufacturer’s brochure, circle No. 48 on coupon (page 15).

e g on s 4

HIGHLY versatile, multiple-purpose
tester for the CB user and techni-

cian is the new Allied Radio “Knight-
Kit” Model Ten-2.
transistors, four crvstal diodes, a T-na,
meter, a multi-function switch, a handful
of parts, and some ingenuity, the com-
pany has come up with an instrument
that does just about evervthing for the
CB-er.

By using just two

The unit measures standing-wive ra-

tios with the usual bridge circuit. (The

antenna is one arm, while a puair of
50-ohm wand a 31-0him, 5% resistor are in
the other anms.) Tt measures output
power directly in watts using a built-in
30-ohm, 5-watt resistor. The audio-
modulation signal is detected from the
output of the CB transceiver for an indi-
cation of modulation percentage, both
positive und negative, By using the built-
in whip antenna, one of the diodes, the
audio transistor, and meter, we have a
field-strength meter and a signal monitor.
To check ervstal activity, we merelv plug
onr crystal into the r.f. transistor oscil-
lator circuit and read collector current.

The unit can be used to troubleshoot
the CB receiver by providing an r.{. out-
put signal (crvstal oscillator using the
r.f. transistor) that is modulated by
means of an andio oscillator (using the
wf transistor) . Our schematic shows the
arrangement used. The output of the
audio oscillator is also available sepa-
rately for signal-tracing the CB rig's au-
dio stages. What is more. a key can he
inserted into this circuit permitting its
use as a code-pructice oscillator. All in
all, the tester performs no less than ten

Ro1 TR-1 SIG GEN OUuT
ok e
8 c-4 c-18 c-5
T~ L-2 ‘
XTAL 6.2 |upt 27|upt  10|upf
E
R-2 % S
100K 3 -
F34 an! s
Iy 22 ph
S-1B c-l
(REAR) l
‘OI
2 R-8
3K R3y S0
220% Toz
-1 *
| BLUE
c'”_x_ ||
1]
e-e
R-9 o 1
47K 2 g / o
20K o
) a2 (FRONT.) iAri'lsEY
5-TC
;f o {FRONT)
z Do
I
C-11]+ S-1A
(FRONT)
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From Parts...
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To Picture In Just 25 Hours
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Heathkit High Fidelity Color TV For As Low As $349

25 hours of relaxing, rewarding fun! That's all!
And you've built the new Heathkit High
Fidelity 21" Color TV with the finest color
circuitry, components, and performance pos-
sible today. Goes together quickly, casily. No
special skills or knowledge required! So simple
anyone can build it! You'll enjoy 21 inches of
beautiful, high fidelity picture that reproduces
cvery color naturally, realistically, faithfully...
you'll enjoy high fidelity sound that’s sharp,
crisp, clean...and you'll enjoy features and
performance comparable only to units costing
50¢; more!

Compare these Heathkit features
with others: e 27 tube, 8 diode circuit
with optional UHF ¢ High definition RCA
70° 21" color tubc with anti-glare, bonded-
face safety glass Automatic Color Control e
Gated Automatic Gain Control for pcak
performance o 24,000 volt regulated picture
power o Hi-Fi sound with outputs for speaker
and hi-fi amplificr e Deluxe Nuvistor tuner
with “*push-to-tune” fine tuning for individ-
ual channels o 3-stage high gain video L F.
e line thermistor for longer tube life and
thermal circuit breaker for component pro-
tection o Degaussing coil and built-in dot

February, 1964

generator for perfect picture adjustments e
o All critical circuits factory-built and tested
e Can be custom mounted or installed in
handsome walnut cabinet e One ycar war-
ranty on picture tube, 90 days on parts.
Save On Maintenance Costs! In addi-
tion to the initial savings you rcalize by build-
ing this set yourself, you'll save on expensive
repair bills too. The simple-to-follow Heath-
kit instruction manual contains circuit dia-
grams and a “*Servicing Hints™ section so you
can casily make adjustments and replace-
ments should it ever become necessary.

Versatile Installation! The chassis, tubes,
and front panel of the Heathkit Color TV
can be mounted in the handsome GRA-53-1
walnut-finished hardboard cabinet. Or if you
prefer, it can be mounted in a wall or custom
cabinet, and the sound signals fed to an ex-
ternal amplifier unit. Required custom mount-
ing space dimensions: 24-3 4”D x 22-1 4"H x
28"W. In this case the GRA-53-3 Custom
Mounting Kit should be ordered to provide
physical support between the chassis and
front pancl.

Optional UHF! An optional UHF tuner is
available for coverage of channels 14 to 82,

CIRCLE NO.
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Kit GR-53, chassis and tubes,
TI8Ibs o ovviiinnnn, $349.00

GRA-53-1, walmut cabinet, 70 lbs. . . $49.00
GRA-53-2, opt. UHF tuner, 3 Ibs. . . .520.00
GRA-53-3, custom mounting kit, 10 lbs. $4.00

FREE 1964 CATALOG |
See these and over 250 other |
exciting Heathkits available in |
easy-to-build kit form. Save |
50% or more by doing the easy

assembly yourself! Send for |
your free catalog today! |

- HEATI—I:B::T* -
dy Fimgads e -I
15-2-5
HEATH COMPANY
Benton Harbor, Mich. 49023
| O Enclosed is $
I model (s)
I O Please send my Free 1964 Heathkit Catalog.

A |

|
|
|
_. plus shipping. Please send |
|
|
|
|

| Name

| Address

e e O o)

Buy Now! See Order Blank Page
65
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CHALLENGING OPPORTUNITIES

TECHNICIANS e DESIGNERS

rapidly expanding
IBM Components Division

Chemistry: Assignments in semiconductor process development
and process manufacturing. Familiarity with encapsulation, photo
+ resist technology, diffusion, or vacuum deposition is required.

Metallurgy: Positions are in semiconductor material preparation
and failure analysis. Experience in epitaxial growth techniques
or microfailure analysis is essential.

Physics: Opportunities in semiconductor device development.
These positions require experience in device evaluation, high-
vacuum technology or diffusion techniques.

Electronics: Assignments in semiconductor circuits and device
characterization. Experience in device test techniques or complete
tamiliarity with transistor circuit performance is desirable.

Calibration: These positions require 2-3 years’ experience in
maintenance, calibration, and repair of commercial instruments
such as oscilloscopes, generators, meters, power supplies, and
other complex electronic test equipment.

Electromechanical Design: Challenging assignments in complex
mechanism, design for electromechanical processes and for test

equipment.

Mechanical Design: Opportunities are in the design of complex
tools, jigs, and fixtures used in high-speed mechanical assembly

equipment for the fabrication of semiconductor devices.

A certificate of completion from an accredited two-year technical
school is desirable. Geographic location of the Components Di-
vision is in Dutchess County, approximately 65 miles north of New
York City. Liberal company-paid benefits including relocation and
tuition refund.

Please write, outlining interests and qualifications to:

R. J. Jacobs, Dept. 650P
IBM Components Division, P.O. Box 110 M
Poughkeepsie, N.Y.

@®

INTERNATIONAL BUSINESS MACHINES CORPORATION

An Equal Opportunity Employer
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separute functions that are useful to the
CB operator and technician, Over-all ac-
curacy of the readings is about 10 per-
cent.

The tester is completely portable and
compact, measuring only 5%”x 7%”x 44”7
and weighing less than 4 Ihs. The cab-
inet comes with a convenient carrving
handle. The unit is operated by a single
9-volt battery that should last a [airly
long time because of the low cirent
drain. This battery can be checked by
the tester itself; replacement is called for
when the reading on the meter is
below the “Batt” mark on the meter’s
power scale.

The assembly manual for the kit is
extremely clear and easy to follow, while
the operator's manual covers the vurious
funetions completel and analvzes cach
of the separate circuits incorporated into
the tester. The Model Ten-2 is available
from Alied Radio in Lit form at $29.953,
or factorv-assembled at $39.95, A

A&M Instrument Model 1300
Universal Lah Standard

For copy of manufactiurer's brochure,

circle: No. 49 on coupon (page 15).

PRS0 D

71‘ HE Model 1300 performs a number
of measurements at levels of preci-
sion ordinarily lound only i single-func-
tion laboratory standards. The compact,
lightweight, portable standard can be
used for cither a.c. or d.c. measnrements
as a voltmeter, ammeter, milliammeter,
true rans. voltmeter, and frequency me-
ter. Accuracies from 1 percent full-scale
up to 0.1 percent expanded scale are
obtained.

The instriment gains its versatility by
the use of Expando adapters, which
change the scale ranges when pligged
into the busic meter. Each adapter is de-
signed to establish the desired end points
for the various zero-based or expanded-
scale ranges. The voltage. amperage.
and frequency ranges are easilv read on
the wide 7-in. meter scale. This provides

ELECTRONICS WORLD
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with Heathkit

I 3

Line up those faulty, suspected or ques-
tionable electronic components encount-
ered in daily service work and give them a
complete and thorough test with accurate,
dependable  Heathkit test instruments!
Heathkit test equipment is recognized
nation-wide for its value and performance
at low cost. Latest design features and
quality components team-up to bring you
complete up-to-date test facilities that are
unsurpassed in their field. As the world’s
fargest kit manufacturer Heath brings you
extra savings through volume purchasing
power In addition to savings realized by
buying direct! Equip your lab or service
shop with Heathkit now and enjoy the
finest at the towest cost!

Heathkit Deluxe Capacitor Checker

e Safely tests all capacitor types—includ-
ing miniature clectrolytics o Low bridge
voltage e Direct reading scale—no in-
volved calculations s Measures capacity
or resistance directly with internal stand-
ards e 16 switch-selected leakage testing
voltages o Calibrated power factor control
e "Exe” tube indicator o Measures “L”
“CU0 or "R with external  standard
e Easy to build and operate with complete
instructions furnished o An instrument no
test bench should be without!

SPECIFICATIONS—Test circuit: AC brdas, poserd
thiouah pecial brcac tanssemer by an irtorral €0 cyel
supPe y o1 by an external audic aer rates vt 10 volts culput,
Upp. 1 tiequency imit: 10 ke, Capacitance, 4 ranges: 10 uuf

February, 1964

CIRCLE NO.

to .005 ufd: .001 ud to .5 ufd, .1 u'd to 50 'd 20 uld to 1000
utd. Capacitor leakage: DC st voltaa s vom 3 to 600 volt «
in 16 steps. Resistance, 3 ranges: 5 onms to 5000 ohms; 500
ohms [0 500 K ohms; 50 K ohms {o 50 megonms. Comparator
circuit: External standard R, L o« C: Max. Ratio 25-1. Power
supply: Transformer-operated, half-wave irctitior, Power
requirements: 105-125 volts AC, 50/60 cyc'es, 30 watls. Di-
mensions: 94" high x 6147 wide « 5% dr p,

Kie IT-11 .. .7 ths.. ... oo . ....829.95

Heathkit Mutual Conductance Tube Tester
e Finest tube tester value in the industry!
e Provides complete and thorough tests of
all tube types o Indicates Gm to 24.000
micromhos e Ultra-sensitive grid current
test o Direct reading ohmmeter leakage
test o Built-in switch-operated calibration
circuit o Constant current heater supplies
e Life test o Built-in adapter for com-
pactron, nuvistor. novar & 10-pin minia-
ture tube types o Tube data subscription
service available.

SPECIFICATIONS—Power requirements—Voltage: 105-
125, €0 cycle AC. Watts: 1010 v oo el nb Lpoe tube unaer
tee 1y, Plate supply: (SILICO" RECTIFIERS:. DC volts: ",
A0, 175, 775 4 by POA 00 (S pavats DC urn y fer cpace
cnarge anf ), AC volts: L0 55177, Bias supply: (SILICQON
RECTIFIER). Low range: U tu - nati.e 5 .nlt DC. High

range: G to n: 11ti.- 20 oits DC. Signal voltages: 2, 1,
25 wolts £C 5000 ¢,clr . Filament supply voltage: .t5, 1.1,

wn

U2y 205,03, 7.5,10.17,. 70, 1T, 4070 ard 145,
Current 300, 450,100 mma, (Mot Filam. rt . 3'ame 1, e duce |
10 duang ot ), Testing circuits Gm: (MAutual con-
ductarc- -amr e ) 0 LL00C micomnn . Emission: R cti-
firc ana o e . Leakage: Direct radin: ahve o tor, Grid
current: !, mia~ampen -ttty Voltage regulators:
Fuirg voltade ara noaalatioon ol vanc . Low power thyra-
trons: Grid charactenstic-, ¢reduction caprbilite , Eye
tubes: Contiol na f tharact + ~tic . Meter AC: 1300chms/.olt

(aoltrull ncal ), DC:F9 v tu +¢ 1o, Scales: G 0-3000
micrombos. VR e tvo i~ 0 Z00. 1., Leal 10 N aohms,
Dioudes O.K, Ricnfiors OK. Line cneck at mridscale,
Tube complement: (1) 244 ¢ liat v {1014 Lo metor cone

www.americanradiohistorv.com
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trol. Calibration circuit: Built-in sailch oncratrd. Socket
accommodations: 4-pin, 5-pin, 6-pin, 7-pin combination and
prlot haht, 5 & 7-pin nuvistor, 7-pin miniature, 7.pin sub-
minature, 8-pin sub-miniature, octal. loctal, -pin mimatu -,
2-pin, Novar, ten-pin muniature, 12-pin Compaction. Line
voltage adiustment: Continuously variable. Rell chart
mechanism: Constant tencion, free rolling, thumbuwhee!
operated, 1lluminated. Dimensions: Cabin ! (outside): 174"
W x 13)2" H x 84" D. Panel and chassis: 17" W x 12%" H
«5):" D.

Kit TT-1A4 ... 34 1hs............. $149.95

FREE CATALOG

[
'
Send for your Free copy :
today! Fullydescribes over |
250 exciting Heathkits at |
savings of 50% or more! |
Choose from the world's 1
largest selection of quality !
instruments in easy-to- !
assemble kit form! :

HEATH COMPANY
Benton Harbor, Mich. 49023

[J Please send Iree 1964 Heathkit Catalog.

[JEnclosed is § . plus postage.

Send model(s).

Name

Address

City State Zip

Buy Now! See Order Blunk Page!
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NEW FROM ATR

ALL-TRANSISTOR

vt Pice: 29.99

. for those who want the finest!
Check the features of this all-new,
all-transistor Model 707 Karadio by
ATR . features galore that make
sales easier. keep users happier! Com-
pare . . . and without hesitation place
vour order NOW for the new all-
transistor ATR Karadio.

e large easy-to-read (luminated dial
Finger-tip tone control to adjust tone as you desire.
e 7 tuned circuits including RF stage to provide maxi-
mum sensitivity and selectivity
e Automatic volume control to keep signals strong
and steady
Utilizes ‘solid state’ construction employing 7 semi-
conductors (5 transistors and 2 diodes)
Superheterodyne circuit.
3-Section Super ' Magna-Wave'' tuner.
Hand wired No printed circuitry.
Has one-piece self-contained chassis for easy (nstal-
lation.
e “Fits-All" unmiversai construction. For use with prac-
tically all import and American cars and trucks.
e Fits under-dash or in-dash utilizing standard trim
plate kits.
Comes complete with built-in speaker.
External speaker jack provided.
Availlable for 12-volt negative ground installations
only.
e Low battery drain.

“eutral Gray-Tan baked enamel finish. Overall size
approximately 5% deep x 6%~ wide x 2” high. Ship-
mng Weight 5 Ibs.

SEE TOUR ELECTROMNIC PARTS DISTRIBUTOR
WRITE FACTORY FOR FREE LITERATURE . ...

LECTRONICS, IHC

ST. PALL 1, MINNESOTA=LL5.A

CIRCLE NO. 72 ON READER SERVICE PAGE
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high resolution and  easy readability.

Expanded-scale plug-in adapters are
available in standard ranges with center-
scale values from 20 through 300 volts
a.c., d.e.and true romes. volts. Zero-uan-
titv and expanded-scale adapters can
also be plugged in for amperage ranges
up to 10 amps full-scale. The standard
adapters for frequency measurement are
centered at 60 or 400 ¢ps.

The expansion network consists of a
balanced Wheatstone bridge nsing linear
and non-linear elements. Coupled with
appropriate resistors, the non-linear ele-

ment (actually a zener diode) balances
the bridge network at the desired low
or starting voltage value. When the in-
put exceeds the null value, the bridge
coes ont of balunce, actnating the meter
movement and causing the pointer to
swing np-scale. A resistor is added to
limit the meter deflection at the maxi-
mum value required.

The price for the basic meter and car-
ryving case is $753. Single plug-in adapters
are priced at about $235 for voltage,
$37.50 for current, $42.50 for true rans.,
and SGO for frequency measurements. A

Seco Model

88 Tube Tester

For copy of manufacturer’s brochure, cirele No. 30 on coupon (page 13).

AOOEL
{ '\“-.I yoSE TESTER

YiEE INDEX . FETUP DATA

’I1 I Seco Model 88 is a compact tube
tester designed to check modern ra-
dio, TV, industriul. and foreign tube
types. As a new feature, it now includes
tests [or TV picture tubes.

The tube nnder test is introduced into
a resistive bridge circuit. Varions volt-
ages are applied so as to vield informa-
tion that is amplified by a 12AU7 tube
(see circuit), whose output is metered.
By using such a vacuum-tube meter cir-
cnit, very low test voltages (23 v. d.c. or
22 v, a.c..maximum) and current can be
used. These eliminate shock hazard and
the possibilitv of damage to cither the

tester or the tube being tested. This is
particularly important when testing the
new frame-grid tvpes, which may easily
be damaged by excessive voltages.
Three hasic tests are available: (1)
arid circuit: (2) tube merit: and (3)
heater continuity. The patented grid-cir-
cuit test detects grid emission, reverse
arid current, and evidence of gas con-
tent. Sinnltaneously it performs a com-
pound inter-clement leakage and shorts
test. The tube-merit test applies 22 volts
a.c. throngh current-limiting resistance
to the tube elements. A tube emitting
65% of its rated emission will deHect the

>
0-5MA. 10 I
18K 12.7K I h
——{_ ") i 112 12AU7 _-73250
1.5 MEG. e
112 12AU7 v—¢ LOAD G~
47K / K. b
.005| 8.2
T MEG.
27K 22K
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ELECTRONICS WORLD


www.americanradiohistory.com

ere's your only "middleman”...

P E’ 5 6€870EDR1&

ARXREKRREXKAKRK

Just a few postage stamps from Uncle Sam
is all it takes to move your Heathkit from
factory to you. There's no one in between
... no distributors . . . no dcalers . . . no
onc to add expensive, unnecessary cost.
What does this mean to you? It mcans you
have eliminated middleman profits . . | re-
ceived more for your money! It means that
you have put your money in the product,
not its distribution. It means you get better
quality and better performance at lower
cost . . . the traditional Heathkit benefits.

And there are other advantages to deal-
ing directly with the factory. You enjoy
close, personal contact with the people who
designed and built your kit . . . people who
are interested in its performance as a fin-
ished product. Free consultation services
and personal assistance are available to
answer any questions you may have about
the selection, construction. and use of any
Heathkit. Original replacement parts and
factory repair are at your service should
you ever need it. Fast, to-your-door de-
livery is another convenience.

Add to these the significant savings of
do-it-yourself assembly and you’ll sce why
Heathkit equipment is world-famous for
quality and value vour best buy in
electronic kits!

February, 1964
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A Superb Example of Heathkit Quality
... The New SB-300 SSB Amateur Re-
ceiver..........Only $265.00!

Check these Features!

e Professional styling & features at 607
savings!e Complete coverage of 80 through
10 meter amateur bands with all crystals
furnished, plus provision for VHF con-
verters o Prebuilt, calibrated linear master
oscillator (LMOQ) e 25 KC per tuning knob
revolution offers bandspread equal to 10
feet per megacycle o Built-in crystal cali-
brator e 2.1 KC crystal bandpass filter
e Stability of 100 CPS after initial warm-
up e Wiring harness & two heavy-duty
circuit boards for easy assembly.

Check these Specifications!
Frequency range (megacycles): 3.5t04.0, 7.0t0 7.5. 14.0 to
14.5, 21.0 to 21.5, 28.0 to 28.5, 28.5 0 29.0, 29.0 to 29.5, 29.5 to 30.
Intermediate frequency: 3.395 megacycies. Frequency sta-
bility: 100 cps after warmup. Visual dial accuracy: Within
200 cps on all bands. Electrical dial accuracy: Within 400
cps on all bands. Backlash: No more than 50 cps. Sensi-
tivity: Less than 1 microvolt for 15 db signal plus noise to-
noise ratio for SSB operation. Modes of operation: Switch
selected: LSB, USB, CW, AM. Selectivity: SSB: 2.1 kc at
6 db down, 5.0 kc at 60 db down (crystal filter supplied). AM:
3.75 ke at 6 db down, 10 kc at 60 db down (Crystal hiiter available
as accessory). CW: 400 cps at 6 db down, 2.5 k¢ at 60 db down
{crystal filter available as accessory). Spurious response:
Image and IF rejection better than 50 db. Internal spurious
signals below equivalent antenna input of 1 microvolt, Audio
response: SSB: 350 to 2450 cps nominal at 6 db. AM: 200 to
3500 cps nominal at 6 db. CW': 800 to 1200 cps nominal at 6 db.
Antennainput impedance: 50 ohms nominal. Muting: Open
external around at Mute socket. Crystal calibrator: 100 kc
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crystal, +.005%;. Front panel controis: tfain lurina dialt
function switch, modz switchi AGC switchi band switch, AF
gain control; RF gain control: pre-selectar; phone jack. Reas
apron connections: Accossory powsr plua; HF aricnnar
VHF =1 antenna: VHF £2 anlenna; mute; spare, anti-tnin; 500
ohm; 8 ohm speaker; line cord socket: heterodyne oscillator
outputi LMO output, BFO output. VHF converter swatch, Tube
complement: (1) 6876 RF amplificr; (1) GAUG Hrelerodyne
mixer: (1) 6AB4 Heterodyne oscillator, (1) CAUG LM osc.:
(1) BAUE LMO mixer; (2) 6BA6 IF amplifirr; (1) 64U6 Crystal
calibrator; (1) €HF8 1st audio, audio outpul: (1) 6AS11 Product
detector. BFO BFO amplitter. Power supply: Transiormer
operated with silicon diode rs cliliers, Power requirements:
120 volts AC, 50/60 cps, 50 walts. Dimensions: 147¢" W
x 6%" H x 13%" D.

FREE CATALOG i
Send for your Free copy today! {
Fully describes over 250 exciting |
Heathkits at savings of 50% or |
more! Choose from the world's |
largest selection of guality in-
struments in easy-to-assembie
kit form! i

HEATH COMPANY
Benton Harbor, Mich. 49023

[ Please send free 1964 Heathkit Catalog.

Name _
Address
City State Zip
e sk
—Buy Now—See Order Blank Page
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First
to deliver
uniform,
peak
performance
on all UHF
channels

BLONDER-TONGUE GOLDEN DART

Unique use of Log Periodic principle.

Pclar pattern & 10 db gain uniform across entire UHF spectrum-~
for sharp, ghost-free pictures.

Full bandwidth, flat response (== 14 db) on all channels-
excellent for black & white and color TV.

Ccmpletely pre-assembled—nothing to snap-out, no screws to tighten-
mounts to mast in seconds.

Smallest, most compact of all UHF antennas (17’ long by 214" deep)-
easy to piggyback with any VHF antenna.

Rugged unitized welded construction—no movable joints.
Far deep fringe area reception, stack two Darts with sturdy,
easy-to-use stacking bars.

St pported by intensive advertising program.

Now you can offer a complete UHF installation—antenna,

_UIHJ,_c‘:gnverter or TV booster (if needed)—from the leader
in .

Get details on the exciting new Blonder-Tongue UHF Dart today.

B onder-Tongue 9 Alling St., Newark 2, New Jersey
Canadian Div.. Benco Television Assoc.. Ltd.. Toronto. Ont.
home TV accessories o closed circuit TV o community TV
o UHF converters  master TV
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meter into the “cood” area. In the heater-
continuity test, continuity will cause the
meter to read “good.”

The Model 88 comes equipped with a
duodecal (12-pin base) picture-tube
socket on a 20” cable that is wired for
the above tests. With two universal
socket adapters and the setup included
in the flip chart, over 400 tvpes of pic-
ture tubes can be tested, including the
110-degree deflection types.

The tester is up-to-date for all receiv-
ing tubes including the new novars, nu-
vistors, 10-pin types, and compactrons.
A detachable cover contains indexed
set-up cards, pin straighteners, and oper-
ating instructions. Price of the Model S8
is $74.50. A

AUTOMATIC METER REVERSAL
By IRWIN MATH
HERE are many instances when the
polarity of a d.c. voltmeter has to he
changed frequently. In such eases, a
zero-center meter is usually used. This
limits the available swing of the meler
needle to only half scale. By using the
circuit shown below, a common melter
can be made to reverse automatieally.
The meter is part of a four-diode
bridge and conduction can only take

TO VOLTAGE (EITHER
POLARITY D.C.) "

place in one direction through it. Irre-
spective of the polarity of the voliage to
be measured, the meter will always read
in the forward direction.

The diodes may be any silicon type
that has the required breakdown. For
meters up to 100 volis, 1N91 diodes can
be used with good results. Linearity of
the meter at voltages below 1 volt will
depend on the diodes used. A

RADAR CENTER

“‘Tell the Colonel his wife is coming in
on the radar screen at ten o'clock with
tow truck.”

ELECTRONICS WORLD
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TAKE Heathkit's Deluxe Transistor Stereo Amplifier

Tuner

ENJOY Total "Transistor Sound"

Each instrument with its characteristic sound
reproduced realistically, faithfully, naturally.
This is “transistor sound.”™ No faltering, no
fading, no compromising ... just the quick,
clean sound that only transistors can repro-
duce. You cnjoy this totally different dimen-
sion in stereo listening with the soral transistor
performance of the Heathkit defuxe 70-watt
Stereo Amplifier and matching AM, FM, FM
Stereo Tuner.

Added performance features and
luxurious decorator styling. You enjoy
“extras™ like the unique “push-push™ off on
switch, concealed secondary controls to pre-
vent aceidental system changes, automatic
switch-to-stereo feature of the tuner, and pre-
built, prewired encapsulated component mod-
ules in the amplitier for quick, casy assembly.
You enjoy handsome matched tan vinyl-clad
steel cabinet styling with polished aluminum
trim and soft refracted lighting . .. comple-
ments any decor! Both units arc casy to build
...casy to own! Just a few of the reasons why
you should move up to this all-transistor duo.
Consider the AA-21 Amplilier. ..

Full 70 watts of continuous power, 100
watts music power at + | db from 13 to 25,000
cps. Additional features include 26-transistor,

February, 1964

CIRCLE NO.

10-diode circuitry for cool, “hum-free’ opera-
tion, smooth power delivery, and fast effort-
less ““transient response”; complete freedom
from microphonics; front-pancl mounted
controls with S-position dual concentric
source switch, S-position mode switch, and
dual concentric volume, bass and treble con-
trols: circuit breaker protection of output
transistors and AC power: and encapsulated
preamplifier circuits in 6 epoxy-covered mod-
ules, all factory wired and scaled, ready for
casy installation. Check the AJ-43 Tuner...

Enjoy extra convenience. Automatic
switching to sterco: automatic stereo indica-
tor light: filtered sterco tape recorder outputs
for direct “beat-free' recording; Stereo Phase
Control for maximum separation and mini-
mum distortion; Automatic Gain Control for
constant volume; 25-transistor, 9-diode cir-
cuitry for lower power consumption and cool
operation: individual AM & FM tuning
meters for pin-point tuning; ectffortless fly-
wheel tuning; transformer operated power
supply; and preassembled FM tuning unit
and 4-stage FM LF. circuit board for fast
assembly.

Experience the “transistor sound” of to-

Performance

of Heathkit's Deluxe Transistor Twosome

today ! You'll be delighted with the advanced

features, advanced styling, advanced sound
call at a typical Heathkit value price.

Order both units now!

Kit AA-21, amplifier, 29 1bs.o oo u. . 5139.95

Kit AJ-43, tuner, 18 bs.. oo S119.95

| FREE 1964 HEATHKIT CATALOG |
| See Heathkit's complete line of advanced |
| stereo/hi-fi equipment as well |
HmATII ey as color TV, electronic organ,
| radios, amateur radio, test & i
| lab, marine, and educational |
| equipment. Over 250 in all ... |
| the world's largest selection! |
Send for yours now!
L. ——d
—— et _
15-2-6

| HEATH COMPANY |
: Benton Harbor, Mich. 49023 :
| O Enclosed is § . plus postage. Please send |
| model (s) . . |
I [ Please send my Free 1964 Heathkit Catalog. I
I Name I
I Address —— E
| city o State Zip . _

e HF-150 1

. . 710 . . - !
morrow, with the total transistor performance Buy Now! See Order Blank Page !
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Goliath of

WONDERSHAFTS

Free standing . . . rugged . ..

heavy duty . .. 2-section . ..

fiberglass whipiwith bronze

mounting flange: — these are the

characteristics ofy STYLE 202.

H

Constructed by the exclusive Co-

lumbia Products process, this

]
WonderShaft antenna is excel-

lent for base stétion and ship-

TYLE 20235 ..
m overaif height’ 15
E
= #
T ,z .’(\ o

? COLUMBIA PRODUCTS COMPANY
J Shakespeare Co. Subsidiary, Columbia, S. C.

CIRCLE NO. 108 ON READER SERVICE PAGE

. ELECTRONICS

V.T.I. training leads to success
as technicians, ficld engineers,
specialista in commumcations,
guided  missiles.  computers.
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic En.zi-
neering Technology, an ECPD
accredited Technical Institute
curriculum, Assoc. degreec 1n
29 mos. B & also obtainable
G I. approved Graduatesn al
branches of electronics w.th
major companies, Start Feb..
Sept. Dorms. campus High
senoal graduate or equivalent.
Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
- [ P e S S
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TV NEWS

NE of the major problems associated
with some types of whf. tuners and
converters is the fact that the local os-
cillator acts as a low-power transmitter
that radiates an interfering signal to a
neighboring TV set.

The FCC has noted that operation of
a set manmfactured after Dec. 310 1957
that does not have a label showing the
unit complies with the radiation limits
set down by the FCC is prohibited.

The level of this vadiation was orig-
inally set at 300 microvolts-per-meter.
However, a temporary grant of 1000
microvolts-per-meter has been allowed
but will come to an end April 30, 1964,
the date on which the all-channel TV
law becomes elfective.

The ETA will ask the FCC to extend
the temporary 1000-microvolt radiation
limit for one more vear in order to give
the industry time to test the widely held
beliel that the use of transistor tuners
will reduce the radiation to the lower
level songht by the FCC.

Recent laboratory tests strongly in-
dicate that manv present-dav tube tuners
cannot meet the 500 microvolts-per-
meter radiation limits originally set down
by the FCC.

During 1962, industry tests of 253 re-
ceivers using tube tuners showed that
only 141 of them had radiation under
500 microvolts, while in similar tests
conducted this vear. only 110 out of 242
receivers were within the lower limit.

In a report on 11 sets using transistor
tuners, onlv five were under the FCC
300-microvolt limit.

U.H.F. With Detents
All of the known w.h.f. tuners and
converters on the market at this writing
are continuously tuned; that is, there
are no stops or detents to indicate when
the tuner is at some particular channel.
During a recent visit to the midwest,
we dropped in at P. R, Mallory & Co. to
view some of their lutest developments,
including a detent-type w.h.f. timer.
Using a rotating-wiper, tuned-line ap-
proach, Mallory engineers have come up
with a simple-looking mechanical detent
device that permits customer adjustment
ol the six detents provided. Other
detents can be added as required.
The unit feeds the 40-me, L.f, of any

WWWwW.americanradiohistorv.com

conventional v.hf. TV set and
diode mixer and transistor local oscillator
to provide a noise figure of abont 12 db
and image rejection of about 35 db. Be-
canse of the mechanical arrangement,
the tuner cun be remotely operated.

Hses a

Smaller and Smaller

Looking at the innards of a present
dayv multi-transistor radio or TV set,
one wonders if it is possible to get anv
more parts in such a small space,

Some recent developments in thin-film
technigques makes it look like the only
service problem in future will he just
to determine which module is at fault,
then replace it with a good one, The
faulty one is thrown awav. Probably no
more eftort than replacing a tube.

For the uninitiated. thin-film tech-
niques are similar to making smoked
glass using a candle flame to deposit a
laver of soot on the ¢glass. If vou place a
mask on the glass before sooting, then
when the mask is removed, only the sil-
houette remains. Instead of nsing a cun-
dle flame, various materials can he
evaporated in a vacium and deposited
on a substrate (base material). Masks
are used to deliueate the desired pattern.

Such  microminiature circnits  came
closer to reality as a resnlt of develop-
ments made at the Armv’s Harry Dia-
mond Labs. where laboratory engineers
recently fabricated and operated a pair
of 30-me. if. amplifiers made from
vacuum-deposited thin-film conductors.
resistors. capacitors. and an inserted coil
and transistor. The amplifiers had power
gains of 15.1 and 147 db, with a band-
width of 10 mec.

The thin metal-film resistors are ex-
pected to he more stable than conven-
tional sereen-printed carbon composition
tvpes and the thin-film capacitors were
made using a diclectric laver of silicon
monoxide with aliminum electrodes.

The significant accomplishment of
this work lies in the substitution of
vacium - deposited, thin - film resistors,
conductors, and capacitors for the con-
ventional printed and inserted parts,

When active elements such as semi-
condnctors can be fabricated by thin-
film techniques. and a complete thin-filin
circuit made, the potential of these de-
vices will be realized, A
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What makes Heathkit
your best bet for kit value?

Advanced Engineering Design and Features

Heathkit products incorporate the latest
in design features for outstanding per-
formance and operating convenience. Each
new kit design is put through several
stages of rigid, precision-demanding tests
that assure you of finest quality for extra
years of reliable service.

Each Heath product group has its own
staff of engineers and technicians who are
specialists in clectronic kit design. This is
your assurance that your Heathkit will
assemble in the casiest possible manner
and meet or exceed its published specifi-
cations.

Complete, Easy-to-Follow

Assembly Manuals

Heathkit construction manuals are world-
famous for their clarity and attention to
detail. Each step of assembly is so care-
fully detailed that it’s almost impossible to
make a mistake. Large pictorial diagrams
guide you every step of the way . .. show
where cach part is connected. Heathkit
manuals are complete! . . . separate sec-
tions include tips on the operation, use,
maintenance and service of your kit to
assure cxtra years of trouble-free service.

Extra Service for You

Free factory consultation service. An expert
staff of technician-correspondents is ready
to assist you in the seclection, use and
operation of your Heathkit. Should you

experience any difficulty with your kit or
its construction, just drop them a line and
they will be happy to assist you in cvery
way.

Factory service facilities. Factory-trained
technicians in our modern, non-profit
service department will thoroughly test and
repair any Heathkit for a low minimum
service fee as outlined in the kit.manual.

Factory authorized service centers. An cx-
clusive chain of Heathkit authorized serv-
ice centers has been organized to provide
fast, convenient, local service and parts
replacement.

You Enjoy Biggest Savings

You buy direct. Dealing direct with the
manufacturer climinates extra “middle-
man” profit margins and high distribution
costs. This makes it possible to bring you
more real quality at minimum cost.

You cash in on quantity buying. The Heath
Company is the world's largest manu-
facturer of clectronic equipment in kit
form. This dominant position in the ficld
with its tremendous purchasing power rc-
sults in extra savings through volume
buying that are passed on to you in the
form of lower priced kits.

You save high labor costs. You do the casy
assembly yourself following simple di-
rections ... it's like paying yourself several
dollars an hour! It's actually fun to build

your own equipment and you'll learn more
about it as the assembly progresses.

World's Biggest Kit Selection

Over 250 kits to choose from! Whatever
your interest, whatever your need, Heath-
kit has a kit for you. Sclect from a com-
plete line of Sterco Hi-Fi music com-
ponents and systems, Test and Laboratory
instruments, Amateur Radio cquipment
and accessories, Marine clectronics gear,
Citizen's Band Radio, Educational kits,
Automotive, and General Hobby items,
including an Electronic Organ, Color TV,
Garage Door Opener and many more!
... alb at savings of up to 5095!

Liberal Credit Plan

Heath's casy time-pay plan lets you order
and build the kits you nced now while
you pay for them in easy, convenient
monthly installments. You pay no money
down on orders of $25 to $600 . . . take
as long as 18 months to pay. Liberal
credit terms are also available on orders
over $600. Simply drop us a line for de-
tails. As an extra feature you can “add-on”
purchases of $25 or more after three
payments on the original order.

Export Models Available

Export models are available on certain
popular Heathkit items for 115/230 volt
50-60 cycle AC operation. Write for full
details on the particular products in which
you are interested.

F——————

& = aznxT

HEATH COMPANY
Benton Harbor, Michigan 49023

Buy Now—Use this Order Blank

15.2-4

Note: AIll prices and Quantity

specifications subject

Model

Description

Wit. Price Ea. Total

to change without no-
tice.

Enclosed find [0 check

O money order.

Please ship C.0.D. O

On Express orders do
not include transporta-

fion charges—they will
be collected by the ex-

press agency at time of

delivery.

On Parcel Post orders
include postage for

weight shown.

All prices are net
F.O.B. Benton Harbor,
Michigan and apply to

Continental U. S. and
Possessions only. 20%
deposit is required on
all C.0.D. orders,

NAME

SHIP VIA: [] Parcel Post

[ express [ Freight [] Best Way

Postage
Total

ADDRESS

(Please Print)

CITY

STATE

ZIP NO

[[] Please send free Heathkit Catalog.

CL-167
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MINIATURE REGULATED
POWER SUPPLY

By JOHN POTTER SHIELDS

Economical regulated power supply for small current
drains also features variable voltage output level.

RIGINALLY designed to fill the gap

between simple gaseous VIR tubes
and the more expensive lab-tvpe regu-
lated power supply, this miniature unit
is physically small enough to be ineluded
in a larger picce of equipment, vet it
offers the advantages of variable voltage
outpnt  (110-250 v, superior regula-
tion as compared to V'R tubes. inherent
electronic filter action, and a regulated
current output to over 40 ma. The neon
relererce famp can be mownted on the
front of the chassis to serve both as a
pilot Tlight and regulation monitor,

FFig. 1 is the sch=matic of the complete
power supplv. The power transformer
T, in conjunction with V1, supplies
pulsating d.e. which is smoothed by C1.
V2A and V28, the pentode und triode
sections of an ECL-82, serve as series
regulator and d.c. amplifier respectively,
The ECL-82 is originally intended to he
used us a voltage amplifier and power
outpnt stage in compact audio amplifiers.
PL1 is a NE-2 ucon lamp enclosed in a
pilot light housing, and serves to stabilize
the voltage at the cathode of V28,

In operation, the pulsating d.c. output
from V1, smoothed somewhat by C1, is
applied to the plate of the series pass
tube V2A. The cathode of V2A is con-
nected to the positive ontput terminal of
the supply, so that V24 is effectively in
series with any Joad connected to the
output terminals. The operation of V2A
can be understood i one considers it as
nstantaneously variable resistor. When
the control grid of V2 is made negative
with respect to its cathode, it will appear
as a very-high resistance and, as such.
will pass very little ciurent. As the con-
trol grid is made less negative, V2A's
effective resistance will decrease und it
will pass more crrent. Thas, the resist-
ance and therefore the amount of cur-
rent passed by V24 is dependent upon
its value of control grid bias.

A voltage divider, consisting of R2,
RiB, and R4, is connected across the ont-
put of the supply. By means of this di-
vider, the slider of R3 “samples™ a por-
tion of the positive output voltage and
applies it, through isolating resistor R3.
to the control grid of d.c. amplifier V2B,
Neon lamp PL1 holds the cathode of
V2B at a fixed positive voltage with re-
spect to ground.

Assume that the load conmected to the
output terminals suddenly druws more
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current. This will cause a drop in posi-
tive voltage at the supply outpnt termi-
nals. This drop in voltage appears at the
slider of R3, and hence at the grid of
V2B. The tube “sees™ this decrease in
positive voltage as an mcrease in nega-
tive garid voltage with respect to its
cathode and. as a result. its plate current
will decrease. This will decrease the volt-
age drop across its plate Toad resistor R6
and its plate voltage will increase. Since
the control grid of the series “pass tube”
V2A is directly connected to the plate
of V2B, as the positive potential of V2B
increases, so will the control grid voltage

1/2 ECL-B2
V2,

of V2A. The elfective resistance of V2A
will now decrease and more voltage will
be available at the supply’s output ter-
minals.

The same effect, in reverse, occurs if
the load current decreases. V2B’s control
arid hDecomes less negative with respect
to its cathode and its plate current in-
creases. This increases the voltage drop
across R6 and V2B’s plate voltage be-
comes less  positive, decreasing  the
positive arid voltage on V2A. V2.\s re-
sistance now increases and the voltage
supplied to the load drops.

Capacitor C2 serves a very important
purpose. Any ripple voltage appearing
at the ontput terminals is coupled hy C2
to the control grid of V2B, Since the
action of the regulator is just about in-
stantancous, it sees the ripple voltage as
a change in output voltage, and responds
accordinglv. The effect of this is the
climination of bulky filter components
for equivalent filtering.

Fig. 2 shows regulation performuance
of the supply. The output voltage will
vary less than 5 volts from no load to a

R6&

1/2 ECL-B2
v2g

9

117 V.AC, T

— 1
exa [ | €=Zzzz2~ 1 -----—
Vi
. o RI
| [ a O
| +
A ¢ 3 =
y | _lc
N = - PLI R3
vz
5
= R4
e \Wy l— 0
O
6.3V.
-0

RI--250 ohm, § w. wirewound res.
R2- 39000 ohm. 15 w. res.
RI—INO.00M0 ohm, linear-taper pot
R+ 33.000 ohm, ¥y w. res.
RS—150.000 ohm. V5 w. res.
R6—270.000 ohm, by w. res.
C1—20 uf.. 350 v. elec. capacitor

Fig. 1.

C2 1 uf.. 600 . paper capacitor

PLI—NE-2 ueon lamp

TI- Power trans. 240-0-240) ». @ 60 ma., 6.3 v.
w275 a. (Stancor P-6348 or equiv.)

SI—S.p.s.t. togele switch

VI—6XA tube

V2—ECL-82 tube

Schematic and parts list. Dotted capacitor is for optional extra filter.

Fig. 2. Regulation of the supply with load shows that it is good to about 40 ma.

250

200

150

OUTPUT -VOLTS

(o} 5 i0 15

20 25 30 35 40
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load of 35 ma. at 200 volts output. At
40 ma., the output voltage is down just
5 volts from its no-load level.

Between zero and 30 ma. output cur-
rent, the supply will deliver an output
voltage anywhere from 110 to 250 v.
depending on the setting of R3.

The output ripple voltage is less than
3 mv. for load currents less than 5 ma.
Ripple increases to 3 mv. at 20 ma. This
increase in ripple could be reduced at
higher current levels by using an addi-
tional filter capacitor as indicated by the
dotted lines in the schematic. Capaci-
tance should be the same as C1.

The 6.3-v. heater winding is brought
out to terminals on the 4-screw terminal
strip. Neither side of this winding is in-
ternally grounded as some applications
require a floating heater supply.

When the unit is completed, check the
wiring to make sure that all is in order.
Set the voltage control R3 to the “mini-
mum voltage” position (towards R2),
and comect the line cord to a source of
117-v.a.c. Switch the supply on. After
about 30 seconds, the NE-2 shounld light,
indicating that V2B is drawing current.
Connect a d.c. voltmeter (250 v.) across
the output terminals. With the voltage
control in the minimum position, the
meter should read approximately 110 v.
There may be a slight variation due to
tolerance variations of the components.
As the voltage control is rotated, the
output voltage should now increase. 1If
vour unit operates in accordance with
the above checks, you can assume that
all is in order.

The supply will tend to drop ont of
regulation under certain conditions of
high-voltage and high-current ontput.
The panel-mounted reference tube PL1
is a handy indicator for this, as it will go
out as soon as the supplv drops out of
regnlation. A

MORE CB-ERS IN TROUBLE
HE FCC has announced the apparent
liability for forfeiture of 3100 each

on 15 CB class D station licenses and one
ship station license.

Those involved in the latest erackdown
include: Herbert M. Harris, Grantsbhoro.
N.C.: David L. Angeles:
Thomas J. Zimmerman, Mays Landing,
N.J.: Leroy Quillman, Milpitas, Calif.:
J. M. Middlebrooks, Lithia Springs, Ga.:
Nuash  Carlisle, Baltimore: Roger 1.
Grider, Long Beach, Calif.: Johnny Tug-
gle, Atlanta, Ga.: Junior lLee Bowling.
Rome, Ga.: John H. Thorpe, Buena Park.
Calif.: James P. Bryant, Lynchburg, Va.:
Brouno I. Sangtinette, Jr., Metairie, La.:
Paul Sehmal, Adantie City, N.).: Earnest
C. Fortenberry, Cleveland, Tenn.: and
John F. Ovvis, Pacific Palisades, Calif.
for Ship Station W1.-3119,

All exeept Tuggle, whe was eited for
communicating with other CB stations
contrary 1o the rules of Sect. 19,61 (a),
have failed 1o respond to official notices
and are subject 1o the monetary for-

feitures, A

Morgan, lLos

February, 1964

& Tests ollage Ftegm:i:;ls;
puto
pyratrons,
-:-I.g'::ﬂd Tubes. furopean
Hi-Fi Tubes, and Wany

|ndustrial TYPES

/BJ{ PROFESSIONAL QUALITY

AT LOW COST

Model 600 Compact Portable Dyna-Quik
Makes Tube Testing Quick, Accurate, Profitable!

It’s amazing how quickly you can accurately check out tubes
on every call—sell more replacements, and make more money —
with this up-to-date, low-cost professional quality tube tester.

Checks for all shorts, grid emission, leakage, and gas. Checks each
section of multi-section tubes separately. Checks tube capability
under simulated load conditions. Rejects bad tubes, not good
tubes. Quickly reveals tube condition, saves customers, stops
call backs, increases servicing profit,

Exclusive adjustable grid emission test. Sensitivity to
over 100 megohms. Phosphor-bronze socket contacts.
Complete tube listing in handy reference index.
Handsome, sturdy leatherette-covered carry-case.
Size 814" x 11" x 414", Net, $7495

QUICK, DIRECT, ERROR-FREE
READINGS WITHOUT MULTIPLYING

Model 375 Model 360
VTVM ¥ O Matic
Met, $83.95 MNet, $59.95

See Your BAK
s tsitutar
of Wale far

Catalog
ARZLM

‘K

BaK MANUFACTURING CO.
Civigipn o! DYNASCAN CORPORATION

1801 W. BELLE PLAIMNE « CHICAGD 13, ILL.

Canade: Allar Rodia Corp., S0 Wingeld, Teranfo |¥, Onf,

Esporl. Empire Exporlecr, 253 Erondwoy, Mew York 7, U5 A,

CIRCLE NO. 165 ON READER SERVICE PAGE

s« ELECTRONICS WORLD
il

EVERY
MONTH 5

K.

i

:?i

Fleehonies Wy

W1

name

address

city zone
state

Check one: ] 3 years for $12

1 2 years for $9 [J 1 year for $5
In the U.S,, and possessions.

] Bill me

Foreign rates: Canada and Pan American Union
countries, add 50¢ per year; all other for-
eign countries, add $1.00 per year.

[ New [ Renewal

Mait to: ELECTRONICS WORLD

Dept. 1-1241, 434 S. Wabash Ave.
Chicago 5, Il

] Payment enclosed

www.americanradiohistorv.com

75


www.americanradiohistory.com

Beware

]

4,171,
IMITATIONS

INSIST ON

"Nos
OISE

o VOLUME CONTROL
and Contact Restorer
e TUNER-TONIC
for ALL tuners
including wafer type
¢ FORMULA EC-44
for ALL electrical contacts
FREE with ALL No-Noise Products
5" Plastic Extender Push-button Assembly

for pin-point applications. Does not cause
shorts!

14 Years of Recognized Leadership

ELECTRONIC CHEMICAL CORP.

813 Communipaw Ave., lersey City 4, M. J.
CIRCLE NO. 116 ON READER SERVICE PAGE

TRANSISTOR
IGNITION

READY-TO-INSTALL CONVERSIONS

YOU can get TGP MILEAGE, HIGHEST PERFORM-
ANCE. LONGER POINT & PLUG LIFE, BETTER WIN-
TER STARTING, and MANY OTHER ADVANTAGES with
one of our INEXPENSIVE TRANSFIRE systems.
These include HERMETICALLY-SEALED AMPLIFIER,
HIGH-RATIO COIL, BALLASTS, Leads & hardware.

MODEL T 6 or 12v. neg. grd. ....... $35.95
MODEL T2 TWO TRANSISTORS,
250:1 coil ... $41.95
MODEL TP 6 or 12v. pos. grd. direct
installation wo. insulating points .. $49.95
MODEL TS Special. 30kv system .... $47.95
MODEL TS2 TWO TRANSISTORS,

400:1 coil .. $44.95
TWO-TRANSISTOR KITS Everything needed to build
conversion. Includes transistors, coil, ballasts.
heat sink. decal. etc

KT2 with TX250 coil for 30kv output . $32.85
KTS2 with T400 coil for 40kv output . $34.95
KT1 one transistor with 400:1 coil . $21.95

G or 12v. Negative-ground only. Puint insulation
kit adapts to positive ground, $2.50 pp.

1 oz. Epoxy potting piastic in mixing bag $1.95 pp.

HIGH-RATIO0 IGNITION COILS with free circuit dia-
gram.

TX250 Heavy duty coil 250:1 ratio ... $ 9.95

T400 HIGH EFFICIENCY 400:1 coil for
HIGHER OUTPUT and or LOWER
TRANSISTOR VOLTAGE ........... $11.95

FULL LINE of PARTS at NET PRICES.

Free lists. Marine models available. When ordering,
specify voltage and car. Add postage for 4 Ibs. on
kits and conv’s; 3 Ibs. on coils. $5.00 deposit with
COD's. Dealer & Distributor Opportunities.

PALMER ELECTRONICS LABORATORIES Inc.
CARLISLE 1, MASS. 617—AL 6-2626

CIRCLE NO. 164 ON READER SERVICE PAGE
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Transistor Prw~r Amplifier
(Continucd from page 33)

4 to 16 ohms (see Fig. 4). Above 16
ohms the supply voltage of the amplifier
acts as a gate. imposing a limit on the
maximum peak-to-peak signal at the out-
put terminals. On the other hand. below
4 ohms the maximum corrent supply of
the amplifier is restricted by the satura-
tion resistance of the output transistors
and the capabilities of the power supplyv.
This is done deliberately to improve the
amplifier’s ability to withstand an acci-
dentally shorted speaker load.

Figs. 3 and 6 show the distortion
characteristics of the amplifier. They are
not materially different from those of
vacinm-tube amplifiers and  thercfore
do not explain the superior tone guality
of the instrioment. This improvement.
however, can be explained by Fig. 7
showing the damping factor and Fig. 8
showing the amplifier's square-wave re-
sponse at 20 and 20 ke, The low tilt of
the 20-cps square wave and the sharp
and clean rise of the 20-ke. square wave
indicate exceptional phase lnearity. To-
gether with the high damping factor at
the extremes of the audio spectrum,
these characteristics, not matched by
commercial vacuum-tnbe amplifiers, ex-
plain the tight and transparent sound
capabilities,

Service Hints

When servicing a transistor amplifier,
it is nrged that a number ol simple prac-
tices be observed. The accidental short-
ing ol a voltage point to gronnd by a
probe or a screwdriver may cause dum-
age to a transistor, Rule 1, therefore, is
to make all meter connections while the
amplifier power is turned off.

When troubleshooting, it is advanta-
geous to disconnect the bases of the ont-

Fig. 8. The square-wave response at 20 cps
{above) and 20 kc¢. {(below} into 8-ohm [oad.

been corrected. the output transistors
can be reconmected. This may save costly
replacements.

When checking the amplifier for
proper operation, it is important to keep
in mind that a transistor is inherently a
current-amplifving device, Therefore,
the best wav of checking the correct op-
eration of a transistor is by measuring its
emitter current. This can be done by
checking the voltage across the emitter
resistor. The proper emitter currents are
indicated on all onr schematics.

Listening tests indicate a substantial
improvement i the listening quality of
both high- and low-efliciency speaker
svstems. Since the sound quality of a
speaker svstem is prone to be one of sub-
jective judament, it is best to leave the
sclection of an appropriate speaker to
the prospective listener. It should be
kept in mind. however_ that only a high-
quality reprodncing svstem will be able
to develop the fnll potential of a transis-

put transistors. After the difficulty has  torized amplifier. A
o+
@
20 I
= ODB-30WATTS
2 (AT 1% THD) ‘
@ ! T
w
2 | |
5o 20 50 100 200 500 IKC.  2KC, BKC. IOKC.  20KC. SOKC.  100KC.
FREQUENCY-CPS
Fig. 6. Power response of the amplifier at 1 percent total harmonic distortion.
Fig. 7. Damping factor of the amplifier for the three load values recommended.
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160 LOAD

60
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with your choice of these specialties
CREI SPACE DATA SYSTEMS inctudes anatog and

ANNO ’ I.\I‘ :Ii: digital computers, information theory, data acquisition

and processing.

A UNIQUE SPACE TRACKING SYSTEMS inctudes

microelectronics, space propagation, masers, lasers,

HOME STUDY B

PROGRAM m Al\TD CONTROL Includes inertial navigation,
space radar, star tracker systems, tracking networks.
SPACE . The first educational program developed specifically to
help electronics men apply their experience to the space
ELECTRONIC [gppss
. Content of program developed to meet employment re-

quirements as determined by consulting government and
ENGINEERIN'G private organizations in the space field.

. Text material prepared with the help of engineers and
scientists holding key positions in leading space-oriented

organizations. (Names on request.) You study exactly the
material technical organizations in the space effort want

their employees to know.

YOU ARE ELIGIBLE FOR THIS PROGRAM
IF YOU WORK IN ELECTRONICS AND HAVE A
HIGH SCHOOL EDUCATION.

FREE BOOK GIVES FULL INFORMATION. TEAR OUT
AND MAIL POSTPAID CARD or write CREI,

Department 1102-B, 3224 Sixteenth Street, N. W,
Washington, D. C. 20010

The Capitol Radio Engineering Institute -
Founded 1927 Accredited Member of the National Home Study Council ELECTRON]CS
o A MGINE o T

Dept. 1102-B, 3224 Sixteenth St., N. W.
Washington, D. C. 20010

Please send me FREE book describing CRElI Home Study
Programs including new Program in Space Electronics. | am
employed in electronics and have a high school education.

Name ] Age
Address___ e

City — Zone State
Employed by = — -

Type of present work__ -
Check: [J Home Study [J Residence School [ G.l. Bill

.
ww.americanradioHistorv.com
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NOW CREL

OFFERS
SPECIALIZED
EDUCATION
IN EVERY |
IMPORTANT
AREA OF
ELECTRONIGS

SPACE DATA SYSTEMS (NEW)
SPACE TRACKING SYSTEMS (NEW)

SPACECRAFT GUIDANCE
AND CONTROL (NEW)

COMMUNICATIONS

AERONAUTICAL AND
NAVIGATIONAL

TELEVISION
AUTOMATION AND INDUSTRIAL

_ NUCLEAR
- R s s SERVOMECHANISMS
- I/I7llll7lllﬂlll »”  AND COMPUTERS )

FIRST CLASS
Permit No. 288-R
Washington, D. C.

T

Postage will be paid by

Loch L
&R
1

k.

FREE BOOK GIVES COMPLETE INFORMATION
ON CRElI HOME STUDY PROGRAMS
INCLUDING NEW PROGRAMS iN SPACE
ELECTRONICS. TEAR OUT AND MAIL
POSTPAID CARD FOR YOUR COPY TODAY.

AN\ N\ |\

AN\

CRET

The Capitol Radio Engineering Institute
3224 Sixteenth Street, N. W,
Washington, D. C. 20010
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PHOTOGRAPHS COURTESY OF
NATIONAL AERONAUTICS &
SPACE ADMINISTRATION
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INEXPENSIVE
D.C.-VARIABLE INDUCTOR

By RUFUS P. TURNER

A pair of miniature transistor driver transformers may
be connected together to form saturable reactor.

WO miniature transistor driver trans-

formers may be comnected to pro-
vide an inexpensive saturable reactor
and with low due. inpit the indnctance
mav be varied from 2.8 to 20 henrys.
The d.c. resistance is 800 olms. Fig,
1A shows the arrangement in which the
20.000-ohm primary windings are con-
nected in osuch a wav that any we. -
duced in the two 1000-ohim windings is

cancelled and does not appear in the
battery cirenit. The  transtorners are
Lafayette No. AR-10+ althongh the

(A Ty ek
Parts are mounted in small utility box.

Fig. 1. Circuit diagram and performance.
10K, 5W.

WIRE WOUND AR-104

—A

!

VARIABLE
INDUCTANCE

o

HENRYS

5 10
D.C. MILLIAMPERES
(B}

February, 1964

same  principles could be applied to
other transformers.

A 3-volt battery (two size D {lash-
licht cells in series) supplics adjnstable
d.e. to the secondaries as the control
winding through a 10,000-0lim, 3-watt
TV-type rheostat. IFig. 1B shows varia-
tion of inductance from 2.8 to 20 hy.
as current is varied from zero- to 20-ma.

The purts are conveniently mounted
ina 27 x 287 x 1A aluminum utility box.
Anv convenient shield can also be nsed.

There are many obvious uses for a

AC VTVM

OR
_|oscitLoscorE

WOl

N ._
|
| 5

QUTPUT~R M5 VOLTS

C 2KC.
FREQUENCY-CPS
LH

Fig. 2.

application.

Null-detector circuit
small variable inductor of this sort hav-
ing the high inductance and better than
7:1 range it provides. One of these is
the audio-frequency LC circuit tuned by
varving L. Fig. 2.\ shows such a circuit
used to peak the response of an a.c.
v.t.v.an. or oscilloscope us a bridge null
detector. The 0.003-xf. mica capacitor
allows the circuit to be peaked to 1000
eps with 3-ma. control  current. As
shown in Fig. 2B, the O-ma. peak is
640 ¢ps and the 10-ma. peak, 1500 cps.

The same circuit has been emploved
as a d.c.-tuned audio-frequency meter
with the rheostat dial calibrated in ¢ps
and various capacitances switched in to
change bands into the 20-13.000-c¢ps
range. The variable inductor has also
been used in a bridged-T network in a
feedback-tvpe bandpass amplifier. A

WwWWW . americanradiohistorv.com

FOR SHARP,
GLEAR 2-WAY
GOMMUNIGATION

Fixed or mabile,
business or pleasure
el e new, low-cost

RCA
MARK Vi

21-Mc Gitizens Band Radio-Phone

Here’s the LOW-COST C-B radio-phone for car, boat,
home, office, or shop. High sensitivity receiver pulls
in weak signals. 2V2 watt speaker output delivers
ample volume to overcome engine noise. Automatic
noise suppressor minimizes ignition interference.
Light and compact—only 332 inches high, weight only
9 pounds; fits easily under the dashboard of even
compact cars.

PLUS THESE PREMIUM FEATURES—~
RCA MARK VIl RADIO-PHONE

e 9 crystal-controlled transmit and receive channels
@ Tunable receiver permits reception of all 23 C-B
channels; dial marked in both channel numbers
and frequency

Exceptionally good voice reproduction— high
intelligibility

Excellent modulation characteristics

@ Operates from standard 117-volt AC: separate 6-
and 12-volt DC power supplies (optional) for mobite
installations

Electronic switching—no relay noise or chatter
Itluminated "“working channel” feature plus many
more features to increase usefulnessand efficiency.

AC Unit only $149 50*

DC Power Supplies, Where Needed, $19.95*

*Optional list price

The Most Trusted Name
'» in Electronics

===MAIL COUPON FOR MORE INFORMATION ===

RCA Electronic Components and Devices
Commercial Engineering Dept. B-41-R
415 South Fifth Street, Harrison, N. J.

Please send more information on the RCA
Mark VIII 27-Mc 2-Way Radio-phone,

Name

Address

City . Zone__ State

e mcwe e cda——eon-_-d

N
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Transistors vs Tubes
Continued from page 36)

waves are not reproducible i even the
most professional andio equipment much
less andible to the human ear. [t shonld
be noted that, although square-wave
tests with resistive loads are usefnl for
initial - evaluation, actnal  londspeaker
loads mayv adversely affeet the perform-
ance and alter the square-waves.

[Important Qualities

It is extremely important in any given
bandwidth that evervthing remain dis-
tortion-tree and linewr throughonut this
range whether sine waves, square waves.
or transients are being reproduced. First,
the amplifier should satisfyv the most
basic requirements of the classical tests
of total harmonic distortion and, espe-
cially, intermodunlation  distortion. The
lower the distortion percentages, the

better. This test should also he made at
low volime levels and under dvnamic
speaker loading. Second. squnre-wave
response should be carelully evaluated
tor peakimg and distnrbances rather than
ierely for rise time or tilt. This shonld
also be checked with speaker loads
Third. the overload characteristic or
recovery time of the wiplifier. although
very  difficult to measure. shonld be
checked. What happens to the amplifier
after the drom beat or the crescendo?
Will the amplifier still be linear inmine-
diatelv alterwards. or will it take o few
fractions of a second to recover its initial
bias setting? Direct-conpling helps imini-
mize this recovery time and so does
good power-supply regulation. Fourth,
diamping factor is extremely important
especially at the peaks in the frequenc
response ol the loudspeaker where it has
a tendencey to resonate. We have found
by carelul listening that improvement
results from increasing the damping fue-

tor to 30 Trom w damping factor of 10

a figure usuallv considered to be coad
Although the differcnce was barely e

ceptible in some londspeakers. it was
quite apparent in others and tone-bnrst
tests. along with oscilloscope pictures
coufinmed o listening judament. This
type ot testing under speaker loading
is what we consider to he the real test
ol trunsient response and  distortion

Power and Raning

There have been several problems as-
sociated with transistor power amplifier
design as well as in its specification with
reqard to load impedance and output
power. In high-efliciency circuits. where
class B and AB operation are used. lit
tle or no power is drawn or dissipated in
the transistors at no-sienal conditions be-
canse the transistors in the outpnt stages
are at or near cut-off. As signal s ap

plied. one transistor and then the other
will tuke over the job of producing the

4
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sicnal. The crossover point is generally
non-linear and will normually produce
distartion at low power levels. It is there-
fore important to check distortion at
low levels us well as at high levels in
this tvpe of circuitvv. Large amounts of
feedback st all frequencies in the audio
band will reduce such distortion.

The output transistors normally used
for high-power outputs (on the order of
50 watts per channel) are also capable
of being nsed us switches in other tvpes
of circuit, hundling power on the order
of 1000 watts. It is therefore possible
to obtain from most transistor amplifiers
double the power output simply by
halving the load impedance. An ampli-
fier rated at 23 watts at 16 ohms, for
exammple, wonld produce 50 watts at &
ohms, 100 wautts at 4 ohms, and so on.

However, the audio amplifier is not
a switch but the controller of a power
source supplying more or less power and
at frequencics dependent on the input

program material. At best the transistor
amplifier is about 50% efficient, dissi-
pating as much power in the output
transistors themselves as power deliv-
ered to the load. Tt is therefore under-
standable that this cannot go on in-
definitelv and some limitation must be
set as to what minimum impedunces
may be used. In addition, some forin of
protective device should be used to pro-
tect the transistor in the event of misuse
or accidental shorts.

There are two major causes of tran-
sistor failure. Both are bused on exces-
sive power dissipation. The first is more
gradual and is caused by overrating or
bv misuse due to loading the amplifier
with lower impedances than recom-
mended. Our protection circuit was de-
signed with this in mind, reducing the
power abrupth when loaded with im-
pedunces less than 8 ohms. The second
tvpe of failure occurs when excessive
current is passed through the transistor

at high voltage levels. Very intense lo-
calized heating takes place, fusing the
junctions within the transistor. This tvpe
of failure, known as “secondary break-
down,” can occenr within a few micro-
seconds and generally produces a totally
short-circuited transistor. The reason this
is a more serions problem is that this
tvpe of failure can be triggered by over-
loading inputs—as occurs when acci-
dentally dropping a needle on a record.
The rapiditv of such failures recuires
us to use an all-electronic circuit in order
to prevent such failures.

Our opinion of the transistor compo-
nents currentlv available is much the
same as our opinion of anv other com-
ponent. There are good ones and there
are bad ones. A specification sheet never
tells the whole storv, nor does an ad-
vertisement. [t is only through delib-
erate and careful evaluation thut the
customer can obtain what he is seek-

ing. A

Winegard uht converters

6 HIGH PERFORMANCE UHF CONVERTERS
REGULAR AND AMPLIFIED WITH BUILT-IN

UHF AND VHF ANTENNAS

Now Winegard engineering, styling and merchan- e Safe, cool chassis—isolated power supply with
dising have combined to bring you the finest UHF silicon rectifier.

converters on the market. Models UC-100A (one
tulzie)vz}_rlld UC-200A (two tube) have }l?‘uilt»in UHF
an F antennas to receive all channels 2-83. . . .

Models UC-310 and UC-410 have a transistorized ¢ %:(;;’;iit HOISE uliNSQA txsm.err: (zamtd?B0.0 Eﬁcee(j Fgg
pre-amplifier that improves signal-to-noise ratio up a ont f]eq eIl xac o3I IIREC
to 12 DB. All models are furniture styled in hand- NECRINALY
some polystyrene cases in_rich autumn brown o Work perfectly with color or black and white

trimmed with brushed gold. Look at these features:

Models UC-200, UC-200A, UC-310 and UC-410 UHF
converters have AC receptacle for TV set with “on-
off” control that turns on TV set and also switches
to UHF or VHF. All models have a built-in dial light.

Ask your distributor or write today for specifica-
tion sheets on Winegard UHF converters.

¢ Only cabinet that is completely enclosed.

e 3 gang capacitive tuning element eliminates slid-
ing contacts in main circuit.

e Oscillator has new 6DZ4 tube...no drift, no
microphonics . .
longer life.

. has better performance and

Model UC-310 high gain converter with built-
in transistor RF amplifier and nuvistor IF am-
plifier—improves signal-to-noise ratio up to
12 DB $64.95

Model UC-410 high gain converter with built-
in power supply, nuvistor IF amplifier and
remote transistor RF pre-amp for mounting on
antenna or anywhere along transmission line.
For very weak signal areas, this is the most
sensitive UHF converter made. $69.95.

Model UC-100 UHF converter (one tube) $29.95

Model UC-100A UHF converter {one tube) with
built-in UHF and VHF antennas $34.95

Model UC-200 UHF converter (two tube) with
nuvistor IF amplifier stage $42.50

Model UC-200A UHF converter {two tube) with
nuvistor IF amplifier stage and built-in UHF
and VHF—antennas $47.50

World's most complete line of TV-FM reception equipment

Winegard Co.

3003-B KIRKWOOD BOULEVARD, BURLINGTON, IOWA
CIRCLE NO. 145 ON READER SERVICE PAGE
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MINIATURE VOLTAGE REGULATORS

By HOWARD F. BURGESS

Simple regulator circuits for low-current applications
take less space than a VR tube and associated resistors.

LECTRONIC equipment is seldom free from the

problems of varving supply voltage or changing load

conditions. When such equipment is used on hoats,
aircralt, motor vehicles, or just plain portable power plants,
these variations in voltage can become even more of a
problen.

While most portable equipment is designed so that little
actual damage will result from the usual voltage variations,
some circuits may become very unstable. What might have
heen a well-designed receiver or converter can have its oper-
ation ruined by small variations in the oscillator plate voltage.

It is fortunate, however. that in many cases a larger per-
centage of the trouble can be cured by regulating just a few
milliamperes of the total enrrent required. If stabilized volt-
age is used on only the oscillator in h.f. and v.h.f. receivers.
much of the drift can be eliminated. The swme applies to

T

J

250V IN

—2
s
5 12AU7 100K 3 5
o (=]
: o x:i
< w w
56K S @ «©
o— — 5 )
(A) (B)

Fig. 1. (A) Gne tube, three resistors, and a neon tube will
compensate for changes in either load or supply. (B} Output
voltage can be made variable by changing to a potentiometer.

(== [ DESIGN
|CENTER

100

80+ ——

QUTPUT-VOLTS

|
60 ‘ ! r
150 200 250
INPUT-VOLTS
Fig. 2. Voltage curve of a regulator operating with 250 v. in-
put. The peculiar bend is where the regulator takes control.

varions kinds of electronic control circuits and test instru-
ments.

The gas-tyvpe regulator tubes are a satisfactory answer to
many regulated low-current needs. However, for some uses
they have several unfavorable characteristics. There is little
choice of the fixed values of voltages that are available from
VR tubes and they require high-wattage dropping resistors
that sometimes create heat and mounting problems. Not the
least important is the hleeder current of approximately 10 .
that is Jost in the tube itself. Even though this is a sinall
amount of current, it can be very important in an already
overloaded mobile power supply or in a piece of test equip-
ment.

One approach to the problem is the use of simple electronic

82

regulators of the “series tube™ tvpe of circuit. Although we
think of these as rather complex circuits, a complete regu-
lator can be built in less space than is required by o single
VR tube und its dropping resistor. Even thongh the very
simple circuits do not give perfect control. they are (uite
adequate for most needs. They have the advantage that the
output voltage can be made cither adjustable or fixed. thev
require only about I ma. of leakage current, and no large
series resistor is needed.

There are a number of these simple circuits. Some will
regulate only if the supply voltage varies. while others will
regulate only if the load varies. The circuit shown in Fig, 1A

=

will regulate under either condition. As shown in the dia-
gram. this circuit is reduced to the bare essentials. consisting
ol three f-w. resistors, a dual triode, and a neon tube.

The regulated output of the circnit shown is about 100
volts with the values given. To vary the voltage from the
supply, the two resistors across the outpnt are replaced by
a variable resistor as shown in Fig. 1B. In this manner the
ontput voltage can be set at any value hetween 75 and 150
volts. OF conrse. higher values of regnlated voltage can he
obtained il input voltage to the regnlator is increased.

Several types of dual triodes can be used with varving re-
sults. Of the more common tubes, the 12AUT is recommended
for general nse. \When the 12AU7 is used, about 18-ma. out-
put current is possible without overloading the circnit.

The curve of Fig. 2 shows the regulating ability of this
little unit when the input voltage is varied. IFor these tests,
the regalator was delivering about 10 ma. through the work-
ing runge of the curve. The output regulation was about 1%
for & 30-v. variation of the input voltage.

The curve of Fig. 3 shows the regulation capabilities under

104
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Fig. 3. The output voitage is relatively constant until it
breaks at the overload point of regulator tube being used.
Fig. 4. Although somewhat more complicated, {A) gives better
regulation. Ultimate in simplicity, circuit (B) has many uses.
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changing load conditions. The curve
shows the breaking point to be about
19 ma. When the ontput of the regulator
is made variable, the maximun current
available and the percentage of regula-
tion will suffer slightly at the extreme
ends of the range.

Variations of the circuit are shimple to
make il special output voltages are
wanted. If changes are to he made, at
least 100 volts drop should be allowed
for the series tube. This will set the |
maximum voltage that can be expected
from the regulator, depending upon the
input voltage available. The lower Hmit
of voltage is determined by the striking
voltage of the NE-2 ncon tube. With
the usual striking voltage of about 55 to
60 v.. the minimuny output from the cir-
cuit will be about 75 volts. The regulat- |
ing ability of the circnit will depend, to |
a great extent, upon the neon tube. As
it is nsed to set the reference level. it
will be found that some neons are more
stable than others.

Shown in Fig. 4A is a variation of the
same circuit that gives somewhat better
control with just two additional resistors.
A 6US tube is used with the pentode
section as the control tnbe. This gives a
bit more sensitive action than the triode.

For those who Tike the extreme in sim-
plicity. the circuit of Fig. 4B should be
of interest. However, this circuit should |
be used only to hold a constant voltage
mder varving load conditions. It is ol
little value for the regulation of supply
voltage (luctnations. The values shown
are for the triode section of a 6US. This
cirenit will maintain - a regulation of
about 1% with a loud varving between
3 and 10 ma.

Although the circuits shown have cur-
rent capabilities of 18 ma. or less. this
will be sufficient in most cases for local
oscillators in receivers and converters or |
for the voltage-sensitive portions of test
cquipment. The circuits have Dbeen
trimmed to the minimum to limit size
and parts. Tinproved regulation can be
realized with more complex circuits but
this would defeat the purpose of this
tiny regulator. A
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HICIEOIS does it right with

MODEL 6000A $23950 Net

Il -—-count 'em before you buy! Unless selector switches have 14 posi-
tions, you won't get an honest test on the new tubes. HICKOK, recognized
world leader in tube testers, has them in the new model 6000A Portable
Tube Tester. And, you get these other HICKOK-quality features, too.

e Hickok-developed Gm test on e Filament continuity test
all tubes e Replaceable socket plate for

¢ Sensitive, instantaneous inter- obsolescence protection
elementleakage and shortstest e Transistor and diode test

—and the original HICKOK roll chart subscription service keeps it up-to-date!

SEE IT AT YOUR HICKOK DISTRIBUTOR TODAY!
THE HICKOK ELECTRICAL INSTRUMENT CO.

10529 Dupont Avenue « Cleveland, Ohio 44108

Represented in Canada by Stark Electronics. Ajax. Ontario - Internationally
by Hughes International, Husint. S. A., Culver City. California
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. Order beoks, invoice forms, job ticket

Low-cost rusiness aios | | EARN & DEGREE
H )

FOR RADIO-TV SERVICE BT (T, i St i

DU S D Als ok

Tevel HOME STUDY enurses ta sy ou ean under -
~tind  thenm. Continue youwr cducation, earn more in
the hnghily paid electronics indusiey, Aissales
puter-. Lisistors, dutemanan. complete cleet
Over 27,000 gruduates now employed.
~ehoal  avarlable at our Chicapa campius
1O, ~end for flee eatalog,

American Institute of Engineering & Technology
1141 West Fullerton Parkway, Chicago 14, .

books, service call books, cash books and

statement books for use with your rub-

ber stamp. Customer file systems, book-

keeping systems, many others. Write for

FREE 32 PAGE CATALCG now.

OELRICH PUBLICATIONS
6556 Higgins Rd., Chicago, lll. 60656

"""" Converts home or car radios to re-

ceive Fire Police. Aircraft CB, SW b

ete. Excellent sensitivity on High

& Luow Bands. High Band type ad

4 HI-FIC OMPONENTS B Sepe” Ehdlii s, calmze fon

ot ed

33-17 MC. 40-52 M 26-30 MC

TAPE RECORDERS 0-12 MC. etc Adaptable for tran
sistorized car radios
SLEEP LEARN KITS 315.8 P By
MERITAPE :.::e :I:SEO:‘(:?:’?::E’Y recording Order todoy cor send for free cotalog on full line
/j‘l_—__\ '(END-Fm of converters and receivers for every application
T4l -
DRE\SJ_,S,/NER 1523 JERICHO TPKE. KUHN ELECTRONICS
NEW HYDE PARK 16 N.Y. CINCIMNATI 17, QHIO
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Back Issues Available

Use this coupon to order back issues
of ELECTRONICS WORLD

We have a limited supply of back issues
that can be ordered on a first-come, first-
served basis. Just fill in the coupon
below, enclose your remittance in the
amount of 65¢ and mail.

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

Please send the following back issues of ELECTRONICS
WORLD. | am enclosing —_ to cover the cost of
the magazine, shipping and handling.

Month Year —
Month _ Year
Month Year -
| Name - —
Address I
I City — __2one_____ City -~
No charge or C.0.D. orders please.
S U I
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Which Channel Is It?

(Continued from page 40)

The AM communications receiver is used to measure the
frequency of the beat signal produced by beating of the
unknown transmitter signal with the known signal of the FM
receiver’s local oscillator.

If the FM receiver is equipped with a crystal for receiving
on 157.56 mc., and the receiver i.f. is 10.7 mc., the local
oscillator operates at 146.86 mc. to produce the 10.7-mc. i.f.
signal. When a strong signal at some other frequency gets
through the receiver front end to the mixer, an i.f. signal at
some other frequency will be produced.

While this signal will not get through the i.f. amplifier, it
is nevertheless present at the output of the mixer. It can be
picked up and tuned in with the AM communications re-
ceiver, and its frequency determined.

Should the transmitter be operating at 152.36 mc., the
i.f. beat will be at 5.5 mc. since 152.36 minus 146.86 equ;lls
5.5 When the AM receiver is tuned past 5.5 mc., its “S”
meter will deflect. If the transmitter is on 154.534 mc., the
beat signal will be found at 7.68 mc. Any channel in the
150-174 mc. band can be found in this manner with a re-
ceiver tunable through the 3-30 mc. range.

The general vicinity of the unknown if. signal can be
found by using the muin tuning dial of the AM receiver.
Then, the bandspread dial can be used to pin point the
channel. This is done by re-setting the main tuning dial to
the nearest 100-kc. calibration signal, noting the locations of
the 100-ke. marker points on the scale of the bandspread
dial and muaking a calibration curve like the one shown in
Fig. 4, The unknown if. signal is then tuned in with the
bandspread dial reading noted.

In the vicinity of 7 mc. for example, the typical receiver’s
bandspread dial covers a range of about 500 ke. Thus, the
150-174 mc. band channels, spaced 30-ke. apart, would be
separated by 4 dial divisions, and u.h.f. band channels,
spaced 50-ke. apart, would be separated by 10 dial divisions.

Obviously, the AM communications receiver must be
checked for calibration each time it is used. Tuning in WV
is a good place to start. Using these techniques, you can
identify channels, but a good frequency meter is needed to
determine if the transmitter is within the channel’s frequency
tolerance, and for setting it exactly on frequency as closely
as vour frequency meter permits. A

Fig. 4. Example of a calibration curve with FM receiver local
oscillator at 144.7 mc. (155.4 mc. operating frequency and
a 10.7-mc. i.f.). An actual curve will not be a straight line.
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Level Clippers and Limiters
(Continued from page 54)

signal level, Adjustments may then be
made to lengthen the attack time ol the
expander. which permits further pause

before bringing np backgronnd noise. A

further refinement holds the amplifier
gain constant in the absence of signals
above threshold for 10 seconds” pause.
Cirenit function s diagrammed
Fig. 14, The main channel is a com-
pressor, V3 is the controlled stage, and
V4 the output. Output sampling is fed
to two rectifiers: “Rect. drives the
10-second “Memory.,” while “Rect. 27
feeds the “Comparator.” “Rect. 17 gov-
erns platform or steady-state gain: “Rect.
27 limits instantancous peaks. “Mem-
orv” and “Comparator”
bine in the “Recovery and Circuit,”
where hias is developed for V3. Mean-
while, V1 receives the input signal
throngh “Threshold Level” control. and,
through V2, drives "Rect. 3.7 1f the
andio inpnt drops below the threshold,
“Rect. 3.7 through the “Input Refer-
ence” cireuit, inhibits signal expansion
until the input exceeds threshold. After
10 scconds, the “Comparator” is re-
leased. The “Input Reference” circuit
also inhibits the and gate, and during
a lapse. the and is held at cut-off for 10
seconds. following which slow gain re-
covery takes place. However, gain re-
turns only to zero. not maximnm. The
“Tnput Reference” also drives the “10-
Sec. Time Delay” circuit and an or gate.
If the audio lapses for more than 10
seconds and gain is greater than zero.
the or gate causes a return to zero. Thus,
the standby condition of the amplifier
is alwavs at zero gain.,
Dynamic equalization. In
broadeast work, when music
annonneer. it usually sounds

film and
fades be-

hind an
thin.  Also, some commercials  sound
louder than mmnsic or other program-

ming. These phienomena result from the
disparity between volume and loudness.
The former is derived from clectrical
values: the latter, from aunditory-nerve
stimulation, a combination of volume
and frequency distribution.

A new device to boost highs and lows
when program material drops below a
preset  threshold is being used. The
action is automatic and listeners receive
balanced audio even during low-level
passages. As a result, there is no deteri-
oration in listening quality (as opposed
to what a vu meter rcads) under com-
pression or limiting.

Volume compression has often heen
applied in broadcasting stations in order
to hoost the average power being trans-
mitted withont actually increasing the
station’s allowable r.f. power.

This has enabled many stations to
“reach out” to a greater distance for a
given transmitter power. A
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ROHN
N

The mocet Famoue NMame in

- TOWERS of ALL KINOS!

Here are the advantages you get

when you insist on pOHN TOWERS

LARGEST FULL RANGE OF TOWERS—you can get any-
thing from home TV and amateur radio towers to
heavy-duty communication and micro-wave towers.
Included are 500 foot self-supporting towers, 1,000
foot guyed towers, “fold-over” and crank-up towers.
Regardless of your needs, ROHN can supply it.

UNQUESTIONEL LEADERSHIP IN DESIGN AND MANU-
FACTURE—you get the latest in advanced tower engi-
neering. All communication towers are engineered
to EIA specifications, and are proved by thousands
of installations. No other manufacturer can surpass
the quality and fine reputation of ROHN.

QUALITY MATERIALS AND WORKMANSHIP—Only high-
est quality steel is used which fully meets the speci-
fications for the job. ROHN towers are hot-dipped
galvanized after fabrication—a feature ROHN pio-
neered!

SERVICE WHEREVER YOU WANT IT—ROHN represent-
atives are world-wide. Complete erection service for
communication systems, broadcasting, micro-wave,
and other needs is available; also competent engi-
neering service to help you.

Settle for the BEST in TOWERS —ROHN—today the
world’s largest, exclusive manufacturer of towers of
all kinds!

Also available: Rohn Lighting Kits, Microwave Pas-
sive Reflectors, Tower Installation Service and En-
gineering Assistance. Representatives World-Wide
to Serve You.

For vour needs. contact your local ROHN salesman,
distributor or dealer; or write direct for information.

] Home TV Towers
[0 Communication Towers
[0 Micro-wave Towers

ing ROHN Prod

[} Amateur Towers

[} AM-FM Broadcosting Towers
[J Government

SEND THE HANDY COU- Send me
PON INDICATING YOUR
NEEDS
Firm
Manufacturing Address
cﬂ. City

State

BOX 2000
PEORIA, ILLINDIS

“World's Largest EXCLUSIVE Manufacturer of Towers; designers,
engineers, and installers of tomplete communication tower systems.”

Wity

GENERAL REPLACEMENY

=7
Free Pockei Flashlight
S PCWER TRANSISTORS 9O+

[

GENERAL REPLACEMENTS

FOR 71 ENTERTAINMENT

WORKMAN (l..t.-l(iiwm

BLEGTe FLOROA k:nw,,\ e

TYPE TRANSISTORS.
FREE FLASHLIGHT

WITH PACK
OF 5

Ask your Electronic Parts
Distributor for

Model No. 99 POWER-5

WORKMARN

LARALOTA TLORIDA
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Read Why the ...
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ALC-77

20NN

TRANSISTOR IGNITION

with 30,000 Volts gives your car
peak ignition performance

In any ignition, high volt-
age at the spark plugs
drops from 28,000 volts to

////é
N\
)

\%\\\II
////!!.'!!

13,000 volts as speeds in-
crease to 50 mph. This

results in a weak spark el -
causing incomplete combus- b 1 i‘ b
tion, fouled plugs, burned \‘ %

points, loss of engine
power and: poor gas mileage, as unburned gasoline
goes out the exhaust. AEC-77 increases and main-
tains high voltage at all speed with no high voltage
fall-off, guarantees more complete combustion, stops
wasting unburned gasoline, releases all the power
your engine can develop to give you extra miles
per gallon.

A e )
coi poINTS | PLuG
COIL’S 30,000 VOLTS: celivered to the plugs ex-

ceeds S.A.E. test standards for performance. Its
regulated high voltage protects ignition wiring and
bakelite parts from insulation breakdown.

POINTS: high current charge now .passes through
the transistor instead of the points, eliminates
burning and pitting — points last over 75,000 miles.

PLUGS: fire clean as higher voltage keeps carbon
and lead deposits from building up, eliminates
fouled plugs and high speed miss — plugs last over
50,000 miles.

3 Year Guarantee!
Proven in over 2,000,000 miles of testing |

GENERAL MOTORS 15 AMPERE high
voltage transistors type *2N1358A
are used in every AEC-77 5

voltage transistors in
can cause synchronization problems
and transistor failures,

50 WATT ZENER DIODES, Motorola
type #1N2836B regulate high volt-
age and protect the transistor from
failure . . . while others use two 1
watt zener diodes or none at all.

400:1 CDIL: epoxy-oil impregnated,
epoxy sealing holds component parts
firmly, cannot vibrate loose to cause
internal shorting, — oil filled and
hermetically sealed for superior cool-
ing and insulation, while others use
inferior tar filled coils that cannot

handle the power loads AEC-77 %
delivers.

Letters From Owner's Report
15%% cxtra miles per gallon . .. increases top speed
by 107 ... faster warmups . .. instant starting in | |
sub-zero weather . . . smoother idling . . . points
last over 75,000 milcs . . . plugs last S times f«mgcr |

Linstalls in 20 minutes . . . climinares 3 out of
4 tunc-ups...pays for itself in 10,000 miles usage.

SAVE $10.00 B ORDER NOW!
(Regular list price $49.95)

=
&

AEC-77 Transistor Ignition...6/12volt .. $39.95
AEC K4 Do It Yourself Kit...6/12 volt .. $32.95
Transistor 77 (400:1} Ignition Coil ... .. $11.95
Ballast Resistor, 250 watt .3-.9 ohm vari. . $1.95
AEC-77 Positive Ground

(British Cars}...6/12volt ....... $39.95

AEC o 387 PARK AVE., SO. NEW YORK 16, N.Y.

Commercial & Dealer Inquiries Invited

rAUTOMOTIVE ELECTRONICS CO.
] 387 Park Ave. South, N. Y. 16, N. Y.

1

1

| NAME S
1

1

|

ADDRESS

ICITY ................................ Z0NE........ STATE
[J AEC-77 For Negative ground 6/12 v
{J AEC-77P For Positive ground 6/12v . $39.95
[ Kit $32.95 [J 400:1 Coil $11.95 (J Ballast $1.95
ID FREE BROCHURE ON AEC 77 SVSTEMS._E&IQ_ _|
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HUM FROM CROSSED CONNECTIONS

By JOSEPH A. RISSE / Asst. Dir., School of Electrical Comm., ICS

Hum may come from many sources. but one of the most elusive

canses is a hadly bungled “repaic”  job, leaving false clues.

WITH a soldering iron in nearly

every houseliold these days, it is
not too unlikely that you may ruim into
a similar case of trouble that an associ-
ate of the author encountered recently.
He surrendered his radio to a well-mean-
ing neighbor, a self-styled amateur re-
pairman, who had offered to fix it up.
After a delay of a couple of weeks, the
radio was returned with its severe case
of lumn still present. In faet, according

to the puzzled set owner, the hum was
|

ceven worse than before.

The radio was a table-model superhet
with push-pull audio output. The cssen-
tial portion of the audio cireuit is shown
in Fig. 1. The triode VIA is RC-coupled
to the grid of V2, one of the 50L6°s. The
grid vesistor of this 3006 is also a voltage
divider consisting of R2 and R3, used
for feeding back a portion of the output
of VIA to the VIB grid. VIB is the phase
inverter and. of course, is RC-coupled
to V3, the other 5016 output tube. The

| circuit is a standard one and is widely
| used.

New capacitors were substituted for
the filter capacitors. The hum remained.
Output tubes tested good. with no <horts.
New output tubes were tried without luck.

A scope check showed hum present on
both sides of the V2 coupling capacitor,
but none on cither side of the V3 cou-
pling capacitor. Shorting the V2 grid to

ile othe two unmarked low S5 1% . . .
while others use two AL Lo | The phase-inverter tube proved OK too.
series that [ | F

| ehassis removed the hum, but shorting
| the V3 grid removed program audio com-

pletely with the hum remaining. Nor-
nally. shorting cither of these grids
should only reduce the volume moder-

| ately—it shouldn® kill the sound com-

plvlc'ly.
In checking the cirenit with the man

| ufacturer’s sehematie. everything seemed

Fig. 1

AU0IO
FROM
QETECTOR

SPKR

www.americanradiohistorv.com

normal. There was a minor diserepancy
as to which triode fed which push-pull
output tube and, theoretically, it makes
no difference but, taking no chanees, a

schematic was drawn of the cireuit as it
was actually wired (Fig. 2). Suddenly the
ecause of the trouble heeame apparent.
The grid ends of each of the coupling
capacitors, Cl and €2, had somehow
been switehed. C1 was actually connected
to the grid of V3 and €2 was connected
to the grid of V2, The grid resistors of
the output tubes were conneeted to their
proper grids—only the capacitors were
changed.

Analyzing Fig, 2 shows that the audio
1o the grid of V1IA is amplified by it and
coupled by C1 to the grid of V3. But the
grid of VIB conneets back to the tap
between R2 and R3 and it input should
be whatever signal is across R3. How-
ever, the output of VIB is itself conpled
through €2 to the top of R2 and the
grid of V2. VIB then receives no audio
input to its grid. What apparently hap-
pens is that whatever hum is picked up
by VIB i~ amplified by VIB and is then
fed back to its own grid. Shorting out
the grid of V2 would. of course, remove
the hum—thus explaining the previous
observation.  Equally  obvious that
shorting out the grid of V3 would re-
move whatever program was getting to
the speaker, since V3 was the only ont-
put tube being driven.

The grid capacitors switehed
back and the set worked fine. The filter
capacitor appceared to he newly installed
and probably was all that was needed to
cure the original trouble. Apparently
every capacitor in sight was disconnected
during the troubleshooting  procedure
and when reconnected the coupling ea-

is

were

pacitors were interchanged. A
Fig. 2
.
65C7 50L6
oeteECTOR  65C o
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=
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MEASUREMENT
NIT QUIZ

By DAVID STEIN

W] HO iso’t familiar with many of the measurements en-
countered daily, such as the pound, inch, gallon, or
even the kilowatt? Test vourself on the following twenty-one
more technical measurements by matching the unit with
the definition. A perfect score is 103 and the passing mark is
70. Check vour answers to this measurement unit quiz on

page 104

(¢) Angstrom unit (k) Joule
(h) B.T.U. (1) Lambert
(¢) Calorie (m) Lumen
() Candle (n) Maxwell
(¢) Curie (0) Oecrsted
(f) Dyue (pY Phot

(g) Erg (¢) Poundal
(I Gamma (r) Quantum
(i} Gauss (s) Roentgen
(i) Gilbert (ty Weber

(1) NX-unit

1. Unit of force in the centimeter-gram-second (c.g.s.)
system.

2. Electromagnetic unit ol magnetic indnction in the
c.g.s. svstem.

3. Unit of illumination equal to ! lnmen per square centi-
meter when the centimeter is taken as the unit of length.

4. Unit of wavelength equal to 0.001 angstrem unit, or
10 " centimeter, used for specifving wavelengths of x-rays
and other Lighly penetrating radiations.

3. Definite elemental unit of energy
changes among electrons and with corresponding radiation.

6. Unit of energy or work.

7. Quantity of heat required to raise temperature of one

associated with

pound of water 1°F.

8. Unit quantity of radium emanation of radon.

9. Unit of brightuess equal to 1/% candle per square
centimeter.

10. Unit of magnetic intensity equal to 10 7 oersted.

11, International unit of quantity of x-rays.

12. Absolute English umit of lorce.

13. Practical unit of magnetic Hux. equal to 10™ maxwells.

14, Unit of luminuous {lux,

15. Unit of magnetic flux in c.g.s. system.

16. Absolute unit of energy or work in c.g.s. svstem.

17. Unit of measurement ol wavelength of light and other
radiation. equal to one ten-millionth millimeter.

18. Unit of heat energy in metric svstem: amount of heat
required to ruise temperature of 1 gram of water from 15°C
to 16°C.

You're Closer to Every Phase of Work

With FUJITSU CITIZEN BAND

TRANSISTORIZED TRANSCEIVERS *

Fujitsu transceivers provide compact, effective com-
munications for all businesses, sports and service ac- |
Both models shown below are battery powered :
Built-in 11-section whip
Operat-

tivities.

and completely transistorized.

antenna for strong output and clear reception.

ing frequencies can be selected from any of 23 dif-

ferent frequencies in the 27 Mc band.

Speed up your operation and improve efficiency with

FUNTSU transistorized transceivers.

T
%

Type F-102A

® 9 transistors, 1 diode, 1 ther-
mistor.

® Final radio stage power input

100 mW for transmission up to
6 miles.

® Operates on 6 standard flashlight
batteries (Eveready 915 or equiva-
lent), easy to buy, low upkeep.

® Complies with FCC (USA) Citizen
Band Regulations, Section 15,
sub-section E.

® Only weighs 155 oz

®66x28x1.5 in.

Type F-102P

® 13 transistors, 1 diode, 1 ther-
mistor for greater stability and
clearer signals.

® fFinal radio stage power input
250 mW for transmission up to
25 miles

® Uses 6 standard flashlight bat-
teries (Eveready 915 or equiva-
lent), AC-DC converter available,
or semi-permanent nickel-cad-
mium batteries.

® Noise limiter, microphone, ear-
phone, battery condition meter,
carrying case with shoulder and
waist strap.

@ Optional Accessories.  External
antenna, AC-DC converter, nickel-
cadmium batteries.

® Note: Official authorization for
use from government authorities
is required for this equipment.

® Weighs just 19 oz.

®16x28x7 in.

i
i

I

FUJITSU LIMITED

TYPE F-102A

7 . . e .
Communications and Electronics
Marunouchi, Chiyoda-ku, Tokyo. Japan

19. Unit of luminous intensity.

20. Unit of magnetomotive force in the ¢.g.s. svstem.
21. Unit of magnetic intensity (maguetizing force) in the

c.g.s. system.

Februvary, 1964

New York 5,

N.Y., Phone:

Represented by; U.S.A. The Nissho American Corp., 80 Pine St.,

WHitehall 3-7840, The Nissho Pacific

Corp., 120 Montogomery St., San Francisco 4, Calif., Phone: YUkon
2-7901/6, CANADA Nissho (Canada) Ltd., 100 University Ave.,

A Toronto, Phone: EMpire 2-4794.
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sREE

NEW 1964 GIANT CATALOG

100's of

new jtems
tisted for
first time

3 of P"_ges
|0<:|":‘wd with
5gvil‘\95

satisfaction
GUARANTEED
r your money

° back!

FOR 37 YEARS THE
OUTSTANDING

MONEY
e d o SAVING

‘ BURSTEIN-APPLEBEE CO. Dept. M, I BUYING GU'DE FOR:

1012-14 McGee St., Kansas City 6, Mo.
’ o Stereo & Hi-Fi Systems and Compo-
l D RUSh me ’he FREE ]964 B'A CO?O]OQ. nents ® Tape Recorders ® Electronic

Parts, Tubes, Books ® Phonos & Rec-

NO MONEY DOWN
PLUS NEW REVOLVING
CHARGE ACCOUNT

I ords ® Ham Gear ® Test Instruments
NAME and Kits ® Cameras and Film @ Public

l Address ® Citizens Band ® Transistor
ADDRESS - & FM-AM Radios.

I cirY e STATE_ | RUSH COUPON TODAY

- S I D G T AGE M GINS G BN B G
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ELIMINATE

COMMERCIALS

STORECAST ADAPTER
CONVERTS FM TUNER
TO RECEIVE BACKGROUND
MUSIC TRANSMISSIONS

ALL TRANSISTORS—NO ALIGNMENT
KIT $34.95 WIRED $49.95
Add postage. Calif. residents add 4% tax.
Prices good to March 15. Mail order only.

MYERS ENTERPRISES
14931 ROSCOE BL., #1
PANORAMA CITY, CALIF.

Look for the 1964
CAR AND DRIVER
YEARBOOK - You'll find

information-in-depth

on over 70 of the year's
hottest cars! On sale the
end of February for

only one dollar.
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R.F. Response Measurement
(Continued from page 37)

coupled to the if. amplifier. The output
lead of the generator can be placed
under the chassis in the vicinity of the
i.t. amplifier, or just clipping the gen-
crator output cable to the insulation of a
grid or plate lead of the i.f. amplifier wil]
give adequate coupling,

After the a.v.c. voltage is fixed, the
equipment is set up as shown. The
speuker is disconnected and a resistor
equal to the speaker impedance is con-
nected across the output-transformer
sccondary. An a.c. voltmeter is con-
nected across this resistor. The indica-
tions of the meter will be used for the
vertical plot of the graph.

Signal generator No. 2 is turned off,
and signal generator No, 1 is tuned to
the appropriate frequency at which the
over-all r.f. response measurement is to
be made. The modulation is turned on
and the generator frequency is retouched
for maximum output on the meter. Re-
cord this reading as the center fre-
(quency. (Remember not to overdrive the
receiver.) Al measurements will be
made with respect to this frequency so
be sure vou keep track of the reading.

Turn off the modulation of generator
No. 1 and turn on generator No. 2. Ad-
just its frequency to the recciver’s i.f.
frequency until a zero beat is noted in
the output. This will be indicated as a
null on the a.c. meter. The frequency of
generator No. 2 will not be changed for
the remainder of the test. In case a b.f.o.
is used, it should not be changed after
this preliminary setting,.

Let us assume that we want to plot
the response in 1-ke. steps. Set the audio
generator frequency to exactly 1000 ¢ps
and adjust the level for a suitable hori-
zontal line on the scope. Both ends of
this line should be visible on the scope
screen. Turn generator No. 2 on and ad-
just the frequency of gencrator No. 1
until a circle or diagonal line is obtained
on the scope screen. This indicates a 1:1
frequency ratio. It will be necessary to
adjust the vertical amplifier of the scope
for this first setting so that the vertical
deflection is about equal to the horizontal
deflection on the scope screen. Tt is not
important to have the line or circle sta-
tionarv_ just so it is reasonably stable. Tf
the circle collapses or scems to revolve
slowly, this mecans that generator No. 1
is slightly off frequency. But this will
only be by a cycle or so. which is much
better than we actually need. In the mid-
dle of the broadcast band. for example,
this would mean that we have moved
the frequency of generator No, 1 about
one part in a million.

After the frequency of generator No.
1 is set to obtain the line or circle on the
scope, gencrator No. 2 is either discon-
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nected or its plate supply is turned oft.
It is sngegested that the filiments be left
on. Then the modulation of generator |
No. 1 is turned on and a second voltage
reading is taken and recorded on the
graph. |

The procedure is then repeated with
the audio oscillator set at 2000 cps, 3000
eps. 1000 ¢ps, 3000 cps, or as far away |
from the ceuter frequeney as desired.

After one side of the curve is plotted.
it is necessary to repeat the procedure
with the frequency of generator No. 1
tuned to the other side of the original
center frequency.

The alternate output meter shown in
Fig. 1. can also be used and results will
be slightly sharper. It the alternate |
meter is used, it is not necessary to mod
wlate generator No. 1, and the sidebands |
are climinated from the measurement.
In this case, note that the response of
the audio amplifiers are not taken into
account. A

Modulation Circuits for CB

(Continued from page 30)

can be performed separately at low
power with a signal generator. There-
after. the transmitter can be connected
to the matched antenna without further
adjnstinents.

Other Transnritter Applications

These same modnlation principles can
be nsed for other transmitters, including
amatenr rigs. Their chief value lies in
their low cost, low power consumption,
and small weight and volume. Thus,
these circeuits are ideal for all types of
portable equipment and are of greatest
use in high-power transmitters, Withont
circuitry of this type, even S-watt por-
table equipment is impractical and more
so for ham transmitters in the 10- to 20-
watt range. The excellent performance
and low distortion obtained match or
exceed that achieved by conventional
“brute-foree”™ collector modulation. A

(Note: The various power ralings
given in the fgure legends and in Table
1 should he considered as approximate
only. They were included merely to give
an indication of battery drain. The com-
parative  performance  of the  various
transmitter circuits is hest expressed by |
the amount of demodulated andio volt-
age for a given degree of distortion.)
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For handy guidebook to better servicing,

APPLICATIONS \

Where there’s
a contact...
or a relay...

Service with Contact Shield! Pro-
tective! Corrective! It not only
cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay-operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays—while cor-
rective servicing unsticks them...
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield—
the professional service man’s
cleaner.

INCLUDE:
o Bowling Alley Autom
o Vending Machines
o Slot Machines @
o |BM Computers, and other
processing equlpmer:t i
strial Equipment U
¢ wgﬁiing machines, etc.

atic Pin Spotters

o Pinball Machines
Telephone Switchboards
data

g relays, such as

write Channel Master Corp., Ellenville, N.Y,

Wherever you use a screwdriver

QUICK-WEDGE 'wpossiBLE?

SL‘REW-{H]IDING SL‘REWDRIVER.
does the job faster and easier

straight, every screwdriving job is easier .

goes faster. No longer will vou waste time fumb-

ling with the serew . Thus if vour serew-
driving job is overhead. below ground

level, or even in hard-to-get-at places -,
vou simply affix the serew

place it in the desired spoy i
drive it in release the screw
driver and the job s done!
Prove it vourselt! Use a
Quick-Wedge® once

and vou'll never be
without one. Theyre wncondr
tomally guaranteed? Ak yowr
dealer o1 iente for wur catalug tday?

aucs wesae =

KEDMAN COMPANY
233 So. Sib West. P 0. Box 267, SALT LAKE CITY, UTAH 84110

BECAUSE . Quick-Wedge® Screw-Holding
Screwdriver holds, starts and drives the screw NPN

NOT AT ALL...! WEDIDIT!

We compiled specifications for over 4,000 transis-

tors. An tiust t 1
nled the ACTUAL manufacturer spees for each type
This means you see what ratings the fransistor actuals

Iy has—r just the registered ratmngs,

or each type, these specifications

prise maxi-

tor p 1 nent and case temes

pe itures; AN C nrent;  maximum
Vee. Ven. and Via @ typical gamn Dgures at a given vol

tage. current, and frequencey: maximum leakage cur-
rent at a given voltage. whether the unit is PNP or
m e H case diagram: and the
frequency at which the device is most useful—RF, AF,
G, ete.

All this and more is available in the first truly
| AL eollection of transistor types and
thueir spees —“Transistor Specifications and Substitu-
tien Handbook.™ Priced at §1.95, this buok contains
origimal cquipment. as well as replacement types. The
transistors are listed in column form with the specs
alongside. This makes chuosing substitutes quick .and
simple; merely compare the spee of the listings abov.
and below those of the unit to be replaced. Available
i* vour distributors or from TechPress Publications,
4532 8. Kedzie Ave., Chicago 32, Ilhnois.
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HI-FI BUYERS!

Want to
save yourself
a sack of
money?

SEND US YOUR LIST OF
COMPONENTS FOR AN
UNBELIEVABLE QUOTATION
THAT CAN NOT & WILL NOT
BE BEAT. WRITE TODAY!

Send for our discount catalog, too.

KEY ELECTRONICS CO., INC.

518 E. 95 St., B'klyn 12, N.Y.
Phone: Dickens 6-4191

CIRCLE NO. 126 ON READER SERVICE PAGE

SAY YOU SAW IT IN

Eleetronies World

DRAFTING

Let RCA train you at home
for a profitable career!

Start now! Many opportunities in mechanical
and electronic fields await trained draftsmen,.
RCA Institutes Home Training Course in Draft-
ing will help qualify you for a respansible pasi.
tion on commercial or military projects. No
previous technical training required. Liberal
tuition plan. Classroom training at RCA Insti-
tutes Resident School in New York also avail-
able. Send coupon now for FREE BOOK and
complete information.

RCA Institutes, Inc.

A Service of
® Radio Corporation of America
r — — — — — =~

RCA Institutes, Inc., Dept, EWX-24 -l
l350 West Fourth Street, New York, N. Y. 10014
Please rush me your FREE illustrated book and|
complete information about Home Training [}
'Classroom Training [J. No obligation. No sa!es-l
man wifl call.

Name ............................ Age |
{please print)
IAddress ................................. l
LClty .......... EERERUSY Zor‘i. .. ;Stale_._“ -
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EW Lab Tested

(Continued from page 22)

oratory microphone. Both microphones
were mounted in the same position rela-
tive to a loudspeaker which supplied the
test signals. After correction for the
known response of the reference micro-
phone, the response of the Model 664
was uniform within =5 db from 60 cps
to 9000 cps, falling another 5 db in the
40-50 ¢ps region.

It is apparent from onr test results,
and from the manufacturer’s specifica-
tions, that the Model 664 is well above

the average p.a. microphone in perform-
ance. In nse tests, we found its quality to
be excellent, with crisp highs and a full
bass. In close talking there was no sign
of “blasting,” but voice sibilants were
quite noticeable. The cardioid polar re-
sponse was very effective in reducing
pickup from the rear, to the point where
the interfering noise had to be much
stronger than the speaker’s voice to have
any disturbing effect. The manufac-
turer’s specifications show a front-to-
back ratio of better than 20 db, and this
was consistent with our observations,
The Electro-Voice Model 664 micro-
phone sells for $50.00. A

Audio Dynamics ADC-16 Speaker System

For copy of manufacturer’s hrochure circle No. 47 on coupon (page 15).

TIIE Audio Dynamics Corporation
Model ADC-16 speaker syvstem is a
compact, two-way floor-mounted syvstem
emploving  the unique  British-made
KEF wooter. This low-frequency driver
has a solid, vectungular styrene foan
radiator, measuring approximately 127 x
16”7, Its flat front surface is covered
with aluminum foil and is suspended
directly from the baflle board by a highly
complizant cloth surround.

The woofer has a fairlv conventional
voice coil and a nine-pound ceramic-
magnet assembly. The low muass and
high rigidity of the radiator give relative
freedom from breakup eftects throngh-
out the useful range of the woofer. The
effective radiating area of the low-fre-
quency driver is equivalent to that of
two 127 cone speakers.

The enclosure, distinctively  stvled
and finished in oiled walnnt, is of the
ported type, using a number of 1-inch
diameter holes on the rear panel as the
port area. The port is damped by a high
acoustic resistance, due to the effect of
a number of small holes and to the
acoustic absorbing material which cov-
ers theni inside the cabinet. This damp-
ing climinates the cffeets of low-fre-
quency cone and cabinet resonance. The
interior of the cubinet is also extensively
padded with absorbing material.

High frequencies are propagated by
a dome radiator, whose 147 Mvlar dia-
phragm is driven by a voice coil of the
same diameter. This speaker has very
wide dispersion and excellent transient
response because of its husky mugnetic
system. The crossover network is built
into the cabinet. Two slide switches on
the rear panel allow some variation of
over-all response characteristics. One
switch reduces high-frequency  output
while the other boosts the mid-range re-
sponse.

Although the speaker system can be
operated either horizontallv or vertically,
by itself or on uccessory legs, its dinen-
sions of 177 wide x 27%” high x 124"
deep will dictate floor mounting in most
cases. It is finished on all four sides.

The frequency  response  of  the

+1Op

I AVERAGE OF B INDOOR RUNS

+
[4)]

CINPUT TO SPEAKER=|IWATT 1

]

RESPONSE-DB
n

L
0

% HARM.DIST.
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ADC-16 was measured indoors. Eight] LAMPKIN METERS
automatic response plots with different |

microphone positions were averaged to NS tnn menn mnnE"
IN YOUR POCHET!
W —

obtain  a single composite  response
curve. The speaker’s response was very |
smooth, with no significant peaks or
holes throughout its range. There was a
aradual downward slope of the response |
below 2350 eps. which would probably be
affected by the room characteristics and

speaker position. Tt could also be sub-
) : (PLUS 47.000 NEW INSTALLA EACH MONT
stantiallv corrected by adjustment ot | i TlONS ED

@ o M MUST HAVE PERIODIC MAINTE AND ON
amplifier tone controls. Harmonic dis- NENEIE CHIESKS

tortion was low down to about 40 cps. FREQUENCY AND MODULATION.
Between 230 eps and 13.000 ¢ps, the
[requency  response  was  {lat within
2.5 db. by properly equipped
Tone-hurst tests clearlv indicated the
excellent transient response of the svs-

tem. There was little tendeney toward )
3 Almost every two-way radio tower or an-

l‘l'nf_"ill;_{ or the genemtion of \‘])lll‘i()lls tenra in your area can mean money o
you—

THE AMAZING EXPLOSION IN MOBILE RADIO CONTIN-
UES. RIGHT NOW OVER 2,788,000 TRANSMITTERS

Frequency measurements and adjustments can only be made

and licensed—scrvicemen. Quite often

maintenance is done on a term contract basis—assuring steady,

competition-free inconie.

frequencies.
In listening tests, the ADC-16 had a | m

f'ul]: well-balanced sommd. In })tl1(>1' lis- l To LH()';&NT':!?!(};)EOE#HNFTAYSH N

tening rooms there was no evidence of ] MAIL COUPON TODAY!

anv low-frequency loss. The highs were | o) ———————————=

sweet and nutm_'n] “”f] SO \\'ell'disporse(l mﬂ"g;\[‘i‘sitﬁ?gﬁ]‘zﬁgfﬁI(')’:‘ig(-]

that speaker orientation had little or no

clfect on the over-all sound. We found

the “normal” settings of the speaker re-

sponse switches to be most pleasing, al- |

|

1 LAMPKIN 105 B Frequency  LAMPKIN 205-A FM Modula-
q . Meter. 0.1 to 175 MC and up. tion Meter. Tunes 25 to 500
At no obligation to me, please send free | 26000 hccessory PPH Me. MO Vith four moduiation

booklet "HOW TO MAKE MONEY IN
MOBILE-RADIO MAINTENANCE" and data
on Lampkin meters.

ter for 0.0001% accuracy on scales, 0-1.25. 2.5, 12.5, and
split-channels, $147,00. 25.0 KC. $310.

‘ NAME :
thongh  some  bright listening  rooms < lAMPKIN I'ABORATORIESI I C
might require a reduction of highs. \ ADDRES ‘ ‘MFM Division
The ADC-16 speaker svstem sells for e STATE BRADENTON, FLORIDA
$220. inclnding a floor stand. A T TTTTTT CIRCLE NO. 128 ON READER SERVICE PAGE
(
SILICON RECTIFIER STANDARDS l
UBLICATION of the fiest set of com- | - K tape record \
4 N a N 2

prehensive standards of silicon-
vectificr diodes and  stacks hax heen
announced by the Power Semiconductor
Component Section of NEMA. Purpose of |
the standards is to elear up the confusion
which has existed in manufacturing and

| ey O’ Qi W So
-rSOUND
(for less than $10.001)

PLUG-IN PROGRAM
SOURCE # 1 HERE PROGRAM

. -
‘_\ '“/' SOURCE #2

specifving diodes and stacks because of
wide variations in testing and  rating
methods.

The 65-page book, known officially as
“NEMA-EIA Standards for Silicon Recti-
fier Diodes and Stacks,” sells for 83 per |
copy, and can be obtained by requesting
Sk 60-1963 rom the National Electvical
Manufaeturers  Association, 1535 East

44th St.. New York, NOY. 10017, A

ENROLLMENT UP

OOPERATION  between  industrial ADJUST

< firms and edueational institutions ' ADJUST }YgRLUxEZ
a2 maid S S - ol Fill in coupon for a FREE One Year Sub- < 3 VOLUME
has p rie ofl in Southern ( |-l||u|n| 1 l')_\ sripion 1o OLSON ELECTRONICS Fan. R
producing an 11.1 percent increase in tastic Bargain Packed Catalog — Unheard PROGRAM PLUG
freshmen enrollment in engineering as of LOW. LOW. DISCOUNT PRICES on g SOURCE #1 INTO RECORDER

;i - N - Brand Name Speakers, Changers., Tubes, | B INPUT
against a 2.3 pereent decline registered Tools, Sterec Amps, Tuners, CB, Hi-Fi’s, and | “3/

: ati al scale. according learles thousands of other Electronic Bargains.
on a national seale, according to Charles | Cred:¢ plan avajlabie. MINI-MIX

I°. Horne. president of E1A, by SWITCHCRAFT
Instrumental in the increase in student | Record music direct and dub you. voice
interest in engineering was the Southern | ADDRESS. at the same time . . . Record from 2 mikes
‘ at once. Fade-in one channel while fading
Aty IONE___STATE out other. Professional results—yet requires
i I e Ol N ey, If you have a friend interested in electronics no technical knowledge. Models for most
aim of cne ouraging crowth in scienee send his name and address for a FREE sub. recorders, mono or stereo from $7.95. At
and mathematics and the long-range ob- scription also. your dealer’s.

jeetive of mahking all industry resources | |
available 10 sehools in every subjeet. | OLSON ELEGTRONICS INC W

Mr. Horme urged EIA members in | ! ’ 1
5523 N. Elston Ave. / Chicago 30,M

other areas to give serious thought to| 544 Forge Street, Akron, Ohio 44308
A
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~etling up a =imilar program.
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California Industry-Education Couneil,
established v 1957 with 1the immediate |
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S5-SOCKET
CONTINUITY
TESTER

$995
VALUE

Instantly tests filaments in radio and TV
tubes, and indicates which are burned
out. ldeal instrument {or checking all
household appliances. Fits all types of
tube bases—7-pin, 9-pin, octal, loctal and
TV picture tubes. Operates on 117V AC-
DC. Now at an extraordinary low price.

FULLY GUARANTEED!

ORDER TODAY!

Ziff-Davis Publishing Company Ew24
Consumer Service Division
One Park Avenue, New York 16, New York

|

|
Please send me ______ Continuity Testers |
at $3.95 each (N.Y.C. residents please add 4% |
Sales Tax). My check (or money order) for l
$__  is enclosed. ! understand that
you will pay the postage and that each Con- |
tinuity Tester is fully guaranteed. l

Name

Address.

Zone

City State.
LSSORRY—NO Charges or C.0.D. Orders.)
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MULTI-OUTPUT
LENER VOLTAGE REGULATOR

By HAROLD REED

Two zener diodes, three resistors, and a switch
produce four regulated voltages commonly used in
semiconductor work. Simple power source is used.

OR experimental semiconductor

work, there is nothing like a regu-
lated power source capable of fumishing
most-needed supply voltages. Unlike
batteries, there is only the initial cost
and the inconvenience caused by run-
down batteries in the middle of the ex-
periment is thus eliminated.

This simple voltage regulator will pro-
vide regulated outputs at most com-
monly used values for semiconductor
circuits—nominally 3, 6, 9 and 135 volts.

&
15

9

ok

Zener voltage regulator front-panel view.

By using a special switching arrange-
ment, only two low-cost zener diodes and
three resistors are required. Any suit-
able d.c. source adjusted to 17 volts may
be used for the input. If a d.c. supply is
not on hand. the constructor can build an
a.c, rectifier especially for the regulator.
Good regulation is obtained even with
a simple half-wave diode supply.

The schematic shows that two zener
diodes (CRL and CR2, 6.2- and 9.1-volt
units respectively) are switched into four
different circuit configurations.

With the switch in the first position,
both diodes are nsed. The regulated ont-
put is the difference potential of the
diodes, which is 2.9 volts. The second
switch step provides a 6.2-volt regulated
output. Here, only CR1 is used. On the
third switch step, only CR2 is used and
9.1-volt regulated output is available.
The fourth position connects the two
diodes in series giving 13.3 volts regu-
lated output. The 17-volt input was

www.americanradiohistorv.com

chosen so that operation would be defi-
nitely in the zener region with diodes in
series.

The voltage regulator diodes are rated
at 400 milliwatts and cost about $2.60.
These diodes are also available with
ratings tfrom 250 milliwatts up to 10
watts at varions voltages. Thus, a regu-
lator of this tvpe may be constructed to
handle considerably larger currents and
with many different combinations of reg-
ulated outputs,

The device is housed in a 4x2%x2k
inch almninum box with identifving de-
cals on the front panel. Parts placement
and internal wiring are not critical. Using
a slightly larger box, a completely self-
contained unit may be made by incorpo-
rating a power supply using germanium
or silicon diodes.

The regulator was tested with one of
the simplest types of power supplies con-
sisting of a half-wave rectifier and a ca-
pacitor-resistor filter. With a regulated
output of 6.2 volts, starting with zero
load current the output remained steacly
as the load current was increased. When
load cwrrent reached 24 milliamperes,

O

+
RI R2 R3
3son 3ion 68
1/2W. 1/72W. 172w,

>

=

=

g 4

E4

T

9V,
+2 0

Multiple outputs are available from this
small regulator. Note that the 2.9-volt
circuit has a separate negative terminal.

the output dropped 0.3 volt. The 9.1-
volt output held steadv from zero load
current up to 20 ma. when it also went
down only 0.3 volt. Outpnt from the
15.3-volt terminal dropped 0.5 volt be-
tween zero and 22 ma. load current.
Likewise, the 2.9-volt ontput held steady
and went down only 0.2 volt when the
load current reached 10 ma. In these
tests, zero load current represented no
load at all connected across the output
terminals, A
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RCA RECEIVING TUBE MANUAL” compiled and published by
Radio Corporation of America, Harvison, N.J. 545 pages.
Price $1.25.

This most recent edition of the RCA tube manual offers a
wide variety of uselul information for engineers, service
technicians, experimenters, radio amateurs, hobbyists, stu-
dents, and others who work or experiment with home-enter-
tainment-tvpe electron tubes and circuits,

The material has been revised and expanded to include
the most recent advances in the electronics field. There are
fourteen sections to the manual covering electrons, electrodes,
and electron tubes: electron tube characteristics; electron
tube applications; electron tube installiation; interpretation
of tube daty; application guide for RCA receiving tubes;
technical data for RCA tube types; picture-tube characteris-
tics chart; electron tube testing; resistance-coupled ampli-
fiers; outlines; circuits; an index; and a suggested reading list.

£ o o
“THEORY OF NETWORKS AND LINES” Ly James L. Potter &
Sylvan J. Fich. Published by Prentice-Hall, Ine, 430 pages
Price $16.00.

This volume is designed for junior or senior courses in
engineering and assumes that the student has had basic
courses in circuits or networks and the usual preparation in

The Turner Model 500 Cardioid
MATCHED SETS FOR

STEREO

OUTSTANDING FOR
SOUND APPLICATIONS

Turner Mosdel 500 Cardioids are availakle in
perfectly matched sets, possible because any
500 is interchangeable with all others. And
Turner’s strong, distinct pick-up pattern elim-
inates all extraneous noises, making it the
ideal microphone for stereo recording. Also
excellent for paging and sound applications.
When it's quality you want . . . matcaless
quality . . . ask for the Turner 500 Cardioid.
Free literature available.

THE MICROPHONE COMPANY

900 17th Street N.E.
Cedar Rapids, lowa

In Canada: Tri-Tel Associates, Ltd., 81 Sheppard Ave. West
Willowdale, Ontario

February, 1964

HAND IT

mathematics as well as a familiaritv with determinants.

The text first treats the development of the parameters of
two-terminal pair networks and the derivations and applica-
tion ol the bisection theorem. The rest of the book covers the
design of resistance attenuators, the svnthesis of lossless
networks from a specification of their poles and zeroes, the
design of conventional filters, synthesis of networks with
Josses, an introduction to matrix algebra, small-signal equiva-
lent circuits of tubes and transistors, and the circuit theorv
of transmission lines. A brief introduction to the transient
analysis of networks and lines concludes the book.

= 4% o
""SEMICONDUCTOR FUNDAMENTALS: DEVICES AND CIRCUITS”’
by A, H. Seidman & S. L. Marshall. Published by Joli Wiley
L Sons, Inc. 271 pages. Price $6.50.

This is a basic and introductory text for those interested
in the operation of diodes and transistors, their technology,
and their application. Prerequisite is a familiarity with ele-
mentary physics and vacuum-tube electronics. Approximately
hall of the book is devoted to transistor physics, technology,
manufactire, and construction.

The other seven chapters deal with transistor applications
as well as the clectrical measurement of diodes and transis-
tors. Test questions at the end of each chapter can be
checked by the answers to selected numerical problems
carried in an appendix. Thus this volume can be used either
for classroom instruction or home study.

"“LINEAR PROGRAMMING & EXTENSIONS” by George B.
Dantzig. Published by Princcton University Press. 610 pages.
Price $11.50.

Written by « mathematician for The Rand Corporation
this volume deals with the concepts, origins, and formulation
ol linear programs and the simplex method of solution. The
balance of the text deals with price concept, matrix games,
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FREE!

Your 1964

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 new 1964 catalog of quality do-
it-yourself and assembled kits and equipment. Read about items from

TV set kits to transistor radios . . . from VIVM’s to scopes .

from

tube testers to tools. And every item in the Conar catalog is backed by a
no-nonsense, no-loopholes money back guarantee! See for yourself why

Conar, a division of National Radio
is just about the fastest
growing entry in the quality kit and

Institute,

equipment business.

CONAR

HEEEEEEMVAIL THIS COUPON NOWNHEEEENEN

Please send me your 1964 catalog.

@@NAR 3939 Wisconsin Ave., Washington 16, D.C.

BB4C

Name
Address

City

Zone State

% ....,,,..wkmu et cuoe

FREE

AL LIE D e o

e send today

for your

1964 /'[[I[ﬂ CATALOG

save most on:

o Stereo Hi-Fi

¢ Famous Knight-
Kits®

e Tape Recording

¢ Phonographs

¢ CB Radio

o Amateur Gear

o P.A. Systems

o Test Instruments

444 Value-Packed
Pages. World’s largest
selection of top
money-saving buys,
including exclusive
products available
only from ALLIED. Get
fastest service, easy-
pay terms, satisfac-
tion guaranteed or
e Electronic Parts, Your money back.
Tubes, Transis- Send coupon today for
tors, Tools, Books FREE 1964 Catalog.

free

ddd-poge

Use the Allied Credit Fund Plan
ALLIED RADIO

ALLIED RADIO, Dept. 1-B

| Calalen
I 100 N. Western Ave., Chicago 80, 11 I
I (] Send FREE 1964 ALLIED Catalog I
I Name I
I PLEASE PRINT I
I Address I
I City Zone____State J
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SAY YOU SAW IT IN

Electronics Wor

send for NEW FREE

CRYSTAL CATALOG
with NEW TRANSISTOR
OSCILLATOR CIRCUITS

Citizen Band $995 L e
EACH HEEU
W
Class "D" Crystals .
3rd overtone — .005% tolerance -— to "
meet all FCC requirements. Hermetically H
sealed HC6/U holders. 2" pin spacing.

050 pins. (Add 15¢ per crystal for 093

pins).
All 23 megat\cle frequencles ln stock: 26.863. 26.975,
26.885%, 27.005, 015, 27.02 27 . 5 . 27.065,
27.075, 27.085, 27.105, 27. 115. 27 27.1 N
27.183, 27. 175. 27.185, 27.205, 2 15 27.2535,
Matched crystal sets for ALL CB its (Specify equipment
make and model DUMDETS) «ceeverenncerrmmmie e $5.90 per set

RADIO CONTROL CRYSTALS
in HCG/U HOLDERS—SIX FR!OUEN‘CIES A
Vn' In p-cm‘x so!so pl{n ﬂllm:,ur

4,995, 27.048, 27.095, 27.14%
oo e o L8 95"
{agd Se¢ per crystal for postage and handling)

ORDER FROM CLOSER PLANT
$ TEXAS CRYSTALS&

DEPT.R-14

1000 Crystal Drive

FORT MYERS, FLORDA

Phone 813 WE 6-2109

TWX 813-334-2830
AND

4117 W. Jefferson Blvd.

1L.OS ANGELES, CALIF.

Phone 213-731-2258

TWX 213-737-1315

In stock
cycles): (olerlncn .0
o ik avalisble. -aa 15

Division of
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transportation problems, and additional

applications to “real enviromuent” situ-
ations.
Mathematical and  computer back-

ground is assnmed and innumerable ex-
amples are included in the text. An
extensive 20-puge bibliography is in-
cluded for those wishing additional rel-
erence material.
o * k-

"“ELECTRONIC DEVICES & NETWORKS’’
and “ELECTRONIC CIRCUIT TECHNIQUES'’
edited by E.E. Zepler & SV, Punnett.
Published by D. Van Nostrand Com-
pany., Inc. $6.30 each.

These companion volunes have been
written by a team of contributors from
the Department of Electronics, Univer-
sity of Southampton in England-—cach
contributor dealing with his particular
specialty.

The level of writing in both volumes
is for the resecarch engineer bt can be
nsed by the engineering student at the
college level. The first volume deals
with the fundamental principles of ac-
tive and passive components and ex-
plains in detail the components which
miake up the various single and multi-
stage units covered in the second vol-
nme.

Becanse of the interlocking of the
text material in the two volumes, these
books should be treated as volumes 1
and 2 and should be used in conjunction
with each other.

& o o
""ELEMENTS OF TELEVISION SERVICING’’
by Abraham Marcus & Samnel E. Gend-
ler. Published by Prentice-Hall, Inc.
520 pages. Price $9.530. Second Edition.

When the first edition of this text
appeared in 1955, it received a warm
welcome  from radio  technicians and
students at radio and TV schools for its
practical approach to television serv-
icing. We feel this second edition will
acgnire a whole new generation of ad-
herents.

Since the authors have prepared this
text on the assumption that readers will
have a thorough working knowledge of
radio circuitry, no attempt is made to
cover this segment,

Basically, the book comprises four sec-
tions dealing with basic theorics of TV
transmission and reception, field serv-
icing in the customer’s home, the theory
and practice of bench servicing, and
color television. The text material is
amplified by an extensive assortment of
line  drawings, schematics, patterns,
photos of commercial equipment and
receiver sections.

Those who have worked with the
anthors” First Edition will find this vol-
ume equally rewarding, while newcom-
ers will welcome this well-planned and
detailed exposition of the scope, respon-
sibilities, and rewards of TV service

work. A
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\EW PRODUCTS

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, ssmply fill in
the coupon appearing on page 15.

BREADBOARD KITS
ALan Kits, Inc. is now offering a new line of
] breadboard  kits which features a unique
duminum base and the ability 1o gang together
anv ol the several size Kits offered by the firm.

I he matching hale patterns in the metal base
allow the bolting together and the wiring to pass
on the underside from chassis 1o chassis,

\ounting of components is accomplished by
ising special feedthrough terminals on the phe
nolic deck. Details on available kits will be sup-
plicd by the company on reqnest.

ALL-CHANNEL YAGIS
Clear Beam Antenna Corp. has recently in-
2 troduced three new all-channel vagi antennas
as its USan Franciscan™ series,

A three models Teature the company's “Daa-
Gold™ finish and abl are designed with separate
vagi sections for low and high vohol bands. The
Model DGH20 is peaked for extra gain on the low
band. T he Model DGTOO has an additional direc.
tor clement for higher gain and greater directis-

ity on all v.hit. chunnels,

AUTO IGNITION SYSTEM )
Kapner, Inc. is now ollering a transistovized
ignition system. Model K-70. which the com-
pany claims can be installed without disturbing

cither the old ignition ballast vesistor or bypiss.
I hix featnre is made possible by the inclusion of
a spedally designed ignition relay,

The ssstem is designed lor use with any car.
tuck. or marine engine whether 4.6, or 8 cvlin-
ders. Sinee the svstem can be installed casily and
removed at will, the unit can be transferred to
another car in the event of sale or trade-in.

PENLIGHT FUSE TESTER
Federal Pacific Electric Company is now of-
fering the “LFeonotite.” a penlight device
which mav be nsed (o test continuity in any kind
of cartridge or plug fuse. Eqnipped with a pocket
clip type of switch, the unit may be canied
casily by plant maintenance personnel.

Fuses mnst be removed from live ciienits for
testing. Positive indication of fuse continuiny ako
results from testing fuses ont of live circuits since
{alse 1

dings of fuse continuity caused by leed-
avoided.

hack arve
DIFFERENTIAL VOLTMETER

5 tems Research Corp. is offcring the Model

5501 diflerential volumeter for 0 to 500 volt

doeo voltage measurenments, 'The new unit provides

February, 1964

acenracy of 0,017 ol the input maxinmum crrov
or 20 gv., whichever is greater. Incorporating
compact, all-transistorized  circuitry, the Model
3501 requires onlv 314”7 of vack space. Units can
also be Murnished with adjustable bench mount-
ings.

Over-all stability of the unit is 0.01% per year.
Voltmeter scales include 0 3, 30, and 500 volts
d.c. Null sensitivitv rtanges are 100, 10, 1, 0.1,
0,01, 0.001, and 0.0001 volts.

MINIATURE SELENIUM RECTIFIER
International Rectifier Corporation has an-
B nounced a new miniature all-purpose scle-
ninm rectifier. measuring only 135,” x %7, capa-
ble of delivering the same power as conventional
open-in tvpe assemblies (65 ma. @ 130 volts
ransy) inone-half the space.

The new device mav be mounted cither by
printed-circuit terminals or by a monnting tab
and s desi
lar applications. The Type T0650 is rated lor
380 volts peak reverse voltage and a maximum
operating temperature of 85 degrees C.

ned Tor vadio, hi-hi, phono, and simi-

RECORDING DEPTH SOUNDER
Ravtheon Company is now offering a combi-
7 nation recording and indicating “Fathom-
cter”depth sounder for record-keeping and de-
tection of depths,

I'he recorder section is scitled 1o 210 feet, The
flashing light indicator has a normal scale of 120
teet but is calibrated to 360 feet to take advan-
lage of the eana power available and the ex-

tended readings that ave trequently possible when
a boat is operating over a hard bottom that acts
as a good reflector of the ultrasonic pulses. 'The
new depth sounder is controlled by a single knob
that serves as an “ofl-on™ switch and an inten-
sity control,

SOLID-STATE LIGHT CONTROLLER
Ward Leonard Electric Co. has developed a
8 new solid-state lighting control system pack-
aged in a single enclosure for use in small the-
aters. schools, TV studios, and similar applica-
t1ons.

Kuown as the “Solitrol Controlette,” the new
unit is miniaturized, portable. and entirely sclf-
contained. The svstem handles 36 kw. in a com-
pact package measuring only 507 high x 267 deep
29 wide. Tt contains six modan G-hw, SCR
dimmers, T he solid-state dimmers featare square-
law  characteristics, silent  operation. instanta-
neous response. and  highly filtered ountput (o
prevent Lomp noisc.

H.V. EPITAXIAL SCR
9 International Rectifier Corporation has de-
veloped a high-voltage, high-carrent SCR
which makes practical the replacement ol bulky
motor-generator sets, rotating  frequency chang-

www.americanradiohistorv.com

ers, indaction voltage regulators, and thvratrons
and ignitron tibes by a compact solid-state de-
vice.

‘The new units may be applied to a.c. and d.c.
motor drives in steel rolling and wire mills, pa-
per mills. printing presses, or wherever variable
speed drives are required.

Rated at 285 amps with bulk avalanche capa-
bilities up to 300 volts. the new SCR's eliminate
the design problems encountered when lower
voltage devices are operated in series.

Complete specifications on this new line. desig-
nated Tvpes 150RER0 through 130RE130, are
available from the manubictirer.

LOW-RESISTANCE BRIDGE
Electro Scientific Industries is now oflering
the Maodel 209, a portable Kelvin low.resist-
ance bridge which measnres switch contact and

conmector resistances in the area of one milliolim
and detects variations ol resistance on the order
of one microhm. Coverage is § to 1 ohms in five
ranges. Rated accuraey at bridge current of one
ampere is +0.29 “4one dial division 4+ 10 mi-

crohms.

Readings ave presented in a straight line with
a permanent decimal point located between the
dials. A multiplicr switch 1o the right of ihe
interpolating dial selects five multiplier ranges
of 1000, 100,10, 1 and 0.1. permitting rapid read-
out andd calibration by multiplving the readout
by the range setting.

IGNITION SHIELDING KIT
E. F. Johnson Company is now marketing a
]] universal-type antomotive ignition shiclding
kit designed to control both conducted and vadi-
ated interterence.

Known as “Eliminaise.” the new kit is designed
to increase two-wav radio communications range
and prevent the dessensitization of both AN and
FAL auto veceivers. The kit comes with detailed.
illustrated, casv-to-follow instructions:  chrome-
plated sparkplug shiclds: distributor cap <hicld
and  coil shield with integral filter  capacitor:
spavkplug cable shiclding W all necessary hard-
ware. Lhe shiclding is designed to be installed
with veadily available handtools and can be trans-
ferred from one vehicle to another as requiired.

PRECISION TEMPERATURE BRIDGE
Winsco Instruments & Contvols Co. has
]2 added the Model 4103 predision temperature
bridge to its tine of temperature measnring and
control equipment.

The solidstate unit utilizes the predision inpnt
of a platinum RTD and the accuraey of a high-
precision gahanometer to measure and display
media temperature to an accuracy ol 0.1 degree 1.

Available lor single- or multi-channel opera-
tion, the sclf-contained, battery-powered instro-

o7
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GET.250 °
HOURS WORTH -
OF PROJECTS FOR
"ONLY $1.00...:
$ “THE COST

OF THE

| iiﬁfi’ticrkoulc

EXPERIMENTERS

B R san

HANDBOOK

If you like the challenge of working on
your own construction projects, this is
the publication for you! It's chock full
of projects, detailed charts, circuit dia-
grams, cutaways, and photographs—all
in one handy, compact 164-page maga-
zine. Your copy of ELECTRONIC EX-
PERIMENTER’'S HANDBOOK offers you
hours and hours of enjoyment while you
build fascinating projects like these:

 BC Photoflash ¢ Thermistor Fish
Finder ¢ Silent Hi-Fi Listening e In-Flight
Eavesdropper « Wired Wireless for Col-
leges « CB/Ham Crystal Test Set...plus
many more!

The 1964 edition of ELECTRONIC EX-
PERIMENTER’'S HANDBOOK is now on
sale. Get your copy at your favorite
newsstand or send in this coupon and
we will mail your copy to you.

] t
1 Ziff-Davis Service Division, Dept. EW24
: 589 sroadway, New York 12, New York :
: Please send me. copies of the :
1 1964 ELECTRONIC EXPERIMENTER’'S 1
1 HANDBOOK, at $1.00 each plus 15¢ han- 1
: dling charge per HANDBOOK. :
1 ]
1 lenclose !
1 1
: Name :
1 1
1 Address )
1 1
: City. Zone State :
98

ment is designed for a wide variety of industrial
and laboratory temperature measurenments and
applications. A choice of temperiture  ranges
across the span of —320 to 1100 degrees Fois
available with up to ten channels.

R.F. SIGNAL GENERATOR

Lafayctte Radio Electronics Corporation s

] marketing a new low-cost wired test instru-
went, the signal genevator.

[I-200 11,
Six overlapping ving
220-1000 ke,

generate signals of 1204
H-58

v ¢

320 ke 32 e 5241 mc..

men and S7-150 me, all on handamentals with
calibrated harmonics from 1202380 mc.

I'he instrnment which measares 70275 10347
NH e i saitable for ddrd alignment,
nal tracing. TV lincarity chiecks, and other seis-
ice applications,

audio sig-

U.H.F. ANTENNA LINE
Antennacraft. Company is marketing
]4 line of vl antennas which features new
diamond-phased  continnous  aluminum-wire
driven clements and a colincar
reflector syarem,

aonew

mnlti-resonant,
The antennas. which are shipped completely
factory preassembled. are offered in cither “Dura-
Gold™ or sapphire blue anodized finishes. T he
Model G-LIRS i designed 1o cover allanhid, chan-
uels 14 to 85 while the Model G-7083 is peaked
for chinmels 70 to 830 T he blue anodized models
e SRS and S A-7083 respectively.

FIELD-STRENGTH METER
]5 Ferris Instrument Company has added the
Model 32E.0 a portable ficldstength mever,
to its line of radio noise and ficld-strength insho-
ments,
The new unit ollers five ranges covering the
{.ospectiam from 150 to 350 ke, and 350 ke (o
I me. perfouming as a radio noise meter in ac-
covdance with the latest proposed AS v standards,
with time-constant weightings including
and quasi-peak. Peak readings nf;ly also be ob-
tained by mieans of an
The Model 32FE is Tanished with a tod antenna
lov fickd-strength measmements in free  space
while individual loop antennas {or cach of the
five Mrequency bands are otfered as accessovies.

average

accessory slidebacker,

SOLID-STATE SCOPE
Tektronix, I has developed a compact, rg-
]E gedized oscilloscope, 'vpe 647, featnring a
dic. 1o 30 me. passband with solid-tite wmplifier,
ype 10A2, and time-base, Tvpe 11B2,
units,

Measuming 4Ve” high < 10”7 wide x 237
and envivonmentalized 1o withstand wide operat-
ing and storage conditions, the new model can be
used aloft (15000 feet maximuom) and can with-
stand 206 shock.

Total

plug-in

decp,

power consumption is 18 watts. A rec-
tangular cevamic CRT with o paraliel-ground
faceplate, TRy accelenming porential, and paal-
lax-iree internal graticule is also feated.

FLEXIBLE COAX CABLE
] Columbia Wire and Supply Company is of-

fering o new line of “Supaiflex”™ coaxial
cables which deatures a minimum service tife of
10 vears and a potential life of 20 vears under
same coneitions.

wWwWWwW. americanradiohistorv.com

“Fhe new ine comes in black, white, silver, and
beige or can he produced in amy color on special
order. The cable features non-contaminating
jackets. super flexibilitv, and low-loss foam poly-
cthvlene primary insulation for better perform-
ance and improved resistance to rigidity in cold
weather.,

SOLDERING PISTOL

]8 Wen Products, Ine. is now offering the Model

75w soldering pistol which s 97 long tinclud-
ing the 37 tapered tip) by 414”7 high. It will pro-
duce at it tip the heat of @ 100-watt device hom
A peak surge rating of only 50 watts and a normal
draw of onlv 30 watts. Al of the heat is concen-
irared at the pistol's tip,

The pistol, which is housed in shock-vesistant
molded ved plastic, has a six-loot long connecting
cord and molded ptug. A built-in spotlight on
the case illuminates the work area.

MARKING SET
] The Datak Corporation is now offering a

new component identification marking s
tem for protobvpe and pilot production 1uns.
“Instant Lettering” requires no wiater. solvents,

tapes, or sereens and does a professional-looking
joly with no sctup or spedial equipment required.

I'he Tetters adhere to abmost any surtace. Each
sel contains 12 sheets of letters os we!l as 10 sheets
of consecutive numbers from 1 to over 200,

PRECISION DECADE BOXES

Ultronix, Inc. is now offering six models of
“Ultrodee.™ aprecision dedade resistance hos.

Lhe new five-dial units me available with nom-

nal =017 accuracy  (Series .\) or uominal
=007 accuracy (Servies BY. A factory calibvation
chart is provided with cach instronnent. Resist-

anee vanges ate 0.0 to VT olims for the Model
S 10 o TEELD ohms for the 505, and 10.0 10
LIEETO0 ol for the 506, Al models are asvail-
able in cither bench-top ~style in aluminem cases
or in rack-ntount configuration.

IGNITION SYSTEM
The Tgnitioncering Company is.on the mar-
2] ket with a transistorized  ignition  svstem
which the manutactner claims requires no en-
eine or vehicle wiving modifications and only the
simplest of handtools o insall
1 he ssstem is being offered in 1wo models: for
G- mud 1201t negative-ground cas and for 6- and
120l positive-ground s,

NUMERICAL READOUT TUBES
National Electronics, Inc. has announced a
22 fine of numerical readowr tubes whose char-
acters are formed by neon glow,

The NL-8121 /5002 and NL-631HY with L6107
high chavacters, have ratings and clunacteristics
tvpical of various tvpes available: maximum ioni-
sation voltage 170 volts doer minilum supply
voltage. 170 volis «ler average cathode aorent
1.5 1o 3 ma and viewing distance up to 30 feet.

H1-FI — AUDIO PRODUCTS

MODULAR MUSIC SYSTEM
General Electric Company is curvently intro-
23 Smodulin™ nnsic system consisting
recorder. a dutly rransistorized
100-watt  peak-power  ANM-FN-TM-sterco  tuner/
amplifier. four-spead awtomatic rvecord changer,
and a choice of speaker arrays,

ducing =«
ol stereo tape

ELECTRONICS WORLD
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POWER DOWN! POWER SIDEWAYS!

POWER PARALLEL! FREE-HAND!

Eight wrenches—and each
works four ways! Fits set screws
from 1 /20" to 7/32"—all the com-
mon sizes in electronic, auto-
motive and mechanical devices.
Carrying case stores wrenches
and gives extra leverage in three
different positions—down, side-
ways or parallel to case. And—
wrenches snap out for free-
hand use!

oNnLY *1.9 5

FULLY GUARANTEED!

ORDER TODAY!

Ziff-Davis Publishing Company EW24
Consumer Service Division
One Park Avenue

!

}

I New York 16, New York

! Please send me . 32-WAY HEX

| WRENCH SETS @ $1.95 each (N.Y.C.

i Residents please add 4% Sales Tax). My
check (or money order) for $ s

{ enclosed. | understand that you will pay the

| postage and that each Wrench Set is fully

i

{

1

i

[}

guaranteed.

Name

Address

City Zone State
(SORRY —No Charges or C.0.D. Orders.)

L A
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‘I he modules e pre-matched in both stvle
and performance. D he individaal units have been
clectronically coordinated for use oy a
that can be grown building-block fashion. All

svstent

connecting  leads  are  colov-coded. Plugs are
mechanically matched 1o specific outlets. “The
controls ave  simple. and  no  ganged  muli-

function knobs are ised.

All units arve housed inidentical hardwood oil-
walnut vencer cabinets measnring 647 wide x
10187 deep x 1602”7 or 8447 high.

EQUALIZED TURNTABLE PREAMP

Broadcast Electronics, Inc. has announced an
2 equitlized turntable preamplifier which re-
duces residuil noise level to better than 65 db
hetow rated output and cuan be div-cell battery

powerad to eliminate all residual hum.
Designated the “Spormaster’™ Madel 7T7T-20 v
the vew unit is a compact. low distortion. Tow

noise, transistorized amplitier with built-in NAB
cqualization. No coils or inductors we employed.
Fhe "TA-200 can Dbe opaated from any well-
filtered doc. supply providing 6 to 15 volts,

Howsed in a metal case measuring 2V47x207x
37, the unit is designed tor mounting in o1 nen
the tnntable cabinet.

25

amplifier rated at 70 watts,

Circuit  features  include tuning.
tront-panel low-level ourput for private listening.
and U Auto-Sensor” for automatic switching ot
operation mode.

In addition, there is a bandwidth selector [or

70-WATT TUNER/AMP
H. . Scott, Tnc. has just released the Model
R0, single compact AM-FM o stereo tuner-

slide-rule

TRANSISTOR
RADIO

HANDBOOK

—simplified circuit theory, plus
practical construction projects

Handbook covers a wide range of
communication uses for both ama-
teur radio and commercial applica-
tions.

Includes audio and speech amplifiers,
V.H.F. transmitting and receiving
equipment, single sideband exciters
(both filter and phasing types), and
also a complete S.S.B. transceiver.

sook $[< 00

#2044 €4a. (foreign $5.50)

Order from your favorite electronic parts distributor.

If he cannot supply, send us his name and your
remittance, and we will supply.

EDITORS and ENGINEERS, Ltd.
Summeriand 2, California 93067

Dealers: Electronic  distribulors, order from us.

Bookstores, hibraries, newsdealers order from Baker &

Tayler, Hillside. N. J. Export (exc. Canada), order

from H. J. Snyder Co., 440 Park Ave. So.. N.Y. 16.

hest reception of local and distant AN stations,
illuminated " Arsonval weter. and sibver-plated
dvcuitty, Te is honsed in a decorator-styled cab-
inet.

TRANSISTOR STEREO RECEIVER

28 Heath Company is now marketing the AR-13
all-transistor, all-mode stereo veceiver in kit
form. This compact unit includes two 20-watt
power amplifiers, two sepatate preanmplificns. plus

a wide-bund ANMO N andd FM-stereo tuner.
Advanced leatures include automatic switching
to stereo plis assterco broadanst indicator lights
two filtered tape vecorder outputs for ditect stereo
reconding: magnetic phono and wo  ausiliary

inpies: dual-tandem controlss high-gain v, stage
and high-"Q™ vod antenna: afe: fhvwheel tun-
ing: local-distunce switch:  external  antenna
terminalss plus concealed secondiy controls to
prevent accidental system settings,

The THE music output rating is 83
watts into an S-ohm load. 18 watts into a 16-ohm
toad, and 16 watts into a fohm load a1 0.7

l!l)\\'(‘l
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B.S. Degree in 36 months

Small professionally-oriented college. Fonr-quarter
rear permits completion of B.S. Dedgree in three
vears. Summer attendance optional. Engincering:
Electrical (clectronies or power option), Mechan-
ical. Civil. Chemical, Acronautical. Business Ad-
ministration: General Business, Accounting, Motor
Transport Administration. One-year Drafting-

Desian Certificate program.  Graduate placement
outstanding, Founded 1884. Rich heritage. Ex-
cellent faculty. Small classes. 200-acre campus.

Well equipped labs, New library. Residence halls.
Vodest costs. Enter March, June, Sept., Jan. For
Catalog and View Book, write J. H, McCarthy,
Director of Admissions.

y TRI-STATE COLLEGE

1624 College Avenue

B
1kl

= Angola, Indiana

99
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Practical Transistor Theory

oy E. Patrick Weisner. Up-to-date cover-

age of transistor devices, how they're

used, and how they work. Written on a practical
level for easy understanding by electronics techni-
cians and students who have no need for high-level
design theory. Explains basic principles of transistor
operation; describes typical circuits and how they
work; concentrates on explaining operation of mod-
ern semiconductor devices, and their applica- 5295
tion. 160 pages; 514 x 813", Order PTW-1, only

ABC’s of Television

by Len Buckwalter. Whether you are technically
trained or not, this bock will prove an invaluable
reference on television. Using simplified block dia-
grams and down-to-earth text, it takes you through
the whole process of television operations, from the
studio cameras to the picture tube in the home
receiver. Gives you a clear understanding of basic
principles involved in T'V transmission and recep-
tion (both black-and-white and color), with emphasis
on how TV sets work. Chapters: Basic Principles;
Creating the TV Signal; I'V Antennas; What the
Receiver Does; The T'uner; The [F Amplifier; De-
tection & Amplification; Synchronizing the Picture;
The Picture Tube; How to View a Test Pattern;
How Color TV Works; and other T'V Systems. SI 95
128 pages; 5'4 x 814", Order ATV-1, only.. ..

Science Projects in Electricity /Electronics

by Edward M. Noll. This third volume in the popular
Science Projects Series demonstrates basic principles
of electricity and electronics through the construc-
tion of fascinating projects which are not only in-
structive but also useful. Clear text and illustrations
explain modern electronics systems. Projects include
transistor power amplifiers; radio-frequency ampli-
fier; detectors and converters; wide-range oscillator;
AM-FM modulators; radio remote control; light re-
lay and industrial circuits. I1deal for self-instruction
or as a science class project guide. 144 pages; 5295
514 x 814”. Order SPN-T, only ..

Calculus for the Electronics Technician
by Allan Lytel. Provides electronies technicians with
a sound foundation in calculus, one of the basics re-
quired for a better understanding of electronics de-
sign. Includes a thorough explanation of basic differ-
ential and integral calculus, starting with the funda-
mental conceptsof functionsand variables. [ixamples
are kept as geometrical as possible, and abstract
concepts are avoided. Uses the limit process and its
relation to the rate of change of a function to
develop the concept of the derivative and differ-
entiation. Clearly explains Riemann integration and
discusses infinite series. Includes helpful problem
sets and appendices. Anyone with a knowledge of
high-school algebra can profit from this book. 5495
224 pages; 514 x 813”. Order CAL-1, only. ...

Passive Audio Network Design

by Howard M. Tremaine. A practical ready-reference
handbook for audio technicians and engineers, on
the design, construction, operation and testing of
passive networks. Includes sections on: Attenuator
Circuits, including many basic designs and various
balanced and unbalanced configurations; Equalizer
Circuits, including variables, resonant circuits, re-
cording and reproducing networks, etc.; Filter Cir-
cuit designs; Test and Measurement Techniques for
checking networks. Requires only an average math-
ematical background for full understanding. 5495
288 pages; 513 x 814”. Order AHT-1, only. ...

Closed Circuit TV Handhook

by Leon A. Wortman. The first comprehensive guide
to closed circuit T'V systems and applications. ’ro-
vides complete details for the interested nontech-
nical reader, as well as for technical personnel who
require a guide for planning, installing, operating,
and maintaining CCT'V systems. Describes various
types of equipment available and their applications.
Discusses systems for educational, commercial, and
industrial uses; shows how CC'I'V is used in research,
health and medicine, military, public utilities and
services, ete. Includes chapters on installation con-
siderations, operation and service. 320 pages; 5795
513 x 814”, hardbound. Order CLC-1, only...

HOWARD W. SAMS & CO., INC.

Order from your Sams Distributor today, or mail
LI Howard W. Sams & Co., Inc., Dept. EW-2,
: 4300 W. 62nd Street, Indianapolis 6, Ind.

® Send me the following books:

]

|

]

]
: O pTw- O SPN-1 O AHT-1 :
] O ATV-1 J CAL-1 0 cLc-1 H
H i
pé enclosed. [] Send FREE Bookiist g
- ]
N Name H
- ]
H | ]
N Address .
1a i
p City Zone. State. H
: My Distributor is. :

W mm [N CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 s as s
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LHD. 1 Ke. Power response s 13-30.000 ps = 1
db at rated output. Channel separation is 40 db
at 20.000 cps. FM tuner sensitivity is 2.5 uv. for
20 db of quicting and 3.5 uv. for 80 db ot
quicting.

Lhe instrument measures 177 long x 538" high
x 11347 deep inits lowssilhouette walnur cabinet.

Jensen Manufacturing Company is currently

27 introaucing the “Sigma’ series of unitay
high-fidelity loudspeakers—a group consisting of
seven completely new 8”7 and 127 models.

Among the teatures of these new speakers are:
heavy-duty dic-cast allov housings for permanent
alignimentof - all critical  parts;  high-cnergy
“Syntox-6” magnets; carcfully formulated cones
for excellent coupling to air; the company’s
“Tlexair™ suspension system design:  low-cross-
over tweeters; and separate remote high-frequency
control to permit the custom balancing ol treble
response after cabinet installation.

UNITARY HI-FI SPEAKERS

‘‘L-PAD™ LINE
Robins Industries Corp. is marketing a new
28 series of “L-Pad” volume and constant-
impedance  controls for  adjusting  volume  of
speakers without ereating mismatch,

\Wsvailable in 8- and 16-ohm impedances. these
units featmre a variety of mounting types. They
are available in wall plate, pancl, or surface
mounts and come complete with hardware and
instructions.

!

address
IPA-f21,

New in styling and engincering features. the
of five modecls from 11 10 100
watts. Four units have a frequency response of
B0-20.000 ¢ps; hum and noise better than 63 db
below rated output; 4-. 8- and 16-0hmn speaker
impedances: and 23- and  70-volt lines. Some
models feature separate bass and (reble controls:
individoal volume controls tor microphone and

P.A. AMPLIFIER LINE
Lafayette Radio Electronics Corporation is

now offering a complete line ol public-
amplifiers as the Models PA-120 1o

Series consists

phono mixing; magnetic phono  inputs: and
plug-in outpur sockets. One model is an all-

transistor design for 12-volt mobile operation,

ULTRA-THIN SPEAKER SYSTEM
University Loudspeakers is now offering its
3 ultra-thin “I'ri-Planar.” a three-wav speaker
system which measures only 1347 deep.

Sound radiates from both sides of the svstem
and provides 261 square inches of wooter arca.
Frequency response is 45-18,000 ¢ps with a power
rating of 20 watts of integrated prograin material.

The system, which mecasures 23”7 wide x 15”7
high x 1347 deep, is housed in an oiled walnnt
enclosure with modern cane griile.

TUNER/ AMP/SPEAKER SYSTEM
Eico Electronic Instrument Co. Inc. is now
3 oftering an FM-sterco tuner/amp and speak-
er awvstem as the Model 2510,

The tuner section provides § pv. sensitivity for
30 dh quicting and a signal-to-noise aatio of
33 db. Tlarmonic distortion is 0.67% and channel
separation is 30 db. The amplilier provides 10
watts TITE music

power with a frequeney re-

www.americanradiohistorv.com

sponse 20-40.000 cps = | b, Dumping factor is
20 and the unit has R-ohm speaker outputs. In-
puts e provided for ceramic/crvstal phono,
tape. and auxiliary,

he speakers each have a 612”7 wooler-
midrange and 2”7 cone tweeter. Crossover is at
approximuately 000 eps. Rated impedance is 3
ohms and frequency response is 60-15,000 cps +

6 db.

2 Fanon Electronic Industries, Inc. has ane
3 nounced a new line of high-power public-
address amplifiers which currently indudes 100-,
65 and 35-watt modets,

In the 100- and 63-watt models where voltage

FLEXIBLE P.A. AMPLIFIERS

variation is a factor, a specially engineered volt-
age regulation civauit has been incorporated to
protect the screen grids of the output tubes,

In addition, all three units in the “Power-
Flex™ line will accommodate the COmpany’s
CAdd-On” cdireuits such oas a two-microphone

preamp. atransformer which provides 600-olim
balanced line operation tor background music,
a low-impedance nmicrophone
special arca sclector  coutrol,
paging control.

transformer. a
and a priority

POCKET PAGING SYSTEM

Exccutone, Inc. has recently introduced a

3 new pocket paging system designed especially

tor business and industrial firms, hospitals. ho-

tels, restaurants, and other types of institutional
facilities.

Lhe HV2.ounce receiver alerts by means ol a

disereet sound signal. The person paged then

goes to the neavest telephone or intercom station
and replies. A unique feature of the new svstem

is the ability to make page calls cither hom
one central point or irom many locations thiough
intercom stations or internal telephones, In a
multiple call svstem. the man who does not
answer his intercom orinternal phone call may
be paged  divectly without going through the

switchboard,
34 Allicd Radio Corporation is marketing the
Model KN-T77, a stereo expander-compressor
which automatically inercases the dynamic range
ol program material compressed by record and
tape manulacturers, ‘There is no change in dre-
quency response. Low and average-level passages
are not altared.
Fhe unic is designed to be connected between
the progrum souvee and the amplifier, It works
with anv amplifer with 416 ohin output. No

EXPANDER-COMPRESSOR

power supply s aequined,
The expander-compressor is housed in a cab-
inct measwring 7347 wide x 2V2” high x 6” deep.

35 cently jutroduced the Z-600.0 a wideaange
console  Joudspeaker  system pair - of
“JansZen” elechiostatic radiators the treble
and a specially designed dynamic wooler Tor the

CONSOLE SPEAKER SYSTEM
Neshaminy Electronic Corporation  has re-

using
for

hass.
Ihe heavily weighted, high compliance cone
exenstons without

of the wooler is capable ol %
breaknp or doubling. Scaled in the 2.1 cubic-foot
fiberglass-filled enclosure with the electrostatics,
the entive svstem provides lincar, low-distortion
response from 30 to bevond 30000 ¢ps.

ELECTRONICS WORLD
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A built-in powar supply and  high-pass filter
furnish power for the two push-pull clectrostatic
radiators and eliminate the need for external
Crossover l!(,'l\\'(Hk.\ 01 ftenuators, I he cabinct
meastres 26587 high x 207 wide x 157 deep and

comes in either Luequered or oil-walnut finish.
Craig-Panorama is now offuing o
size transistorvized tape recorder which

been tradenaiied CElectronic Notebook™ and s
designed for a wide range of dictating appli-

MINIATURE TAPE RECORDER
pocket-
has

cations.

Measuring 5127X3% X217, the NModel TR0
oflers  double-track variable  tape
speeds. and an ultrassensitive micophone, Power
is obtained hom four 1.o-volt penlight cells
which slide out, at the push of & bhuton. i
single package for replacement.

The unit comes complete with remote control
microphone, carphone, batterics, four full and
one empty reel of tape. cowhide carrving case,
and  telephone pickup. The entire insgruiment
weighs less than 212 pounds complete.

CB-HAM-COMMUNICATIONS

BUSINESS RADIO UNITS
The Hallicrafters Co. has just the
first two models in its new “Command Line”
of I\ two-way radio units for business and t11-

recording.

released

dustrial use.
Both units are narrow-hand (or operation in

ST
2 i

the 148174 e frequeney range. The Model
CSB-30-2 s a desk-top v hii. base station designud
for local or extended local conuiol. It is available
cither with control head and transmitter/yeceiver

chassis in 2 single puackage or with separate
control head, cable. and chassis,
The Model CSM-30-2 s a bt mobile unit

available as asingle package for mounting under
an auto dash, as a mudti-component package
providing for trunk mounting ot the chussis, o1
as @ multi-component package permitting trunk
mounting ol the chassis but with separate sperha
and miniaturesize contiol head.,
Each unit has an .l power output ob 50 wats
ALL-BAND NUVISTOR PREAMP
Ameco Equipment Corp. s in produciion
38 on an all-band nuvistor preamp which pro-
vides coverage trom 6 through 160 meters. Two
nusistors i cascode give @ noise figure of 1.5 to
3.5 db depending on the band, Overall Qaitt s
20 b,
a $7x57x3” cabinet. the panel con-

inencess of
Housed in
tains the buandswiteh, tuning espacitor. and «
three-position switeh which puts the umt into
<OIT, “Standbyv.” or "OnT oparation and 1rans
dirvectly to the receiver o1
Power l‘Cquil't'lm'nl\ are
valts ar 27 amp.

fers the antenni
through the preamp.
190 volis e 7 ma. and 6.3

1he Model PCL comes completely wived and

tested.

factory
FM COMMUNICATIONS RECEIVERS
Lataycette Radio Eteetvonics Corporation has
39 put two new S-tube FM communicitions
yeceivers on the market: the HB-75 which tunes
3050 and the HB-76 which tunes 152-174
mc.

Useful for monitoring cmergency, commercial,
or industrial communications, cach set offers
7-tube paformance with a3 gang v,
stage. Sensitivity is 4 av. o less for 20 db quict-
ing. There is a built-in. ali-clectronic adjustable

squeleh civenit and built-in 37 PN speaker, 74”7

nie.

tuned

Learn FAST—Earn FAST

MTI'S Unique, Exclusive SELECT-A-SKILL Training
Helps You PICK YOUR JOB. STARTS YOU

EARNING RIGHT OFF.
Want to take advantage of Today's Biggest Opportunities? Ready
to step into a well-paid job that can mean from 25% to 60%
MORE PAY? Interested in being YOUR OWN BOSS—in a profit-
abe sparetime or fulltime business? All this is WAITING FOR
YOU in ELECTRONICS—the world’s most exciting and fastest

moving industry.

Why You Can GET READY SO MUCH FASTER

with MTI Training

With MTI's unique Exclusive SELECT-A-SKILL methods you
waste no time on training you may never need. You choose the
field you want — INDUSTRIAL ELECTRONICS, COMMUNI-
CATIONS ELECTRONICS or RADIO and TV SERVICING!
MTI gives you the specific training in that special field right at
home or through resident classes in Jacksonville, under the per-
sonal supervision of top-ranking experts. Best of all, you LEARN
BY DOING — by actually working out experiments and building
electronic equipment with MTI's SEVEN BIG OUTFITS and
KITS that DON'T COST YOU ONE SINGLE CENT EXTRA!

An Accredited Member of the NHSC
MTI has alieady proved the outstanding value of its SELECT-A-
SKILL home study training through the success of thousands of
men of all ages. Most of them had no previous experience. Few had
more than a high school education — many hadn't gone that far.

MAIL COUPON TODAY for FREE BOOK and
SELECT-A-SKILL OPPORTUNITY FINDER
The coupon brings you MTI's big, fascinating book, “Pick Your
New World of Opportunity in Electronics,” plus the unique Select-
a-Skill Opportunity Finder that takes the guess work out of your
future — gives all the facts about the kind of jobs open, salaries
and what you need to step into YOUR BIG OPPORTUNITY in

double-quick time. Mail coupon NOW!

MASSEY TECHNICAL INSTITUTE
{An Accredited Member, National Home Study Council)
Dept. 7-BB-02 Jacksonville 6, Fla.

Right Where Everything That's New in Electronics is Happening

February, 1964

SKILLS PAY BILLS

Take no chances!
With millions unem-
ployed there’s NO
PLACE for men
who lack the special
skills so vital today!
Let MTI give you
the training you
NEED to insure
your future!
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ilominated  slide-rule taning dinl. and trans
lormer-type power supply.
The receivers are housed in 127 wide x 644"

high x 627 deep metal cabinets,
AIRCRAFT MONITOR RECEIVER

Regeney Electronics, Iuc. is now offering a

40 deluxe v.oh foband aireraft veceiver which has
been tradenmned U Flight Monitoradio,”

This new wmt covers the 108136 me. band

which includes all trinspont privae

civil ard

v.ht. oxd commuueations

aireraft
frequencies. Sensitivity is 1 gv. for 10 dh signal

navigation
to-noise ratio at 300, modulation. An adjustable
squeleh covers 5 to 100 uv. Andio output i
wiart and the unit s powered by tanstormer-
tpe power supply which draws 36 watts at
105-125 volts. 60 ¢ps.

Fearures of the receiver include a nuvistor vk
amplifier for high sensitivity, illuminated slide
vube dial. fully tuned second vt stage. vinviclad
steel cabmet. built-in nowse Jimiter, and a5
buiit-in speaker. Provision is nude Tor amex-
terial speaker i desived. A v hofoantenna for use
with this receiver is available as an accessory.

INDUSTRIAL RADIOTELEPHONE
4 General Radiotelephone Company is now in
production o anew imdustrial  vadio-
telephone. the Model VS-2

MASSEY TECHNICAL INSTITUTE
Dept. 7-BB-02,Jacksonville 6. Florida
Please rush tu me. without obligation
your FREE BOOK ‘‘Pick Your New
World of Opportunity In Electronies'
PLUS your SELECT-A-SKILL Op-
portunity Finder.

I am Interested In:

O Home Training (J Classroom Training
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ATTACH
LABEL
HERE

If you've recently changed your address ar
plan to in the near future, be sure to notify

us at ence. Place magaozine address label

here and print your new oddress below,

NEW ADDRESS:

NAME
PLEASE PRINT
ADDRESS_ _ _
cary ___ __7ZONE__STATE_____

MAIL COPIES TO NEW ADDRESS STARTING

If you have any other questions
about your subscription be sure to
include your magazine address label
when writing us.

Mail to> ELECTRONICS WORLD, 434 So.

Wabash Avenue, Chicago 5, lllinais

TREMENDOUS NORELCO

HIGH FIDELITY SPEAKER SALE

AT McGEE standard
I r—
g T

5 way hnding
posts

Ticonal 7
alloy
magnet

professional
rigig trame
ronstruction

featuring the revolutionary
TD(C@M&EWHHruivv-t‘oi’ magnels
(30 more powerful than alnico V')

REGULAR AUDIO NET $26.00
McGEE  $Q95 $1900

SALE PRICE EACH MATCHED PAIR

Model AD-1877M. Norelco 87 full range high-fidetity
speaker.  Probably the hest 87 speaker value in
America, Rated 6 watts to 10 watts peak, 58,300
Maxwells, 8 olun Voice coil. This sbeaker had an
advertised dudio net of $26.00. McGee made a sensa-
tional purchase and pass a new low price on to
you. The twin cones both opcerate from the same
voice €oil. The T-7 permanent magnet is cast out of
Ticonal stecl, Extra features: Grey hammertone fin-
ish. B'ack back cover plus bhakelite screw connection
terminal. Net woeight 31 3 1bs,

WRITE FOR McGEE'S 1964 176 PAGE CATALOG

WHICH INCLUDES A COMPLETE LINE OF

NORELCO SPEAKERS AT BARGAIN PRICES

McGEE RADIO CO.

1901 McGee St., Kansas City 8, Missouri
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Ihe new unit fenmres such divcuit immovations

as clecoionie switchime to climinate aelay pioh-
lenise ramsstorized power supply with automatic
short-dhvanit protection, and  operation hom
cither 117 volis e, on 12 volis dee.

Beciuse ol vibration rating, the
vS-D most outdoor gequitements in
chuding operation in Jeeps, nactors, fork Tilis.
boats, o1 any vpe ol cuipment operated andor

nnbasvorable seivice conditions,

4

swtem which s being maketed as the Tash
Selecror,

IS service

will mieet

SELECTIVE-CALLING SYSTEM
Reach Eleanonics, Inc is now offering
new and decode

cncoden selecrive-caliing

Operation s cntihrels automatic,
the

Lone ~sianal-

me is Last with receiver heing aconated in
less than Trsecond atter the tansmission begine.
Ihe acruating tone code is not heard at cither
the transimitter.

Several thonsand

VeCeiver ol

ton  codes e available

which makes practical the idividoal cilling ol
mobile uniis.

Lhe semiconducton
straction pernits case of installation,

compitct, miniatin e com-
I ransmit
terand vecenver e each appronimately 157y
2N T Noeliss o other moving pants aie

used.

43 nonnced the availabilite ol o new. improved
version of the M-100 rdiotelephone. Tt crplovs
Lhansistors of tubes in

MARINE RADIOTELEPHONE

Astromarine Prodnas Corpoation s an-

mstedad the transniitta

cirait. Using aounique broadband civeait design
the A-IDO T no adjostinents and cane be in

stallcd without the novmal checkout by a Ticensad
techmician,

Fhe now it i FCG e accepred, s orared
G SO wattsand mcasures 17w, x 7307 bl 67 o
T weighs 5 ponndds,

The matotacmrer can supph tull details on
this unit to those requesting such data.

i

tive signaling in two-way adio commumications

MOBILE DECODER
Sccode Corporvation is now oflering
lon

ol
pletely solid stare mabile decoda sclec-
sueemes,

The Model SD 30 combines o digital decoda
with o call-lizht

indicaror inoa compaca uni
designed for under-dash imonnting, T he call lgh

remains on, indicating a call has been veconad
while the vehidle is unattendad. Yceessories allow
lor horn-blowing or other exterior aleiting e
vices, The anit will vespond 1o amy one of more !
than 700 «licital code combinittions,

Ihe pulse connting and memoy fundtion ae

processed electtonicallve The tone genevator at!
the base station s keved by oan ondmay tele }
phone dial doy indisvidoal  signaling without |

dlerting other vehicles in the two-way connui

A

ciions systenn,
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DO YOU SAVE YOUR COPIES OF

Flectronies World

Make sure they're kept neat and always
handy for instant reference—with a hand-
some file that's designed to hold a full
year's copies!

o washable Kivar cover creates a leather-
like appearance

e available in maroon backing with hlack
sides or hlack with maroon

® 24-carat solid gold leaf emhossed letter-
ing for magazine’s name

o attractively priced at only $2.95 each, 3
for $8.00, 6 for $15.00

 files are shipped to you prepaid and are
fully guaranteed

NOTE: these special-quantity prices apply for
any combination of titles, so you can have them
for all your favorite magazines.

Order several today—for all the Zitf-Davis mag-
azines: Popular Photography, Modern Bride,
HiFi/Stereo Review, Clectronics World, Popular
Electronics, Flying, Car and Driver, Popular Boat-
ing, Amazing, and Fantastic, and for your other
favorite publications, as well. (Ziff-Davis maga-
zines available in colors of your choice as noted
in coupon. Other publications will be shipped in
standard colors available.)

Jesse Jones Box Carp.,
Philadelphia 41, Pa.

Dept. EW Box 5120

Please send me: (Fill in title, quantity and
check appropriate column for color desired)

BLACK  MAROON
BACKING/ BACKING/
MAGAZINE MAROON  BLACK
TITLE QUANTITY  SIDES SIDES
Electronics
World

$2.95 each, 3 for $8.00 or 6 for $15.00 —
shipped prepaid — fully guaranteed

Total amount enclosed

Name

Address

City Zone___State

ELECTRONICS WORLD
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MANUFACTURERS’
LITERATURE

“COMPONENT SELECTOR"
Cornell-Dubilicr Electronics hus
5 an 4page "Component Selector”
1o meer the necds ol engineers,
purchasing pevsonnel in commercial,
and military electironics.

I'he covers  the
military component line including
REL filters and 1esting services, winve filters, pulse
torming neiworks, delay lines, vibrators,
power supplics, and tesc instraments.

Over 25 pages ol the catalogue are devoted 1o
reference material in the torm of chares, Al ol
the application and sclection clivts previously
published by the company have been revised and
ap-lated and inchided, along with charts neve

betore published.
52 The Superior Eleetric Company is offering
copics ol s Bulletin P163H. a  concise.
iliusnated catalogue  which  features
ratines and complete technical data on "Power-
stat” variable transfovmers for high-frequency
applicarions.
Full informution  is provided on manually
operated and motor-dviven tvpes for 23, 120, 240,
and 480-volt. single- and threc-phase service in

ratings 056 1o 8.7 kva,
53 Jensen Manufacturing Companv has pub-
lished o new 24-page. two-color cualogie
(No. 1657y which illustrates and deseribes the
anewest items in the fire's line of steveo and
mono high-fidelity epeakers. headphones, private
stereo listening, speaker components, and
speaker-svstem Kits - for applications.
Complete itecoustical  and  dimensianal specifi

ctions and prices are given.

Sylvania Electric Products Ince’s Electronic
54 Tube Division is offcring a new handbook on
industrial and military cathoderay tubes.

Designed  for the enuincer. the
chure ontlines design considerations important to
optinim  vesules in the display portion of
svstem and shows how cathode-rav tube perform-
ance is affected by various svstem factors.

It also offers tube  application notes  and
detailed electrical and mechanical specifications

published

designed
management. and
industrial.

mdustrial-
CapiIcitons,

calalogue fitm’s

relavs,

H.F. VARIABLE TRANSFORMERS

ON-page

from

SPEAKERS AND KITS

custom

INDUSTRIAL CRT HANDBOOK

Systems bio-

P -

-

on a varicty ol multi-gun. and

double-deticetion CR U's,

i

on o request.

high-resolution,

TURNTABLES AND TONEARMS
Rek-O-Knt Co., Inc. will supply copies ol
of its new turntables and wonearms brochure
The fowrpage publication features

technical specifications and illustrations on the
company's assenthled and Kic rurncables, various
types of tonearns, and accessories 1o he used
with the toneiwms and turntables,

TEMPERATURE MEASUREMENT

H. V. Hardinan Company, Inc. has published
a La-page. full-color hrochure which deseribes
the vewest technigques for measaring  crirical

temperatures and indicating isothernal patterns
o siall and large objects withour instrumen-
fatan,

These  techniques.
temperatire sensitive

utilizing the  company’s
“Thermochront™ crayons
and U Detectotemp” COVeT  every nutjor
industrial application accurate remnper-
atwre information is essential 1o producet quality
and cost reduction.

paints,
where

MAGNETIC DRUM HEAD DATA

Pickering and Company, Inc.’s Industrial
57 Products Diviston  has published an  cen-
aincering  bulletin on its new Model 4047
magnetic drum head. OF specizl interest to R X D
and svstem engincers. the bulletin fully deseribes
this miniature magnetic vead/record head, with
specifications and technical information for s
nge with magnetic memory or storage drums in
computer

o8

o acquisition svstems.

U.H.F. CONVERTERS
Jerrold Electronies Corporation has issued a

two-colov illustrared cutalogue sheet which

deseribes and pictures three new top-of-the-set
w.h.f. converters.

The data sheet covers two all-channel con-
verters (“Super VistaT oand UVisiaT) and one

translator and MPPATL converter (“Ultra Vista ™).

PRODUCT CATALOGUE
Littelfuse, Ine. has issued a 836-puage
5 color product catalogue which picrures and
line of indicating fuses,
silicon  reetifiers,
well as the

multi-

extensive
cartridge-rvpe
holders as

deseribes an
mountings  for

subminiature microfuse

ELECTRONICS WORLD
P.0. BOX 7842, Philadelphia 1, Pa.

! NAME (PRINT CLEARLY)

Please send me copies of the literature whose code numbers | have circled.

(Your requests will be forwarded fo the manufacturers who will be glad to fill them promptly.}
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when it's time ta think of college

find out about
engineering at VISOE

Planning vour education correctly now
will enhance vour career later! That's
why vou should obtain all the facts about
MSOE programs in Electrical and Me-
chanical Engineering and Technology.

Learn about courses leading to 4-vear
Bachelor of Science and 2-vear Associ-
ate in Applied Science degrees. Find out
about MSOE scholarships, financial aids,
job placement opportunities, and other
services.

Assure vourself of a bright future in
the exciting field of space age engineer-
ing and technologv. Write for vour free
“Career” booklet which will tell vou
about educational advantages at N SOE.

i
-4 MSOR

rMSO \._-------------------!

V"l MILWAUKEE [}
: SCHOOL OF ENGINEERING :
) Dept. EW-264 ]
3 1025 N. Milwaukee St. []
: Milwaukee, Wisconsin 53201 |
3 Tell me about an engineering career through 8
8 residence study in: :
2
s [ ] Electrical fields [ Mechanical fields 8
]
8 '
s Name... ..Age.. 8
'] L}
[ L}
B ADAresS. ...t icernrecnnraniee e iee e e 3
’ L}
[} L}
0 City, State ... ]
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i’y standand lines ol high- and low-voltage
freses mnd civanin Imcakers,

\spedial opage Chnseadosy” sedtion is devoted
to Mesentition ol fuse
prindiples and operations. incdhiding plotted time

inlonmative bisic

versts envrent blowing chatis for gquick reference

(AT

INDUSTRIAL PRODUCT CATALOGUE

6 Edmund Sciemite Company is now offering

copies ol the T edition ol s catalogue
which tists Taacd to bdindastrial produas, op-
tical ard elecoonic components, scicntific and
relerence books, and insiimnents of all o pes

Lhe compac S070007 Gitalogue contins F48

pages ol intoration and illustations,
LOW-VOLTAGE VARISTORS

The Carhone Corporation is now ofleiing a

6] Tou iz wihich full

Jine of voltage dependem vesistors in which re

Inochne deseribes
sistitnee decreases o applied volvage dncreases
I e saviintion is also tevensible.

Complere engincering it is presented. in
dhiding curves 1o helpin the proper specification
ol types series, and dine toomeer application

Il'!'llll( TCIH S,

TRANSFORMER CATALOGUE
Fervanti Elearic, Inc has annonneed  pub-
62 Heation ol o foumr pase boschine
whicht comains complere listings on the fom’s
basic line of 60 and HD cvele wmits ton miditaey
mdustrial, and connmercial applications
povided

twao-colo

filnent,
and plae transtormers as well as

Fogineering  dara i
filiment / pla

on power supply fillier seactons, militay standid

on
and pulse/toroidal tanstormers and  re

ANTENNA SYSTEMS

ACTOTs,
Ceneral Uleatric Compan's Ovdianee De

63 partment has isued a0 two codor

tloustrated brochure (GED-H023) which describes

BTN

the dinm's antenna design. develoapment. and
ntnnfactiring Gogpabilities ol bacilities
Tuncladed s intormation on anteunas bor pie

cision tacking, conmmunicitions and deredion.

s well s tenna sub-ssstems,
SCOPES AND CAMERAS

Fairchild Da Mont Laboratories has issued o

64 Nao, 120

line of oscilloscopes il Gomeras. Complete spedi-

el peformance data are pro-

shovt tonm canalogne COVering s
hcations. prices
vidded o a0 wide aange of Cinstrmnents for
aberatony el prodnction line applications. Os.
cilloscope caomcras aind accessories are also
with o selection of

with the

conered s alony eesories

designed to be nsed

b3

Prines on stndand harvdware items in iis en
cincering Jdesian mannal, Nao.o 212G,

Tuctuded e many fabors and cost-saving i
stallation technigues for all tvpes of electronic
amd mechanical hornessing problems

seopes.

ENGINEERING DESIGN MANUAL
A Mg Corpis ollering 70 pages of design
datas material spedificions, and  eomplere

It dhantic
Complewe imtormarion on standard exereme high-
aul dow tamperanime inselating - matevials plus
data on chemical aesisemce is supplied as o
abd Hor ] designers,

LF. V.HF.-RECEIVER DATA
Interstate Elecronics Corporation has issuned
66 A towrpage wecdhmical hrockinme onits Maodel
LT RIn Jow frequenay timing receiver. Phe unit
teccives the one per second time ticks now heing
broadanst 21 hones o day by NBS'S WWVR,

Fhe brochire indndes a0 general deseription
of the receiver daaails ol operation. o block
diagrom. and complere spedilications,

ELECTROSTATIC AIR CLEANING
Radex Corporation  has pubtished  three

bl

deaning s and vheiv applications. One book.
let, emitled “Fasier Living - Easier Breathing™
desaribes both custont and - single-room units

booklets conering its line of clectrostitic air
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while the other twao booklets dead with the heahlh
Dust. the
i CHelptol Hints 1o Allergy

)

spect ol elecniostanic i cleaning
Germm Canier
Sutlerers,”

GSA-APPROVED RECORDER LIST
6 Ampey Corporation annonnces publication
of & new I2pase catogite and governnent
price Fist covering its line of awdio titpe recorders
i assodiated cquipinern appoved by Geneal
Vdininisuation  under Contizer - No.
sy,

Services
N 00N

Catalogne Noo 1317 has been compiled as an
dtid dor government procinement agencies

ANTENNAS & ACCESSORIES

Jevrold Elecronics Corporation®s Distributor

6 Nales Division T isned a0 16 page. 2 color
brochie describing the finin's complete line of
temeas dor barhe bliek and-white and colm 1V
nthets, FMstereo nrodels aenna

satems, plos an estensive line ol Gocessories nsedd

Lo master

with the sarions HHrentes

Canalogne By G302 will be supplicd without
change on requese.

FREE-LOAN FILM

The 33 Company, 2501 Hudson Rowd. St
Panl 19 Atinn. bas dssweed o 2emimoae, 16 unn,
soned il emitled “\Magnetic Memony which

is being oflered on a free-loan bisis for showings
to clubs amd orher organizations

Lhisv professiomadly - prodoced fihn is bnilt
aronnd the theme thar magnetic tape has adided
aonew dimension” 1o the memoy ol man by
providing a new merhod Lo vecording and pre:
serving his knowledge. skills, ad cveative ellorts.

SATELLITE PHYSICS
Belt Telephione Luboratories lus published a
hook “Satellite Connmnnications an
aid o iigh school saience educnion. e SNpage
insteated the
comunmicating by means of manande savellices,

Phvsios™ s

bock covers sone ol 1easons for
the progiess made in space commmnmications. and
some ol the problems thar haid 1o be solyved, plus
SN e Tristories abont the probleny solving tech-
nigues imvelved o designing o conmmunicitions
sttellite. keeping it working, amd vepaiting it
even abter it has been pliced in onhin

Feachas o siadents may obiain copies of
this hook withom denge trom oGl Bell Tele
phone companies, A

Answers to Quiz

Appearing on page 89)
-~ -

(a) 17 () 10 (0) 21
(Y 7 (iy 2 (p) 3
() 18 (i) 20 (q) 12
(d) 19 (k) 6 (r) 5
(e) 8 (h 9 (s) 11
(fy 1 (m) 14 (t) 13
(g) 16 (n) 15 (n) 4
PHOTO CREDITS
Page Credit
20 ... Fisher Radio Corporation
22 . Electro-Voice, Inc.
26 .. The Sheftield Corp.
27 Crest Ultrasonics Corp.

Foirchild Stralos
Executone-Gulton

32 {r0p right)
32 {top left

32 (bottom) Rodio Corporation of America

33 {10p left) Amperex
33 {top cight) Westinghouse Electric Corp.
33 lcenter) ... ... ... Honeywell
33 (bottom) ............. Motorola Inc.
35 Ba00000600 Harman-Kardon, Inc
48, 49, 50 .. ...... Indiono State Police
2 Audio Dynamics Carp.

ELECTRONICS WORLD
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ELECTRONICS

MARKET PLACE

RATE: 60¢ per word Minimum 10 words. April issue

FOR SALE

GOVERNMENT Surptus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Nahant. fiass.
INVESTIGATORS, free brochure, latest
electronic listening devices, Ace Electronics.
NW 7th Ave., Miann 50, Florida

RESISTORS premsvon ‘carbon- deposit.

subminiature
115001

Guaranteed 1%

accuracy. Y2 watt 8¢ 1 watt 12¢ 2 watt 15¢. Rock
Distkributing Co., 902 Corwin Road, Rochester 10, New
York.

DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make model. Diagram Service, Box 1151 E. Man-
chester. Connecticut 06042.

TRANSISTOR Ignition coils, components, kits. Advice
Free. Anderson Engwneermg Wrentham 5, Mass

CANADIAN Lands, seized and sold for taxes. Our 47th
annual series of lists, describe many choice proper-
ties, situated from coast to coast, acquired by us
through Tax Sale. Priced as low as five dollars per
acre, guaranteed perfect title, small monthly pay-
mems. no mortgage. Beaulifully situated hunting and
fishing camps. where there is real sport; summer cot-
tage sites, heavily wooded acreages. Now is the time
to invest in Canada's minerals. forests and farms.
Write to-day for free twenty-page booklet with full
explanation. Tax Sale Service, Room 301-Z, 85 Bloor
St., E., Toronto 5, Canada.

‘CANADIANS—Giant Surplus Bargain Packed Catalogs.
Electronics, Hi-Fi, Shortwave. Amateur, Citizens Radio.
Rush $1. 00 Refunded). ETCO. Dept. Z, 464 McGill,
Montreal. Canada

TRANSISTORIZED Products importers catalog, $1.00.
tntercontinental. CPO 1717, Tokyo, Japan

closes February 5th. Send order and remittance to:

JUST starting in TV service? Write for free 32 page
catalog of service order books, invoices, job tickets.
phone message books. statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd. Chicago,
1. 60656

SAVE Money—Free catalog: Photography, Tape Re-
corder, Hi Fidelity, Electronics tools. Wholesale Radio
& Camera Company. Box 3085. Phila. 50, Pennsylvania.

SUPERSENSITIVE Listening-In-Device picks up any tefe-
phone conversation 1n vicinity, No connection to tele-
phone necessary. Easily concealed. $2.98 complete.
Consolidated Acoustics, F1302 Washington St., Ho-
boken, N.J.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes reguired. No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563. Houston 18. Texas.

CB transmitters $6.00. Other bargains, send 10¢ for
list. vanguard. 190-18"99th Ave.. Hollis 23. N.Y

NEW transistor buried treasure, coin detectors. Kits
assembled models. $19.95 up. Free catalog. Relco.
Al8. Box 10563. Houston 18. Texns
GUARANTEED Surplus Tubes-203s4--$6.95@ 3CX100A5
$9.95@ 3(C22--$12.95@ 3D21WA-—$19.95@ 4-400A
—$29.95@ 4 4CX1000A-—-5100.00@ 416B—$8.95¢
BL6310—%99.95@ 6940-—%69.95@ SAL39 3150 00
TWT EM 778--$250.00@ RCA4600A—£100.00@ CG-
5948-—%49.95@ Many types not listed; get our prices
before buying. We need new & used Tubes, Parts.
Components. Mid-West Electronic Supply. 54 Mia Ave-
nue. Dayton 27. Ohio

SELF-Service console tube tester originally $149.00.
Reconditioned, 1963 tube charts $19.95. Delmar En-
gineering, 3606 Delmar Rd.. Indianapolis. Indiana.
New Electret Plastic has 5000 Volt permanent charge
Send $1.00 for sample. Good Sales Co. P. 0. Box 468,
Flemington, New Jersey.

ELECTRONICS WORLD. One Park Ave., N.Y.C. 16, N. Y.
TV Camera components at lowest prices. Send 10¢ for
money-saving list. Vanguard. 190-48—99th Ave., Hollis,

N.Y. 11423

GREATEST Buys! Electraonic Surplus list 10¢. Western
Electric Mercury Wetted Relay SPDT 5AMP Contacts,
only $2.95 postage paid. 2 for $5. ($15. Value) Fertik’s,
9th Tioga, Phila. 40. Pa.

RECORDS

RARE 78's. State Category. Write Record-Lists, P.O.

Box 2122, Riverside, Calif.
HELP WANTED

EARN Extra money sefling advertising book matches.
Free Samples furnished. Matchcorp, Dept. MD-13, Chi-
cago 32. M.

PATENTS

INVENTIONS: Ideas deveioped for Cash Royalty sales.
Raymond Lee, 2104G Bush Building, New York City 36.

MUSIC

POEMS Wanted for songs and records. Send poems.
Crown Music. 49-RB West 32, New York 1

=< RAD-TEL TUBE

CIZMETIN 55 CHAMBERS STREET. Newark,

TV, RADIO

CO.

AND HI-FI

continental U.S.A.

WHY PAY MORE??
RAD-TEL’'S QUALITY
-
BRAND NEW TUBES!
EACH TUBE ATTRACTIVELY BOXED & BRANDED RAD-TEL

Qty. Type Price Qty. Type aty. Type Price Qty. Type Price
__ 024 .79 6ACT .96 __6CB6 55 | 12417 76
__1B3 791 __6AF4 101 6CD6 1.51 | __12AU6 .51
__1R5 77 6AGS5 .70 _6CG7 61 1 _12au7 61
174 72| ___6ALS .47 6CS6 57 __12AV6 .41
___1Us 65 6AM8 78 | __ eDQ6 1.10 | _ 12AX4 67
__3A3 .76 _6AQ5 .53 6EM7 82 | . 12aX7 .63
___3ALS 46| _ 6ASS .60 6EW7 .80 12BE6 .53 *Manufacturers Suggested
___3AU6 54 6AT6 49 | 6FM7 79 | ___12BH7 .77 List Price
___3AV6 42 | ___eAUS4 85 6GES 94 | __12BQ6 1.16
___3BCS 63§ _ 6AUSG 52 6GH8 80 | —128v7 77}, 0
___3BN6 .75 6AU8 87 6GV5 101 | 1216 73 i RAD-TEL Tube Co. t

3BZ6 56 | ___6AV6 41 _6HS8 .95 __12V6 63 Dept EW Total :
___3CB6 .56 6AWS .90 __6J6 71 —_12W6 71 ]! Tubes  $ {
_..3Dz4 81| __6AX3 .95 6J86 100 | __12xa .47 || 55 Chambers Street Postage $ ]
_3va 63 BAX4 .66 6K6 63 | 17586 1.02 {1 Newark, New Jersey 07105 Grand )

48Q7 101 | __6BA6 50 654 52 ] __216v5 1.08 | ! hetal & :
__4BZ6 58| __68BCS 61 | ___6SN7 65 | . 25cD6 1.52 | ! ENCLOSED IS s _ Bleas@lflsh ordem :
___4EH7 .62 6BE6 55 | 678 85 | __25i6 57 4! h

5AMS 79 _ _6BG6 1.70 6U8 83 35C5 51 | Orders under $5.00 - Add $1.00 handling charge - plus postage. |
_ SANS 90 6BK7 85 6Wa 61  35W4 42 | FREEI [1Send FREE Tube and pParts Catalog 1

5AQ5 54t _ 6BNG 74 EW6 71 3575 60 | e [JSend FREE Trouble Shooting Guide :
__5J6 72 6BQ6 1.12 | __6x4 .41 | __soBs 69 |y :
__ 578 86| __6BQ7 1.00 6X8 .80 | .__50Cs 530 NaME W
__5uUa4 60 | __6BzZ6 .55 7AU7 .65 50L6 611 :
__5u8 .84 68z7 1.03 | .__8FQ7 .56 RDDRESS e s rocitin omas o e masmsermriefiic it Sk oo
__5v3 46 | __sca 45 12AQ5 .60 One Year |1 !
__6aB4 461 __sco 110 | __12a16 .50 | Guarantee { ciTy ZONE STATE )

TERMS: 25% deposit must accompany alt orders, balance C.0.D. Orders
under $5: add $1 handling charge plus postage. Orders over $5: plus past-
age. Approx. 8 tubes per 1 Ib. Subject to prior sale. No C.0.D.'s outside

February, 1964
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BRAND NEW
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TUBES biscounts wp 1o

GUARANTEED OME FULL YEAR! NOT USED! NO puLtst WHY PAY MORE 7
Tube Price i Tube Price | Tube Price [ Tube Price | Tube Price

11.40 | 6J6 ...69
11.75 | 6J6WA 3.25
1.75 | 637 ...1.65
250 | 6J8 ...1.40
1156 | 6J11 . .1.83
..66 | 6JEB ..1.60
11.19 | 6JH8 [ 1.85
1225 | 6K6 ....61
(1.20 | 6K7 95
11.25 | 6K8 i.as
11,05 | 6%11 .1.48
..59 | 6L5 90
11,29 | 6L6GE 1.45
TG0 |GLE-M .1.95
11717 | 6L6WGB

11.18 2.55
11.35 | 6LEWGC

...57 1.70
.1.a8 1.05
.1.35 1.85
.2.95 1.45
l1.05 ..98
.1.25 .95
.1.25 98

80 12
62 : 12AD6
25 . 12AE6
77 X 12AE7
23 . 12AF3
I's5 37- ‘90 | 12AF6 H25 I
11.00 | 65K7 .90 | 12AG6
T1.65 | 65K7-M 1 25 | 12AJ6
1..73 | 65L7GT .8 12AL5
Y N7 12a
a .1,
s - o1
S ... 1.
2 . Lol
1X28 . ..80 T
3 ...1.0% T2
2A3W 5,00 1
2A5 ...1.00
276 ...1.10 :
2A7 . ..1.50
2AF4A ..93 1.
H2 .1.23 -1
o1
2.
i1
1
1.
2x2 ..
2X2A [1.30 il
3A2 ...1.55 i1
3A3 [..1.05 1.
3a4 [....74
3as .!lil10 2.
3AF4’ 1 11.50 2.

y 'sia'nb'mlp;-'...;-ba

TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage NO
€.0.D. The above list does not reflect our entire stock as we have one of the largest
selections of SPECIAL PURPOSE, BROADCAST & TV TUBES in the U.5. Write for quotation.

€CO0. EsTABLISHED 1920
BOX 1000W, NEWARK, N.J.

ELECTRONICS
ENGINEERING

AND INSTRUCTION ‘

FCC LICENSE in six weeks, Frrst class radio telephone.

Results guaranteed. Elkins Radio School, 2603C, tn-
wood. Dallas, Texas.

80
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1
il
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SUBJECT TO (HANGE
WITHOUT NOTICE.
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MOVING?

If you've recently changed your address
or plan fo in the near future, be sure to
notify us at once. Place magazine ad-
dress label here and print your new ad-
dress below.

Mail to: ELECTRONICS WORLD,
434 So. Wabash Avenve,

LM-18 FREQUENCY METER

with Reetiteer Uit 20101-A 117vAC 60cy
input,. conneeting cablos & operatie -
uat. Limnted stock.. .. . o
BC-221 FREQUENCY METER il or
calitation  book & ey -tal. 2
o, Eseellenl condition . ..
MN-26C BENDIX RECEIVER 1301 1500Ke. Has
2 HEF Amp.. 112.5ke. I,
with 11 tubes & schennatie
VHF SIGNAL GENERATOR 1n)

Inas Nl Ose. vireust for

Freog. with tubes & schom itie,
BC-455 COMMAND RECEIVER
LAZY MAN'S *‘‘Q 5er’’ Rudo

~Sigle sipnagl selee

vity
N .

Send Money Order or Check with Order

Write for Bulletin #39 — LOADS OF BARGAINS!

RW ELECTRONICS

2430 S. Michigan Avenue
Chicago. til. 60616

Chicago 5, lllinois

106
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HIGHLY-effective home study review for FCC commer-
cial phone exams. Free literature! Wallace Cook, Box
10634, Jackson 9. Miss.

ELECTRONICS! Associate degree—29 months. Techni-
cians, field engineers, specialists in communications.
missiles, computers, radar, automaton. Start February.
September. Valparaiso Technicai Institute, Dept. N,
Valparaiso. Indiana.

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

PHOTOGRAPHY For Pleasure or profit. Learn at home.
Practical basic training. Long established schoal.
Free booklet. American School of Photography, 835
Diversey Parkway, Dept. 2532, Chicago 14, lilinms.

CANADIAN Institute of Science & Technology Ltd. The
world wide institute of home study—now offers a
complete course in basic electronics, for as little as
$40.00—send for detalls and your free sample lesson
now. 3497 Garden Bldg.. 263 Adelaide St., West, To-
ronto.

DRAFTING. Blueprint reading. schematics. Send $2.00
first lesson. Complete home course $25.00. Prior Inc.,
23-09 169 St., Whitestone 57, N.Y.

MATHEMATICS. Electronics. Pay as you learn. Free bro-
chure. Indiana Home Study Institute. 64 Hemenway
Road. Framingham. Massachusetts 01706.

RADIO-Electronics Course only $14.95. Includes ali
parts, tubes, tools. instructions. Write for full free
information. Edu-Kits, Dept. 95E, Hewlett, New York.

TUBES

TUBES—TV, Radio, Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, lst Qual-
ity, Top Name Brands Only. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics, 512 Broad-
way, New York N.Y. 10012

TOP Brand Tubes at Terrific Savings. |f you need
new radio, television or special purpose electron
tubes, you'll want our free catalog. Metropolitan, 443
Park Avenue South, New York 16, N.Y., MU 6-2835.

BEFORE you buy receiving tubes, test equtpment, Hi-fi
components, kits, parts, etc....send for your giant
free Zalytron current catalog, featuring Standard brand
tubes; RCA, GE, etc.—all brand new premium gquality
individually boxed. One year guarantee—all at biggest
discounts in America! We serve professional service-
men, hobbyists, exoerimenters, engineers, technicians.
Why pay more? Zalytron Tube Corp., 461 Jericho Turn-
pike. Mineola, N. Y.

$30.00 value—7"" TV test picture tube, perfect for
70° and 90 ' sets, built-in ion trap—your cost $6.98.
Tubes—new, jobber-boxed RCA, G.E. etc.—65% off list
prices. Special: Tube #6146—3$2.95 each. Send your
order. We pay postage (you save 4%). Immediate de-
livery. Write for Free Catalog listing thousands of
parts, phono needles, tubes, etc. Arcturus Electronics
Corp., Dept. ZD, 502 22nd St., Union City, New Jersey.
BRAND New Tubes, World's lowest prices on Radio,
TV-industrial-special purpose tubes. Write for free
parts catalog. United Radio, Newark, N.J.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surplus electronic tubes. Want
unused, Clean radio and TV receiving, transmitting spe-
cial purpose. Magnetrons, Klystrons, broadcast types.
Want military and commercial lab/test equipment.
want commercial Ham Receivers and Transmitters. For
a Fair Deal write: Barry Electronics, 512 Broadway,
New York, New York 10012 (Walker 5-7000).

GET Top Dollar for Radio, Television and special pur-
pose tubes. Tell us what you have, Metropolitan Over-
seas Supply Corp., 443 Park Ave. South, N.Y. 16, N.Y.,
Tel. MU 6-2835.

HOBBYISTS Wanted to build circuits for us. We will
supply complete plans. Send $2.00 for plans, shipping
instructions, and the current price we are now paying.
Electronic Distributors, General Delivery, Slidell, Lou-
isiana.

PHOTOGRAPHY — FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—*Childbirth’* one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog “CI—
148 pages—Astronomical Telescopes, Microscopes,
Lenses, Binoculars. Kits, Parts, War surplus bargains.
fdmund Scientific Co.. Barrington. New Jersey.

PHOTOGRAPHERS Earn Part Time, Write: PCI Dept. 47_0,
Arlington 10, Va.

ELECTRONICS WORLD
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ooy COMPLETE 93 . MULTISHOP

HOP!
/I\TE/W DO HUNDREDS OF JOBS IN YOUR HOME, PLANT, S
- " . /

BASIC TOOLS IN ONE

Orbital Power Sander
and Polisher.
Big 7%” x 3%”
Sanding Plate.

JIG AND
SABRE SAW
With %” Stroke

Save Hours of
Work! Save Over
40% on Complete

MultiShop!
If you bought

3 Tempered Steel 3 Sanding Sheets Lamb’s Wool 7 High Speed MAlkIShop
Saw Blades Polishing Pad Drill Bits. attachments

9 separately you'd
POWER PLANER

Adjustable cutting HayET toNPavka=
width 1 muchas$103.19.

3” Grinding 7 Piece Steel Bench 3” Wire Brush Steel Paint
Wheel Adapter Set Stand Stirrer

Send me your new Sloan-Ashland 23 PC MultiShop. | under-
I stand | may use it for ten days free, and return it at your
expense if | am not fully satisfied.

if | agree to keep it, | will pay only $5.00 a month untii I've paid
the low price of just $49.95 (plus shipping & handling).

The Continuity Tester is mine to
to keep the MultiShop.

Name.
(Please print)
Street You can’t lose! This
Valuable Continuity
City Zone State Tester is yours FREE

—even if you return

the MultiShop after

using it for the full

trial period. Send for
yours today!

Where employed

Home phone number

February, 1964 107
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Tubes are new, seconds or used and so marked.

ONE YEAR GUARANTEED

6AX4 6K6

* %k

SEND FOR FREE ;

LIST OTHER
TUBES CRT'S,
SELF SERVICE

TESTERS,

PER
TUBE

1F mest shippedin 24 by
YOUR ORDER
FREE! i

mﬁ***

TERMS: FREE POST
With" every $10 Order

AGE ON PREPAID
i E per tube -i

USA ORDERS Under
$500 add 50c for
hardling Send
25% depositon
CODarders. No

FOREIGN Employment. Construction,
ects.

EMPLOYMENT
INFORMATION

other work praj-
Good paying overseas jobs with extra, travel

expenses. Write only: Foreign Service Bureau. Dept. D,

Bradenton Beach,

Florida

EMPLOYMENT Resumes. Earn more by presenting your-

self to prospective employers more effectively. Send

GREGORY ELECTRONICS
Reconditioned 2-Way
Radio Savings

THIS IS A PARTIAL LIST

only $2.00 (cash or money arder) for complete Resume WRITE FOR NEW ’64 CATALOG
Writing Instructions, including sample and instruc-

tions for letter of transmittal. J. Ross, 63-61 Yellow- LINK 6000 NwW SERIES

stone Blvd., Forest Hills 75, New York, Dept. 6J-EW. 25-50me 20F3 1 nar ow

BUSINESS
OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1.000 manthly.

Men urgently needed. Car

furnished. Business ex-

| Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N. Oklahoma City 6, Oklahoma.

SELL Electron Tubes. Liberal Commissions. Territories

Available Throughout World. Write in Confidence to

Box 579. Electronics Wortd, One Park Ave.,

New York

16. New York.

ission- —-Fully
banded Tx aml il rolt, 50
Complete with ¢ aecessories, less e s $ l 68
Wl dUtenna. ..o
Add $40 for crystals, tuning and brand new antenna
—rcady to Ro on your frequency.

30-50mc MOBILES—GE 2-Piece Unit

—6 volt or 12 volt
4ER6-—4ET5 30w 28-40mc

Wi |ll

100 rus!s OR MORE: penses paid. No selling. No college education nec- 50me .......
essary. Pick own job location. Investigate full time. . .

30‘ PER TUBE Or earn $6.44 hour spare time. Write for Free Litera- RSl 28%8?,2 """" i $ | 08
ture. No obligation. Universal, CZ-2. 6801 Hillcrest, . R
Dallas 5. Texas. Complete with all accessories except antenna and

crystals. Equipment can be crystalled and tuned
to any frequency in the 30-50mc band.
GE 2-Piece Unit—56 volt or 12 volt
4ER6—4ETS5 30w 30-50mc ............
4ER6—4ET6 60w 30-50mc ............ $208
Complete with all accessories including antenna and
crystals. Fully narrow banded /(Tx & Rx) and tuned to
your frequency within the 30-50mc range.

MOTOROLA 30-50mc T-51GGD or T-51AGD
6/12v 50-60 watts—Fully narrow banded

RADIO AND TV EE ARE YOUR RECORDS Sories, les crystals and antenna. . 9228

COURSES ALL

AT LOW
PRICES

{No Limit} from this hst

6AGS BSN7
GAUE 6)6  BVE |
BAQ5_ K6 W4 |

WITHOUT ¥OUE P

ELECTRONICS CO.

4217 Universily Ave,,

Free Offer on per
sonal check orders
5.DAY MONEY BACK

OFFER * * i

San Diego, Calit.92105 » Phone: AT 1-9792

CIRCLE NO. 162 ON READER SERVICE PAGE

GlANT DOUBLE BONUS OFFER

IN GOOD SHAPE?

Here's the answer:

Same unit tuned to your frequency in-
cluding brand new antenna,
installed.

(This unit may also he bought without accessorics
for $198.)
RCA 25-54 mc CMF40

6/12v 40 watts—Vibrator power Supply.
Fully narrow banded. Complete with all
accessories, less crystals and antenna.. .
Same unit tuned to your frequency in-
cluding brand new antenna, ready for in-
stallation.

{Same unit without accessories.

RCA 148 to 172 mc

$178
$218

$165.)

WORTH o Transistors CMC30 (Vibrator Power Supply) — 6/12
s Diodes volt, 30 watt. Cor?plete with all acces-
M sories less crystals and antenna. Wide
FREE 25¢ for hundl-ng T band ........... BT $158
BONUS ¢ |BoNUS =2CHOOSE ANY Fully narrow banded (transmitter and re- $ 188
u | S1 ITEM IN THIS AD FREE CEIVETM) L e e
BOTH FREE WITHS EVERY $10 ORDER |Ao(m'$3tsl-|0(()' for crystals, tuning and antenna. Recady
r installation.
10 2-AMP SILICON POWER RECTIFIERS, stud...... 31
2 TRANSISTRON 1N429 Sificon zener references...... GE 150-170 LOW POWER INDUSTRIAL

POLY

FREE CATALOG! Incl postage.

PA K S s.ﬂ%ﬁ?&f“ﬁl’i.

AVG. WT. PER PAK 1 |b.

HI-FILE RECORD CASES

answer te your record storage problems!

Shipped prepaid Fully guaranteed |

25 PRINTED CIRCUIT Transistors, pnp & npn......... 4E'320A2—G/12 yOlt, 1 watt, complete s "8
20 AMP SILICON CONTROLLED rectifier, stud...... $1 with all accessories. WIDE BAND ......

10-WATT ZENER DIODE, stud, choose 12 to 80 V..... gl Ad:ﬂ stlhs.oo fﬁr_ crytst’ils and ttunindg hof ht'm- rocoitv(-r
2—2-AMP SILICON CONTROLLED RECTIFIERS, stud..$! only, thus making it a compact and highly sensitive
4 SYLVANIA SILICON NPN, 2N333 transistors. ... .... s LT T A A RS L AR LES CLS
2 SILICON “‘PLANAR' TRANSTRS, 4 watt, T05, npn..S1 These handy record cases hold your albums safely

“TEXAS'' 2N1039 20W TRANSISTORS, T0S Cuse, pnp..S and neatly on your hookshelf. They're the perfect We Buy Late Model Equipment for Cash—

P.O. Box 884 A, University Park
Denver. Co
Moncy Back Glnr’mt(-c

o

_J

L]

L]

0

0

J

_

Il

[} 4 RYTHEON CK721 TRANSISTORS, pnp, alum. case..S1 Write; Wire or Phone!

{] 10 30 MC. PHILCO TRANSISTORS, TO1, pnp, MADT....81 | g attractive: rich library binding of simulated leather,

[] 4 SYLVANIA 2N219 TRANSISTORS, mixer, T022...... $1 | {ooled in 16K gold x GREGORY = GREGORY

{] 2 40 WATT TRANSISTORS, stud, T036 case........... 21 . . 3 ” . b T I i

] 15 GERMANIUM DIODES, 1N34, 1N48, IN6D equals...S1 no chance of warping or breakage: albums ar

] 5 GENERAL ELECTRIC 2N107 TRANSISTORS, pnp....5) in a vertical position. thus preventing damage. i ELECTRONICS

E'] ;ff"ﬁ:# ZEELNEE(;RDIfo%NE]smbR% N&",,J,'Ef":l?:ﬁ??::g: albums stay clean and neat: each case is dustpro;)f ELECTAONICS camn CORPO RAT'ON

T] 10 SWITCHING TRANSISTORS, npn, 2N&40 equals....§1 | holds twenty of your Slgpa'r-:hsn'” rtgg(')'rd"sr'gb')’,‘a'agffs“te s 249 Rt. 46 + Phone 773-7550

] 15 PNP TRANSISTORS, assorted types and coses....$1 Wlt vider g Saddle Brook, N.J. * Area Code 201

[C] 15 NPN TRANSISTORS, ussorted types and cases....$] category. U

E S A DL ;mf;fg: handy size: 13” high, 121" wide and 3%2” deep. | CTRCLE NO. 121 ON READER SERVICE PAGE
, npn, stud, N.... ) .

(7] 25-AMP SWITCHING TRANSISTOR, TO3 cuse......... albums are easily accessible: open back enables you

[] 10 RAYTHEON (K722 TRANSISTORS, pnp, audio...... to read titles on the spine of albums for fast selection.

O LT SICTORE LA S aaga: easily identified: comes with gold foil so you can TEKTRONIX 'SCOPE—Recond. No. 512A—Gtd.—

b ]20ZTSQ')‘,‘,M:G'L,;E?TNlF”,(E:JSE’R7?5(,::'%;(,”';5(“".___s] emboss each album with proper designation. BALLANTINE 300VTM_Recond. N

("] INFRA-RED PHOTO DETECTOR TRANSDUCER........ $1 I_ —_—— _— 1 SYLVANIA 30KV PROBE—New. Worth 15.00—1.95

[C] INFRA-RED PARABOLIC REFLECTOR AND FILTER...$1 G.E. SCOPE Xformer—1350V—5MA—Small—1.49

[] 10 ““TINI"" MICROSWITCHES, SPST, 115 VAC, 15A....51 Jesse Jones Box Corp., Dept. EW | 813 TUBE—New. Boxed—8.95

[] 100 PARTS SURPRISE, worth $50, prtd ckt Yool. ... $1 Box 5120, Philadelphia 41, Pa ax 250B 19.50; 4-65A 6.95; 4-125A 19.50;

[C] 40 WORLD'S SMALLEST RESISTORS 5% too, 1/10W..%1 4% 150A 9.00

[[] 60 CERAMIC CONDENSERS, discs, npo's, 10 .05mf. . .S} Please send me Hi-File record cases, REX RADIO

[C] 50 TERMINAL STRIPS, ¥ to 8 lugs, asstd styles...... $1 at $3.50 each, 3 for $10 Color choice, check

[ 60 HI-Q RESISTORS, V,, 1, 2W. 5% and A.B. too....S$1 | box. | 84 Cortlandt St., New York 7, N. Y.

[Z] 100 HALF WATTERS, resistors, 5% 100............ $1 |

[] 35 ALLEN BRADLEY 2 WATT RESISTORS, asst, 5%...81 [0 black 1 brown [C maroon

] S0 COILS & CHOKES, if, rf, osc, parastic, peaking....$1 —red {1 blue [— green

[Z] 10 TRANSISTOR ELECTROLYTICS, 8 to 100 mi......

[C] 10 VOLUME CONTROLS, w/sw & duals too! To 3 meg..$! | enclose o ZDZJSOEVMfchI:lI)gO‘yV EZE;COXGYOOD‘I’iOVDzEéic

[C] 50 MICA CONDENSERS, postage stamp, silvers too....51 = ' = 'NSISTO 5 .

7] 30 POWER RESISTORS, to 50W, to 24Kohms, 5% too..S1 | N ZMSDIJL;C;?)': 2&‘%’553,,“5“0 stu& 7se

7] 10 TRANSISTOR SOCKETS, npn & pnp transistors..... e —— === 5 = 220,30 At ot e PNt en $2.00

j 4 TRANSISTOR TRANSFORMERS worth $20....... : l $2.00 min. order, Cash. check or money order.

[C] 30 PRECISION RESISTORS, Y7, 1, 2W, (1, & 1%).... Address__ — Write for catalog of complete line of Diodes, tran-

[C1 50 ALLEN BRADLEY ONE WATTERS, resistors, 5% too.S1 l s top or maling nsformers resistors etc.

I City o Zone.  State _ I interstate Electronics

CIRCLE NO. 135 ON READER SERVICE PAGE

108 ELECTRONICS WORLD
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ARC-3

Complete
with All
Tubes Exc.
Used

Like NEW
Crystai- conlrollpd 17- mh(- superhet. tunes from 100
to 156 MC.. AM., on any 8 presolcctcd channels,
28.volt DC power input, Tuhes: 1-9002, 6-6AKS.
. 3.125G7. 1-9001, 1.-12H6, 2-125N7.
1-12SL7. 1-12A6. .

110 V A.C. Power Supply Kit for above 15.00
Factory Wired and Tested . . . . . .. . .. . 19,95

ARC-3 TRANSMITTER

Comnanron unit for ahove tunes 100 to 156 MC on
ny 8 pre-selected channels. 9 tubes, crystal con-
(rolled. provides tone and voice modulation. 28V
Power input. Complete with all $ 95
Yuhes 3-6V6, 2-832A, 1- 125H7 l-gJIS. 1
5o .on
% .%28.50
$5.95

2-6L6. Exc. Us(-d
Like new conditio
ARC-3 PUSHBUTTON CONTROL BOX

BC-221 FREQUENCY METER

SPECIAL BUY! This excellent frequency standard is
equipped with_ original calibration charts. and has
ranges from 125 Kc to 20.000 KC with Crystal check
points in all ranges, Excel. Used with original Cali-
bration Book. Crystal. and all tables. CHECKED OQuUT!

$79.50 vodulatea T runr

BC-221 1000 Kc Crystal Brand New. J— $895

Unmodulated

LM FREQUENCY METER
Crystal calibrated modulated. Heterodyne, 125
K¢ to 20.000 Kc¢ With Calibration book $69 50

Complete. Like New
LORAN APN-4
Eg FINE QUALITY

~——
SN
K
§§ NAVIGATIONAL EQUIPMENT

Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all
tubes and crystal.

INDICATOR ID-6B/APN-4, and RECEIVER R-9B/

APN-4, complete with tubes, Exc. Used. $69-50
NEW! APN-4A Receiver-Indicator as above, changed

to operate same as APN4-B for improved perform.
......................... NEW $88.50
$2.95

INVERTER POWER SUPPLY for above APN-4. INPUT:
24 ¥V DC. OUTPUT: 115 V AC, 800 cycles. Like
NEW Zarm'liie Cag qa a8 mewwmm b A awa o ool e $22.50

12-Volt Inverter Power Supply for above APN4
like New.,

We carry a complete line of replacement narts and
accessories for above.

e
LORAN R-65/APN-9 RECEIVER

& INDICATOR

Used in ships and aircraft. Deter-
mines position by radio signals from
known xmitters. Accurate to within
1% of distance. Complete with
tubes and crystal. IN LIKE NEW Con-
dition
Used, with all parts, less tubes, crystal
andivISon .oe:n trEr e EErEE 328 $29 50

INVERTER POWER SUPPLY for above APN-9. INPUT:
24V DC OUTPUT: 115V AC. 800 cy. Like New $22.50

12-V. Power Supply for APN-9, like New P.U.R
Shock Mount for above ......... ... . .. $2.95
Circuit diagram and connecting ptugs available.
We carry a compliete line of replacement parts and
accessories for above.

IMPORTERS —EXPORTERS
of ELECTRONIC EQUIPMENT

We specialize in the export
of military surplus electronic
equipment:

® Al at LOWEST PREVAILING PRICES.

® In addition to items shown on this page,
we have in stock or can obtain for export
customers, military electronic equipment
made for World War Il, Korean War, and
later.

Many thousands of items in our huge
warehouse.

IF YOU DON’'T SEE WHAT YOU
WANT HERE. WRITE US YOUR
NEEDS. LET US QUOTE ON ANY
GOV'T SURPLUS ELECTRONIC
EQUIPMENT YOU SEE ADVERTISED
ANYWHERE. INQUIRIES WEL-
COMED.

All packing and shipping is made directly

from our own warehouse in NYC to give
you substantial savings in handling costs!

ELECTRONIC SURPLUS HEADQUARTERS!

G & G Radio maintains one of the largest stocks of

s not shown here—if you s«
it listed elsewherc—write or call today for our LOW,
OW PRICE and Speedy Delivery FROM STUCK!

BC.652A 80-Meter Ham Band
& Marine Receiver

iint Sptcl ll' 2000 to GH0N Ke AM Re-
seiver,  Z-hand, coxnmx te  with  al
luhe d "’UO Ko Xtal alibrators,  an
12 ¥V Dvnamotor l-‘ine for

Hum band. Marine, etc. Pro
CAWOOMVE, AVC b[n"ﬂ((\r Jack and I\\l

ilcadnhone Jacks, Shy 39
Wt. 50 1bs. Brand \Iew oniy

T-179/ART-26
TRANSMITTER
Airborne Radar Video
3 Transmutter, 465 to 515
T i Mc. Power Output 15
Watts. COmp ete with 15 tubes
BRAND NEW . _...... ... .... $69-50
PP-104/APT-5 RECTIFIER POWER UNIT tor above,
Complete with 4 tubes, BRAND $29.50

LORAN APN/4
OSCILLOSCOPE
Easily converted for use on

radio-TV service bench. LIKE
NEW! Supplied with 5” Scope,

O [574.95|

AN/ART-13 100-WATT XMTR

11 CHANNELS
200-1500 Ke

210 18.1 Mc
7 g EXC.
USED
complete with Tubes #
Famous Collins  Autotune  Afreraft  Transmitter. AN
WoOMOW, Quick ¢hande 1o any of ten ¢
I or manua! lnmng \‘nm-rh an\pllﬁm' clipner u.-w
ar T v}\ l
VI 131 i i
lls mmlul lte 8] 3 |n hnﬂ llp ln DH"’ clu‘ﬂ "B

1t n
AN ART- 13 XMTR as ahov c n L|KE NEw $89 50
condition, with all tubes and crystal. . . -

0-16 Low Freq. OSC Coil 'or ART- 13 ..... 7.95
24V Dynamotor for ART-13 ... ... ., .. 11.95
We carry a compiete line of snarc parts for ahove.

Has vertical and horizontal sweep
with focus and intensity controls,
coaxial antenna changcover motor.
Complete with 11 tubes and 3JP1
CR Tube. For 115 V. 400 cycle AC
and 24 V DC. Circuit dia-

gram included. LIKE NEW. $1495

TS-100AP *SCOPE

(EJ)[(J% UOSED (;%rth $750)
LOW PRICE
Brand New $69.50 $3950

4 he Usoodowith linear sweep or
generial bpurpose test scope. Cables
neluded Also usvd with ¢ |
sweep as precixion range cal

tor. Nelf-contained in

) case
Rox| Loy of 16 deep. For 110
V 31 1o 1200 cvele- _,\ xueellent
used, like new, with alf tuhes in

clwlnlz ervatals and ¢ R. Tuhe.

SCR-274 COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES Like
Type Description Used NEW
BC-453 Recciver 190-550 KC. .. .. $12.95 $14.95
BC-454 Receiver 3-6 MC. . ....... 12.45 17.95
BC-455 Receiver 6-9 MC 11.50 13.95
1.5 to 3 MC. Receiver Brand New. ..... ... $17.95
110 Volt AC Power Supply Kit for all 2%4-N and
\n(. Receivers. Complete with tnet 95
N-TPHCLONS e
Fa ‘tory wired. tested. ready to npp ate .$12.50
SPLINED TUNING KNOB (or 271-N and ARC
hl(}-l\hl(\ Iits BC-453. BC- 154 and
other N :
2 1 to 3 M Transmitter, Br\nd New. ... ... .$12.95
BC-457 TRANSMITTER-——4-5.3 Mc. com sg 75
with all lulms and ervstal, RRAND NEW. . .. 2
Like New oo . $7.95
HC 3% TRANSMITTER- 3.3 to 7 Mc. Camplete wWith
all tubres and crystal.
BRAND NEW 0.
Like New .$7.95
BC-696 TRANSMITTER 3.4 Mc Complete with 11.95
All Fubes & (x\~[«1 Like New ... ... ...,

BC-156 Modula SED NEW 5.95
ALL t\((,L\\(”l[]S AVATLARLE PUR ABOVE

CHEMATIC DIAGRAMS

For most equipment
on this page. each GSL

Please include 25% Deposit with order—Balance
€.0.D., or Remittance in Full. 50¢ Handling Charges
on all orders under $5.00. All shipments F.0.B. Our
Warehouse, N.Y.C. All Merchandise subject to Prior
Sale and Price Change.

G & G RADIO SUPPLY CO.

BC-306 _FREQF METER—SPECIAL Telephone: CO 7-4605 SETS. BRAND NEW. PER PAIR $3.95
S fuhe 140 ol 2SS er jCompletel Al antenni. €D-307A Cords. with PL5S plug and JK26 Jack 93
Aot ST . v o et A T 77 Leonard Si. New York 13, N. Y. Earphone Cushions far above—pair 50

FAMOUS BC-645 TRANSCEIVER

EERE I

BRAND NEW! 15 Tubes 435 to 500 MC

Can be modified for 2-way communication. voice
or code, on ham bind 120-430 mec. citizens radio
160--170 mc. fixed and mobile 150-460 mc. tele-
vision experimental 170-500 mc. 15 tubes
{tubes alone worth more than sale price!t; d—
TF7, 4—7HT, 2—7E6. 2—86F 2—0585 and
1—WE-316A. Now covers 460 to 490 mc. Brand
new BC-615 with tubes, less power supply in

fuctory carton. l $]950 I

Shipping weight 25 Ibs. SPECIAL!. .
PE-101C Dynamotor, 12/24V input. . .. ... $7.95

UHF Antenna Assembly....... ... ... 2.45
Complete Set of 10 Plugs. ... 5.50
Control Box . ... ... ...........co.u... 2.25

SPECIAL ‘“‘PACKAGE' OFFER
BC-645 Transceiver. Dynamotor and all acces
sories above. COMPLETE. BRAND NEW $29 50
While Stocks Last. . ........... ... ... o

EE8 FIELD PHONES, Chocked gut, perfect \\nl)dng

order, Complete with all pa

Cond. Each ...... s

BC-604 TRANSMITTER (nln[) inion unit to 21-27.9
Mc FM BC603 I(Ncner Complete with all IU 95
tubes. BRAND NEW ... .0 .. . . .., ...

ARB/CRV 45151 NAVY AIRCRAFT RADIO RECEIVER
180 to 9050 Ke in four bands. 6- mhc super commu-
81(‘:,[141"\ r ive with  Iacal  and  reonote Lanfne
and chanfe. Cnmpln(e with tubes and dyna-

motor. LIKE NE y ' $39 50
RA62 AC F'OWER SUF'F'LV FOR SCRS522 42 50
Transceiver. Like New $

AN/ARC-1 TRANSMITTER-
RECEIVER

100-156 Mc. radio tclephone
communication aircraft to
ground. Complete with tuhes
and dynamotor, operates from
24 volts DC. Excellent condi-
tion, LIKE NEW

AN/ARC-1

10- channel unit . ... $5950
AN-ARC-

50- cnannel unit ... $99.50

BC 617 FM RECEIVER & Selector. grequency range

to 40 Mc. 10 channels tone selector actuates
rvlay circuits., Coaxial antenna input, squelch circuit.
dudio control output jack. CO!IIDlCN’ with 15 tubes
and 24 Vaolt Dynamotor Size 11”x8"x20". $24 50

AN/ARN-7 RECEIVER

Frequency range 100 Kc
to 1750 Kc in 4 bands.
Aircraft navigational in-
strument comprising su-
perhet receiver and addi-
tional radio compass
circuits. Complete with

tubes, exc. cond. ... ..... ... ... ...

Accessories for above, available.

AN "APR-4 RECEIVER oniy. 38 to 4000 McC in 5 tun-
iNg unit ranges. High precision lap mstrument lnput
115 V60 cy. Like N 89

TN-16, TN-17, Tr(:l 18, TN-19 and TN-543 Tun-
ing Umts for above, in stock. ... ... P.U.R.

SCR-625 MINE DETECTOR
Complete portable outfit in origi- 52950

nal packing, with all accessories.
Brand New ... ... ..... ... .. ...
Excellent BRAND

DYNAMOTOR VALUES:

Type input Output Used NEW
DM-32A 28V 1.1A 250V .05A 2.45 4.45
DM_33A 28V 5A 575V .16A

28V 7A S40V .25A 2.95  3.45

DM-34D 12V 2A

DM-36 28V 1.4A
DM-43 2BV 23A

220V .080A 4.15  5.50
220V .080A 1.35 2.95
925V .220A

460V .185A —  7.95

DM-53A 28V 1. an 220V .080A 3.7S  5.4S
PE-73C 28V 20A 1000V .350A 8.95 14.95
PE-86 28V 1.25A 250V .050A 2.75 3.85
DM-37 DVNAMOTOR In]nl[ 255 ne @ 9.2 A out-
pue 625 D Ala. HR\\I) NEW  Faclt $3.25
MICROPHONES Checked Out, Perfect

EXC. BRAND
Mode! Description USED NEW
T-17D Carlyon Hand Mike $4.45 . .$7.95
RS-38. Navy Type Carbon Hand Mike 3.95. 5.75
HEADPHONES Checked Out, Per'ect
Mode Description EX BRAND

NEwW

HS-23 High Impedance . . . . $4.95
HS-33—Low Impedance . .. 5.45
HS-30. . Low Imp. (featherwt. 90 1.65
H-16/U .High Imp. {2 units) 7.95

TELEPHONICS—600 ohm Low Imp

February, 1964
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DIPMBV\ GEMSJ

ARC & COMMAND SET SPECIALS

R23/ARC-5 RECEIVER: (Q 5'01‘) 190-550 $12 95

Ke. Excel . ............

v A 19.95
BRI G BIRRST Bandr Commne 29.95
WARIE BRND Hecyd: 1 3 e 19.95
R26/ARC-5 RECEIVER: 3.8 M. 12.95
R27/ARC-5 RECEIVER: -0 Mc. 12.95
AGRaRRes RECEIVER: 22.50
L L 7.95
j20NARCS TRANSMITTER 4.95
SAME AS ABOVE. but brand new 6.95
MD7 'ARC-5 PLATE MODULATOR: Fxeellent 5.95
RT-82/APX-6 TRANSCEIVER

F.B. for canver-ion ta | 220 Me (May have

seratehes and minor dents oncase hut con-

geion I mot wered. (oot uned, eondi- - §14.95
IN PXCELLENT CONDITION ... ... 19.95

BC-433 RADIO COMPASS RECV'R:

-
S G e G
VRC-2 MOTOROLA 30-D MOBLE XMTR-RECVR
A30.30 Me. FM., 6 V.ow pluy & remote

contral.  kxc

ronile

RECEIVER SPECIALS! PRIOE OF THE NAVY!

All excel. checked out,

ith ‘AC P )
RBA: 13- :Alnl(') Ke cm'ﬂ”fl'r?‘.’('?ﬂ,",?, (. dial. . $95[][]
e feoq. 99.00
i 115.00

TELETYPE BARGAINS: Model 15 Teletvpe $15[] []T]

RBB: mm e — 4 Me. Direet

dis L
RBC: - ’7 Me. Direct 1ing frog.

With table. Gool warking condition. ()nl\
Model 19 Teletype: With table. Good wark

ing cond. «Prices include crating for s; fu 295 00

arrival.y

for vonmversion 1o G ometer $39 95

TS147B/UP MFG. BY SPERRY!

“‘X’* Band FM Signal Gencrator and Power

Meter: Checked out amd in excellent cond 5295'00

ton L.

TS-148/UP SPECTRUM ANALYZER

SN Band. Exeellent cond ¢ hecked ont oo 5395~00

UHF RECEIVERS! LATEST NAVY MODELS!!
All excel. and checked out. All 225-400
Mc. All are tuncable or have one xtal con-
trolled channel.

TAPE AND RECORDERS GET IT from GOODHEART!

SILICON DIODES Ll & goud. you grade 3 95
i ‘em, we tell how, griy a b n. 100 for
TAPE Recorders, Hi-Fi Components. Sleep Learning MINE DETECTOR AN PRS:3 in fihcrgla~s 2995
Equipment, Tapes. UnuJsual Values. Free Catalog. Dress- suitcase. 40 Lb». Late type! With hook. . :
i i S'ER BC-453-B CHECKED OK ¢l
ner, 1523 EW Jericha Turnpike, New‘Hyde Park 10, N.Y. Sl T i Ll PPN 122 0O
RENT Stereo Tapes—over 2,500 Different—all major R-11A LATE TYPE Q.-5'ER 190-050 k. 14.95
labeis—free brachure. Stereo-Parti, 1616-—E. W. Ter- no dial »o set to 455 ke & leave it. .. . .. 0
race Way, Santa Rosa, California. RBS RECEIVER 14.TUBE ~upcr o260 me, 69.50
P— — aligned, w/pwr sply, Instructions. only. . N
SELF-Hypnosis. New concept teaches you quickiy by R-45 ARR.7 RCVR U.55 to 13 nie. wilh 179.50
tape or LP-record. Free literature. McKinley Publishers, pwr_sply & book, aligned & modified. . . . .
Dept. T6, Box 3038. San Bernardino. Califorma. TIME PAY PLAN: Any purchiaee totalling o
10%
Wﬁ 30-609% Stereo music on tape Freeﬁgain cat H 160,00 or more. (lown payinent only L. o
S . & ) AN APR-4 RECEIVER SET w | s Units
alog blank tape/recorders/Narelco speakers. Saxitone, Y APR-4 RECEIVER SET w Tuninx tnit 179.50
1776 Columbia Road, Washington. D.C. i e i R e

TAPE Recarder Sale. Latest modefs $10.00 abave cast. DU-1 LOOP & PREAMP goc~ sl of your 2995
Arkay Sales, 22-21 Riverside Avenue, Medford 55, reeyr, gives true bearing. W Instructions . .
PWR SPLY FOR ART-13 & OTHER XMTRS.
Massachusetts. _ _ - /60 ¢y in, both HV's out. New. 79.50
AMERICAN Recorders. 4-track stereo play, mano rec- TTY MDD_ 14 TRANSW -DISTR. wilh 75.00
ord. Incredible Discount Price $89.50. Caravelle, 916 syne notor, cover. Exe, condition. . ... .. .
McLean, Yonkers, N.Y. MOD. 15 IN CONSOLE W = 14TDh A =14 250.00
— = = = Typing Renerf  Svne motors .. .
ROBERTS Recorders. Immediate Delivery (including MOD. 16 1N CONSOLE W =11 TVl LI 275.00
770). Trades accepted. Request informaticn. Caravelle, in addition to TD & Perf. Transm. fob I.A
916 MclLean, Yonkers, N.Y. HANDBOOKS. TECH MANUALS. Write on TTY  {() (30
needs For ARC-3, ARC-27, ART-13. ea.. . .

L FREQUENCY METERS 125 he o0 me. with
b corceous - 57.90
whabfv enl bk

Cal, plug, xtl, instruet
HIGH-FIDELITY Ilu“ O without eal bk, W/tl. plug. cte.

LP SIGNAL GENERATOR #!_ ke tao H30 ane.
17 . calib. Vo to 1.0 v, Complete. certified 250'00

DISGUSTED with **Hi"" Hi-Fi Prices? Unusual Dis-

g At 5 i T$-413 U SIGNAL GEN. .075-1 c. 160,
counts On Your High Fidelity Requirements, Write. SI3 Y SIENAL eEN T e 1 7 279.50
Key Electranics, 120 Liberty St., New York 6, N. Y. MEAS. CORP. =65.B SIGNAL GEN.
D16-4191. e 1o fa. Vo calib, ta 2. l.ow Lea
WRITE for lowest quotations, components, recarders. MEA,S,.C‘('?,P(ﬂlr,fou,s'ﬁ\'.",ﬁ';,ﬁi': Gt 375.00
No Catalogs Hi-Fidelity Supply, 2817-GC Third, New TEST SCOPE 7533 AP 10 v 1o in. A9 B)
York City 55. Lons sithulates 57 ~creen. Ready (o lse. . . I
. i-Fi1 DuUMONT 304A LATE-mODEL TEST SCOPE
kow. L09W Fguotes. all components and recorders. Hi-Fi, T i Ei e ST SCOPE 14950
os'yn 3. Penna. - DuMONT =322 DUAL-GUN TEST SCUrE 1+~ "94g 5()
HI-FI Components, Tape Recorders at guaranteed “We same fe 2 FHOIAT in 1 package, certisicd
Will Not Be Undersold’ prices. All brands in stock. [IE ISR O XS T S T T
15 days money back guarantee. 2 year warranty. O R R T A
Write for quotation, your requirements. No Catalog. TEKTRONIX S14AD j.i~~es O 1o 10 weo B0 1()
Hi- F|de||ty Cen‘[er__1797 1st AVE, New York 28 New Includes later Tektromix features., Cert.. .
York. LE[E‘DS 1& N'O'RTHRUP Kelvin-Varley Voltage
= = — . = = ivider o digts aveurate .01 €7 | w/instrie-
LPs Like new Top labels $1.CO for tists. Refunded first Gons, measure Eo Ll R T 69.50
order. Records, Hillburn P.O., Hillburn, N.Y. TS-682, GSM-1 METER TEST SET. | 7. ul (v AQH (1)
T Evr A 74_{_ Ad 100 A, my to 2 kv, ae/de .
ATTACH adaptor to conventional Sterec Amplifier. Add WHAT DO vOU NEED? Wo have Tots more fhan wo
two speaker cabinets. Witness natural sound repro- G show here & e keop acquiring'

duced with full incremental locations. Unit encap-

sulated. Guaranteed, $39.95 Prepaid USA. Stereosphere, R. E. GOODHEART CO. INC
. -

Box 3009, Dept. EW, Huntsville. Alabama 35811.

L et S B TAC. smgle Conver- 785 00 HI-FI components, tape recorders, sleep learn equip- Bowx 1230-A, Beverly Hills, <alif. $0213
RABZA/URR.35: 110 \VAC. T ) 395.00 ment, tapes. Unusual Values, Free Catalog. Dressner, Arca 313, oMiee 2728707, mossagos 275.5342
-35: . Tl eanversion R . ’
= 1523 Jericho Turnpike, New Hyde Park 10, N.Y. CIRCLE NO. 120 ON READER SERVICE PAGE
SCR-578 GIBSON GIRL r— — —_—
500 Ke. Brand new. Complete with aceces- b 1 Factory
s e i e ", §95.00 TAB", SILICON 750MA* DIODES i | [ | PLATE TRANSFORMERS
AC/CRT-3 VICTORY GIRL: lwal chanaci: “NEWEST TYPE! LOW LEAKAGE! AMERTRAN—Primary 105-125 AC. 60
U0 & B8O Ke. Checked oul. Complete $195 00 Piv/Rms Piv 'Rms Piv/Rms Piv/Rms Cy. Secondary
h Sectrtapioner Checked fout. Lompler . 50 '35 100 70 200 '140 300/210 3100-6:3100 V. AC @ 600 MA $65.00
__05ea 09 ca __ 12 ea. .18 eca (2 KVA) Price RO ca. .
Piv Rms viv. Rms Piv. Rms PI RmS Primary 110V. 60 Cy. S(‘COnddr)’ $9 95
400 280 500 350 600,/420 700/490 1125-0-1125 @ 250 MA . . ...ea.
EI.E:TH H —23rca. | _.28ea | . 38ea | _.50CA _
0 |(5 PIV Rims l Biv Hms iv Rms Piv Rms S
L 2 0 9 30 1000 700 1100/7
4368 WEST PICO BLVD. LOS ANGELES 19, CALIF. AT i FoTarl 4 FILAMENT TRANSFORMER >
ALL TESTS AC & DC & FWD & LOAD! 3 All 110 VOLTS—60 CYCLES untess noted <
CIRCLE NO. 107 ON READER SERVICE PAGE D.C. Power Suppiy: Ouipul 8308 165VDC @ 150 % Secc. 6.3 V. 4 A.1.75 \ Sec. 6.3 V. 25 A. 4.75
Ma. Tunt |15y 6htoSoGey, Cased! Special $5 > Sec. 6.3 V. 5 A 1,95
¥ Sec. 12.6 V. 5 A. .. ... ... % 2.95
Silicon Power Diodes Studs & P.F.* g StC. 5 V52 Amps (16 KV ins --817.95
Y Y fx3 50Piv 100Piv | 1S0Piv | 200Piv Q 210 Pri. 60 cy. sec. 1.6 V $160 amp. | 318195
mps 35Rms 70RmMs 105Rms 140 Rms §
4
5 25 40 4 RELAYS s
. 1 18 2 6 VOLT DC 3P5T—N,O. :
o ‘ 12 VOLT DC DPDT -
o 110 V. AC SPDT Plug-in. <
he T ' 0 T R— R
Ames 63" | Cquen” | MAhee , SILICON RECTIFIERS <
_ 12 1.50 2.00 S  pPIV  Current Price { PIV  Current price  $
*18 1.45 *Press Fit Specify y 100 500 Ma % .25 | a00 2 Amps $1.00
3 3,00 Negative or Positive 200 500 Ma +30| 100 15 Amps 1.50
SILICON 750 MA 100 Query Write for Quantity 300 500 Ma B0 330 12 Ambs  3i7e
240 24.50 |0.E.M.&ExportPrices! $ 750 500 Ma 301200 15 amps 375 8
- 7 a . .
Kit TO3 Power Transistors Untested!. .10 for $1 50 50 Amps 3.50
TOP HATS LOWEST PRICES Kit TO5 Transistors IF, RF & Sig 4 s ;ng“gz 3‘; toollolimo: .25 :
Y198 G0)] it 2} 200 2 Amps ‘55 | 200 50 Amps $.00 ¢
OR DIODES GUARANTEED i " n Watt 1 for $1 :
Kit Stabistor Diodes up to One Wi 5 for §1
LOW LEAKAGE NEWEST TYPE Kit Photo Sun Cells Awstd Sizes. . 5 for $1 3 BRAND NEW OIL CONDENSERS
S'WESTON'’ Standard Voltaic Ccll ..% 4.00 59 MFD 200 VLG 4.501 2 MED 2000 Vi 1.50
PIV/RMS PIV RMS PIV RMS PIV RMS g “*BALLANTINE'' =300 A.C. Lah Meter  $54.00 EOOR s . .
50 35 100 70 200 140 300 210 4 2 MFD GO0 \,“(. 4 MFD 2000 Ve 3.50
.05 ca. .09 ea. .12 ea. J18 ca. “TAB'" % SCR's ¥ TRANSISTORS % DIODES!!! 4 YeEDRNGRDRNG ?g 2 MFD 1000 VDO 6.25
Piv RMS PIV RMS PIV RwS PIV RWS Full Leads Factory Tested & Gtd! U.S.A. Mfg. s MFD 600 . 3 MFD 4000 \!'ng-gg -
400 280 500 350 600 420 700 490 PNP 50Watt 15Amp HiPowor T036 Pckg! & pat s Gl 4 MED 1000 .
.23 ca. .28 ca. .38 ea. .50 ca. 2N441. 332 277, 278. DSSOL up to 8 MED 00 1 MFD 5000 VDC 4.50
P1V RMS PIV RMS RIS PIV RMS 50 volts vCBo $1.25 @ . S for $5 10 MFD 600 2 MFD SO0n00 Ve 8.50
800 560 900 630 1000 700 |1100 770 2 m:{ass 3, 174 up to 80v VCBO %3 @. 3 lf m:g l:,)m; 45MFD 8000 VDC 15.95 :
-58 ea. -68 ca. -78 ca. il Gk BNp 1owatt 3a. .2N155.156.235, 242, 253, Y 2 MED 1000 by
255, 256, 257, 301, 351: ¢35 @. 4 for 4 MED 1000 2 MFD . <
ALL TESTS' AC & DC & FWD & LOAD PNP Signal up io 350mMmw TOS, €25 @. 6 for $1 8 MFD 1000 2 MFD ll\’(lln) v 29.95
100 Dif. Pre. Res. V2, 1, 2 WATT—1% Tol. $1.25 ::g g;‘gg;(l’ |§ODRMFWOCS§S T('Os 40\{05 cszls @ .6 for $1 10 2 MFD 12,500 ” 31'58
. 1. r o o 2.
G.E. IN91 Diode—10 for $1.00, 100 for $8.00 (g ERLR LI P (e o I H 12 1MED 15Tl 7 4250
Special 1000 PIV—750 MA, 10 for $7.50. Silicon PNP TO5 & TO18, Pckg ¢25 @ .5 for $1 4 1 1 MFD 20.000 ” 59.50
Round or Diamond TO36, TO3 Pckg Mica Mty > 2 5 55,000 7 34.95
SILICON POWER DIODE STUDS Kit 5 for $1 > 2 1 000 - 89.93
. Power Heat Sink Finned 80 5q $1.25 @ 5 for $5 Y 3 10 d HEE
R LR B LS tHE bl “5CR.! SILICON CONTROLLED RECTIFIERS! 3 i Sonn & A, moo v,\c 1,95
i aEm RLRE o e PRV [778 |  T6A | 23R 7A | 16A | 25A 3 8
: . o 25 | .75|1.25 | 1,60 585 | 00| 350 | 400 3
3 i e i S50 23 1122|1756 | 2:00 || 300 | 335 3.85| 433 4 SPECIALS <
g ! 0 . 5 & 400 5 .50 | 4.9
i Gon s o gizs }23 Egs %_22 ggg 00 ‘;}S 5138|5188 JENNINGS VARIA%LE VI;ACALAI;IM CAP.
2 S0 . 0 00 2 50 3. 75 600 00 25 Type UCS 10-400
12 100 -80 AT 4.00 4 fo Y ,$
I - e i e e 76 5 asies UTEsEs'd tor 32 10,000 Volts Peak. ... .. Each $435.00
12 100 fed 10D BES0) 215" Meter 100-0-100 Microamps. . .2.95
12 G o i 2500, EEPY .‘.‘"{,522,153°'5’5V i e ool o e 0-365 MMF VARIABLE CONDENSER 147 Snaft e b
Money Back guarantee $2,00 min. order. Orders — e T : 217’ °'1°100("7"Ec?r?A7'v.PcMETER
F.0.8. NYC. include check or money order. Shpg. ‘¢ 9 our 18~m t;gg{ S LI a7 Rect 0 Microamps . ...
charges plus, C.0.D. orders 25% down. TAB F.0.B. N.yC. Q;’f.{ shuznchparlﬁg: PE K LE ONICS C :
H r or De r
Warren Electronic Components e Linshowt Subect to chanke. AK ELECTR O 3
LA S New York 7, N. Y., W0-2-2370
NYC 7, NY 87 Chambers St. Wo 2-5727 Send 23,- Phonc: RECtor 2-62%5 fm “Catalog h(i!i W. Bruadway-. ew York 7. Y., b

110

CIRCLE NO. 143 ON READER SERVICE PAGE CIRCLE NO. 134 ON READER SERVICE PAGE
ELECTRONICS WORLD
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ADVANCE ELECTRONICS

VARIACS
1ls AMP . .. .5.50 [ 732 AMP 14.95
13,5 AMP 10°amMP L Ll 18.95
AMP 20 AMP
3 AmP 20 amp 1Casedl 29 95

SILICON 'CONTROLLED RECTIFIERS TESTED!

PRV 7 AMP 25 AMP PRV 7 AMP 25 AMP
70 1.50 2.75 350 3.50 4.40

140 2.00 3.25 400 4.00 4.65

200 2.25 3.50 450 4.40

250 2.75 3.75 500 4.75

300 3.00 4.00 600 5.50

NPN-Germanium MESA Tra
BvV-10V . .

istors F max—25
110/4.00 100 35 oo
MADT Transistors .00

Germanium Diodes. Computer typn—SB 1.00

VARIAN FOCUS MAGNETS

1504-A New $1195.00 Pair
CAPACITOR

1 mtd. 12. 5K voits OIL . . . 13.95 ca.
SOLENOID

Guardian No. 16AC 115 VAC— 2 {h. pull . . 1.79 eca.

12 for 20.00

TRANSFORMERS

Pri 115 Vv or 230 V Sec—3 x 6.3V8A, 230 V
450 Ma Epoxy Encapsulated . $6.95 ca.
Pri 115 V Sec 12.6 vCT @ 4 A & 15 v2‘"951

Slancor :PMQ-‘IB 460 VCY @ 50 Ma & 6.3 V @
5 5

...... . J 2.95 ea.
ri Scc. 6.3 @ 30 Arlln .. 6.95 ea.
Plate tsfmr 1100 vCT 250 Ma . .6.49 ea.
PANEL METERS
11/2” SQUARE 200-0- 200 V DC 3.95 ca.
0-1 L3 . 3.25 ea 0-75 V 3.95 ca.
0-2 ma ... 3.25 ca 0-5 MA SQ 3.95 ca.
0-100 mMv 3.25 ca
0-500 MMA 3.25 ca. 4" SQUARE
AC—VOLT5—0-2; 3
g ;:‘c ROUND . 10, 15; 25 03r oo
B v 49 ca
S, Meter 0.9 . 385 ca. o ° 7‘2 = FElcl) el
0-200 MADC 4.25 ea.
0-200 MMA . .. 4.95 ea. Dc_ﬂ,“{_z or 3 5.95 ca.
0-100 MMA 5.25 ca
0-1 MA ummmry O1G ASRIO0SLIS [os
scaled) 3.95 ca ¥ : o
600 ......5.95 ca.
3" ROUND 4" ROUND |
0-150 vacC .95 ca AC—VOLTS
o- 150 vDC W(-ston 50 ca.
{Dual scale) 5.25 ca MA—O 150 3.50 ca.
0-150 VDC . 4.75 ca DC—JOLTS —0.25; 300 |
0-20 MA 3.95 ea or 500 3.50 ca.
0-5 A AC (M|rkcli 0-50 VDC (4 scales—
0-150) 3.75 e basic 0-1 MADC)
0-30 V DC SQ 4.95 ca 415" RD 4.50 ca.

All Shipments FOB NYC

ADVANCE ELECTRONICS

79 Cortlandt St., New York 7, N.Y. RE 2-0270
CIRCLE NO. 101 ON READER SERVICE PAGE

REPAIRS AND
SERVICING
TV Tuners Rebuilt and Aligned per manufacturers spe-

cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with

FREE Catdlog

OF THE WORLD’S FINEST

i GOV’'T. SURPLUS
ELECTRONIC BARGAINS

tubes or write for free mailing kit and dealer brochure. RECEIVERS:
JW Electronics. Box 518 Blcomma'on lnduana RAX-1 200 to 1500 KC.............. Re-New: $29.95
BC-348 2 — .
TV Tuners Rebuilt and Alwgned to Specifications. R-4B/TRC(-)3 t2°3050t% KZ%O }VI(SJ t,:0,\,|18 MCy- - 'Hzggi gggg
Guaranteed All Makes. One Price. $9.50 Complete. R-23/ARC-5 190 to 550 KC LT Used: 12,95
Plus Shipping. Valley Tuners, 5641-B Cahuenga, North R-25/ARC-5 1.5to 3 mc. . ... 0 000 New: 19.95
HOll)’wood Calif. o BC-454 3 to 6 MC.......... ... ....... New: 19.95
TELEFIXIT Alltime Bestseller Nontechmcal v Repa|r| 207‘71/5:;(%&0 I%OM&' 156 MG Hé‘éﬁ ;;gg
Book with Famous Troubleshooting Charts. 60¢ Post- BC-1206 200 to 400 KC N Used: 9.95
paid 2 for $1.00. Telefixit, Box 714, Manhasset 4, N.Y. BC-733 108 to 110 MC d 595
Bcs-/ZKQNQ(;O to 400 KC— ZSCOO 7700 KC. Used: 8.95
R- RN-7 100 to 1750 KC. ... ....... .. Used: 18.95
STAMPS AND COINS BC-433G 100 to 1750 KC.... . ... . Used: 12.85
MN-26C 150 to 1500 KC. .. ...... .. . .. sed:  9.95
MN-26 (:Ll? 200-410, 580 1200 KC—2.9-6 MC U 9.95
. Ly . RA-10 150 to 110 KC—2 to 10 MC...New: 29.95
fsﬁgﬁds"""‘,g;aim'g'; Golonials from Maidives Solomon ' py5g/ARR.16 62.8 to 72.1 MC FM. ... Used: 16.95
g, ristopher, Nevis. Sarawak, Cay- N
man lIslands. Gilbert Ellice. Free with approvals Vik- TRANSMITTERS:
mg Great Neck 50, N.Y. ART-13 2 to I8 MC. ... ................ Used: $59.50
BC-604 21 to 27 MC FM. . .New 7.95
WOW! 110 All Different Germany 10¢! Zeppelins, BC-684 27 to 38 MC FM Used 6.95
Semi-Postals, Airmails. High values, etc. Giant Cata- | BC-924 27 to 38 MC FM. ... .. .. .New: 12,95
log, bargain lists included with beautiful approvals. | T-14/TRC-1 70 to 100 MC FM. . Used: 24.95
Jamestown Stamp, Dept. A24EG, Jamestown, N.Y. BC-1158 53.3 to 95 MC AM. ., ... . .New: 29.95
I BC-;91/§0C6375 1.5 to 1C2.5 MC.... .New: 34.95
BC-230 0 to 7000 KC . i .Used 8.95
EDUCA%ION?L | T-17/AR([2:-5 1.3 t0 2.1 MC. .New: 14.95
T-18/ARC-5 2.1 to 3. 0 MC..... Unused 8.95
OPPORTUNITIES T-21/ARC-5 53 to 7 MC.... . .. .New 8.95
LEARN While Asleep, hypnotize with your recorder, gg.%‘;“?‘g foogt?wg3 L2 e m 13'32
phonograph. Astonishing details, sensational cata!og T-23/ARC-5 100 to 156 MC.. . Used: 18.85
free! Sleep-Learning Association, Box 23-ZD, Olympia, 1-67/ARC-3 1‘00 to 156 MC . .. RS :Used; 22,95
Washington 6P-7 350 t0 9050 KC............. 0 0 34.95

LEARN whl!e asleep. Remarkable. scientific. 92% ef-
fective. Details free. ASR Foundation, Box 721, Dept
e.g.. Lexington, Kentucky.

BOOKS

AUTHORS! Learn how to nave your book published,
promoted. distiibuted. FREE booklet “ZD,” Vantage,

120 West 31 St New York 1
WANTED: Short stories, books. articles, plays of all
descrlptluns for sale to publishers, procucers Free

literature! Literary Agent Mead, Dept. 39A, 915 Broad-
way. N. Y. C. 10.

LARGE, SELECT STOCK!

taboratory

® Every tube tested in our own
and life test.
® We guarantce FREE replacement for one

conditions.

6AB4 6BZ7

0z4 6C4

for

ANY TUBE

MICRO TUBE FABULOUS LOW PRICES!

ELECTRON TUBE CO.

CIRCLE NO.

February, 1964

from us which fails to function efficiently under any or all operating
Prompt refunds on any defective 3
Advertised tubes not necessarily new, but may be electrically per-

DEPENDA BLE. FAST SERVICE!

for mutual conductance
year of any tube purchascd

merchandise.

fect factory sccands or used tubes—each clearly so marked.

Price
.60
.70
.75
.45

Type
0A2 S
0A3
0A4
0B2
0B3
0C3
0D3
2D2]
2E26

41X 150A
New 18.00

5R4GY 1.95
6l4WA 1.15
218 8.00
304TL 35.00
416B 18.95
5129 .50
750TL 32.00
807 1.00
811A New 3.95
815 2.50
829B 7.00
832 3.00
832A 5.50
866A 2.95

12BY7

.50
1.95

PER
HUNDRED
ASSTD

LISTED

P.0. Box 55 Park Sta.
Paterson 3, N. J.

wWww . americanradiohistorv.com

EXTRA SPECIALS:

6/12 volt VIB 89¢
6/12 volt New VIB
50 watt 25K Sprague Resistors 30¢

131 ON READER SERVICE PAGE

RECEIVER—TRANSMITTERS

LINK 1905-1906 152 to 172 MC FM. .. .. Used: $59.50
AN/VRC-4 1.7 to 87 MC.....uu.. . ... 59.95
BC-659 27 to 38.9 MC FM. 14.95
BC-620 21 to 27 MCFM. .. .. ... .. ... 9.95
RT-18/ARC-4 140 to 144 MC AM. .. ... .. Used: 22.95
BC-1335 27 to 389 MC FM. .. ... . As is Used 6.95
SCR-522 100 to 156 MC AM ... . ... .... Used: 29.95
BC-645 (Converts to: 435 to 500 MC). .. .. New: 14.95

Address Dept. EW ¢ Prices F.O.B.. Lima. O. «

Deposit on C.O0.D.'s « Minimum Order $5.00
SEND FOR BIG FREE CATALOG!

IR BADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO
CIRCLE NO. 117 ON READER SERVICE PAGE

25%

SPECIAL PURPOSE
and INDUSTRIAL
TUBES
AT SPECIAL SAVINGS!

SINCE 1957

Price
$6.95
.80
.75
.20
.30
.30

Type
872A
884
885
954
955
957
2050
2051
5643
5654
5686
5687
5703
5725
5726
5751
5763
5814A
5879
5881
6146
6159
6201
6900

Not Connected With Any
Other Mail Order Tube Co:

ALL TUBES SENT POST-
AGE PAID. Please send
35¢ handling for orders
under $5. Send 25%
dep. on C.0.D. orders.
Send approx. postage
on Canadian and for.

$1.49 '
eign orders.

RiTe DePT. EXRIFOR OUR FREE
OMPLETE LIST OF TUBES &
ECIAL PURPOSE TUBES
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ADVERTISERS INDEX
READER READER
SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.
157 ATR Electronics, Inc ............. 68 151 McGee Radio Co ............... 102
101 Advance Electronics ............. m 160 Maognecord Sales Department,
102 Allied Radio ................... 9% Midwestern Instruments ... 62
129 Mallory & Co., Inc., P.R. .......... 13
American [nstitute of 3 . .
Engineering & Technology .. ... 83 130 Massey Technical Institute .. ... ... 101
103 Associated Telephone Company ... 84 131 Micro Electron Tube Co .......... m
15 i P ing..104
104 Avutomotive Electroniecs Co ........ 86 2 Milwaukee School of Engineering. .10
Myers Enterprises .. ............. 90
165 B & K Manufacturing Co ........ 75
132 Nation-Wide Tube Co .......... 12
105 Blonder-Tongue ................ 70 X .
o i . National Radia
106 Burstein-Applebee Co ............ Institute . ......... SECOND COVER
25¢ SPECIAL
No limit on this flist Capitol Radio Engineering Oelrich Publications .. .......... 83
Order any quantity Institute, The . ............. 77,78 .
TTEEN | 5¢ 133 Olson Electronics, Inc ............ 9?3
184 |27 A Channel Master Corp. .......... 1
i | 1B . .
0x8 | Saws :;‘:7 I::;"f "65 ;; m ;2 | Cleveland Institute of 164 Palmer Electronic Laboratories, Inc. . 76
1B3 | 6BA6 9aU7 . .
1Hs | gagz = “‘;g:; :;: :; :z v Electronics .......... 16,17,18,19 134 Peak Electronics Co ............. 10
e | mne | esny |12a06 uA | s |85 107 Columbia Electronics ............ 110 135 Poly Paks «..ooeereeernnnnnn.. 108
1ws BK7 6547 12AF6 1 .
1RS 29:7 6SK7 12;\1’2 108 Columbia Products Co ........... 72 RCA Electronic Companents
6BN6 124 ¢
. .-,3'3‘5 Nt ,?X; 109 Columbia Stereo Tape Club .. .. .. 5 ond Devices. .. .FOURTH COVER, 79
x2 | emae 12au
2cws | 6Ba7 | eus |12ax7 Conar .o % RCA Institutes, Inc .. .58, 59, 60, 61, 92
2084 | 6C4 6us |128a6 1-YEAR ;
2ove 12817 GUARANTEE 110 Concord Electronics Corporation ... 57 R W Electronics ................. 106
S0%S 128v7 ON ALL TUBES 162 Cornell Electronics Co .. . ... .. 108 136 Rad-Tel Tube Co ............... 105
Sare 126 | Individvally boxed Rex Radio 108
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It’s also unquestionably the most beautiful . . . clean modern design in butternut beige and
walnut brown to blend with any decor.

All in all, it’s pretty satisfying to own the best . ..a Standard Kollsman Deluxe All-Channel
UHF Converter.

WORLD'S LARGEST MANUFACTURER OF TELEVISION TUNERS
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Let RCA equip you with

EVERYTHING YOU NEED FOR STEREO SERVICING

RCA—entertainment leader of the world—now offers you a complete set of test instruments
to put you in the stereo scrvicing business. And now’s the time to get in because it’s growing
bigger and more profitable by the day.

A. NEW! RCA WR-51A FM STEREO
SIGNAL SIMULATOR

Generates signals necessary to
service and maintain stereo mul-
tiplex FM receivers and adap-
tors. Generates...Choice of 4
FM signals—Left Stereo, Right
Stereo, Special Phase Test, Mon-
aural FM ¢ Choice of 8 sine-wave
frequencies (400 cps, 1Kc, 5Ke,
19Kc, 28Kc, 38Kc, 48Kc, 67Kc)
available separately or for modu-
lating FM signals® 100 Mc carrier
tuneable = 0.8 Mc to permit
selection of a quiet point in the
FM band ¢ 19 Kc subcarrier,
crystal-controlled within * 2
cps * 100 Mc sweep signdl ad-
justable from 0-750 Kc at 60 cps
rate » Choice of 3 composite
stereo output signals—Left Ster-
eo, Right Stereo, Special Phase
Test » Choice of 3 sine-wave
frequencies for composite stereo

signals + Crystal controlled
rarkers for receiver if and rf
alignment ¢ Zero-center meter
for checking the balance of ste-
reo amplifier output.  $249.50*

B. RCA WA-44C AUDIO GENERATOR
Generates sine-wave and square-
wave signals over range of 20 to
200,000 cps to test audio Sys-
tems. Can be used to measure
intermodulation distortion, fre-
quency response, input and out-
put impedance, speaker reso-
nance, transient response and
phase shifts. Less than 0.25%
total harmonic distortion over
range of 30 to 15,000 cps.

$98.50*
€. RCA WO0-91A 5” OSCILLOSCOPE
A high-performance, wide-band
*scope—serves asa visual VTVM.
Choice of wide band (4.5 Mc—
0.053-volt rms/inch sensitivity)

or narrow, high-sensitivity band
(1.5 Mc—0.018-volt rms/inch
sensitivity). New 2-stage sync
separator provides solid lock-in
on composite TV signals.
$249.50*
D. RCA WV-98C SEWIOR
VOLTOHMYST®
For direct reading of peak-to-
peak voltages of complex wave-
forms, rms values of sine-waves,
DC voltages, and resistance. Ac-
curacy: 3% full-scale on both
AC and DC, with less than 1%
tracking error. Color-coded
scales differentiate peak-to-peak
from rms readings. New 0.5 volt
full scale DC range for use with
low-voltage transistor circuits.
614" meter. $79.50*

E. RCA WV-76A AC VTVM

Measures voltages down to 0.001
volt. Decibel scale for measure-

ments from —40 to +40 db.
Built-in amplifier which may be
used separately as a preampli-
fier. Typical applications in-
clude: frequency response tests
of preamplifiers, power ampli-
fiers and tone control circuits,
signal tracing; measurements of
audio leyel, power level and
gain; amplifier balancing appli-
cations and general audio volt-
age measurements. $79.95*

F. RCA WG-360A STEREO PHASE
CHECKER
A quick, simple, positive way to
check phase alignment of low
and mid-range speakers in ster-
eo systems. Completely *“sound-
powered”. Snag-proof recessed
grille design. For use with a
VOM, VTVM, or oscilloscope.
$14.95*

See Them all at your Authcrized RCA Electronic Instrument Distributor

»

R
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RCA Electronic Components and Devices, Harrison, N. J.

*User price (optional)

The Most Trusted Name in Electronics
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