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50 CENTS

DESIGN FOR AN ALL-PURPOSE TV-FM ANTENNA
WHITE NOISE—its Nature, Generation, and Applications

EVOLUTION OF THE COMMUNICATIONS RECEIVER

Build an —FM BOOSTER
VIBRATO SIMULATOR
3-TRANSISTOR CB TRANSCEIVER

INTEGRATED CIRCUITRY

Entire circuits can now be made

on tiny bits of material and

placed inside transistor-sized

cases. This new technique makes

' -eliable,
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Now! Enjoy a slim-line system that sounds
as good as it looks! The new E-V Regina 200
with component-quality speakers expressly
designed to meet the challenge of ultra-thin
cabinetry!

In the woofer, for example, where some
thin-speaker systems use light-weight “radio
set” speakers, the new E-V Regina 200 em-
ploys a true 10-inch high fidelity speaker. ..
with powerful 1 1b. 6 oz. ceramic magnet,
precision edgewise-wound voice coil and
specially-tailored low-resonance suspension.
This combination guarantees solid response
to 50 ¢ps, plus minimum distortion and
optimum efficiency — with even the lowest-
powered stereo amplifiers!

Now, examine the tweeter! It has the look
and sound of fine laboratory equipment!
The heavy die-cast frame and jewel-like
machining insures a lifetime of uniform
response. And note the polyurethane sus-
penston system that’s years ahead of the
rest! It’s the secret of the remarkably smooth

www.americanradiohistorv.com
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slim-lines!

response to 15,000 cps! Note the handy
level control on the back of the Regina 200
for exact personal control of tonal balance.

Measuring only 5-5/8 inches deep, 24-3/8
inches high, 16-3/8 inches wide, the new E-V
Regina is a beautifully easy answer to your
stereo speaker placement problems. And it’s
easy on the pocketbook, too . . . just $89.50
net with oiled walnut finish.

Hear the biggest sound in slim-lines. . . the
new Electro-Voice Regina 200 at your E-V
dealer’s today!

ELECTRO-VOICE, INC.
Commercial Products Divlsion
Dept. 1124N, Buchanan, Michigan
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SERVICE TECHNICIANS, ENGINEERS, TEST LABS SAY . . . THE POPULAR MIGHTY MITE IS

" The Best Tube Checker they ever used.”

Here it is. ..

THE

Designed for the present
and far into the future.
Tests all of your pres-
ent tubes plus the new
RCA Nuvistors and
Novars, GE Compactrons
and Sylvania

10 pin tubes.

A complete tube tester that is smailer than a portable type-
writer yet outperforms testers costing hundreds of dollars.
A real money maker for the serviceman and a trusty com-
panion for engineers, maintenance men and experimenters.

Even though the Mighty Mite weighs less than 8 pounds,
new circuity by Sencore cnables you to use a meter 10
check grid leakage as high as 100 megohms and gas condi-
tions that cause as little as one half microamp of grid cur-
rent to flow. Then 100, it checks for emission at operating
levels and shorts or leakage up to 120,000 ohms between all
elements. This analytical *stethoscope” approach finds
troublesome tubes even when large mutual conductance
testers fail. And it does all this by merely setting four con-
trols labeled A, B, C, & D.

Check these plus Sencore features: New, stick-proof
D’Arsonval Meter will not burn out even with a shorted
tube » Meter glows in dark for easy reading behind TV set.

NCORE

Finds ‘em Fast!
Checks ‘em All!

]

e New large Spcedy Set-Up Tube Chart in cover, cuts set-up
time ¢ Rugged, all-stecl carrying case and easy grip handle
¢ Smallest complete tester made, less than one foot square.
e The Mighty Mite will test every standard radio and TV
tube that you encounter, nearly 2000 in ali, including foreign,
five star, auto radio tubes (without damage) plus the new
GE Compactrons, RCA Nuvistors and Novars and Sylvania
10 pin tubes.

Mighty Mite also has larger, easy-to-read type in the set-
up booklet to insure faster testing. Why don’t you join the
thousands of servicemen. engineers, and technicians who
now own a Mighty Mite tube tester? Tube substitution is
becoming impossible and costly with nearly 2000 tubes in
use today. Ask your authorized Sencore Distributor for the
New Improved Mighty Mite. Size: 10%% " x 914" x 312",

Wt. 8 lbs.
MODEL TC114 Dealer Net $74.50

Sencore Sam says . .
“They all agree . . . the Mighty Mite '@'

is the real answer for the man on the go.”

CIRCLE NO. 154 ON READER SERVICE PAGE

ELECTRONICS WORLD is publizhed momikiy by ZiT-Davis |
onx %3000 Can n -

November, 1962

offices. Auhorized s secomnl ctass mail by the Post OfMce Department. Ottawa,

Crumnin and for payinent of hosage im cash. November, 1062: Vol. 68, No
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Here's why Audio Magazine says Scott Kits are
“Simplest to build...” and have
“Engineering of the highest calibre” *

The exclusive Scott full color instruction
book shows every part and every wire in
natural color and In proper position. To
make the Instruction book even clearer,
each of the full color illustrations shows
only a few assembly steps. There are no
oversized sheets to confuse you,

Thére are certain areas in every profes.
sional high fidelity component where wir-
Ing Is critical and difficult. FM front ends
and multiplex sections are an example. In
Scott Kits these sections are wired at the
factory, and thoroughly tested by Scott
experts, assuring you a completed kit
meeting stringent factery standards.

Each full color illustration Is accompanied
by its own Part Chart. .. another Scott ex-
clusive. The actual parts described in the
illust-ation are placed in the exact se-
quence in which they are used. You can't
possibly make a mistake.

Tuners afe aligned with the unique Scott
Ez-A-Line method using the meter on the
tuneritsetf. This assures perfect alignment
without expensive signal generators. Am-
plitier kits require no laboratory instru-
ments for perfect balancing.

o

Y

Much of the uninteresting mechanical as-
sembly is completed when you open your
Scott Kit-Pak. All the terminal strips and
tube sockets are already permanently
riveted to the chassis. To insure accuracy
all wires are pre.cut and pre-stripped to
proper length.

The new Scott Warrantee Performance Plan
guarantees that your kit will work perfectly
when completed. If you have followed all
recommended procedures and your kit
fails to work Scott guarantees to put your
kit in working order at the factory at mini-
mum cost.

*audio — February 1961, Pages 54.56

H. H_ Scott, Inc., 111 Powdermill Road, Dept. 160-1]. Maynard. Mass.

FREE STEREQ RECORD

@ demonstrating new FM Multiplex
| Stereo and explaining all
mamem | portant technical specifications.

SEND ME FREE STEREO record plus 20 page
1963 “Guide {o Custom Stereo”, new Scott kit
brochure.

Name

Address

City State_

Include names and addresses of any interested friends.

Export: Morhan Exporting Corp., 458 Broadway, N. Y. C.

When you finish your kit you'll be delighted by its handsome good looks. And when you turn Canada: Atlas Rad:o Corp., 50 Wingold Ave.. Totonto

your Scott Kit systern on you'll know for yourself why the expert aditors of leading high tidelity
magazines [lke Audio say . .. ‘"only the most sophisticated engineering thinking could deslgn

a kit as simple and foolproof as this ... * CIRCLE NO. 153 ON READER SERVICE PAGE
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Integrated Circuits—Evolution in Electronics
This Month's Cover

Lothar Stern

Delay-Line Nomograms = .. .. ... ... .. .. ....... ....

ac Donald W. Moffai

Recent Developments in Electronics

TEST EQUIPMENT

White Noise: Its Nature, Generation, and Applications
White noise is used to test audio equipment, computers, and as audio
analgesia. Details are included for huilding a white-noise generator.

Woalter H. Buchsbaum
Paul S. Lederer

Lon Edwards

The Counter as a Test Instrument

Miniature Power Supplies

EW Lab Tested (Precision Model 650 Tube Tester)
Silicon Rectifier Checker

HI-FI AND AUDIO

EW Lab Tested (H. H. Scott LT-110 FM Stereo Tuner, Fisher MPX-200
Multiplex Adapter, Sonotone 9TASD-V Cartridge)

FM Stereo Multiplex Adapter Carl A. Helber

Vibrato Simulator Fred Ippolito, Ir.
Build this simple, low-cost transistorized circuit for use with your

musical-instrument or hi-fi amplifier to produce an effective vibrato.
Wide-Band FM Booster R. 1. Dickson

GENERAL

A Tribute to Our Scientists (Editorial) W. A. Stocklin

Design for an All-Purpose TV-FM Antenna George J. Monser
It is easily built, fits in an attic, and combines uniformly high gain
with narrow directivity on all FM and TV channels—u.h.f. or v .f.

Electronic Concepts: Fact or Fiction Sol Heller

COMMUNICATIONS AND AMATEUR
Three-Transistor CB Transceiver
U.H.F. Grid-Dip Meter for the Ham Shack

Evolution of the Communications Receiver
(Part 1: Pre-War Sets) e

Jerry Norris

Joseph A. Huie, K2PEY

Maurice P. Johnson, W3TRR
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Versatile Programmed Timer Silom Horwitz
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2 Mpdels: No. 438 curved mose and Me. 42H
straight — Ask your distribwtor to shew
you Kcelite Seizers today.

XCELITE, INC. « ORCHARD PARK, N. Y.

Canada: Charles W. Pointon, Ltd, Toronto, Ont.
CIRCLE NO. 167 ON NEADER SERVICE PAGE
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I
Special
Feature

Lasers and Their Uses—A new source of intense coherent light that can be used
as a carrier for space communications systems or as the heart of an ultra-precise
radar. This versatile electronic tool is also used as a delicate scalpel for eye

HIGH-ACCURACY

SATELLITE TRACKING SYSTEM

After launching, a space vehicle is lo-
cated and its speed is measured by a
radar-like technique which is described
by James E. Kirch, the Program Man-
ager of the Goddard Range & Range
Rate System of Motorola’s Military
Electronics Division in Phoenix.

THE ACOUSTICAL LENS

How this widely used device performs its
job of dispersing and shaping the sound
energy from a horn-type loudspeaker
driver. From its earliest beginnings the
author traces the evolution of the lens
to its present, highly developed state.

|THE BUSINESS RADIO SERVICE

George W. Pettengill of RCA’s Mobile
Communications Equipment Dept. gives
the facts and figures to support liis con-
tention that almost any business can
profit from the use of two-way mobile
radio. He claims increased efficiencies
will more than offset the cost of such a
| mobile installation.

| PULSE-HEIGHT ANALYZERS
All radioactive substances—and many
{ others that can be stimulated to radiate—

surgery or as a cutting torch for tough metals. ..

a progress report on the art.

emit al characteristic energy levels. From
these levels, positive identification can
be made quickly and easily. Unlike in-
diseriminate radiation detectors, pulse-
height analyzers respond to radiation
amplitude. For this reason they have
numerous applications in medicine, agri-
culture, and industry.

DIGITAL READOVYTS

These units, which eonvert electrical
signals into readable data, are widely
used in counters, digital voitmeters, stock
market quotation boards, airline flight
reservation boards, computers, and data-
processing equipment. Because they are
such popular devices, the author de-
scribes the operation and maintenance
procedures for 15 different electro-me-
chanical, optical, and mechanical-optical
types.

1962 ELECTRONICS WORLD INDEX

A concise and handy listing of all the
feature articles which have appeared in
the magazine during 1962, The articles
are classified by subject matter.

All these and many more interesting and
informative articles will be yvours in the

December issue of ELECTRONICS
WORLD ...on sale November 22nd

ZIFF-DAVIS PUBLISHING COMPANY

Williom B. Ziff
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What Job Do You Want

In Electronics?
Whatever it is, Cleveland Institute can help you get it!

Yes, whatever your goal is in Electronics, there’s a
Cleveland Institute program to help you reach it
quickly and economically. Here's how: Lach CIE
program concentrales on electronics theory as ap-
plied to the solution of practical, everyday problems.
Result . . . as a Cleveland Institute student you will

not only learn electronics but develop the ability to

use it! This ability makes you eligible for any of
the thousands of challenging, high-paying jobs in
Electronics. Before you turn this page, select a pro-
gram to suit your career objective. Then, mark
your selection on the coupon below and mail it to
us foday. We will send you the complete details.
without obligation . . . if you will act NOW!

Electronics Technology

i - A comprehensive program

covering Automation, Com-
munications, Computers,
Industrial Controls, Televi-
sion, Transistors, and prep-
aration for a 1st Class FCC
License,

Industrial Electronics & Automation

- - ." This exciting program in-

cludes many important
subjects as Computers,
Electronic Heating and
Welding, Industrial Con-
trols, Servomechanisms,
and Solid State Devices.

Here's an excellent studio
engineering program which
will get you a ist Class FCC
License and teach you all
about Program Transmis-
sion and Broadcast Trans-
mitters.

Cleveland Institute

of Electronics

1776 E. 17th St., Dept. EWT1
Cleveland 14, Ohio

November, 1962

.I

Aceredited Member

First Class FCC License

x K W _m E
&"!uwﬁuh-cﬁmmn

¥ If you want a 1st Class FCC
I ticket quickly, this stream-
v

nanm eELIN A nguﬂmmml‘l

lined program will do the

trick and enable you to
! maintain and service all

types of transmitting
equipment.

Mobile Radio, Microwave,
and 2nd Class FCC prepa-
ration are just a few of the
topics covered inthis “'com-
pact” program , . . Carrier
Telephony too, if you so
desire.

Mail Coupon T For FREE Catalog

Cleveland Institute of Electronics
1776 E. 17th St., Dept. EW71 - "
Cleveland 14, Ohio

T ey
Your Future
in Electromcs

Please send FREE Career Informa-
lion prepared 1o Lielp me gel ahead in
Electronics, without further obligation.

CHECK AREA OF MOST
INTEREST -

Electronics Technology

M.m..\w.vy.y,w,w-“a, e }F‘H

O First-Class FCC License
[ Electronic Communications

a

Industrial Electronics

Broadcasl Engineering

Your present cccupotion. p—

Name _ — |
(pleose print)
Address — - — e—
City, Zone___Stote.
Ew?71

i
Ll e e —————
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NEW SPACE-
.CHANNEL MASTER

All new Telstar Crossfire

Electronic Antenna combines unequalled performance of new
Super-Crossfire Antenna with new built-in Telstar Booster

World’s most powerful antenna features exclusive,
advanced, new, TRI-BAND Director System for low
band, high band, and FM. Gives lots more gain—plus
tremendous added gain of Telstar Booster.

In the Crossfire Antenna, Channel Master gave you
Proportional Energy Absorption—the most effective prin-
ciple yet for achieving top picture power in picture-poor
areas. Now, in the Telstar Crossfire, we've teamed this
principle with two new exclusive developments—to make
this far and away the most powerful antenna in the world.

Basically, the Telstar consists of our brand new Super-
Crossfire—an antenna with a brand-new Director system.
The TRI-BAND Director System—exclusive with Channet!
Master—enables each Director to receive low and high
bands, and FM...on a single element. Thanks to a
unique Phase Controller, each director—on the high band
—functions as 2 half-wave co-linear elements with in-
phase current distribution. In effect, simplifed directors

make it possible to use more directors—for increased
effectiveness. Result?

...In the Super-Crossfire Antenna (Model 3607. .. avail-
able separately) ... you get up to 42% more gain than the
28-element Crossfire, plus the same high front-to-back
ratios.

... In the Telstar Crossfire Antenna (Model 3606) . . . you
get all the outstanding features of the Super-Crossfire . ..
plus the extra-powerful gain and low noise-figure of the
brand new Telstar Booster (see right). No other antenna
even comes close.

Exclusive New! Both Telstar and Super-Crossfire feature
still another Channel Master first: New 2-way boom brac-
ing ... stops cross-arm bounce and horizontal wind-whip.

Exclusive! All Channel Master outdoor antennas are fully
protected against corrosion by E.P.C. “Golden Overcoat.”

www americanradiohistorv com
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- AGE TRIUMPHS

BEST-PERFORMING OF ALL ANTENNAS AND BOOSTERS!
AND MOST PROFITABLE FOR YOU! BEST FOR BLACK-
AND-WHITE AND COLORTV. FM STEREO, TOO!

New Telstar
BOOSTER-COUPLER

features peak-power
plus lightning-
resistant circuit!

TV and FM Stereo get the biggest
performance boost yet with a booster
that is miles ahead of the “second
best” booster. The Telstar Booster is
especially engineered to pour more
usable power than any other booster
to 1, 2, 3, or 4 sets! The latest cir-
cuitry and advanced low-noise tran-
sistor result in highest gain and
highest signal-to-noise ratios yet.

Lightning-resistant. too—because
circuit utilizes the lightning rod prin-
ciple to prevent transistor burnout
caused by induced atmospheric light-
ning. Laboratory-tested by 250,000
lightning volts! Beautifully styled in
blue-and-white. Model 0023

See your Channel Master distributor for literature on all these products.

New OMNI-RAY
TV/FM STEREO ANTENNA
GHOST-KILLER EXTRAORDINARY!

A brand-new outdoor antenna with
directivity electronically controlled
by an indoor switch. (No rotator
needed) = Stops ghosts and interfer-
ence in metropolitan, suburban, and
near-fringe areas. For Color TV, Black-
and-White, and FM Stereo.

1. Perfect figure-8 reception pattern,
electronically rotated in 222 degree
steps.

2. Deep side nulls.
10:1 rejection
ratio. . S =

3."Aim the beams”
for top power;
“aim the nulls”
for top ghost and interference
rejection.
4. Special “Duo-Twin" Transmission
lead prevents mutual coupling.
Your choice of: = Supersembled
stacked antenna only - Complete kit,
single bay « Complete kit, stacked

NEW! Rechargeable BRIGHT-MITE.

The revolutionary tiny miracle light that outshines big flashlights.
Powered by the Permanent Energy Cells that power the Satellites.
Ask about our terrific Display Pack deal.

CIRCLE NO. 111 ON REA&B?IIS?&I’R\/Vé%Fn PAGE
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Handsome New
CANAVERAL

FIRST INDOOR DIPOLE ANTENNA
WITH TRUE ELECTRONIC
CIRCUITRY.

Unique “ Pix-Power" switch and im-
pedance-compensating circuit give
you these exclusive advantages:

1. On low band—resonates on all
channels (even 2 and 3) by electron-
ically lengthening or shortening
elements—without need for manual
dipole adjustment.

2. On high band—Greatly increases
gain by functioning as 2 co-linear
half-wave dipoles — without manual
adjustment.

3. Has balanced system with 300-ohm
impedance-matched output to elimi-
nate standing waves.

Has the longest elements anywhere
(96" tip to tip) for greater pull-in
power.

Smartly-styled, with tremendous mer-
chandising possibilities. Model 3720

C 1962 CMmC
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The sweep and magnificence of a full
orchestra . . . the intimacy of a lovely
voice. The pure sound of Grommes faith-
fully reproduces the mood and expression
—with the elusive quality of “presence’’
You are there!

U6 0000

Eum—

Model 24PG 24 watt stereo amplifier. .. .

.$ 89.95
Model 36PG 40 watt stereo amplifier. .. . $129.95
Model 70PG 70 watt stereo amplifier. .. ..$199.95

Write GROMMES
Division of Precision Electronics, Inc.,
9101 King St., Franklin Park, Ill.

g)‘lmn mod
sets the
scenel [ ]

QQTELSTAR,” launched on July 10,

has received more public attention
than anv other unmanned satellite to
date. Even after three months of opera-
tion, radio, television, and the press were
still acclaiming this outstanding techni-
cal achievement.

We have already seen some samples
of transatlantic TV programs and we
have been able to make trunsatlantic
telephone calls. Just the other day, for
example, one of our editors was flying
about 5% miles above eastern Pennsyl.
vania on a new jet. He was able to sit
in on a telephone call made from the
plane, to the ground, then up to “Tel-
star” several thousand miles away, then
down to Goonhilly Downs, England,
and, finally, to an office in London. The
London operator came in loud and clear.

Although the scientists. engineers, and
technicians who planned the design and
helped to carrv it out were obviously
confident of suecess, many unforeseeable
circnmstances could have marred their
efforts. On the other hand, to he able
to plan, design, and predict perform-
ance, as the engineers and scientists have
in this experiment, would make it seem
that lnck plaved onlv a minor role.

Telstar's” performance after several
hundrved orbits remained exactly as
planned. The tracking equipment is so
accurate that the satellite’s position can
{ be predicted to within .1 degree. And

this is possible even though the satellite
tis & mere vard in diameter and is radi-
ating a signal which, swwhen picked up at
the Andover, Muaine, receiving station,
averages only about 7.5 inicromicrowatts
(.0000000000075) of power. Yet voice
communications and television transmis-
sions continue to be just as expected.

These are onlv a few of the facts, but
thev do poiut out a major achievement
and advancement in the field of com-
munications in a few short vears.

Although the success of “Telstar” is
still being acclaimed, the pertormance of
our new Venus-bound spacecraft, “Nar-
iner IL” is additional evidence of the
“know-how” of our scientists. engineers.
and technicians. Extremely diffienlt
space maneuvers, at a great clistance
from the earth, were accomplished on

8
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..« for the Record

By W. A. STOCKLIN

Editor

A Tribute To Our Scientists

September 4, when this spacecraft’s di.
rection was changed.

Original plans were to have “Mariner
IL” a 12-foot, 450-1b. space vehicle, pass
within 10,000 miles of the planet Venus.
Unfortunately, during lift-off. the “flying
laboratory” was projected in such a
cowrse that it would have crossed the
orbit of Venus some 233,000 miles ahead
of the planet. At this distance few useful
observations could have been made. But
nine davs after launching, and after the
spacecraft had traveled approximatel:
1.5 million miles, scientists at Culifornia
Institute  of Technology’s  Goldstone
tracking station in California’s Mojave
Desert decided to attempt to correct its
cowrse. By ground radio command, the
spacecraft was made to roll on its axis
and pitch forward so that it was in the
proper position for rocket firing. Next,
the rocket fired, slowing down the ve-
hicle and altering its conrse. Finallv, the
long-range precision antenna was re-
oriented toward earth and the panels of
solar cells were pointed toward the sun.
Predictions now are that “Muriner 1"
will pass within 9000 miles of Venmus.

On the day after this complex manen-
ver was successfullv completed. scien-
tists weve still getting “loud and clear’
signals  from the spacecraft’s 3-watt
transmitter svhen it was nearlv 2 million
miles from earth. They expect to be
able to track it even bevond the planet
Venus.

It is hoped that a Venus pass will
provide us with details on the planet’s
temperature and tvpe of atmosphere,
along with details on magnetic and ra-
diation fields. Obviouslv, all of these
fucts will help ns determine whether
life, as we know it, can exist on the
distant planet.

Considering that Venus will be about
36 million miles from earth at the time
“Mariner 11” is due to pass it around
noon (EST) on December 14 there
should be no doubt in anvone’s mind
that the entire project is an outstanding
scientific achievement. Honors are due
not only to the brilliant scientists who
conceived these svstems, hut also to the
many engineers and technicians who
curied out the designs. A

ELECTRONICS WORLD
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PICK THE CAREER YOU WANT

IN THE WONDERFUL FIELD OF ELECTRONICS

TRAIN AT HOME WITH THE LEADER

Higher earnings and rapid advancement plus a
growing need for trained technicians . . . these are
the reasons why so many men are training for
careers in Electronics with NRI. Right now, four-to-
seven technicians are needed for every graduate
engineer—but you must be trained to qualify. So to
assure advancement, or to turn your hobby into a
new and profitable career, investigate the Elec-
the oldest and

largest home-study school of its kind. NRI training

tronics courses offered by NRI,

is the time-proved way to get into the fast-growing
industry of the 1960's.

INDUSTRIAL ELECTRONICS
-

Prepare for a career as an
Electronic Technician in
industry, business, gov-
ernment, the military,
with this NRI course in
Electronics — Principles,
Practices, Maintenance.
Computers, telemetry,
automation, missiles,
rockets all employ the
same basic principles . . .
and that is what this NRI
course stresses with illus-
trated lessons, special
training equipment.

FCC COMMERCIAL LICENSE

This course is for men
with Radio-TV experi-
ence who want to operate
Oor service transmitting
equipment used in broad-
casting, aviation, marine,
microwave, facsimile or
mobile communications.
A Service Technician is
required by law to have an
" FCC License to work on
{ C-Band and other trans-
mitting equipment. This
new NRI course trains
you quickly for your
Government exams.

Mail Postage-Free Card}

TELEVISION-RADIO SERVICING

NRD’s time-tested course
in Servicing not only
trains you to fix radios,
stereo hi-fi, black & white
TV, etc., but also prepares
you for profit opportu-
nities in the growing field
of Color TV. NRI train-
ing shows how to ecarn
spare-time money starting
soon after you enroll. Pre-
pare for a spare-time or
full-time business or a
good job as a Service
Technician. Special train-
ing equipment included.

(INCLUDES COLOR TV)

TV-RADIO COMMUNICATIONS

Get actual experience as
NRI prepares you for
your choice of Communi-
cations fields and an FCC
License. Commercial
methods and techniques
of Radio and TV Broad-
casting; teletype; facsim-
ile;
mobile and marine radio;
navigation devices; FM
stereo multiplexing are
some of the subjects
covered. You work with
special
ment NRI furnishes.

microwave; radar;

training equip-

Cut Out and Mail—No Stamp Needed

NRI©

Please send me your Electronic, Radio-TV catalog without
cost or obligation. I am interested in the course checked
below. (No salesman will call. PLEASE PRINT.)

NATIONAL RADIO lNSTlTUTE
WASHINGTON 16, D. C.

The Amaz’
Field of

Electron

OINDUSTRIAL ELECTRONICS O FCC LICENSE
RADIO-TV SERVICING OCOMMUNICATIONS

Name. —_— — _Age
Address__________
City __Zone___State________ m

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
Approved for Veteran's under Koreon GI Bill

vvvvw.americanrz;diohistorv.com
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ELECTRONICS NEEDS
4 TO 7
QUALIFIED TECHNICIANS

1

FOR EVERY ENGINEER

“‘Learn-by-Doing’’ with Special
NRI Training Equipment

As part of your training (in
all but the FCC License
Course) NRI sends you
specially-developed train-
ing kits that give actual
practice, make NRI train-
ing come to life inAln
exciting, practical, easy-to-
. understand manner. You
perform dozens of “home
g lab”’ experiments with
high-quality, scientifically
designed electronic com-
ponents, like those used in commercially-made instru-
ments. You keep all the equipment you get. It is yours
at no extra cost . . . to use in your new career. See and
read about this special training equipment, as well
as other course details, information about the growing
Electronics field, data on amazing new developments,
Job opportunities and the NRI trial plan in FREE
64-page Caralog. No obligation. No salesman will
call on you. Just mail postage-free card below.

h SEE OTHER SIDEEK

FIRST

PERMIT
e
{Sec. 34.9, P.L.&R.)

Washington, D.C

—
BUSINESS REPLY MAIL

ND POSTAGE STAMP NECESSARY IF MAFLED IN THE UNITED STATES

POSTAGE WILL BE PAID BY

NRIQ National Radio Institute

3939 Wisconsin Ave.
Washington 16, D.C.

Join The Thousands
Who Trained For
Advancement With NRI

Thousands of NRI graduates throughout the U. S. and Canada are
proof that it is practical to train at home. NRI graduates are in
every kind of Electronics work: inspectors, maintenance men, lab
technicians, testers, broadcasting and mobile communications
operators, Radio-TV service technicians, or in essential military
and government posts. Catalog tells more about what NRI

graduates do and earn. Mail postage-free card.

“THE FINEST JOB | EVER HAD" is what Thomas Bilak, Jr.,
Cayuga, N. Y, says of his position with the G. E. Advanced
Electronic Center at Cornell University. He writes, “Thanks
to NRI, I have a job which I enjoy and which also pays well.”

BUILDING ELECTRONIC CIRCUITS on specially-designed

i
plug-in type chassis, is the work of Robert H. Laurens,

- Hammonton, N. J. He is an Electronic-Technician working
s
g

on the “Univac” computer. Laurens says, My NRI training
helped me to pass the test to obtain this position.”

"I OWE MY SUCCESS TO NRI” says Cecil E. Wallace,
Dallas, Texas. He holds a First Class FCC Radio-telephone
License and works as a Recording Engineer with KRLD-TV.

MARINE RADIO OPERATOR is the job of E. P. Searcy, Jr.
- of New Orleans, La. He works for Alcoa Steamshnp Com-
<3 pany, has also worked as a TV transmitter engineer. He says,
“I can recommend NRI training very highly.”

FROM FACTORY LABORER TO HIS OWN BUSINESS that
rang up sales of $158,000 in one year. That’s the success
William F. Kline of Cincinnati, Ohio, has had since taking

A NRI training. “The course got me started on the road,”
i~ he says.

NRI IS OLDEST, LARGEST
SCHOOL OF ITS KIND

Helping men to succeed
through Home Study training
has been NRI’s only business
for nearly half a century.
Thousands of NRI graduates
from coast to coast are proof
that NRI home study meth-
ods lead to profitable, re-
spected careers. Act Now.

MAIL POSTAGE-FREE CARD NOW!

CLASS
20-R

WWW america r!radinhisrnrv,cnm
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INTERNATIONAL

November, 1962

% Coeeutive

getaart  Caupaatt
wrirsangast tarst weg (B

!-_‘l.

MODEL 100 A TRANSCEIVER WITH
NEW DYNAMIC MICROPHONE

TRANSISTOR
POWER supply
KL

Easenling

CUvETaL gy

EXTERNAL SPEAKER S/METER

CLIPPER/FILTER AMPLIFIER

International’s new Model 100 A is the latest in
the outstanding line of Executive transceivers.
The advanced design Executive features a tran-
sistor power supply, new perforated metal
cabinet, and a new rugged microphone . . . all
of which contribute to a more reliable mobile
operation.

The Model 100 A . . . the finest of its kind, also features:

e Crystal filter for improved receiving ® Twelve crystal
controlled transmit positions e Two crystal controlled
receive positions ® Dual conversion superheterodyne re-
ceiver tuning 23 channels ® Built-in calibration circuit
e N R squelch ® Provision for connecting external
speaker and s/meter ® Push-to-talk operation e Transis-
tor power supply operates from 6/12 vdc or 115 vac
Model 100 A, complete with 1 transmit crystat,
1 receive crystal, and microphone.

$199.50

External Speaker and S/Meter

The perfect companion for the International Executive
Model 100. Utilizes a high impedance vacuum tube volt
meter circuit. Connects to socket on rear of transceiver.
S/meter reads in three ranges. Brown cabinet, brown
and silver panel matches Executive transceiver.
Complete with interconnecting cable, $49.50
Executive Speech

Clipper/Filter Amplifier

A microphone amplifier designed to increase average
modulation . . . limits modulations peaks . filters

audio frequencies above 2500 cycles. Permits arms-
length microphone operation. Power requirements: 12
vac or 12 vdec.

Complete with interconnecting cable. $36.50
12.6 VAC, 2 Ampere Power Unit

Base station power unit for Speech Clipper/Amplifier.
Operates from 115 vac. Provides 12.6 vac at 2 amperes.

Complete with mounting chassis, power cord,
fuse, switch

$12.50
Citizens Band licensees with International
equipped stations know the unquestioned
superiority and advantages of Executive trans-
ceivers and their system engineered accessories.

See your authorized International dealer today.

18 NORTH LEE ¢ OKLAHOMA CITY, OKLA.
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NEW SAMS BOOKS

Modern Communications Course, Vol. 2 k
AM Modulation Systems

Provides a full understanding of amplitude modula-
tion aystems used in present-day transmitters. Man
experiments are included to provide practical knowl.
edge and skill. 8 chapters cover: AM Tranamission
Principles; Audio gyslems & Modulators; Test
hqu'Fmen_l & Adjustments; AM Modulation Meth-
ot_‘la; ransistor Modulators & Modulation Methods;
Single-Sideband Generation; Single-Sideband Sys-
tems; Commereial AM Equipment. 272 pages; ¢ygg |
514 x 8147, er MCN-2 oniy . . 4
Vol. 1, Radio Frequency Systems. MCN-1,.. ..$4.95

Electric Motor and Generator Repair

Detaila the operating principles and functions of
electric motors and generators as well as repair and
servicing techniques for each type. 10 complete
chapters include: General Discussion; Introduction
to AC Motors; Split-Phase Induction Motors; Ca-
pacitor Motors; Repulsion-Induction & Shaded-
Pole Motors; Universal Motors; Polyphase Motors:
DC Armatures; [JC Motors; Generntors. $4%5
256 pages, h%4 x 834", Order MGR-1, only. ... 4

Solving TV Tough-Dogs

Bob Middleton’s realistic approach to solving the
really tough TV service problems, for both begin-
ning and experienced technicians. Through exam-
ples drawn from actual practice, you learn how to
analyze, localize and solve in minutes TV trouhles
which often take hours to find. 6 chapters include:
What Makes a Tough-Nog?; No-Picture Troubles;
PPocr-Picture Tmuhfea; Framing & BDisplay Trou-
blies; Raster ’roblems; Video-Sound T'roubles. $

128 pages; 514 x 814". Order TDM-1, only . . 2”

Ig'

Small Engines Service Manual

All the knowledge you need for servicing virtu-
ally any small engine in operation today—covers
over 1,250 models of 42 popular makes. Enahles
you to service engines used on lawn mowers and
ﬂarden tractors, tillers, snow throwers, cycles,
arts, scooters, elevators, grinders, mixers, port-
ahle electric units. etc. More than 850 pictures
show internal construction and how to make
tricky adjustments. 352 pages, 8'x x 114", $495
Order SES-1, only .. 4

Outhoard Motor Service Manual

Shows how to repair and maintain more than
750 models of 15 popular makes. Practical step-
by-step instruction for every service procedure;
d bly and r bly procedures; com-
plete adjustment and repair of individual com-
ronents; sections on lubrication, ignition, car-
wretion, power head and lower unitg. Qver 600
how-to-do-it illustrations. 224 pages; 81 $4%5
x 111,7, Order OUM-1, only.... 4

ABC’s of Tunnel Diodes

‘Feaches the basics of tunnel-diodes (TD’a), impor-
tant semiconductor devices used in thousands of
¢lectronic n[:plicﬂlions. Explains principles of TD
operation, their characteristics ang how they fulfill
apecial needs in various circuits. 7 chapters include:
Semiconductor Theory; Physics of Tunneling; Tun-
nel-Diode Amplifiers; Tunnel-Diode ()scirlatora:
“Tunnel-Diode Logic: Tunnel-Diode Computer Cir- |
cuits; Measuring Tunnel-Diode Parameters. $195

96 pages; 514 x 844", Order TDK-1, only. ]

Interference Control Handhook

Analyzes all RF interference. [Jescribes sources,
types and effecta of interference, as well as how to
detect and control it. Chapters: Theory of RF Inter-
ference; Interference Measurements; [nterference-
Measuring Equipment; Measurement Problems;
Flectrical-Circuit Noise; Semiconductor Circuit In-
terference; Switches & Contactors; Suppression
‘Techniques; Suppression in Rotating N{nchiner B
Suppression in [gnition Systems; Suppression at the
System Level. 256 pages; 5144 x 844"; hardbound.

Orcler RIC-1, oniy. oo oo 5595

NEW: SERVICING TRANSISTOR RADIOS, VOL. 16
Just gut—covers 42 ymportant models produced in
1962. Complete PHOTOFACT® servicing data. 160
pages; 8% x 11 Order TSM-16, only........... $2.95

HOWARD W. SAMS & CO., INC.

® Ocder from your Sams Distributor today, or mail . l
: to Howard W, Soms & Co., Inc., Dept. |12 1
g 4300 W. 62nd Straet, Indianopolis 6, Ind. H
8 Send me the following books: s
L MCN-1 MCN-2 [ MGR-1 TDM-1 S5E5-)
) Joum OTDK-1 CIRICT  (JTSM-16 H
: Soo000000000 enclosed. () Send FREE Bookiist :
: Name R R :
' H [
B Address S — 1
[ ] 2
| ]

p City Zone Stote :
B IN CANADA: A. C. Simmonds & Sons, Ltd., Toronio 7 %
s massw mwewwnad

I L LR L X Y]
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Bl FROM OUR READERS =

TRANSISTORIZED IGNITION SYSTEM
To the Editors:

I was interested in the article in your
August issue entitled “Transistorized
Ignition System.” It is easy to see that
the ckiims of the author about improved
point life must certainly be justified.
However, it is very difficult to see how
his system could achieve the improved
engine performance he claims for it,

Take the matter of secondary voltage:
Under the immutable laws of physics the
secondary voltage of a perfect transform-
er cannot possibly exceed the primary
voltage multiplied by the turns ratio. But
in Mr, Saatjian’s circuit the primary volt-
age is limited to an absolute maximum of
48 volts under collapsing field condi-
tions. (This value is the difference be-
tween the zener drop and the opposing
battery voltage.) Multiplying by the
turns ratio gives 12,000 volts for the
secondary, not a very high voltage,

By comparison, the corresponding
maximum primary voltage in the con-
ventional ignition system, according to

| the figures given in the article, would

be 288 volts, Multiplying by the tums
ratio of 100 gives a secondary voltage of
28,800 volts, which represents a hig
difference in favor of the old system.

Then, take the matter of energy de-
livered in the spark on the occasion of
each firing. That energy cannot possibly
exceed the energy stored in the primary
in the periods between firing. With 1
mhy. in the transistorized primary and 3
mhy. in the conventional primary, along
with 7 amps maximum in either case, the
stored energy must be .0245 joule in
the one case and .0735 joule in the
other.

So, 'm not doubting the author’s
word. I'd just like te know how he can
cut secondary voltage by more than half,
and cut spark energy by two-thirds, and
still obtain improced starting and over-
all performance.

Now, if he is only tatking about high-
speed performance, he might have some-
thing. But if it were considered desirable
to sacrifice performance at low and me-
dium rpm in favor of the performance
at high rpm, this could have been
achieved long ago without the benefit of
transistors, zeners, etc.

RoBeERT LYNN
Beverly Hills, Calif.

Here is a portion of Author Saatjian’s
reply to the above letter.—Editors.

www americanradiohistorv com

Dear Mr. Lynn:

After I received your letter, I ran a
test on my car, using the “Allen-Tronic”
ignition analyzer console. As I have not
removed the regular ignition from my
car, I could switch from transistorized
ignition to regular ignition very easily.

The following high-voltage readings
were obtained on the “Allen” scope:

Transistorized System

575 rpm (idle) 24,000 volts
2000 rpm 22,000 volts
4500 rpm 20,000 volts

Regular System
575 rpm (idle) 29,000 volts

2000 rpm 15,000 volts
4500 rpm G000 volts
Next, an exhaust analvzer was used to

measure combustion efficiency. After
several readings, the average was 9%
higher efficiency in favor of the tran-
sistorized svstem.

The article claims higher efficiencies
at highway speeds, and this is proven
correct by the above tests.

Bocitos N. Savrpiax
Los Angeles, Calif,

Incidentally, a good many readers
have asked us what changes must be
made in the circuit for positive-ground
ignition systems and for 6-volt systems.
Author Saatjian is working on a bricf fol-
low-up story covering these modifica-
tions. We intend to run this additional
informmation in an early issuc.—Editors.

e L L

THE ELECTROMETER
To the Editors:

The article entitled “The Electrom-
eter” which starts on page 33 of the
July issue, is quite interesting. 1owever,
1 think that the artist who drew the ar-
rows had his directions reversed. [
believe that the lines of electrostatic
force should be shown with arrows
pointing from plus to minus, rather than
from minus to plus as vou have shown.

PauL Perer Fincu
Detroit, Michigan

Whether or not the drawing shown
is correct depends upon which con-
vention you use. In many texts, the
direction of the clectric lines of foree is
determined by the movement of a posi-
tive charge of clectricity. In this case,
the lines would point from plus to
minus. On the other hand, there are
other texts, particularly those dealing
with electron optics and cathode-ray

ELECTRONICS WORLD
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NOW EVERYONE CAN QUICKLY

Set up and Service Color TV

PATTERN DISPLAY STANDARD
Shows correct pattern and
color in window viewer
for visual guide

PATTERN SELECTOR
Produces each pattern
individually for quick,
easy convergence

AUTOMATIC DECONVERGENCE

Simplifies static and
dynamic convergence.
No digging into set

COLOR SELECTOR
Produces each color
one at a time for
accurate coior set-up

COLOR GUN KILLER

Automaticaily enables the
technician to actuate any
combination of the 3 guns

DEMODULATOR ALIGNMENT
Makes alignment extremely
simple, without going

into the color set

/c: o |

Most Complete, Most Versatile, Portable Instrument for Use in the Home and in the Shop
Makes Color TV Set-up and Service Easier, Faster than ever!

Now every service technician canbeready toset-up
and service color TV with amazing new ease and
speed! New advanced design simplifies the entire
operation, saves time and work in every installation,
Eliminates diflicult steps in digging into the color
TV set. Gives you new confidence in handling color.

Produces Patterns, Burst, and Colors Individually
—Provides dot pattern, crosshatch, vertical lines, hori-
zontal lines, burst signal, and individual colors-—one at a
time—on the instrument panel as well as on the TV color
set—for fastest, easiest check. Unique window-viewer on
iront of the instrument panel shows you each pattern and
color as it should be—gives you an exclusive display stand-
ard to use us a sure guide for quick, visual ecomparison.

Provides Accurate, Individual Color Display—Pro-
duces Green, Cyan, Blue, B=Y, }, Magenta, R—Y, Red,
1, Yellow, and Burst—one at a time. All colors are crystal-
controlled and are produced by a precision delay-line for
maximum accuracy. llach color is individually switch-
selected—no chance of error.

Provides Accurate NTSC-Type Signal—Color phase
angles are maintained in accordance with NTSC
specifications.

Makes Convergence and Linearity Adjustments
Easy—Highly stable crystal-controlled system with

/1!

See Your B& K Distributor
or Write for Catalog AP20-N

CIRCLE NO.
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vertical and horizontal sync pulses, assures the ultimate
in line and dot stability.

Simplifies Demodulator Alignment—The type of color
display produced by this instrument provides the ulti-
mate in simplicity for precise demodulator alignment.

Provides Automatic Deconvergence—Eliminates the
necessity for continual static convergence adjustments.
T'he instrument automatically deconverges a white into a
color dot trio without digging into the color set to mis-
adjust the convergence magnets. It also deconverges a
white horizontal or vertical line into red, green and blue
parallel lines. This greatly simplifies dynamic convergence
adjustments.

Provides Exclusive Color Gun Killer—Front-panel
switch control makes it easy to disable any combination
of the three color guns. lliminates continuous adjustment
of the background or screen controls, or connection of a
shorting clip inside the receiver. The switch also selects
the individual grids of the color tube and connects to a
front-panel jack to simplify demodulator alignment.

Provides Switch-Selected R.F. Signals—Factory-
tuned, for channels 3, 4, and 5—for open channel use in
your area.

Model 850 also includes other features that 95
make it invaluable for home and shop use. Net, $199

BaK MANUFACTURING CO.
Division of DYNASCAN CORPORATION

1801 W. BELLE PLAINE AVE. « CHICAGO 13, ILL,
Canoda: Atlos Rodio Corp., 50 Wingold, Toronto 19, Ont..

Export: Empire Exporters, 277 Broodwoy, New York 7, U.5.A.
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CONVERT YOUR CAR TO CAPACITIVE
DISCHARGE ELECTRONIC IGNITION

MOTION INC. EI-4
KIT FITS ALL 12-
VOLT NEGATIVE
GROUND CARS

GIVES UP TO 100,000
MILES OF TROUBLE-
FREE IGNITION o
OPERATION 9
Slashes Maintenance and Fuel Costs... Fires Fouled Plugs, Pre-
vents Worn Points ... and Resultant Timing Problems ... Assures
Full Power at High RPM ... Fast Starts in Zero Weather ..
Permanent "Top-Tune” Performance .., Quickly Pays for ltself ...
Road and Race Tested...Easy to Install...Takes Less Than 1 Hour.

. Gives

The EI-4 Electronic Ignition is the first major breakthrough in
automotive ignition in fifty years. The use of an electronic circuit
to by-pass over 90% of the primary current around the breaker
points, plus capacitive spark discharge, helps overcome the six
basic weaknesses of conventional ignition systems:
¢ Power loss due to mis-firing at low speeds ® Power loss due to
voltage drop at high speeds * Fuel waste due to off-time firing
® Slow starting under cold engine conditions * Excessive wear
on points by current surges and arcing * Plug misfire due to
carbon or ¢il build-up.

The high-energy, transistor-capacitor circuit works with stand-
ard batteries and spark plugs in any make of 12-volt engine
regardless of age or condition. It provides a wave-front some 50
times steeper than that supplied by the induction coil of the con-
venticnal ignition system. It is this almost instantaneous rise to
firing voltage that prevents leakage and mis-firing and utilizes
the full energy of this new system.

The EI-4 system has demonstrated its efficiency, reliability
and economy on the race track and in tests by truck and taxi
fleets, spark plug manufacturers, oil companies and automobile
manufacturers.

]
i ’I
|
m ‘

How Ei-4 Protects Breaker Points
Points al 1eft. from El-4 Sysiem. show almost
complele lack of wear after 100,000 miles. iden-
tical ponts, used unuer same ¢onditions 1n con=

ventional gmlion system, but run only 10,000
miles, are badly burned, need raplacing.

Fires Fouled Plugs Like This
Plugs thal won't fire wilh conven=
tional igmbtion, fire perfectly every
time with the EI-4 System.

The Motion Inc. Capacitive Discharge Electronic Ignition Sys-
tem should not be compared with cheaper “transistorized"” units.
EI-4 has two distinct exclusive advantages—capacitive discharge
and compatibility. It is installed as a dual system. The kit in-
cludes hardware, wiring harness, warranty, detailed installation
instructions and a theory and application manual, Based on all-out
competition, the EI-4 is the outstanding value at any price. It will
quickly return the investment in economy and satisfaction.

SEND FOR FREE BOOKLET NOW

Meotion Inc.

Subsidiary of Tung-Sol Electric Inc.

1 Summer Avenue, Newark 4, N. J.

O Without cost or obligation, send complete technical information.

I [ Enclosed 15 check for $125.00. Please rush Capacitive Discharge
I Electronic fgnition EI-4, prepaid

Occupation. _____Age
Make of Car 2 —  Class

Street E— _—
—_Zone

Name. I I

I City- State
A S S S S G N S SN GEE NN N SN S S S
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tubes, in which the opposite concention is used. In this case
the dircction of the lines would indicate the paths taken by
a moving negative charge or an clectron. Under these condi-
tions, the direction would be as we have shown. We prefer
this latter concention since it indicates how a heam of clec-
trons would move when under the influence of a given electro-
static field —Editors.

° o

POOR MAN'S STERED
To the Editors:

In my article “Poor Man’s Stereo,” ” which appears on page
62 of the August issue, switch S: should be a double-pole
rather than a single-pole switch as shown, The additional
switch contacts should be used to connect the two ground
sides of jacks Ji and J-.

Jares E. Pucn, Jr.
Menominee, Michigan

If the switches and jacks used in Author Pught’s system are
mounted in a metal case and the jacks are connected to the
common ground, then the single-pole switch originally shown
would he okay. Otherwise, a double-pole switeh would have
to be used to put the two outputs in parallel,

o o« £

RATTLING TRANSISTORS
To the Editors:

For some time I have been curious as to why some power
transistors exhibit audible rattle when shaken. This occurs in
many power transistors of different makes and types. Ac-
cording to a letter I received from Bendix, the rattle is simply
due to the inclusion of a desiccant pellet within the transistor
case. Hence, there is no cause for concern and there is no
reason to secure the desiccant so that it can’t move.

PavL CaLrvzz
Itek Laboratories
Lexington, Muss.

Thanks to Reader Galluzzi for this hit of information. We
hace often wondered ahout the noise ourselees and thought
perhaps that something was loose.—=Editors.

L] & &

NCB TEST TAPE
To the Editors:

I have noticed in some of the Hirsch-Houck laboratory tests
on tape recorders reference is made to the use of a NCB test
tape. Is this a misprint for NBC or NAB?

Charies IF. REixnoLn
Terrvtown, New York

NCB is not a misprint. A&tually, scveral years ago the N. C.
Brunner Laboratories in lhaca, New York, produced a num-
her of accurately recogled tapes for test purposes. These
tapes not only were useful for alignment purposes, but they
also had recorded on them the complete frequency run which
was equalized according to the NAB standard. This is the
test tape employed in our laboratory measurements. Inci-
dentally, the manufacture and sale of these tapes has heen
discontinued.—Editors.

& o« <

COLOR TV GENERATOR
To the Editors:

In the August issue of ELeEcTrRONIcs WorLD under vour
directory of color-TV generators on page 51, vou list the
B&K Model 1076 as bearing the price of $199.95, This price
is incorrect and it should have heen given as $299.95.

Berxarp |, Goirsus, Sales Mgr,
B&K Manufacturing

Division of Dynascan Corp.
Chicago, inois

Sorry for the typographical error on the Model 1076, The
price of the B&K Model 850 is correct as shown at $199.95.—
Editors. A

ELECTRONICS WORLD
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COMMERCIAL OPERATOR
RCCLicensE

- Jobs « Electronics

F. C. C. LICENSE - THE KEY TO BETTER JOBS

An F.C.C. commercial (not amateur) license is your ticket to
higher pay and more interesting employment. This license is Fed-
eral Government evidence of your qualifications in electronics.
Employers are eager to hire licensed technicians.

WHICH LICENSE FOR WHICH JOB?

The THIRD CLASS radiotelephone license is of value primarily
in that it qualifies you to take the second class examination. The
scope of authority covered by this license is extremely himited.

The SECOND CLASS radiotelephone license qualifies you to
install. maintain and operate certain radiotelephone ~quipment
but not commercial broadcast station equipment.

The FIRST CLASS radiotelephone license qualifies vou to in-
stall. maintain and operate every type of commercial radiotele-
phone equipment including all radio and television stations in the
United States. its territories and possessions. This is the highest
class of radiotelephone license available. Many companies which
employ industrial electronics technicians require this license.

GRANTHAM TRAINING PREPARES YOU

The Grantham Communications Electronics Course prepares
you for u FIRST CLASS F.C.C. license. and it does this by
TEACHING you electronics. Each point is covered simply and in
detail. with emphasis on making the subject easy to understand.
The organization of the subject matter is such that you progress,
step-by-step, to your specific objective —a first class F. C. C. license.

CORRESPONDENCE OR RESIDENCE CLASSES

Grantham training is available by correspondence or in resi-
dent classes. Either way. you are trained quickly and well. Write.
or mail the coupon below. to any division of Grantham School of
Electronics. Qur free booklet will be sent to you immediately.

HERE'S PROOF . ..

that Grantham students prepare for F.C.C. examinations in a
minimum of time. Here is a list of a few of our recent graduates,
the class of license they got, and how long it took them:

License weeks

Gary Deleo, 9219 N.E. 76th St., Vancouver, Wash. .... 1st 12
Dennis P. Miller, 416 W. Oak St., Alexandria, Va. ..... st 12
Cecil C. Hironimus, 113 Berwick Rd., Johnstown, Pa. . 1st 12
Max D. Reece, 4222 Fremont Ave. N., Seattle 3, Wash. . . 1st 20
Robert Benns, 3802 Military Rd. N.W., Washington, D.C. ...... st 12
Jon M. Martin, 7913 Sausalito Ave., Canoga Park, Calif. 1st 24
Kline H, Mengle, 401 Granvilie Dr., Silver Spring, Md. s 1st 24
Gary D. Burnard, Johnson Rd., Kirkwood, RD =1, N. Y e 1st 12
Newton E. Hastings, 313 Popular Hill Ave., Salisbury, Md. ...... st 12

Larry L. Tracewell, 1509 43rd St., Parkesburg, W. Va. .......... 1st 12

FOUR SCHOOLS TO SERVE YOU

To better serve our many students throughout the entire coun-
try. Grantham School of Electronics maintains four Divisions
located in Los Angeles. California: Kansas City. Mo.: Seattle,
Wash.: and Washington. D.C. Grantham offers rapid courses in
F.C.C. license preparation. either by home study or in resident
classes.

Get your First Class Commercial F.C.C. License in 12 weeks by training at

vantham _Sehool OF ELECTRONICS

1505 N. western Ave.
Las Angeles 27, Calif.

{Phone: HO 7-7727)

[ Los aNgELEs
CALIF.

408 Marion Street
Seattle &, Wash.

(Phone: MA 2-7227)

SEATTLE
WASH.

3123 Gillham Road
Nansas City 9, Mo.

(Phone: JE 1-6320)

KANSAS CITY
M0

821 - 19th Streset. N, W,
Washiagton 6, 8, C.

(Phone: ST 3-3513)

WASHINGTON
D.C.

November, 1962 CIRCLE NO.

for FREE Booklet CLIP COUPON and mail
in envelope or paste on postel cord,

| e |

R~

! (&‘. To: GRANTHAM SCHOOL OF ELECTRONICS :
g U ‘\ S 1505 N. Western _ 408 Marion _ 3123 Gillham Rd . B21-19th. NW
z! Los Angeles Seattle Kansas City ° Washington &

1 ]
gl Please send me your free booklet telling how | can get |
a § mycommercial F.C.C. license quickly. | understand there 1
c:)l is no obligation and no salesman will call. 1
Q: Name Age :
=1 Address 1
< ] . ]
= . City State ,

1 | aminterested in: (] Home Study, [ Resident Classes 26-8

b oo o o am e e o e e o e e wn  wn e o owe mw ww ew wed

123 ON READER SERVICE PAGE
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HOW TO CUT THE COST OF POWER TRANSISTORS—WITHOUT CUTTING CORNERS:

simply say Delco

Now you can offer your customers inexpensive
replacements for their Delco audio output tran-
sistor needs. The DS 520 and our new DS 525
can be used in place of the Delco DS 503 and DS
501 where low cost is a factor. Each of these low-
priced transistors can produce 4 watts of output
with top Delco reliability. They're ideal for the
servicing of older car radios or for the experi-
menter or ham operator. The DS 520 and the new
DS 525 will be a profitable addition to your basic
line of Deico transistors: the DS 501 and DS 503
—to restore full power audio output in all Delco

Radios; the DS 25 and DS 26 to cover small
signal needs in Delco and just about every other
auto radio or small portable on the market. How's
that for a complete line of transistors? Oh, you
need application and cross reference charts too?
Look in the package. They come with all Delco
transistors. All are available now through your
United Delco electronics parts distributor.

Delco Radio automotive radio service
parts and electro-mechanical devices are distrib-
uted nationally through United Delco.

DELCO RADIO, Dlvislon of General Motors, Kakomo, Indiana

"

United V¥
Delco

16 CIRCLE NO. 113 ON READER SERVICE PAGE
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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 & Lit-
erature” 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.

camssEmEmesEm O S A A NSNS AN NS NE EEEEEEEE RN RN smmunm EEEESEEENNESENENRREENENEEERNEP;
]

ELECTRONICS WORLD N O Void After 11
P.O. BOX 7842 OF REQUESTS | Nov. 30, 1962 :
PHILADELPHIA 1, PA. -
Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.
00 101 102 103 104 105 106 107 08 109 110 1M N2 M3 114 N5 g 17 g N1e
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 13¢
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 185 166 167 168 169 170 171 172 173 174 175 176 177 178 9
NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 w0 M 12 13 14 15 16 :
7 18 19 20 21 2 213 24 15 % ¥ 1B MY 30 3N 32 33 M 35 3% 37 38
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 40
(Key numbers for advertised products also appear in Advertisers Index)
NAME _— —
ADDRESS_ 0000000000 —
: ary. S ZONE_ STATE. —
N emesse s e R e erssae s ses s S
November, 1962 7
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In space-

In industry-

R

In your own business-

You Have a Future in Electronics

Build a successful career now with RCA Training

Home Study or Classroom Training. Now, RCA and RCA
Institutes, Inc. offer you 22 authoritative courses in elec-
tronies to choose from—the widest range of courses in
their history! You can start to build a profitable career in
electronies right in your home, or, at any of five conveni-
ent locations across the country! Never before has superior
RCA electronics training been within such easy reach!

18

Complete Selection of Courses. Whether you are a be-
ginner or an advanced student, RCA gives you the kind
of technical instruction you want, tailored to your needs.
And, the very name “RCA” means dependability, integ-
rity, and scientific advance. It is recognized throughout
the world. RCA training, right now, can be the smartest
investment you ever make!

ELECTRONICS WORLD
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RCA Institutes Home Training is Complete

Choose from a

comprehensive selection

of up-to-date courses.

Electronic Fundamentals
Television Servicing

Color Television

Transistors

Automation Electronics
Communications Electronics
Computer Programming

RCA Institutes Training lets you set
your own pace in keeping with your
ability, finances, and time. Lesson as-
signments are individually graded by
technically trained personnel, and you
receive personal guidance and instruc-
tion if you need it. RCA Institutes Home
Training Courses are complete, and in-
clude theory, experiment, and service
practice, beginning with the very first
lesson. All your courses are clearly
written, easy to understand, well illus-
trated.

Kits Are Included

You get prime quality equipment in all
kits furnished to you. They are complete
in every respect and all parts are top
grade. You keep all the equipment fur-

Electronic Drafting

nished to you for actual use on the job
...and you never have to take apart
one piece to build another. Most impor-
tant, all kits used in the Electronic

Fundamentals course are furnished
without extra charge.

Voluntary Tuition Plan

RCA Institutes Home Training is avail-
able to you under a Voluntary Tuition
Plan. This plan gives you the most eco-
nomiecal method possible of home train-
ing. You pay for lessons only as you
order them—one study group at a time.
If, for any reason, you should wish to
interrupt your training, you can do so,
and you will not owe one penny until
you resume the course. There are no
other obligations! No installment pay-
ments required. RCA Institutes Home
Training alone offers you this unique
Voluntary Tuition Plan.

Classroom Training in 5 Convenient Locations

No previous technical training required for admission.
You are eligible even if you haven’'t completed High School.

New York City * Los Angeles * Chicago « CherryHill (near Camden, N.J.) * Philadelphia

RCA also offers you classroom training
of the highest caliber if you prefer to
build your electronics career at one of
the five convenient locations throughout
the country. At RCA Institutes, Inec.
resident schools in New York City and
Los Angeles, and at RCA Technical
Institute Schools in Chicago, Philadel-
phia, and Cherry Hill near Camden, you
can prepare for a rewarding position in
the exciting field of electronies.

If you did not complete High School,
RCA will prepare you for such train-
ing with courses specially designed
to provide the basic math and physies
required.

Coeducational Day and Evening Courses
are available. You can prepare for a
profitable career in electronics while
continuing with your normal full-time
or part-time employment. Classes start
at regular intervals throughout the year.
Free Placement Service

RCA graduates may take advantage of
the free placement service offered to
them. This service has established and
continued to maintain a high percentage
of successful placements in important
electronics companies and military in-
stallations.

Simply e¢heck “Classroom Training” and
information will be rushed to you.

SEND ATTACHED
PRE-PAID POSTCARD
FOR FREE ILLUSTRATED
BOOK TODAY!

SPECIFY HOME
TRAINING OR
CLASSROOM TRAINING!

—

RCA INSTITUTES, INc., Dept. EW-N2 A Service of the Radio Corporation of America

350 West 4th St., New York 14, N. Y, » Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif,

November, 1962
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H. H. Scott LT-110 FM Stereo Tuner

Fisher MPX-200 Multiplex Adapter (page 24)
Sonotone 9TASD-V Cartridge (page 26)
Precision Model 650 Tube Tester (page 78)

H. H. Scott LT-110 FM Stereo Tuner

For copy of manufacturer’s brochure, circle No. 57 on coupon (page 17).

rap avana
LY

¢ @

HE LT-110 FM multiplex tuner is

one of the family of II. M. Scott
high-fidelity component kits. These kits
are designed for construction by hobby-
ists without specialized electronic train-
ing. To this end, the assemblv of the
LT-110 is broken down into 13 sections,
or assembly groups. For each group, the
parts are separately packaged, with pre-
cut and tinned hook-up wire. The n-
struction manual (which includes a very
good explanation of the theory of opera-
tion of the tuner) covers each group
individually, with a full-size colored pic-
torial diagram of that section. In this
way, resistor color codes can he checked
against the assembly drawing, and the
chances of incorrect lead dress are great-
ly reduced.

The kit is supplied in a sturdy card-
board container, or “Kit-pack,” which
serves as a work surface and allows the
builder to put away the partially assem-
bled kit after an evening’s work without
having to clean up loose parts and wires.
The chassis comes with the tube sockets,
power transformer, and pre-aligned
front-end mounted. The multiplex cir-
cuits are on a pre-wired and aligned sub-
chassis. The if. transformers are also
pre-aligned, and final “touch-up” align-
ment of the tuner is done using the built-
in tuning imeter and a received signal.
Construction time for the unit we tested
was 6% hours, without alignment.

22

Like all Scott tuners, it has a shielded,
silver-plated front-end with a 6BQ7A
cascode r.f. amplifier and a BU8 mixer/
oscillator. Two 6AUB i.f. amplifier stages
are followed by a 6AUB limiter and a
diode wide-band ratio detector.

The multiplex democdulator uses
switching circuitry. A 6BL8 amplifies
the composite detected signal and sepa-
rates the 19-ke. pilot carrier which syn-
chronizes the push-pull 12AU7 oscillator
at 38 ke. The entire signal, with frequen-
cies above 53 kec. attenuated to reduce
SCA interference, is applied to two four-
diode switches. These are alternately

AUDIO PRODUCTS TESTED BY HIRSCH-HOUCK LABS

gated on by the 38-kc. oscillator. Their
outputs, corresponding to left- and right-
channel signals, are amplified, de-em-
phasized, and passed through a ganged
level control to a pair of feedback output
amplifiers.

The mode selector switch on the panel
of the tuner {which also controls the a.c.
power) has positions for mono, stereo,
and stereo with sub-channel filtering.
The latter permits reduction of noise in
weak signal reception withont loss of
frequency response, although channel
separation is reduced. There is a sepa-
rate switch which reduces high-frequen-
cy response for both mono and stereo
reception, in the event of excessive back-
ground noise. A third switch in the a.g.c.
circuit increases the r.f. amplifier gain
somewhat for better stereo reception.

On the rear of the tuner are two par-
alleled outputs for each channel, so that
a tape recorder may be driven simulta-
neously with the main amplifier. For
those whe wish to connect a portable
tape recorder, there is a three-circuit
phone jack on the front panel, carrying
both channel outputs.

In our lab measurements, the tuner
had an THFM usable sensitivity rating of
2.5 pv., essentially the same as the rated
2.2 pv. The harmonic distortion at 100%
modulation varied with signal strength,
from 0.7% to 1.3%, over a range of input
signals from 4 pv. to 100,000 pv. The
capture ratio was 8 db (rated 6 db). The
internal hum, from incidental FM modu-
lation of the oscillator, was -31.5 db re-
ferred to a 100% modulated signal. The
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10 times the power
ost walkie:

of m
. reliable

talkies - - )
2-way communica-
tion up to 5 miles

FASY TO BUILD!
GREAT TO OWN!

THE SPECIFICATIONS
PROVE THE QUALITY AND VALUE!
Recelver: Crystal-controlled superheterodyne. Sensi-
tivity better than 1 uv for 10 db s/n ratio. Selectivity,
6 db at 6} kc. Image Rejection, 12 db adjacent chan-
nel, 30 db down. Audio Dutput, 750 uv class B push-
pull.

Transmitter: Crystal-controlled (any CB Channel, 1-22)
RF Input, 1 watt. RF Dutput, 0.5 watt.

Power Supply: Operates up to 50 hours on & size "'C"
flashlight ceils, or on rechargeabie nickel cadmium cell
(optional); has provision for operation from external
12 vDC source.

Typical of the quality and value of
over 100 other great KNIGHT-KITS

Satisfaction guaranteed or your money back

manufaclured by

G KNIGHT ELECTRONICS CORP.

A DIVISION OF

ALLIED RADIO

November, 1962

N

NO MONEY DOWN:Now! More Buying Power

]
]
1
]
]
I
|
1
I
|
i
1
|
1
R

NEW! POWERFUL /<miglal-fcil
I-WATT WALKIE-TALKIE!

KG-4000 All-Transistor CB Kit

WITH THESE ADVANCED FEATURES:

e 9-Transistor, 3 Diode Circuit—Powerful
1-Watt RF Input

ONLY

35995

only $5 per month
an Allied’s Credit
Fund Plan

¢ Protessional Quality Truly Portable
2-Way Radio With a 5-Mile Range

s Crystal-Controlled Transmit and
Receive Channels

e Superhet Receiver with RF Stage, 2 IF’s,
Squelch, AVC, Noise Limiter, Push-Pull
Audio OQutput

THERE'S NO OTHER KIT LIKE IT!

Knight-Kit is the leader again with this professional-quality
transceiver kit...with 10 times the power of most walkie-talk-
ies...with full I-watt RF input for reliable 2-way communica-
tion up to a 5-mile range! Superhet receiver has automatic
nolse limiter and varlable squelch to reduce background
noise and maintain speaker silence between calls. Distance-
Local switch and AVC eliminate receiver distortion caused by
nearby units. Includes: handy press-to-talk button: refative
RF output indicator for maximum power adjustment; plug-in
crystal sockets; 52" whlp antenna; external-antenna jack:
jack for earphone or external speaker; weather-protected
built-in mike and speaker; uses 9 transistors, 3diodes. Weighs
only 32 ounces. Complete with tan high-impact Styrene case
and Carrying strap; wire, solder; easy instructions; FCC-per-
mit application form. Less batteries and crystals (requires 1
transmit, 1 receive, listed below). 103% x 3% x 4174,".

Shpg. wt., 2% Ibs.

83 YX BO3DA. KG-4000 wWalkie-Talkie Kit. Only...........
83 Y 012, “'C' Batteries for above (8 required), each ...... 14¢

83 Y 011. Rechargeable Battery/Charger/AC Power Supply Kit.
Replaces the 8 °C” cells; may be recharged many times;
charger unit permits the KG-4000 to be operated from 115 VAC
while charging battery. Shpg. wt., 1 Ib. Only $19.95

83 Y 047. Adapter for 12-v. Use. Plugs into cigarette lighter of
auto. With cable. Only $£1.00

20 ¥YX 473-2. 1-Receive and 1-Transmit Crystal; specify Chan-
nel 1-22 $5.00

with your Allied Credit Fund Ptan

ORDER
LT YT T T TODAY

ALLIED RADIO

100 N. western Ave., Chicago 80, 1l
Ship me the following:

[0 KG-4000 All-Transistor CB Walkie-Talkie Kit 83 YX 803DA

"C'* Batteries 83 Y 012 (quant.....)

Adapter for 12.v. use 83 Y 047

Rechargeable Battery/Charger/AC Supply Kit 83 Y 011

Receive & Transmit Crystals; Specify Channel 1.22 20 YX 473.2

[ Ship No Money Down on Allied's Credit Fund Plan
New Credit Customers Only: Send name and address present employer, how long
employed, position, monthiy satary; rant or own home, how iong at present address;
Zive age {21 minimum for credit account).
...enclosed (check) (money order)

Na

(] PR
PLIASE PAINT

Address

--------J

Zone State

o
=
<

bl 8
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“Canadian Div. Benco Television Assoc., Ltd., Toronto Export: Rocke Int'l, N. Y. 16, Cable: ARLAB
Home TV Accessories + UHF Converters * Master TV Systems ©

24

why does
Blonder-Tongue
offer two new
indoor boosters?

‘.
r
:
[ 4 -

Let's talk straight-from-the-shoulder about indoor boosters. Tran-
sistor boosters provide higher gain and are more rugged, but they
have one problem—overload (windshield wiper effect, loss of sync,
etc.). If you use a transistor booster in an area with one or more strong
TV or FM signals — you may be buying too much booster! On the
other hand, tubed boosters perform very well in these areas — and
what’s more, they cost less. That's why Blonder-Tongue has two new
home indoor boosters — the transistor IT-4 Quadrabooster and the
frame-grid tubed B-33 Amplicoupler.

The B-33 costs less than the transistor IT-4, $19.95 as against $29.95
In most cases, the extra cost of the IT-4 is more than justified by its
remarkable performance and long life. However, if the B-33 can do the
job, we don’t want you to spend more than is necessary for the finest
TV reception.

Which one is best for you ? Try one, or both. They can be hooked up in

seconds at the set terminals. Try them on all channels._With either an
IT-4 or a B-33, you'll end up with the best TV reception possible.

BLONDER-TONGUE IT-4 TRANSISTOR QUADRABOOSTER + 4 to 8X
increase of signal voltage for 1 set * improves reception on up to4 TV
or FM sets ¢ long-life transistor * stripless terminals * exclusive
neutralizing circuit minimizes overload. List $29.95
BLONDER-TONGUE B-33 FRAME GRID AMPLICOUPLER « More than 2X
increase of signal voltage for 1 set » Improves reception onupto 3 TV
sets * Lowest price multi-set booster on the market. List $19.95

indoor or outdoor ¢ tubed or transistor s VHF or UHF » 1 set or 4 sels

BLONDER-TONGUE TV/FM BOOSTERS

MODEL AB-4-AC, Transistor Mast-Mounted TV/FM Booster w/remote AC power
supply. Provides brilliant reception on up to 4 sets from a single antenna.
Takes advantage of the optimum signal-to-noise ratio. ......c...c..... List $34.95.
MODEL AB-4 with remote battery power supply. ... List $29.95.

MODEL B-24c, 4-set TV/FM Booster. Low cost home TV system uses rugged
frame grid tube to power for as many as 4 TV or FM sets. ... List $24.95.

MODEL BTA, TV Booster. Lowest cost booster on the market. Improves TV

reception in prime or weak Signal areas. ......cocnciiniivniesreniinnn List $15.50
MODEL UB, UHF Booster. Brings in UHF where all other methods fail. 5
models cover all channels from 14 to B3. .....ccociivnniuniiciccicianinnne List $93.50.

engineered and manulactured by

BLONDER AXTONGUE

9 Alting St., Newark,2 N. J.

CIRCLE NO. 106 ON READER SERVICE PAGE
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Closed Circuit TV Systems ¢ CATV Systems
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low output impedance of the tuner al-
lows the use of long cables without loss
of high-frequency response.

In its mono pesition, the frequency
response of the LT-110 was excellent,
= 1 db from 20 to 16,000 cps. In stereo,
there was a slight loss of highs, about
2.5 db at 15,000 cps. Channel separa-
tion was 30 db at mid-frequencies and
held up very well at higher frequencies
(17 db at 10 ke., 11 db at 15 kc.). The
sub-carrier filter drastically reduced
high-frequency separation, although the
audible stereo effect was slight. Like all
Scott tuners, the L.T-110 is extremely
stable, drifting only 2 or 3 ke. from a
cold start.

In listening tests, the tuner showed
its high usable sensitivity to good ad-
vantage, Using an indoor antenna which
produced marginal signal-to-noise ratios
on most other tuners, we were able to
get noise-free, undistorted stereo recep-
tion. It is quite non-critical to tune,
hardly requiring the use of its tuning
meter. Our most serious criticism of the
design is the omission of a stereo-trans-
mission indicator; one must depend on
prior knowledge or station announce-
ments, The kit sells for $159.95.

(Editor’s Note: Recognizing the calue
of an indicator, the manufacturer has
advised us that all current LT-110’s are
available with an automatic light indi-
cating stereo transmission. There is avail-
able a small modification kit for owners
of older LT-110 tuners which don’t in-
clude this automatic indicator.) A

Fisher MPX-200
Multiplex Adapter
For copy of manufacturer’s brochure,
circle No. 38 on coupon (page 17).

THE Fisher MPX-200 sterec multi-

plex adapter is basically similar to
the MPX-100 covered in detail in last
month’s issue, but without certain of its
refinements and automatic features. It
has no front panel and no operating con-
trols, allowing it to be placed out of sight
in any convenient location within three
feet of the tuner.

The MPX-200 has high-level and low-
level inputs, individual channel-level
controls, and a separation control. It is
self-powered, but has no power switch,
and is normally plugged into a switched

ELECTRONICS WORLD
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CABINART MARK 3

THE MOST INCREDIBLE BUY IN RIGH FIDELITY HISTORY

To achieve the magnificent full range tonal response, CABINART Research now presents the FIRST
bookshelf Reflex-Horn enclosure around a precision engineered loudspeaker. The MARK 3, priced
at $18.00, establishes a new zone of value and quality with the publication of complete Electro-
Acoustic data.

L4
& 14 wn-cvm]ﬂf'inco?o' 3
(KR R AR RN R R R R NN R R R RN R R NN Z RN RRRRNNRERRRNNN!
Oiled
TTHIE T Walnut,
: T {14 $30.00
I'MI' VIV R ARIETL LR TR R
| T e e SPECIFICATIONS: 23" long, 11" high, 9%2” deep
THE T Loudspeaker: 87, with rolled annulus + 8 ohm impedance, 10,000
T T . Gauss - 6.8 Dual Diameter Almico 5 magnet « 3" whizzer
1500 Cycles Tone Burst Test 100 Cycles cone for HF dispersion + Free air resonance: 65 cycles
FREQUENCY RESPONSE: SPL, 50 to 19,000 cycles SENSITIVITY:
TEST EQUIPMENT COMPLEMENT Ya walt input for 85 DB 10 feet on axis POWER HANDLING

CAPACITY: 10 watts

USED IN CABINART DETERMINATIONS

Bruel & Kjaer Condenser Microphone Model 4134
Bruel & Kjaer Cathode Follower Model 2614

Bruel & Kjaer Microphone Amplifier Model 2604
General Radio Beat Frequency Oscillator Model 13048
General Radio Graphic Level Recorder Model 1521
Hewlett-Packard Signal Generator Model 200CD
Hewlett-Packard Distortion Analyzer Model 3308
Ballantine Yacuum Tube Voltmeter Model 310A
Tektronix Oscilloscope Model 503

Delco Radio Div. Tone Burst Test Generator
Model XP-13295

Data derived from ten production units.

CABINART GUARANTEES

You must be satisfied for 10 full days or your
money back

§
8
-
H
-
z
]
s

. T

PREQUENCY IN CYCLES PER SECOND

i
'

Cabinart Mark 3 harmonic distortion leveis
at 1 and 10 watts input

ONECEUCISYEARBWARRANTYG 5 e e s e e e e 3
Written registration card and warranty included.
Sold only direct by CABINART ACOUSTICAL DEV. CORP.,
Geyer St., Haledon, N. J. and in our Cabinart factory

outlet located at 26 West 8th St., New York, N. Y.

Cabinart Acoustical Dev. Corp.
31 Geyer St., Haledon, N. J.

Please ship the following to be used in my home for 10
full days. ! understand unil(s) may be returned and my money
refunded within that time unless fully satisfied.

.Mark 3 Unfinished $18.00 each

Mark 3 Qiled Walnut $30.00 each
Pioneers in hi fi quality since 1948 {Please make check or money order payable to Cabinart Acoustical
Name___ == ——
ACOUSTICAL DEV. CORP. A e = T
GEYER STREET,MALEDON, N. J. City__ e N W __. State
November, 1962 CIRCLE NO. 108 ON READER SERVICE PAGE 25
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... the new pro-

. but for best resuvlts the Jensen

. HS-1 Stereo Headphones for $24.95

. and a CFN-1 SPACE-PERSPECTIVE network

only, with 'phone jack, for $19.50. Write for

Brochure MH. Jensen Manufacturing Company,
Columbio Broadcasting System, Inc.

Division of The Muter Company, 6601 S. Laramie

Ave., Chicago 38, lllinois.
*T. M. Devices licensed by CBS Loboratories Division,

The CC-1 will operate with some other stereo

headphones . .
advanced features for top acoustical performance

fessional stereo headphones which offer the most
and comfort. The CC-1 Control Center sells for

HS-1 'phones are recommended

are isolated to each ear.
$39.95 ..

Phone
via

ks for two. All this in Jensen's new CC-1 Head-

phone Control Center.

is SPACE-

listens to a stereo concert. Right by his hand
. the amazing headphone develop-
ment which approximates more closely the sensa-

HIS MAN is not disturbing his wife while he

What makes the extra difference

PERSPECTIVE . .
tion of listening to a stereo speaker system in a

room. You are now "in front of the speakers

T

he can control volume; adjust left-right balance to
suit the music source and the best hearing condi-

tions for him; switch from mono to stereo, or stereo

with SPACE-PERSPECTIVE*; individually select and /
or reverse channels; switch speaker system.

headphones . .

joc

CIRCLENO. 129 ON READER SERVICE PAGE
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. not in the middle where the sounds

ja.c. outlet on the associated tuner or pre-

amplifier. There is a mono-stereo switch
on the chassis, which may be used to dis-
able the 38-kc. oscillator if, for example,
| signals are too weak for satisfactory
stereo reception. In some installations,
access to this switch might not be con-
venient, and it is intended that the
| adapter normally operate in its stereo
mode.

Our measurements showed the maxi-
mum gain of the adapter to be 18 db. It
{ would lock in with pilot carriers as weak
as 12.5 mv. and had low distortion for

outputs up to 1.5 volts. There was a con-
siderable difference in response at the
high end between the two channels. One
was down only 2.5 db at 15 ke. while the
other was down 12.5 db. Channel sep-
aration was typically 35 db up to 3 ke.,
decreasing to 12.5 db at 10 kc. and 2 to
5 db at 15 ke.

On our test unit, the optimum setting
of the separation control proved to be
far removed from the recommended
range of settings. If it had been set as
suggested in the manual, the separation
would have been only 12 to 14 db, with
no separation at 10 ke. and above. Since
the circuits are essentially the same as
those of the MPX-100 previously
checked, we assume that this was a pe-
culiarity of the test unit. It does point
up, however, the desirability (with any
adapter) of setting the separation con-
trol on test transmissions from an FM
station rather than depending on sug-
gested settings.

To summarize, the Fisher MPX-200
adapter offers the same fine performance
as the MPX-100, lacking only some of
the latter unit’s flexibility and operating
conveniences. The price of the MPX-200
is $79.50. A

‘ i
FREQUENCY RESPONSE |

e
1
\:_

——r 1
LEFT CHANNEL
———ey RIGHT CraNNEL
E = T4 5

6 T

RESPONEBE-DB
i

-26
~BOr— -+
354 2 3

ODB:03VvOLT |

8OO .
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“Velocitone” ceramic stereo car-
| tridge, Model 9TSD-V. This cartridge
was equipped with a turnover combina-
tion of a 0.7-mil diamond and a 3-mil
sapphire stylus. It was supplied with
plug-in adapters which converted its
normally amplitude-responding charac-
teristic to a velocity response and re-
duced its output level so that it could he

[
| I AST YEAR, Sonotone introduced its
| 4

www americanradiohistorvy com

Sonotone 9TASD-V Cartridge
For copy of manufacturer’s brochure, circle No. 59 on coupon (page 17).

used with the magnetic phono input of
any preamplifier.

The Model 9TASD-V “Velocitone 117
is an improved version of that cartridge.
The stylus compliance has been in-
creased from 3.3 to 5.1 x 10~ cm./dyne
allowing a reduction of tracking force
ranging from 3-3 grams to 2-4 grams in
good-quality record players. Together
with the tracking-force reduction is a
three-fold reduction in distortion at high
recorded velocities, as well as a slightly
increased output and improved high-
frequency channel separation. The older
mode! was supplied with wire leads.
while the new model has a keved plug
equipped with four pins whieh accom.
modate the standard cartridge connec-

(Continued on page 78)
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“OVER $12,000 WORTH OF

POWERMATES SOLD...AND
IT'S JUST THE BEGINNING!”

GEORGE MARKMILLER

TV Sales and Service, 165 Ulster Avenue,
Saugerties, New York

POWERMATE sells itself through its performance

George Markmiller’s customers ‘‘were from Missouri”’
where TV reception was concerned. The products they
had tried, in spite of high claims, had not produced
snow-free TV from the distant New York stations.
With the help of his Jerrold distributor, George used
the potent promotional kit to tell his customers the
POWERMATE performance story. Newspaper ads,
truck banners, stuffers and store displays presold

IERRL

TRANSISTOR

POWERMATE

ANTENNA AMPLIFIER
$3995

LIST

JERROLD ELECTRONICS CORPORATION
A subsidiary of THE JERROLD CORPORATION
Philadelphia 32, Pa,

CIRCLE NO.

POWERMATE because the promotion was custom-
designed for his area.

The real clincher came after the demonstration
when one customer began to tell the other about
POWERMATE'’s amazing reception. The Saugerties
area had never seen such clarity in black and white
and in color. As George says, “The performance of
this unit has been the best advertising that has
helped to sell it.”’

Jerrold’s ready to set up a POWERMATE promotion
designed for your local area. You can repeat George
Markmiller’s success story as hundreds are doing—
all over the country. Write for the name of your
nearest Jerrold distributor.

e T e R Rl 1
| Jerrold Electronics Corporation |
l Distributor Sales Division, Dept. |DS-273 |
| Philadelphia 32, Pa. I
| I want Jerrold to promote the POWERMATE in my LOCAL |
l area. Send me the name of my nearest distributor. I
I Name :
| Address |
: City Zone State ’
e S -
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Sensational University Mini-Flex with Optimum @
breaks through the small speaker quality barrier!

The Mini-Flex, another acoustic breakthrough
from University, is the first speaker system of its
type designed to fulfill its optimum performance
potential—as stated in its printed specifications—
without the use of “trick’”’ amplifiers. It is a true
3-way speaker system, providing exciting bass
respohse down to 40 cycles, exceptionally smooth
mid-range and crisp, peak-free highs to 20,000
cps! Less than 0.4 of a cubic foot (15"x9"x
5) A size hitherto considered impossible to
produce performance to such specifications!

The reason—Optimum Q, the principle that
eliminates the acoustic problems which, up to
now, have prevented high fidelity bass perform-
ance in an ultra-compact enclosure. Optimum Q—
in essence, the most ideal “marriage’ of woofer
and miniaturized enclosure yet devised, to assure
the lowest resonant frequency possible in a sys-

CIRCLE NO. 164 ON REAPER SERVICE PAGE

tem of Mini-Flex dimensions. Other factors be:
hind its superb performance include: special
mass-loading; unusual viscous-treated ‘‘moving
seal” suspension; new mid-range speaker and
tweeter, each with exclusive “diffractor barriers’”
for ideal stereo sound dispersion. And, it looks
as good as it sounds! Its crafted “cabinet-within-
a-cabinet’’ styling will enhance any room, any
home. 1t may be used on a wall, floor, shelf—
on a table (or even under.it)! Oiled walnut. Only
$69.95—at your audio dealer. For free 20-page
Guide to Stereo High Fidelity, write: Desk S-11.

UNIVERSITY
LOUDSPEAKERS

80 SOUTH KENSICO AVE., WHITE PLAINS, N.Y.
A Division of Ling-Temco-Vought, Inc.
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The HIDDEN 500 wrote these 6 suCCESS STORIES. ..
Service Technicians supply the happy endings!

Capacitor success stories are no novelty at Sprague. The “Hidden 3007,
Sprague’s behind-the-scenes staff of 500 experienced researchers, have
authored scores of them! And customers add new chapters every day. But
none has proved more popular than the 6 best sellers shown here. Developed
by the largest research organization in the capacitor industry, these 6
assure happy endings to service technicians’ problems.

‘ © DIFILM® BLACK BEAUTY® MOLDED TUBULAR CAPACITORS i

The world’s most humidity-resistant molded capacitors. Dual '

- & “" dielectric—polyester film and special capacitor tissue—com-
3 bines best features of both, Exclusive HCX® solid impregnant

e produces rock-hard section—nothing to leak. Tough case of
! non-flammable phenolic—cannot be damaged in handling.

@ DIFILM® ORANGE DROP® DIPPED TUBULAR CAPACITORS ;
w Especially made for exact, original replacement of radial-lead

- tubulars. Dual dielectric combines the best features of both I

!

I

polyester film and special capacitor tissue. Exclusive HCX® E
solid impregnant—no oil to leak, no wax to drip. Double
i dipped in bright orange epoxy resin to beat heat and humidity. l
!

WIST-LOK® ELECTROLYTIC CAPACITORS

The most dependable capacitors of their type. Built to “take

it” under torrid 185°F (85°C) temperatures—in crowded
TV chassis, sizzling auto radios, portable and ac-dc table
radios, radio-phono combinations, etc. Hermetically scaled
in aluminum cases for exceptionally long life. Withstand high
surge voltages. Ideal for high ripple selenium rectifier circuits.

@O ATOM® ELECTROLYTIC CAPACITORS
The smallest dependable electrolytics designed for 85°C opera-

i m‘o;;c,\ « tion in voltages to 450 WVDC. Small enough to fit anywhere,

/y work anywhere. Low leakage and long shelf life. Will with-
'y stand high temperatures, high ripple currents, high surge volt-

ages. Metal case construction with Kraft insulating sleeve, |

© LITTL-LYTIC® ELECTROLYTIC CAPACITORS

+Ultra-tiny size for use in transistorized equipment. High de-
2 , gree of reliability at reasonable price. All-welded construction
; -)y —no pressure joints to cause ‘“‘open” circuits. Withstand
- ¥ temperatures to 85°C (185°F). Hermetically sealed. Extremely

low leakage current. Designed for long shelf life—particularly ]

I

i

-f —

©

l'ﬁln

ST

important in sets used only part of the year.

® CERA-MITE® CERAMIC CAPACITORS
Tiny, tough, dependable in practically every application. Low
self-inductance of silvered flat-plate design gives improved
3 by-pass action in TV r-f circuits. Higher self-resonant frequen-
¢y than tubular ceramics or micas. Tough moisture-proof
coating. Designed for 85°C operation.

S e, By

% The “Hidden 500" are Sprague’s 500 experienced researchers who staff the largest re-

search organization in the electronic component indusiry and who back up the efforts of :
- - [
some 7,000 Sprague employees in 16 plants strategically located throughout the United States. s p n n G U E X

Handy Hanging Wall Catalog C-457 gives complete service part lisf-
ings. Ask your Sprague Distributor for a copy, or write Sprague Prod- e ek o
ucts Company, 51 Marshall Street, North Adams, Massachusetts,

62-347 #1
November, 1962 CIRCLE NO. 156 ON READER SERVICE PAGE 29
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NEW ADVANCED GENERAL PURPOSE
5" OSCILLOSCOPE #4217
Kit $69.95 Wired $109.95
Vertical amplifier with 3 push-pull stages, direct
coupled throughout; d4-position. frequency-com-
pensated V input attenuator; internal calibrating
voltage. Recurrent sweeps from 10cps-100ke In
4 overiapping ranges; choice of int.
60cps, or ext. sync: fully automatic sync. opera-
tion; futl retrace blanking. [ntensity, focus and
astigmatism controls on panel. Sharp, clean,
non-blooming trace. Instantaneous, drift-free po-
sitioning. Convenient direct plate connections.
¥ amp: 10mv p-p/cm sens.; tlat dc-500kc. —6db
at Imc; 1 meg Input Z. H amp: 0.5V p-p/cm
sens.; 2cps-450kc flat response; 10 meg input Z,

) e

AC VIVM & AMPLIFIER #250
Kit $49.95 Wired $79.95

Highly sensitive, reliable AC VTVM & wideband
amplifier. Measures 100 microvolts to 300V In
12 ranges; 10c-600ke *0db response, 10 meg-
ohms input impedance, *3% accuracy. Wide-
bang amputier switch-controlled for external use:
8¢-800ke respoase, SVRMS output, 5K ohms out-
put impedance, gain control, noise —40db.
Frame-grid triode cathode follower input circult,
freq.-compensated input attenuator, cathede cir-
cuit attenuator. Regulated power supply.

AC VTVM #255 Kit $44.95 Wired $72.95
All the Iprecise VTVM facilities of the #250 less
external use of the wide-band amplifier.

*Formerly designated as #260.

AC VOLT-WATT METER #281°

Kit $49.95 Wired $79.95

AC voitmeter & load-compensated audio watt.
meter of unique quality., Measures AC voltages
from 1lmv to 1000V in 11 ranges, power from
.015mw to 150W In 7 ranges, across standard
foads from 4 to 600 ohms, Tapﬁed power resistor
load (4, 8, 16 and 600 ohms) handles up to 80W
on 8 ohms and 40W on other taps: Switch to
external load up to 150W. Meter automatically
compensated for any load selected, internal or
external, 1o provide single watt scale.

VACUUM TUBE VOLTMETER #222

Complete with exclusive dual-purpose Uni-Probe®

(U.S. Pat.})

Kit $27.95 Wired $42.95

Entirely electronic, direct reading measurement
of resistance, and AC & OC to 1500V in 5 ranges.
May be calibrated without removal from cabinet.
Complete etectronic overload protection, plus
fuse. 1% precision ceramic resistors, Exclusive
AC/DC Uni-Probe® selects DC or AC-Ohms. DC
voltmeter input Impedance 11 megohms, accuy-
racy *=3%. AC wvoltmeter input impedance 1
megohm, accuracy +5%. Ohmmeter 0.2 ohms to
1000 megohms In 5 ranges.

IN-CIRCUIT CAPACITOR TESTER #955
Kit $19.93 Wwired $39.95

Tests capacitors in the clreuit without unsolder-
ing. Checks for shorts, (even in the presence of
as little as 1 ohm shunt resistance). Checiks open
unlits (as little as SMMF jn the circult). Measures
¢apatitance with =10% accuraty between 0.1mf
and 50mf. Measures RC product, convertibie into
dissipation or power factor. Utilizes electron-ray
tube EMB4/6FGE with sharp bar pattern. Line
adjust control permits maximum sensitivity re-
gardless of line voltage variations.

TRANSISTOR & CIRCUIT TESTER #680

Kit $25.95 Wired $39.95
Measures ICEQ, I1CB0 & DCA directly, ACH Fin-
directly, without charts or special settings—
plus al! dc volts, currents & resistances needed
to servite transistor equipment. Battery:owered.
SO0uA, 2" face meter movement provides sensi-
tivity & scale length necessary for accuracy.
Bulit-in 20,0000V YOM facilities free your other
test equipment.

Listen to the EICO Hour, WABC-FM, N, Y. 95.8 MC, Mon.-Fri.. 7:18-8 P.M.
Export Dept.. Roburn Agencles Inc., 431 Greenwich Bt., New York 13

b 4
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Extra.Low
Ripple

6 & 12 vOLY
BATTERY ELIMINATOR & CHARGER #1064

Kit $43.95 Wired $52.95

Heavy-duty 2-ranges for operating any mobile
radio & transcelver including transistor or "hy-
brid” types. Also usable as charger for either
6 or 12 volt batteries. Variable transformer pro-
vides continyous output adjustment. 2 meters
simultaneousiy observe output voltage and cur-
rent. Ratings: 0-8V: 10A continuous, 20A inter-
mittent; 0-16V: 6A cont., 10A interm. AC ripple:
0-16V range: 0.3% @ 2A, 1% @ 6A. Heavy-duty
sellenillm rectifiers, & automatic reset overload
relay.

METERED VARIABLE
AUTOD-TRANSFORMER AC BENCH SUPPLIES

#1073: 3A rating Kit $35.95  Wired $47.95
#1078: TVRA rating Kit $42.83  Wired $54.85
For study of components under varying tine condi-
tions. Delivers any voltage ug to 140VAC with
linear variation of output throughout entire
range. Smooth rotary brush-tap controlied by
panel dial_Highly efficlent varlable toroidal core
design. Auto-transformer, No waveform distortion
or voltage drop from no-load to full load. Sepa-
rate output ammeter & output voltmeter.

0
4z,

TUBE TESTER ADAPTDR #610

Kit $5.95 Wired $11.95
Adapts EICO madels 625 or 666 tube testers for
testing the following new tube types: nuvistor
S pin; nuvistor 7 pin; novar; 10 pin miniature;
compactrons 12 pin. Included are roil-chart sup-
plements for both 625 and 666 models.

®

EICO ELECTRONIC INSTRUMENT CO., INC.
3300 NO. BLYD,, LIC. 1, N. ¥,

EIC0, 3300 N. Blvd., L1.C. 1, N.Y. Ew-11
(] Send free 32-page catalog &
Distributor’s name.
. [J Sena Free Schematlc of Model No.
% [J Send new 36-page GUIDEBOCK TO HI-FI
g for which | enclose 25¢ for postage & handling
E, Name
P
S Address
< City Ione ... State

Over 2 MILLION EICO Instruments In use.
Most EICO Daenlere offer budget terme.

ENGINEERING CREATES THE BEST BUY...EICO

ELECTRONICS WORLD
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Evolution in Electronics

INTEGRATHD
CIRCUITS X«

By LOTHAR STERN Motorola Semiconductor Products Inc.

A new manufacturing technique in which an entire circuit is
fabricated without using conventional components. Small size,
more reliability, longer life, reduced costs are the results.

impending impact on the industrv promises to eclipse even the dra-

matic changes brought about by the invention of the transistor some
15 vears ago. This time, however, it is not the invention of a new product that
will vitally aflect the shape of things to come. Rather, it is the development of a
new concept in manufacturing—a technique known as “integrated circuits.”

In its ultimate forin, the technology of integrated circuits represents a complete
departure fromn current equipment design and manufacturing techniques. The
conventional building blocks of electronics—resistors, capacitors, and inductors—
will virtually disappear as separate entities. Their specific functions will be ac-
complished by microscopically small depositions or growths of material lavers,
or films, which may be individually unrecognizable uand inseparable from a com-
plete circuit. In fact, the entire complex electronic circuit will be so thoroughly
united that the complete circuit function, rather than today's individual parts, will
become the basic component of tomorrow’s electronic equipment, And the process
will vield advantages that past techniques cannot possibly duplicate.

The erstwhile rack of complex equipment, which the transistor has already re-
duced to single-drawer size, will be further diminished to matchbox proportions.
The equipment will require only a small fraction of the operating power now
needed for similar applications, and an increase in reliability by an order of
magnitude is a conservative prediction. And finally, the processes of integrated
circuits will eventually permit price reductions that will not only accelerate the
logarithmic spiral of electronic progress but can open new areas of applications
tor every conceivable electronics market

To appreciate the advantages of integrated circuits, let us take a close look at
a very simple type of structure. Figures | and 3 show a typical 5-stage Darlington

WE ARE witnessing today an evolution in the field of electronics whose
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amplifier—a direct-coupled amplifier in which the output of
one stage is connected directly to the input of the next—in
schematic and integrated circuit form respectivelv. The actual
circuit, too small to be analyzed with the naked eve, is shown,
greatly enlarged in Fig. 3. The entire circuit, which is fab-
ricated on a tiny chip of material less than one-sixteenth of
an inch square, is then mounted between two pins of a stand-
ard transistor header. Since the header serves merely as a
means for interconnecting this circuit with others in the com-
plete equipment, it is quite possible, with a different pack-
aging technigue, to produce a unit whose total size is only
little larger than the volume of the “chip” itself.

Actually, a direct-coupled amplifier is quite easy to fabri-
cate since it involves onlv the interconnection of a number of
active elements. A far more complex tvpe of circuit is one
combining both active and passive elements on a single
substrate. Yet, even these have heen fabricated successfully.
The schematic diagram of such an amplifier, Fig. 2, shows
two complete RC-coupled amplifier stages although there is
no connection between the stages themselves. Rather, the
input and output terminals of each stage wre brought out
to separate pins of a transistor header so that the circuit
designer may employ either one or two stages, depending
on his amplification requirements. This fabrication technique
adds considerable flexibility to the completed device since

INPUT OUTPUTY

GROUND!

Fig. 1. Schematic diagram of Darlington type amplifier utiliz-
ing five direct-coupled stages. The total gain available is
usually much higher than normally required so that the output
is usually taken from one of the earlier stages of the amplifier.

r

L1

L 3
3 2NB34g 1

F.
LIS ) i
R7 & 2 ' ca
3 S =i 200
upt. RBZ T wpl.
(ExT) 1 EXT)
- b

lGROUND
Fig. 2. Schematic diagram of two-stage RC-coupled amplifier.

the second stage adds little or nothing to the cost of the final
device, thus permitting the same unit to be used as either a
single-stage or two-stage amplifier. Fig. 4 shows a detailed
drawing of the circuit pattern which permits correlation he-
tween the equivalent “pattern parts” and those shown on the
schematic diagram.

Advantages of Integrated Circuits

From the foregoing it is quite apparent that the develop-
ment of integrated circuits will produce an impressive re-
duction of size and weight in the over-all equipment. \When
the space-saving feature of a single integrated circuit is multi-
plied by a number of separate circuits, all of which can be
mounted in a single transistor-tvpe case, as in Figs. 5 and 6,
the equivalent of 50 to 100 individual parts will occupy no
more room than a single transistor. But, important as this
space- and weight-saving feature may be, it is only secondary
to the far greater advantages of reduced cost, greater reliahil-

32

Fig. 3. Greatly enlarged
view of 5-stage Darlington
amplifier which is to be
mounted between the pins
of a typical transistor
header. Qutput may be tak-
en from ony stage, hence
offering wvarious oamounts
of amplification from a
single integrated unit.

itv, and improved performance which integrated circuits
will eventually provide.

Reducing Circuit Costs

In today’s skyrocketing technology it is no longer a ques-
tion of “can we develop an advanced electronic svstem.” but
rather “can we afford to develop a particular system.” The
increasing complexities and the mounting materials and labor
costs associated with today’s more sophisticated electronic
equipment are already placing a heavy hurden on our ability
to pay the price for continuing progress. The anticipated
cost-reducing features of integrated circuits, therefore, may
well be their most important advantage. True, the cost of
many presently available integrated circuits is quite high
compared with identical circuits made in the conventional
manner, but that is primarily because the former are fabri:
cated in relatively small quantities for sampling purposes.
As integrated circuits move from the experimental to the
production stage the pricing pattern for off-the-shelf units in
quantity should follow that of transistors in recent vears.

There is good reason why this should be so. With the
proper pattern and masks, two transistors, or even a dozen
can be fabricated on a single chip in the same amount of
time and with virtually the same quantity of material as a
single unit. Diodes, resistors, capacitors, and even small in-
ductors can be deposited on the same substrate with the
same processes used for the fabrication of transistors. Thus.
the manufacture of complete circuits, in the long run, shoull
be little more expensive than the cost of fabricating a single
transistor at the present time. Considering the fact that hun-
dreds of circuits can often be deposited on a single wafer,
and that dozens of wafers can be processed simultaneously,
Fig. 7, the cost advantages of integrated circuits hecome
readily apparent.

I'mproved Reliability

With the ever-increasing demands made on modemn elec-
tronic equipment, the reliability of individual components
may well be the limiting factor as to the ultimate complexity
that can be designed into a particular system. Consider, for
example, a component that has a failure rate of 1% per thou-
sand hours of operation. If a system is designed to use 100
such components, it is a reasonable assumption that one of
these will fail after 1000 hours of operation causing the
equipment to malfunction. A system using 1000 components
can be expected to fail after only 100 hours and another
utilizing 10,000 components is likely to quit functioning
after only 10 hours of operation. Thus, in the expanding
technology it is possible to design a system so complex that
it will perform every conceivable function—but which uses
so many parts that it will be impossible to keep it in operation.

Before the development of the transistor, the active ele-
ments—vacuum tubes—mormally represented the most unre-
liable component in electionic equipment. Because of their
relatively high failure rate, they were plugged into sockets so
that they could be replaced easily and quickly in the event
of failure. With transistorization, the picture has changed
radically. Transistors are often wired directly into a circuit
because, in the event of circuit failures, they are the last
components to be suspected of causing the trouble.

In integrated circuitry, passive elements such as resistors

ELECTRONICS WORLD
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THIS MONTH'S COVER

Integrated L, C, and R components are shown on our cover
this month. These components are deposited on tiny substrates
that are mounted on 10-pin headers having outside diameters of
only 0.35 inch. Greatly enlarged views of the components appear
at the left, while the views at the right, enlarged only about
3 times, show how the substrates are mounted and connections
made. The top photographs show a deposited inductive element.
The center photos show capacitive elements, while the lower
photos are of resistive elements. In the cases of the capacitive
and resistive elements, a number of different values of C and R
may be made available by bringing out a number of output con-
nections to the header pins. The pins can then be intercon-
nected in a number of ways to produce the values needed in a

particular circuit.
(Photos: Motorola Semiconductor Products Inc.)

and capacitors can be made by exactly the same processes
used in the manufacture of semiconductor devices. Their
anticipated failure rate, therefore, is no greater than that of
the most reliable components producible in today’s tech-
nology.

Moreover, with integrated circuits the maze of intercon-
necting wires which characterizes conventional equipment
and is the cause of a good percentage of equipment failures is
substantially reduced. Within each circuit the various ele-
ments are deposited in adjacent and superimposed lavers for
which no separate connections are required. This feature
alone causes a substantial reduction in potential trouble spots.

Linproved Perforinance

Improved performance today is virtually svnonymous with
increased circuit speed. It is this aspect of the equipment
that permits us to utilize higher frequencies and to increase
the scope of operation of electronic computers. And, unti! re-
cently, the capabilities of individual components represented
the limiting factors in the ultimate attainable equipment
speed.

Recent improvements in components, however, have re-
sulted in some systems in which the propagation delay—in
actual time required for electrons to travel from one point of
a system to another—prohibits faster operation. \While a
transistor is able to switch at a rate of only a few nanoseconds
(a few millimicroseconds), it actually may require more time
for a signal to travel from the input to the output of a large
computer due to the physical separation of components.
Only a reduction of equipment size can pierce the speed-size
ceiling to permit substantial improvements in performance.

Integrated circuits are the obvious answer to shorter propa-
gation delays. The lack of physical separation of parts within
a given circuit, coupled with the close spacing between sep-
arate circuits which considerably reduces wiring parasitics,

Fig. 4. Integrated circuit pattern of 2-stage amplifier with

the various ‘‘components’ |abeled. Notice that the lefi-hand

side of the pattern is a mirror image of the right side pattern.
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promise a significant improvement in the speed-complexity
product to meet the demands of tomorrow’s equipment.

Evolution of Circuit Technology

The realization of integrated circuit advantages is based
on a technology which represents a radical departure from
the well-known design and construction concepts associated
with the electronics art. Although the past decade has seen
repeatedly successful efforts toward reducing the size and
weight of electronic equipment—including miniaturization,
subminiaturization, and finally microminiaturization—all of
these were based on the principle of using separate parts, in-
dividually connected through wires or printed circuit patterns,
to form a complete circuit. “Miniaturization,” for example,
was merely a concerted effort to reduce the size and weight
of the separate passive circuit elements to parallel the size
reductions precipitated by a switch from tubes to transistors.
The popular shirt-pocket transistor radio attests to the success
of this project.

But miniaturization was only the first step in overcoming
the problems of an increasingly size-conscious science. To
compress the size of equipment still further, or to increase
the complexity of the circuits that could be squeezed into

Fig. &. Enlargement of unit shown at left in Fig. 5 shows four
separate circuit layers capable of housing four isolated circuits
with the equivalent of up to one hundred separate components.

a given volume, parts were again decreased in size in a stage
of “subminiaturization” which retained the general shape of
the parts but, in some cases, led to unique assembly tech-
niques. The “cordwood” technique, in which cylindrical axial-
lead components are stacked, with their leads fed through
matched holes in paralle! printed-circuit boards mounted in
front of and behind the stack, is a good example.

Finally, in the ultimate size reducing process of “micro-
miniaturization,” tiny pill-type parts were pressed into equally
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Fig. 7. Large numbers
of integrated circuits
are normally depos-
ited or grown simul-
taneously through
“masks’ on thin sili-
con wafers. The wa-
fers are then scribed
and broken to Yield
vp to several hun-
dred separate circyits A - E“
ready for mounting y =
and bonding to a
conventional transis-
tor header or caose.

0 S

Fig. 8. Top view showing a stair-step voltage generator
made up of 20 micro-transistors, 34 mitro-diodes, and all as-
sociated passive elements, most made by thin-film processes.

small recesses in circuit boards and interconnected by printed
wiring. This, for the first time, represented a departure from
the conventional shape and form factor of the familiar parts.
Yet, all three size-reducing steps had one thing in common—
the circuit designer still retained uninhibited freedom of
choice in the number of parts and parts values of the indi-
vidual components.

Integrated Circuit Approach

The development of a thin-film capability represented the
first real advance from the separate-parts techniques to
current integrated circuit concepts. With thin films it is pos-
sible, by means of evaporation and anodization processes, to
duplicate the functions of separate resistors, capacitors, and

Fig. 9. Wide-band video amplifier composed of 3 transistors,
2 zener diodes, and & resistors, Both semiconductor and pos-
sive thin-film techniques are employed. With this approach,
all active elements can be fabricated on o single semiconductor
substrate and interconnected with passive elements on a pas-
sive substrate in @ stacked header arrangement shown in Fig. 6.
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inductors with chemical layers of material deposited on a glass
or ceramic substrate. Interconnections, inade by overlapping
or touching films, form a pattern of passive elements asso-
ciated with a particular circuit. For the first time, the circuit
designer found himself working with geometric patterns and
configurations, rather than actual physical parts, in developing
his circuit. But in so doing, he achieved not only additional
size reduction, but gained an anticipated increase in reliability
through the elimination of separately interconnected parts.

Thin-film circuits, however, do not lend themselves to com-
plete circuit integration. As vet, none of the many companies
working in the field has perfected a means for depositing thin-
film diodes or transistors—the active elements—on a glass or
ceramic substrate. Complete thin-film circuits, therefore, com-
bine thin-film passive patterns with microminiature, separate-
ly connected active components, as shown in Fig. 8,

The answer to truly integrated circuits lies in the more
recent development of a semiconductor integrated circuit
technology which combines thin-film passive parts with active
elements on or within a single cryvstal semiconductor substrate.
Already, processes have been developed which permit the
deposition of resistance values ranging from a few ohms to
several megohms, and capacitors to .01 «f. on such substrates
by methods completely compatible with the fabrication of
active elements. Thus, it is possible, as discussed earlier, to
literally grow a complete circuit in a single, compatible fabri-
cation process.

But semiconductor integrated circuits, too, have their limi-
tations. It is difficult, for example, to obtain the required de-
gree of electrical isolation hetween parts associated with
certain circuits. Since all parts are fabricated within a semi-
conductor block, circuits of this nature are limited at present
to configurations that can tolerate relatively high parasitic
capacitance coupling between parts. Thus it is a matter of
designing circuits that are tolerant of intercomponent cou-
pling, or of combining passive thin-film concepts with semi-
conductor technology for the fabrication of more complex
circuits, as visualized in Fig. 9. It is this combined approach
that may well be emploved for more complex integrated
circuits in the immediate future.

Nevertheless, a wide variety of integrated circuits has al-
reacdy been produced by the semiconductor technique alone.
These run the gamut from digital switching and logic elements
—including flip-flops, “nor” and “nand” gutes, etc.—to linear
elements including both high- and low-frequency amplifiers.
They are practical circuits that are being sampled by the
industry for possible design in tomorrow’s equipment. And,
although relatively simple, thev are indicative of the progress
that can be expected. Epitaxial growth techniques, de-
veloped for growing crystals of highlv controllable resistivities
in selective patterns, are being employed to attack the isola-
tion problems with encouraging results. Advanced methods
of diffusion are being investigated and show promise of in-
creasing isolation factors. Tt seems onlv a matter of time—a
relatively short time—before more complex, truly integrated
circuits can be fabricated to order in any desired quantity.

Opporiunities in Integrated Electronics

The total impact of integrated circuits on the electronics
society, far reaching as it mav be, is not as immediate as it
mayv appear on the surface. Tt must be remembered that the
transistor displaced the vacuum tube in many possible appli-
cations onlv after 15 vears of maturity. The infiltration of in-
tegrated circuits into the over-all economy is expected to
follow a similar timetable. It is anticipated that they will live
compatibly alongside transistors and even vacuum tubes for
a good many vears.

The reason for this is that the advantages of integrated
circuits have, in many instances, outdistanced the present
requirements. Although an improvement in reliability is of

(Continued on page 90)
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DELAY-LINE NOMOGRAMS

By DONALD W. MOFFAT

Useful graphical information to speed the design of
LC delay lines with various delays and rise times.

ELAY lines are finding many applications in elec-
tronic equipment because they are passive timing
devices capable of extremely good accuracy under

severe environmental conditions. Many of these lines can be
made in any laboratory and the accompanying nomograms
will enable the reader to design a delay line quickly for the
desired characteristics.

Two broad classes of delay lines are the mechanical and
the electromagnetic. The first group is characterized by long
delavs, up to thousands of microseconds, and large attenua-
tion. They are made of special and expensive equipment and
are not ordinarily within the province of anyone but the
specialist in their manufacture. On the other hand, electro-
magnetic delay lines consist of a network of coils and capaci-
tors, as shown in Fig. !, and experimental models can be
constructed at any electronic workbench.

The length of time by which such a line delays the signal
is a function of just the total inductance and capacity, in
accordance with the formula: T VLC, which uses the
basic units of seconds, henrvs, and farads. If inductance and
capacity are expressed in microhenrys and microfarads, re-
spectively, then time will be calculated in microseconds. This
equation shows that time delay can be increased by increas-
ing either capacity or inductance or both.

DELAYED
INPUT o % L 5 L OUTPUT
P —
AngIDNlL
& 3 o ECTIONS 3 d i,
T T T T By

Fig. 1. Basic circuit arrangement of a multi-section LC delay line.
Fig. 2. Noemogram for determining the number of sections needed.
100 o &l
80- p
60 3
E oz
40 -
30 Seo
2 E-Ca
.06
10 3 E- 08
-
o E. o8
& =
200 12
100 f
70 E
40 E
— e e e e —fm———-—————— S
[=] 1 -
s x
E. a4
NUMBER 3
OF BECTIONS E-.s
E- o
E
=}
=
o
o8- ia
06
-
Oa L
o
o3
-5
o2 -
=)
Eio
TIME DELAY RIGE TIME

MICROBSECONDS

November, 1962

MICROSECONDS

However, if the characteristic impedance of the line is
to be considered, the ratio of L to C must be watched. Char-
acteristic impedance of a line is the impedance which the
line presents to the circuit that feeds it. For instance, if the
signal from a source with 2000-ohm internal impedance

drops to half its open-circuit value when a delay line is
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Fig. 3. Nomogram used to obtain total inductance and capacity.

connected across it, then the delay line also has an impedance
of 2000 ohms. When the delaved signal reaches the end of
the delay line, some of it will be reflected back unless the line
is terminated in a resistance equal to its characteristic im-
pedance. In general, proper matching will produce the best
wavetormt and the maximum signal output.

The formula for characteristic impedance is: Z. = vV L/C,
where Z, is in ohms when both L and C have the same prefix,
such as “micro.” This equation shows that increasing in-
ductance will increase impedance, increasing capacity will
decrease impedance, and they can both be changed without
affecting impedance if their ratio remains unchanged.

In Fig. 1, the coils are in series and the capacitors are in
parallel. Therefore, total values as given by both the formulas
are found by adding up those of each section. Conversely,
the values for one section are found by dividing the totals by
the number of sections. The number of sections is selected
on the basis of the desired quality factor, which is defined
as total delay divided by output rise time. The higher this
vatio, the better the delay line because either a long delay
or a short rise time will increase the quality factor. In de-

(Continued on page 68)
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DESIGN
for an All-Purpose TV-FM Antenna

By GEORGE J. MONSER, American Electronic Laboratories, Inc.

Receive all v.h.f. and uhf. TV and FM signals on one broadband
54 to 890 mc.), high-gain antenna you can install in your attic.

HERE WAS a time when a collection of antennas at

one site, of various shapes and sizes, marked the loca-

tion of a radio amateur. With the rapid expansion and
diversification of public broadcast services, current and im-
minent, lavmen who want to enjoy evervthing available may
also face the prospect of acquiring antenna farins.

Many people have heen getting satisfactory results on
TV and FM for vears with single, all-channel antennas. But
color TV reception is more critical with respect to irregu-
larity of frequency response, noise, and ghosting. Similar
problems exist with FM stereo reception as compared to
monophonic performance. And now, with real activity in
u.h.f. TV virtually certain, the public will be learning that
present v.h.f. antennas don’t work well in the higher range.
The need for flat response, high gain, and good directivity
over a number of bands, ranging from 54 to 890 mc., seems to
indicate the corresponding necessity for many antennas.

Fortunately there is a way out. The concept of the log-
periodic design makes it possible to construct a single an-
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tenna of extremely broad bandwidth with high, uniform
gain and good directivity essentially concentrated in a single-
lobe pattern. Furthermore the physical design can be sim-
plified so that construction is easy and inexpensive.

The basic antenna on which the version described here is
based provides a constant gain of 10 db over a tuned, half-
wave, reference dipole from 54 to 890 mc. It has a nearly
constant, resistive input impedance of 150 ohms. Thus direct
connection to a 300-ohm line without additional matching
provides a v.s.w.r. of at least 2 to 1, so that loss due to
this mismatch is less than I db. Directivity patterns of the
basic model, made up of aluminum rods, were taken at
several points throughout its range: Siuce they are quite
similar, it is pointless to show them all; the one in Fig. 1
(200 mc., channel 11) is typical. Half-power beamwidths
are in the order of 60 degrees. Directivity is good, but not so
narrowly beamed that precise orientation becomes overly
critical. A fair degree of latitucde is permissible before sig-
nificant gain reduction occurs.
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The author’s version was constructed of strips of wood
( plastic may be used), nails, and bare wire (AWG #20). He
has installed it in his attic—an application to which the
phusical construction lends itself admirablv. With it he is
able to receive all transmissions from New York City, which
is about 80 air miles from his home. Its performance is close
to that of the model it follows. Small diflerences and what
can be done about them, if necessarv, will be noted.

The Basie Design

Important parameters in the log-periodic design are shown
in Fig. 2. It consists of two tapered plates, an upper and
a lower, which converge at their narrow ends. It is this apex,
by the way, that faces toward the desired signal. Each plate
consists of a center conductor electrically connecting to the
series of zig-zag elements. The plate angle is a, and the
separation angle between the plates is ¥. R. is the distance
trom the apex to anv element. R.. is the distance from the
apex to the next larger element. The ratio between these
is the constant 7, which is equal to .7. This factor may he
used to determine spacing if the constructor should wish to
add elements in either direction.

The size of the longest element determines low-frequency
cut-off, with the size of the shortest determining high-fre-
quency cut-ofl. Actually the half-element length, which is
the perpendicular distance from the outer end of any ele-
ment to the center conductor, is used for calculation. This
length is a quarter-wave at the resonant frequency. Let us
illustrate with the design required tor reception from 54 to
890 me. One wavelength at 34 me. is 18 {eet, so the size of
the largest half element would be at least 4.5 feet. One wave-
length at 890 me. is 1.1 feet, so the smallest hall element
would be no longer than 3.3 inches.

To prevent size from becoming excessive, low-frequency
cut-off of the author’s version is somewhat above the range
of channel 2. Since cut-off is not sharp, there is still an
estimated 6 db of gain at 34 me. However, flat response
can be maintained to this trequency by extending the pat-
tern to include another zig-zag element, whose spacing can
be determined from the formula in Fig. 2.

There may be some roll-off at the high-frequency end, too.
If reception of a weuk u.hf. signal close to 890 mc. is de-
sired, it may pav to extend another small element in toward
the apex: Hat response across a desired bandwidth is assured
by making the cut-oft frequencies fall slightly hevond the
desired limits.

Construetion

Thin strips of wood, % inch bv ¥ inch, were used to con-
struct the frame. One of the two identical sections is shown
to the left in Fig. 3. If the antenna is to be used outdoors,
nonconductive material that will withstand wind and weather
better than the attic version should be chosen, but dimen-
sions are the same. Each frame is glued and nailed at the
points shown.

The distances along the side and center supports at which
nails are to be driven are given from a line perpendicular to
the apex. These points should be measured accurately. A one-
inch nail was driven in half-way at each point, leaving half
an inch protruding. Then, beginning at the apex, bare wire
was attached to the first nail on the center support and
strung from nail to nail in the pattern shown in Fig. 4A for
each of the two plates. Another strip of wire is run along
the center support from the apex to the nail that will be
crossed by the largest element. This is also secured to all
nails that it passes, to make electrical contact with all ele-
ments. For a better bond, the wire was soldered to each nail
in the assembly. Crimp-on lugs could be used instead.

To check for uniformity, the two sections were aligned
one on top of the other, as in Fig. 4B. One of them was then

{Continued on puge 86)
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Fig. 2. Design data for developing the log-periodic antenna
described here may be used to expand the author’s version.
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THREE-TRANSISTOR
| CB TRANSCEIVER

Side view of transceiver with cover removed. This
photograph is just abouwt two-thirds the actual size.

VER since the FCC approved the use of the 27-mec.

Citizens Band for two-way radio communications by

any U.S. citizen, interest and activity in this band
have increased greatly. Today, many manufacturers have
equipment on the market for operation in this service.

The equipment allowed by the FCC can be roughly classi-
fied according to the maximum power level of the transmitter,
i.e., either 5 watts or 100 milliwatts. Whereas the operator of
the 5-watt equipment must obtain an FCC license and be at
least 18 vears of age, the 100-mw. equipment may be operated
without a license by anyone, irrespective of age, provided
the equipment meets the requirements set forth in Part 15 of
the FCC Rules and Regulatiouns.

Much of the equipment available for use in the Citizens
Band is portable, with the small hand-held transceiver being
the most popular. The design, price, and performance of the
various units on the market vary widely. Some use a super-
regenerative detector in the receiver and a modulated oscil-
lator as the transmitter. Others employ a superheterodyne
receiver with dual conversion including noise limiter and
audio squelch, and a transmitter consisting of a modulated
output amplifier driven by a crystal-controlled oscillator. This
article describes the design, construction, and operation of a
three-transistor, low-power transceiver.

The price of high-frequency transistors is decreasing rapidly
andl is now more in line with the cost of tubes. Because of their
smaller size and greater economy of battery power, transistors
are well suited for use in portable transceivers.

With battery drain, cost, and size in mind, the number of
transistors for the present design was limited to three. To get
as much sensitivity as possible, while minimizing battery
drain, the receiver consists of a superregenerative detector and
two audio stages. The transmitter is a single transistor oper-
ating as a modulated crystal-controlled oscillator. The same
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transistor is used alternately as transmitter and superregenera-
tive detector. Thus, only one high-frequency transistor is
needed. This unit is the newly announced Texas Instruments

Dalmesa” transistor, Type 2N2189. The two audio transistors
are general-purpose units, Type 2N1274. For more audio
power, the 2N 1374 may be used.

The 2N2189 may be obtained from any local distributor
handling Texas Instruments transistors for about $1.50, the
2N1274 for $.69, and the 2N1374 for about $1.00.

The schematic diagram of the 100-mw. transceiver is shown
in Fig. 1. When the push-to-talk switch is in the “receive”
position, V. operates as a self-quenched superregenerative
detector with an audio load (R:) in its collector circuit.

A 27-mc. voltage is developed across the rf. choke in the
emitter lead and is fed back in-phase to the collector by C,
thus giving a regenerative action at the resonant frequency of
L: and C.. The antenna circuit is link-coupled into the collector
by L:. The coil L. is used to tune out the capacity of the collap-
sible whip antenna.

The audio output of the detector is taken across the load
resistor R:. This output consists of the supersonic quench
frequency (approximately 40 ke.) plus the modulation from
the incoming signal. This signal is applied to a filter consisting
of C., Cu, and L., to remove the quench that would otherwise
saturate the audio section and prevent proper operation.

The output of the filter is the modulation from the incom-
ing signal and is applied across the volume control and then
into the base of the first audio stage. The audio stages ure de-
signed to deliver 35 mw. unclipped and 40 mw. at 10% clip-
ping. This proved to be adequate in the units tried by the
author. In the interests of economy, however, a small 3.2-0hm
speaker may be used, along with a less expensive transformer
T: with a 3.2-ohm secondary. In this case, both T: and T will
cost under a dollar each,

The use of transformer coupling in the audio does increase

SPECIFICATIONS OF TRANSCEIVER

D.C. input to transmitter. . ..................... 100 mw.

R.F. sensitivity. . . ............... 3 uxv. for 10 db S/N ratio
R.F. power out. .. .. 30 mw. (measured at link into 50-ohm load)
AUAIOHEOWER s S g Winessriae M T . S Mool oo Moo 35 mw
U T I P L T4 i B €= (Wt i B et et e o =15 | Mt Omhe 40 kc.
Power drain (receiving) .. ... 130 mw.
Power drain (transmitting) . .................... 270 mw.

Table showing measurements made by author on two of the units.

cost; but elimination of the interstage transformer would re-
duce the gain of the audio due to mismatching of the transistor
impedances to the point that adequate volume could not be
obtained.

The bandwidth of the audio amplifier is purposely con-
trolled by capacitors Ci: and Cu: in order to further reduce the
effect of the residual quench left by the quench filter, and to
improve the noise level of the receiver.

The output stage of the amplifier has a somewhat unusual
connection in that C. goes from the emitter to the base-bias
resistor. C.. is a bypass capacitor and serves only to place the
incoming signal between the emitter and base leads of V..
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Construction of a low-power unit built with inexpensive
transistors. Modulated oscillator and superregenerative
detector are employed in order to obtain maximum simplicity.

By JERRY NORRIS / Texas Instruments Inc.

Thus, a separate capacitor is not required to hypass R« and
R:., and the performance is not degraded.

The transmitter section cousists of V. operating as a modu-
lated oscillator whose power supply is taken from the audio
output stage. When the push-to-talk switch is flipped to “trans-
mit,” the emitter resistor is changed, the cryvstal short-circuit
is removed, and the speaker is used as a microphone.

To prevent overmodulation which occurs on audio peaks
due to the collector voltage of V. going to zero and thereby
taking the collector voltage of V. to zero, a voltage divider
from the speaker was incorporated. Consisting of R. and Ry,
the divider proved adequate for normal speech when trans-
mitting, however, it is by no means a limiter, and overmodu-
lation will result if the speaker is subjected to unusually loud
speech or noise.

If overmodulation occurs, a popping sound will be heard
in the receiver followed by a rushing sound as the background
noise of the receiver comes up. If the audio peaks cause this,
the operator can talk softer or the value of Ri. may be in-
creased. The value of R depends somewhat on the specific
speaker used and the voice characteristics of the operator.

During transmit, the emitter resistor
R: is bypassed to audio by C: and to r.1.
by C.. Elimination of C: results in a slight .
loss in the percentage of modulation
achieved. This is due to the teedback in
the transistor from collector to emitter.
If a high percentage of modulation is not
a prime requirement, C: may e omitted
in the interests of economy. The shunt-
ing of the erystal by S. is eliminated,
allowing the crystal to provide frequency
control of the oscillator. Modulation is
accomnplished by varving the cotlector
supply by the changing audio voltage
across the inductive reactance of the
primary winding of T-.

Construction

Layout of the parts should receive the
same careful attention as bestowed on
any other high-frequency receiver or
transmitter. Placement of choke L. and
the speaker should be such that mag-

netic coupling will be minimized.
PER g K —10.000 ohm pot

The crystal lead going to the s\\'n'gch Ro—2200 ohm. Y w. res.
S:: should be very short. The wiring Ri—100 ohm. Vs w. res.
of capacitor C: should be accomplished R—1800 ohm. V3 w. res.

with leads as short as possible going fromn
the capacitor to the switch and the switeh

to gl'Olllld. Ri—3560 ohm, V3 w. res.
It is important in any receiver or trans- Ri.—5600 okm, '3 w. res.
mitter to have very good ground points. (L =R IROuD, THleh Gk
. 3 . R:—47 ahm, V3 w. res.
However, in a hand-held transceiver, it c.C

is even more important. The eftective-
ness of the antenna svstem will, in part,
be determined by the amount of ground
plane area. If possible, therefore, the
ground system in the circuit should be a ¢

C., Cs, Cir

R—-22,000 ok, V3 w. res.
R Ro—1000 ohun, Vo w.

R~—33,000 ohm, V3 w. res.
R—6800 ohm, V) w. res.
R o270 ohm, Yo w. res.

061 pf. eeramic capacitor

5 uf.. 9 . elec. capacitor
C.— 002 uf. ceramic capacitor

C.. C.—-56 uuf. ceramic capacitor
Cs—12 ppf. cerantic capacitor

Cs, Cir—.05 pf. ceramic capacitor

was connected to a Hat metal plate that measures approxi-
mately 42" x 257,

The crystal and transistors may he soldered into the circuit,
but precautions should be taken to avoid damage to the
crvstal due to excessive heat. A pair of long-nose pliers he-
tween the crvstal and the soldering iron is usually sufficient.
All leads should be kept as short as possible.

Alignment

The transmitter section will be on the cryvstal frequency.
Since the transmitter and receiver use the same tank coil,
thev should be tuned to the same frequency. To “tune up,”
adjust the slug in L. for the signal desired. In the absence of
a signal, a loud rushing sound should come from the speaker.
On-the-air signals may be used if they correspond to the trans-
mitter frequency. After the desired signal is tuned in, adjust
L: for maximum volume or minimum noise. The noise level
adjustment is very effective if the transmitter is considerably
removed from the receiver.

With two of the wnits, as built by the author, distances of
1/5th of a mile have been covered with ease. A

Fig. 1. Complete circuit diagram of the tronsistérized Citizens Bond fransceiver.

48" WHIP ANTENNA

S—4-pole d.1. switeh (Lafaycite S92 or
equiv.)

S:—8.p.5.0. swirch (may be on Ri)

Atal.—Third-overtone crysial (26.97-27.22
me.)

Sphr.—100-0hm magneiic telephone receiver
or 3.2-0hm I'M spealer

RFCr—22 phy. r.f. choke

T —Driver truus. 20,000 ojun pri.; 1000 ohm
sec. (Lafayeste TR-110 or equiv.)

T——Output trans, {000 ohwm pri.; 100 ohm sec.
(Argoune AR-136 or equiv.)

L, L:—8 t. #24 en. copper wire closewonnd an
1" paper form siug-tuned with powdered
iron slug 33" long (Arnold Engineering Type
Af-01)

L—-21¢. #24 en. copper spaced dia. of wire,
waound 6u cold end of I

L300 mhy. choke (Bud CII-1227 or equiv.)

I+—9 vaoir battery (Burgess 2U6, Eveready
216, or equiv.)

res.

. » 40 uf., 3 v elee. capacitor 1'r—-2N2189 transistor (Texas Instrumenis)
l“em'l plate. In the l}““ l)l]llf l)V lh‘e Cu C .12 uf. ccramic capaciter V. V—2N127f or 2N {374 transister ( Texas
anthor, the gl'mmd wire on the circuit Ciu, Ciay Cio 100 uf., 9 v. elec. capacitor Instruments, see text)
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By LON EDWARDS / Solitron Devices, Inc.
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industrial test applicatio:

WHITE NOISK/irs narure.

generation. and applications

HITE noise is an often used, but hazily under-
W stood, term. Does white describe the color of the

noise? It hardly seems possible. Yet noise is also
described as pink and vellow. There is a precise meaning of
white noise as used in electronics. A study of the origin and
meaning of white noise will be a good introduction to consid-
ering a white-noise generator as a device for testing hi-fi com-
ponents.

Most people can hear sound from vibrations ranging from
about 20 to 20,000 cps if the energy reaches the inner ear.
These lower and upper limits differ somewhat from person
to person and, for one person, from time to time as well as
with age.

Vibrations within the range of 20 to 20,000 cps will be
called the vibration spectrum. The word “sound” will be re-
served for those sensations one recognizes when energy from
vibrations reach the inner ear.

\When vibrations are such that one perceives a pattern in
the sound, a special term is used to describe the sound. For
example, when a vibration is repeated for a long enough
time, the sound is called a musical tone. If the tone is given
a position higher or lower than other tones in a musical scale,
its position is described as pitch. Thus a repetitive vibration
of 440 cps results in a musical tone defined by international
agreement as the standard musical pitch and designated as
A' on the musical scale.’ In practice this pitch is taken from
a tuning fork adjusted accurately and producing a nearly
pure sine-wave. Other tones are related to this standard in a
manner so as to comprise some sort of musical scale.

To help understand the idea of noise, imagine 19,980 tim-
ing forks (one for each frequency hetween 20 and 20,000
cps) each capable of producing either a single cvcle, several

40

cycles, or many cycles of sound. Furthermore, each is to gen-
erate a pure sine-wave. Now, if it is possible to (1) cause
each fork to vibrate for different lengths of time interspersed
with periods of rest in random order and (2) keep all forks
acting in a random relation to each other, the cacophony
would be called random noise. All possible pitches might he
heard, but in no distinguishable pattern. Such a chaotic con-
dition might also be described as one of high entropy, i.e.,
the vibrations are considered to be unorganized, based on
the sound heard.

\White noise refers to a special type of random noise. Sup-
pose each tuning fork is driven with a different amount of
energy, i.e., each would produce a few cycles of varying
amplitude energy from time to time. If this variation is now
added to the two previously described conditions, the instan-
taneous energy of a particular fork will change constantly.
Suppose we consider the instantaneous energy of each of 100
forks, say those of 200 to 299 cps. The relation of amplitude
and phase of each to the others would be continually shifting
in random fashion. Now suppose we measure the average
energy of the 100 forks over a long period of time, say 100
minutes. We would find the average energy to be X. If we
neasure the average energy from many other 100-fork groups
picked at random in the spectrim, we will find the average en-
ergy for 100 minutes for each group of 100 forks, irrespective
of frequency, also equal to X. We now have the special con-
dition referred to as “white.” Under this condition, although
the instantaneous energy of each fork changes, the long-time
average for any 100 forks equals that for any other 100 forks.
Noise from these forks would be called white noise rather
than random noise. While all pitches could be heard in ran-
dom order, the long-time average energies of the vibrations
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responsible for them would be equal. Thus, the vibrations for
white noise are organized as far as long-time average energy
is concerned but are random as far as instantaneous energy
and order of frequency with time is concerned. Neither the
instantaneous energy of a particular frequency nor the time
of its appearance can be determined; loth are random. How-
ever, in terms of statistical probability, the long-time energy
per bandwidth can be predicted accurately.

To this point we have considered noise as a perception
phenomenon and white as a particular kind of energy distri-
bution in time. In electrical work, the concept of noise as just
described (from acoustics) has been used to refer to any
voltages that seem to be randomly active in a conductor. The
word “white” has been borrowed (inaccurately) from optics
and is used to mean the long-time average energy distribution
of the electrical voliages over a specified frequency spec-
trum.’ This meaning for white in electrical work has become
so well established it is best to continue to use it, optics not-
withstanding.

Hi-Fi Equipment Testing

Before describing a practical white-noise generator, let’s
digress to talk about using white noise to test hi-fi systems.”
The most useful objective check on the performance of any
electrical or acoustical system would be obtained if it could
be made while the system is stimulated by the exact energy
patterns it is to handle in practice. This can be done when
the energy pattern is simple and standardized, i.e., sinusoidal.
But only rarely can it be done when the energy pattern to be
handled is both complex, and to the system, randomly organ-
ized.

A prediction of the practical performance of systems in the
latter category, such as hi-fi amplifiers and speakers, is often
based upon their performance when stimulated by the sine-
waves, tone bursts, sweeping sine-waves of varying fre-
quency, square waves, and so on. In this process, the area of

no-data gaps, i.e., those segments of the total audio spectrum
which lie between test stimulation points and performance
stitnulation points, depend on the degree to which the test
signal duplicates the performance signal. The no-data areas
between sine waves and music-energy waves are both fre-
quent and large. Predicting the performance of a hi-fi system
on music energy from its performance with sine-wave test
energy amounts to basing the predictions on very few data;
the probability of accuracy is low. This may account, in part,
for the widely recognized discrepancy between performance
predicted from technical specifications and the actual per-
formance of the systems. On the other hand, testing the sys-
tem with electrical impulses that are random both as to
amplitude and frequency over the spectrum of interest, main-
taining constant energy per bandwidth, reduces the no-data
gap areas between test and performance stimulation points.
This idea is even more sound when you consider that music
can be conceived of as tones (energy of low entropy) organ-
ized into a pattern of sufficiently high entropy (approaching
randomness) to provide a desired degree of sophistication.’
If one accepts this concept of music, perhaps it follows that
music-handling systems can be tested best with white noise,
a signal of high entropy. If these arguments are accurate,
then white noise should be useful in making objective tests
on the performance of amplifiers, loudspeakers, cartridges,
as well as the acoustic performance of auditoriums and music
listening rooms in the home.

White-Noise Generator

In spite of the previous theory, there is little reference to
white noise testing in popular literature. There may be many
reasons for the apparent failure to exploit its capabilities
among which have been the cost and complexity of suitable
white-noise generators. This is no longer a deterrent. A silicon
diode called the Sounvister is available in different types to
cover the spectrum from less than 1 cps to more than 100

Fig. 1. Responsc of white-noise generator/amplifier in Fig. 4. Output is .75 v. r.m.s. across @ 100,000-ohm load. Pips are at 0 and 50 ke.

Fig. 2. Response of same amplifier/generator with pips at 0.1 kc. (left); 0.5 ke. (right). Panoramic SPA-3 Spectrum Analyzer was used.
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22K- 100K
{SEE TEXT)

9-22.5V.0.C.
(SEE TEXT}

(8)
Fig. 3. Basic white-noise generator has 500-2500 microvolt output.
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Fig. 4. Complete schematic of a white-noise generator/amplifier.

R—22.000-100,000 ohm, V3 w. res. C——.08 uf., 10 v. capacitor

{see text, C:* .1 pf.. 10 v. capacitor
Re, B —100,000 ohm, Vi w. res. Ce*— .47 uf., 10 v. capacitor
Ri—22,000 ohui, V3 w. res. Br—9.22 v. battery (see text)
Rs, Re, Ri—47,000 o, V3 w. res. SH—White-noise diode (Solitron
Ro—150.000 °""‘-' Y w. res. SDI-W, available from Solitron
R:—=27,000 ”l“l"' s w. res. Devices, Inc., 500 Livingston
R I00kols S . laes. Si., Norwood, N. J.. $7.50)
R .—680.000 ok, V3 w. res. - s e 3
R1—10,000 ok, Vs 1. res. Jr=-I"hone ,‘f" foﬁ:rrhnn']l Neo. 138)
Ri—q7 0hm, Vy . res. Vi Ve Vi—"pn-p" traunsistor (2N217

or equiv.)

C*—.22 uf., 10 v. capacitor
C:*, C:*—.98 uf., 10 v, capacitor *Ceutralab UK 10 “Ultra-Kaps™

Fig. 5. Author’s generator is built in chassis box, has two outputs.

me." Among these, the SID1-W is designed for the 20-20,000
cps spectrum. It is the white-noise source in the compact
generator to be described.

The SDI1-\ is a double-diffused, silicon junction diode.
When a reverse voltage, applied to the SIDI1-\V in the circuit
in Fig. 34, is gradually increased, the diode produces an in-
creasing amount of random, non-white voltage. At some
point, the diode suddenly goes into zener or avalanche opera-
tion with a resulting generation of reasonably white noise.
As Ex is increased, the output drops and “whitens” even more.
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Typical diodes have an output ranging from 300 to 2500
microvolts r.m.s. per 20 ke. bandwidth. Each SD1-W is ac-
companied by a specification sheet which suggests operating
parameters for best performance of that particular unit.

If the output from the diode alone is sufficient, the circuit
of Fig. 3B can be used. For greatest simplicity, the energizing
voltage, E., can be specified as the nominal voltage of a small
battery, such as 9 or 22.5 wvolts, when ordering an SD1-\WV
diode. Since the current drain usually is under 500 micro-
amperes, even the smallest battery will have a long operating
life. The switching-type jack in Fig. 3B can be dispensed
with and the unit can be allowed to operate continuously.
Resistor R. is selected to adjust the current to that vilue rec-
ommended when a voltage other than the classifving voitage
is used. The SD1-W diode is equivalent to a high-impedance
generator and should not be used across a load much smaller
than 100,000 ohms.

A simple transistor amplifier can be used to boost the out-
put of a selected SDI-W to an r.m.s. value somewhere be-
tween 0.25 and 1.0 volt across a 100,000-ohm load. An
amplifier built by the author for this purpose is shown
schematically in Fig. 4. The white-noise diode, SR,, used in
this amplifier was selected to operate correctly with an en-
ergizing voltage of 9.0 volts. Vi is used as an emitter-follower
to provide a high-impedance load for SR, V. and V. are
straightforward amplifier stages. C: and C: are obtained by
paralleling two high-value 47-xf. capacitors. R.,, C-. and C:
form a frequency-selective feedback loop to coinpensate for
departures from linearity of both the diode and the ampli-
fier. The completed generator installed in a case with two
connecting leads for stereo systems is shown in Fig. 5. Re-
sponse curves for the output of a typical generator are shown
in Figs. 1 and 2. Marker pips appear at 1 ke., 5 ke., and at
50 ke.

Several generators have heen built using unselected 2N217
transistors and have performed as follows:

Output—between 0.25 and 1.0 r.m.s. volt across a 100,000-
ohm load.

Frequency Response—20-20,000 cps, *+2db.

Current Drain—between 1.0 and 1.5 ma.

Applications

The author has found white noise to be useful, not only in
development work, but also with complete hi-fi systems. It
will reveal differences in acoustic performance of speaker
svstems more readily than any method yet tried. Harshness,
boom, and hollowness can be detected readily. Of course,
one cannot tell from the sound of white noise alone which
system is best for music reproduction. But once a standard
svstem has been selected, reproduction of white noise is an
excellent method for checking balance and matching chan-
nel response. And, finally, acoustic response of the listening
room to all frequencies can be judged qualitatively by simplv
playing white noise and walking around the room noting the
variations in its character.

White noise is also being used in many ways in modern
technology. Properly shaped, it provides the “waterfall”
sound for audio analgesia. [t can provide constant-level
sound against which hearing ability can be measured or it
can mask outside sounds which might invalidate results from
laboratory experiments with animals. It can generate random
numbers to test computers, simulate cosmic noise, calibrate
astronavigational and tracking systems, provide a reference
level for setting the sensitivity of receivers and activate
shaker tables for component testing. A
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Qver-all view of adapter built into 5V;"x 3% 114" chassis.

FM STEREO MULTIPLEX ADAPTER

By CARL A. HELBER

Construction of simple switching adapter that requires no special coils or critical
components. Inexpensive, general-purpose “p-n-p” type transistors are employed.

ANY aiticles have appeared in recent literature con-
cerning FM stereo multiplex principles and a few
have covered the construction of such adapters.

In general, the construction articles have dealt with the more
complex filter-tvpe circuits wherein the L+ R and the L- R
signals are scparated, processed, and then matrixed to vield
left and right signals. Specially designed coil kits have heen
used in the construction of these adapters.

The purpose of this article is to describe a simple transis-
torized FM stereo multiplex adapter that requires no special
coils or other components. Standard TV width coils are used.
None of the components is critical and the transistors may be
general-purpose p-n-p units such as the Motorola 2N1191.

The principle upon which operation of this adapter is
based is that the composite stereo signal (not including the
pilot) can be considered to be the result of alternately sam-
pling the left and then the right stereo channels at a 38-ke.
rate. This being the case, restoration of the original pair of
signals can be achieved by synchronously sampling the com-
posite signal by means of two switches—one operating in ef-
fect in-phase with the left channel sumpler at the transmitter
and the other in-phase with the right sampler. The only filter
required in this arrangement is for separation of the 19-kc.
pilot signal which, after frequencv doubling, becomes the
switch-driving voltage. A mathematical analysis of the switch-
sampling operation shows that ideally the sampling should
occur precisely at the peak of the 38-ke. switching waveform
used at the transmitter. Also ideally, this sample should be of
infinitesimal width and should be held until the next sample is
taken. Practically, it can be shown that the effect of increas-
ing the switch on-time is to reduce the channel separation but
that better than 26 db can be achieved with on-times of one-
sixth of a cycle or less. Theoretically, only about 7-db separa-
tion can be achieved with one-half cycle on-time.

Basicallv the circuit shown in Fig. 1 consists of a single-
pole, double-throw electronic switch synchronized with the
second harmonic of the 19-ke. pilot signal. Transistors V. and
V. are the switches and are connected in the usual inverted
configuration commonly used with germanium transistors. The
38-ke. switching signal is applied between the base and the
collector of the transistor. These p-n-p devices are driven into
saturation when the base is driven negative with respect to
the collector. In this condition the transistor looks like a very
low impedance between collector and emitter. The .001-xf.
capacitor connected to the emitter is thus charged to a volt-
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age equal to the signal level existing at the time the transistor
is saturated. When the switching signal applied to the base
reverses, the transistor is essentially biased off and looks like a
very high impedance between collector and emitter.
The RC network in the base return lead develops a few
tenths of a volt of positive bias to aid in keeping the unsat-
{Continued on page 104)

R
J3
= Lello] ¢

STH [ R

Fig. ]. Switching type adapter
tircuit designed by oauthor.

63V.AC.

2N1SI
Vi

|
+\i

2NIgI
v2

ALAAMAA

2NIISI
v3

Cu.Cro—.008 uf. cevamic

H—

capacitor
Ci1,C1—100 pf.. |5 . efve.
capacitor
C 3 Ci1—3 uf., I§ v. elec. capacitor

R R—13,000 ohm, V4 w. res. Cu—30 pf. 15 v. elve. capacitar
R—I0,000 ohm, Uy w. res. Cis~ 330 ppf. ceramic capacitor
R 2200000 ohm, V3 . res. L.—Variable indnctor, .3-3 miy.
RR - 22,000 olini, V4 w. res. tapped width coil

Re—1500 okhn, V3 w, res.
R.—100,000 0k, V3 1. res.
Re—3600 0hm, Vj w. res.
e—2700 ohm, Vi w. res.

-8800 ohm carbon pot
C.C 033 uf. paper capacitor
C.—.005 .f. parer capacitor

E]

C—.003 uf. paper capacitor
C:— .01 uf. paper capacitor
C..C:.C-— .00} uf. ceramic capacitor

www americanradiohistorv com

(J. W. Mitler 6320)

Le—Variable inducror, £-30 may.
width coil {J. W. Miller 6315)

Tr—Tunable trausformer 3.2:9 mhy,
with a.¢.c. winding
(4. W. Miiler 6317)

CR—ING60 germanivm diode

Jid:J —Ihouo jack

ViVaVao, Ui —*pari-p” trausistor
(Motornla 2N 1191 or eqniv.)
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[BRATO

SIMULATOR

Construction of a very simple,
low-cost transistorized circuit that
may be employed with musical
instrument amplifiers in order
to produce an effective vibrato.

~ HIS article describes the design and construction of
'tl_ a simple, low-cost, transistorized vibrato simulator
which can provide most musical instrument amplifiers
with a vibrato effect. Although this unit was built primarily
for use with an electric guitar, it can be used for other musical
instruments which have amplifiers. \Vhen used in conjunction
with a_guitar and amplifier, it produces a pleasant sounding
amplitude-modulated signal; very similar to the effect of
varying the volume control on the guitar.

Perhaps the term “tremolo” should be used, since an ampli-
tude-modulated signal is produced, but someliow this sug-
gests a rapid tremulant action which is not the effect this unit
provides. The writer feels that this unit more closely simulates
the subtle eftect of a vibrato, especially at the very slow
speeds it is capable of producing.

The vibrato simulator (see Fig. 1) is battery-operated, com-
pletely self-contained, and measures only 34” x 2k” x 1%” in
size. No external power source is required and no circuit
modifications to the amplifier are necessary. Installation of
the unit consists of plugging it into the amplifier and plugging
the instrument into the unit. The current drain on the battery
is so low that in normal use the life of the battery should
approach its shelf life.

Two controls are provided; one for adjusting the desired
intensity and the other for adjusting the speed. A foot switch
is also provided so that the musician can switch the vibrato
effect in or out while playing.

Construction costs are small, less than ten dollars, even
when all the parts are purchased. The builder will probably
have some parts available, and the costs can be reduced

44

By FRED IPPOLITO, JR.
Supervisor, Technical Publications, Syivania Electronic Systems

further by variations in application and construction tech-
niques which are discussed later.

The Circuit

The schematic diagram is shown in Fig. 2. Transistor
V. is used in a sub-audio phase-shift oscillator circuit to pro-
duce the vibrato speed or frequency. Transistor V- is used in
a voltage-divider network to modulate the incoming signal.
The circuits for these transistors are interesting and rather
unconventional.

Phase-shift oscillators are not as commonly used in tran-
sistor circuits as in vacuum-tube circuits. The primary reason
is that phase-shift oscillators require high-gain amplifiers to
overcome the losses in the RC feedback network. Although
there is a wide variety of high-gain transistors available, it
is their input-output characteristics that cause the problem.
In the required common-emitter configuration, the transistor
has a relatively high collector output impedance and a very
low base input impedance. The use of the conventional feed-
back network of three equal-value resistors and capacitors,
where the resistors are a high value, introduces an impedance
mismatch at the base. This condition further increases circuit
lesses and the need for a high-gain amplifier.

The oscillator ¢ircuit used in this unit compensates for these
conditions through the use of a tapered feedback network,
where the resistance in each leg of the network (R, R:, and
R.) is reduced going from the output of the transistor to the
input. The RC constant is maintained, however, by increasing
the value of capacitors Ci, C-, and C. accordingly. This con-
figuration provides a better impedance match tor hoth output
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and input of the transistor and thereby reduces the losses
normally encountered in transistor phase-shift oscillator cir-
cuits.

The effectiveness and efficiency of this oscillator is remark-
able. Using a 15-volt battery, the sine-wave output signal at
the collector is 8 volts peak-to-peak, with a ciurent drain on
the battery of only 300 xa. Further, this configuration allows
the use of common variety low-cost transistors. In testing the
circuit, the writer used at least ten 2N12G3/5 transistors,
with each providing satisfactory results. Although a 15-volt
batterv is used to provide sufficient output for this applica-
tion, the circuit will oscillate with a voltage of 9 to 12 volts.

The oscillator frequency for this tvpe circuit can be caleu-
lated using the formula: f=1/(2%RC V 3). With this formula,
component values for the RC network of this circuit were
picked for a frequency of 6 cps, since this is the most com-
monly used frequency in commercially available units und in
electronic organs. Potentiometer R. provides for an oscillator
range of approximately 4 to 14 cps. Resistor R: prevents
oscillator cut-off at the maximum clockwise rotation of R:
which is the fustest speed.

Capacitor C, couples the oscillator signal to polentiometer
R., which is used to adjust the vibrato intensity. Switch S. is
a momentary d.p.s.t. (normally open), used to make and
break both the oscillator and modulator circuits. The switch is
mounted in a plastic door stop (see construction details) and
is used as a foot switch so that the vibrato effect can be
switched in and out while the musician is playing the instru-
ment.

Transistor V- is used as a variable resistance, in a voltage
divider network consisting of R. and the combined resistance
of R. and V-. The input signal at /. is applied across this net-
work while the output signal at P. is that which is developed
across R. and V-. With no oscillator signal applied to the base
of V., the incoming signal from an electric guitar (usually 1

-—-\ﬂi_———'_ 4-COND. CABLE
R

S

Fig. 1. Over-all view of vibrato unit and its foot switch.

volt peak-to-peak max.) is divided almost equally between
the resistance of R. and R., since each is 100,000 ohms. V.
offers very little resistance to this small a signal, since its leak-
age current is much greater than the signal current Hlowing
in the network. Applving the oscillator signal to the base of
V. causes it to act as a switch. When the oscillator signal
applied to the base is positive, the transistor is “off,” that is,
both diodes of the transistor, collector-to-base and emitter-
to-base, are reversed-biased. In this condition the transistor
acts as a resistance much greater than R. and the incoming
signal appears almost entirely across B: and V.. \When the
signal at the buse swings negative, the transistor is “on.” in
this condition, the transistor is forward-biased and acts as u
very low resistance, so that the incoming signal is essentially
divided between R. and R..

November, 1962

A3 2NIv2265/5

- eqiuiv.)
S —D.p.x.t. momentary push-button

R 30000 ohm, YV} w. res.
R~ 10.000 aiimi pot (Philmore I'C-51

or SQuiv. switch {normally apen)
I 3300 ahim, V) w. res. P——Flat-type phave plug ( Switcheraft
R -3000 ahun, V3 . res. 220} or equiv.)
Re—620,000 ok, Vj w. res. J—Phone jack (Switeheraft L-11 or
Ke——500.000 o pot { Philmeore 1'C-54 equiv.)

or eqiu. ) V. V: -2N1265/3 traunsistor

R—470.000 ohm, Vs @. res.
Re, BR—100,000 ohm, V5 w. res.
Ci—.§ pf. capacitor (sev text)
C—-1.5 uf. capacitor (see text) 1-—8-foot. 4-ronductor shiclded cabic
C.—3 uf. capacitor (see text) ‘Beiden §434 or equiv.}

C.~—.05 pf. ceramic disc capacitar I—Foot switch case (plastic door stop,
Bi—-15-vals battery (Evercady 411 or see text)

{ Sylvania)
131" x 214" x 134” chassis (Bud
CU-30014 or equiv.)

Fig. 2. Circvit diagram for the simple 2-transistor wunit.

It can now be seen that the output signal appearing at
P. which is fed to the instrament amplifier, will vary in ampli-
tude at a rate equal to the oscillator frequency. Transistor
V. does not act exactly as a switch with only a full “on” or
full “off” condition. It responds to the magnitude of the sine-
wave signal applied to its base. Therefore the per-cent of
modulation or intensity can be adjusted through R.. The
values of R« and R» (100,000 ohms) were chosen for this
unit to provide up to 50% modulation. Raising the valie of
Ry will decrease this percentage while lowering the value will
increase it, Changing the value of R. will also accomplish
the same but in the reverse of the above conditions.

It is more desirable to keep the values of R. and R. high
enough so that the resistance of V: in the circuit is negligible
when no signal is applied to its base. There are two reasons
for this. First, a transistor is a non-linear resistance and second
both diodes, collector-to-base and emitter-to-base, in a tran-
sistor are not symmetrical. Both of these characteristics can
ause amplitude distortion which is detectable on a scope,
even though not noticeable to the ear. Resistance values above
30.000 ohms for 2N1265/5 transistors are acceptable, while
values of 100,000 ohms seem to be optimum. This holds for
input signals up to 5 volts peak-to-peak. For greater inpat

(Countinued on page 76)

Fig. 3. Under-chassis view showing the location of parts.

R2 VI C3 R5CI C4 Rl R6

V2 RER3 RS C2 R?
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RECENT
DEVELOPMENTS
N

ELECTRONICS

Laser Doppler Radar >
A modified interferometer using a laser as
an energy source makes up a laboratory
model of what Sperry Gyroscope Co. calls
the first laser doppler radar. Engineers
bouncing the laser beam off three small
mirrors into a detector said they have
proved the feasibility of a doppler radar
that can detect and measure motion
10,000 times more accurately than the
best microwave systems known. Such a
radar could measure velocity from speeds
of 5 miles per second all the way down to
less than 1/10,000 inch per second. The
development shows promise for broad ap-
plication as a space vehicle rendezvous
aid for tracking satellites.

<« New Gaseous Optical Masers

Engineer at Bell Telephone Laboratories is shown checking
the alignment of helium-neon gaseous optical maser de-
signed to emit coherent radiation in the visible spectrum.
Reflecting mirrors in this new device have dielectric coat-
ings which encourage maser radiation at 6328 angstroms.
Previous optical masers of this type have produced beams
of energy in the infrared and higher invisible energy por-
tions of the spectrum. In addition, five new gaseous optical
masers, each using a different pure noble gas as the active
medium, have been announced. The masers, using helium,
neon, argon, krypton, and xenon, emit continuous beams of
coherent radiation at a total of 14 different frequencies.

Superconductive Magnet >
Experimental superconductive solenoid
magnet, using niobium-tin windings made
by a new RCA-developed process, is shown
being lowered into a liquid helium bath
prior to testing. Announcing the establish-
ment of a new applied research laboratory
to perfect techniques for mass-producing
such magnets, the company said the mag-
nets and other niobium-tin devices will
eventually form the basis for “a vast new
company business.” Having no resistance
to the flow of electric current and, there-
fore, requiring only enough power to get
them started, superconductors are expect-
ed to lead to advances in electric and
electronic technology.
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Helicopter TV Pickup

TV crew works at last minute adjustments as Air Force
Sikorsky S-61 gets ready to take off from United Na-
tions lawn in New York. Cameras aboard helicopter
caught U.N. Building and New York skyline for recent
“Telstar” broadcast to Europe. Microwave dish, right,
caught signals from aircraft and transmitted them to
central control for relay.

Wide-Band Multipurpose Antenna
Shown below is @ new multipurpose antenna system
with a bandwidth of 200 to 2300 mc. The antenna,
developed by Radiation Inc,, handles telemetry, sur-
veillance, and communications signals. Closely spaced
reflectors are combined with log-periodic feeds in the
20’ diameter array. L/

November, 1962

<« Computer-Controlled Borer

A numerically controlled jig borer, directed by a
punched tape produced by an IBM computer,
automatically machines a part used in a space
exploration device. A new computer language,
called “Autospot,” was used to write a program
which enabled the computer to generate the toot
instructions in a fraction of the time required to
prepare them manually.

‘“Apollo’” Instrument Mockup A
Mockup is used by Honeywell engineers to test
experimental instrumentation for stabilization and
control system of the 3-man moon vehicle. Instru-
ments are controlled by analog computers that
electronically simulate conditions that will be en-

o1t

countered on “Apollo’s” space mission.

Car-Noise Telemetry
To trace the source of noise or vibration, Volks-
wagen engineers will telemeter noise signals from
a test car on the road to receiving equipment in
a following vehicle. Transmitter and noise mike
of the Bendix-designed gear are shown in car;
recording receiver is in foreground. ]

www.americanradiohistorv. com
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the Counter as a Test Inustrument

HE simplest way to determine the frequency of a

signal would be to use an accurately calibrated radio

receiver and then read the frequency directly from
the receiver’s dial. Another method would be to display
the signal on an oscilloscope. If the sweep [requency is
known, it is possible to count the number of cycles displayed
and calculate the frequency. Still another wayv is to beat
the known-frequency output of an oscillator against the
unknown signal and determine the latter by the zero-beat
technique.

A much more precise and faster way of measuring fre-
quency is with a digital counter. The unknown frequency is
applied to the counter which displavs it directly in Arabic
numerals in cvcles, kilocycles, or megacyeles. In addition,
time intervals can be measured directly and with great ac-
cutacy. The counter is extremely helpful where repeated
measurements and accuracies up to five places are required.
Such advantages are not usually possible with other instru-
ments or methods. For these reasons, counters are widely
used in industrial and military applications where precision
measurements are important. Counters are often used when
servicing computers and certain radar circuits.

The counter consists of four sections as shown in Fig. L.

CLOCKk
PULSE
GENERATOR

GATES

—-l BINARY COUNTER I

weuT OJOXOKCKO,

READ-QUT
Fig. 1. Block diagram of a counter shows its basic sections.

The binary-counter section is a series of flip-Hlops connected
so that two changes in one stage cause one change in the
following stage. The second portion, the clock-pulse gen-
erator, is a well-stabilized, crystal-controlled oscillator whose
output is the time reference for the instrument. The third
portion consists of gates (similar to those used in keved
a.g.c. circuits) in which one signal gates or keys another one.
The fourth part is a read-out device. This mav be a series
of neon indicators wired into the binary counter to indicate
the number registered there. Or, it might be a serfes of
“Nixie” indicator tubes driven by a binarv-decimal matrix
that changes the binary number of the binary counter into

48

a decimal for display in Arabic numerals. A tvpical counter
may contain a number of binarv counters, auxiliary storage-
shift registers, and circuits that generate multiples and sub-
multiples of the clock frequencies.

The functions that can be performed by the counter de-
pend on how the clock, binary counter, and gates arc
connected. To measure the unknown time interval between
two pulses (for example 18 rsec. in Fig. 2) 1-gsec. clock
pulses are fed into the binarv counter through a gate that
is turned on by the first pulse and turned off by the next
one 18 usec. later. The number in the binary counter, there-
fore, is the number of 1-ssec. clock pulses between the
two input pulses. Since 1-gsec. clock pulses were used, the
read-out will be in microseconds.

If each cvcle of the unknown signal is counted by the
binary counter and the gate is turued on for exactly one
second the display would be the input frequency in cps.

Further applications of the counter are discussed below.
In all cases the precision of the measurements depends on
the accuracy of the clock-pulse gencrator. For this reason
the clock osecillator usually is controlled by a crystal housed
in a temperature-siabilized oven. It is necessary to allow at
least half an hour warm-up time before making any meas-

cLocx I

PULSE
GENERATOR

L1 -

BINARY COUNTER AJ
o ©@O©®O®

— f+—rpERIOD 1BySEC. MICROSECONDS

Fig. 2. Opened gate sends 18 one-usec. pulses to the counter.

GATE

urements. Asicde from the clock, all other circuits are digital,
whicli means that they are either on or off, require no
adjustment, and cannot contribute significantly to inaccuracy.

How They Are Used

As we mentioned, counters are widelv used for frequency
and time measurements. They have one great acdvantage
over oscilloscopes in these applications in that they provide
a direct indication that does not have to be interpreted. It
is also possible to connect a digital printer to the counter to
obtain a printed record of periodic readings. In checking
the frequency stability of an oscillator, for example, the

ELECTRONICS WORLD
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By WALTER H. BUCHSBAUM, Industrial Consultant, ELECTRONICS WORLD

In addition to counting pulses, counters medasure

frequency and its periodic drift, phase

difference, and the time interval between events.

counter and printer would be connected as shown in Fig. 4
to antomatically print a record of Irequency drift every ten
seconds. In some newer models, the printer is part of the
counter. If a counter is connected to a radiation detector,
the radiation level in counts-per-minute can be monitored.

It should be obvious why counters are used widely in
servicing computers and data processing devices. In these
applications they can check the operation of sections of the
computer, measure time intervals between gating and
switching functions, and verify the computer’s own counting
operations. By using a preset count arrangement, the counter
can work with other devices to provide an output whenever
a predetermined number of events has occurred. For ex-
ample a counter might he connected to a photocell to count
the number of objects passing a point. After a predetermined
count is reached, the counter can send a pulse to an actuator
which will separate or pack the first batch. The next object
would start the count over again.

It is possible to measure the phase difference between two
signals or simply indicate the time period between them
as shown in Fig. 5. One signal is connected to the “start” input
of the gating circuit to tum it on. Clock pulses will now
go to the binarv counter. The second signal is connected
to the “stop” input of the gate to turn it off. The number dis-
plaved represents the time period hetween the two signals.

In each case a direct read-out in microseconds or milli-
seconds is possible. A further refinement available in prac-
tically all counters is count averaging. In this maode of
operation, the measurement cvcles, usually 10 or 100, are
added and the total is divided by the number of cycles.

Counters are available with different frequency and time-
interval ranges. In their early stages of development, coun-
ters with a 100-ke. basie clock-pulse {requency were used
for frequency multiplying up to 1 mec,, which meant that
the most accurate measurement that could be made was
within = I gsec. Today counters with clock-pulse frequen-

Fig. 3. Hewleti-Packard 5243L measures frequency to 500 mec.

=N\\WWW

cies up to 100 mc. permit measurements to within 0.01 xsec.

The frequency and time range of the counter are but two
of its important performance characteristics. Oscillator sta-
bility, which assures the accuracy of all measurements, is

CLOCK
PULSE
GENERATOR

| il CLOCK PULSES

1SEC.

FREQUENCY DIVIDER

GATE BINARY COUNTER

DATA
PRINTER

OXOJORE©,

QSCILLATOR| t“’b

Fig. 4. Method of measuring oscillator frequency stability.

“cLoex |
PULSE
GENERATOR SIGNAL |
. k STOP
GATE BINARY COUNTER
SIGNAL 2
START ST0P START
OIFFERENCE
SIGNAL 2 SIGNAL |

Fig. 5. Technique for measuring two-signal phase difference.

usually given in parts-per-million per week and is generally
better than 1 p.p.m./week. Another important characteristic
is the input sensitivity and impedance; this determines what
kind of signals can be measured. Typical values are 0.1 volt
r.m.s. at an input impedance of 1 megolm, shunted by about
50 puf. That is the minimum-level input signal. However,
a gain control for each input is usually available to permit
the measurement of voltages up to about 300 volts. The
counter will also have a scale-factor switeh that automatically
locates the decimal point in the read-out. A switch permits
selection of the various functions such as frequency or period
measurements, phase difference, or averaging. It's possible to
make a single count, requiring manual reset [or the next, &

a9
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WIDE-BAND
M BOOSTER

By R. J. DICKSON

Complete construction details on a stmple, stable
two-nuvistor r.f. preamplifier having a gain of
15 decibels along with a very low noise figure.

Booster was built on an aluminum chassis measuring 6” x 4" x 2”. »

ITH the advent of FM multiplex stereo broad-

casting, interest in FM reception received a tre-

mendous impetus. Although it is anticipated that
in the next five vears most FM stations will go to stereo, those
now broadcasting stereo number less than 140. Unless the
stereo fan lives near the larger metropolitan areas, he will
probably encounter only one or two stations at the present
time.

If stereo reception is desired from a distant station, it
will be necessary to own a tuner with excellent sensitivity,
or to improve the antenna system presently being used. Con-
servative estimates of signal-to-noise degradation for stereo
reception range from 13 to 20 db for a given signal. The
wide-band booster described in this article may be the solu-
tion to the problem of receiving stereo without objectionable
background noise from distant stations. Possibly the FM
listener is not yet equipped for stereo and is only interested
in improving his monophonic reception, as was the case with
the author.

Fig. 1. Complete schematic of the 2-nuvistor cascode preamp.

300N INPUT
[*]

3000
OUTPUT

nrvac

R, R—47 ohm, 4 tw. res.
R, B30 Re—100 ohm, Y4 . res. Li—Approx. .1 uhy. (see Table 1}
R:— 12,000 ohni, V4 e, res. Li—Approx. .28 phy. (see Table 1)
R:—3000 ohm, 2 w. res. Li—Approx. 3.9 iy, (see Table 1)
Cr—10 uuf. capacitar SR —Silicon rectifier, 400 p.iv., 300
C:, Ci, Cs, Cs, Cro, Crr—310 ppf. ca- ma.
pacitor T: Balun ¢oil (Coleman #1360 or
Cr—270 ppf. capacitor equiv., see Table 1)
C:—.0f uf. capacitor T.—See Table I
C:, C+——30/50 uf., IS0 v. elcc. capaci- Ts—Power trans, 117 v, pri, 110 v. @
tor 30 ma, sec., 6.3 v. @ .6 a. (Oison
L—Approx. 075 phy. (see Table 1) T-173 or equiv.)
L:—Approx. .06 uiy. (see Table 1} V., V- -6CW{ nuvistor
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Using this booster ahead of an old-vintage FM receiver
of limited sensitivity really improved its abilitv to provide
excellent reception on distant stations. This booster was
tested on a recent model tuner with an advertised sensitivity
of less than 1 gv. of signal for 20 db of quieting. Stations at
distances of over 100 miles came in at varving degrees ol
limiting whereas, without the booster, they often were lost
in the noise level.

Boosters using 5842/417A (low-noise frame-grid tubes)
have previously been constructed using this sume circuit with
excellent results. Gain figures of up to 25 db and noise less
than 3 db are possible with tubes in this class, bnt the price
of these tubes ($8.00 to $15.00) discourages their use.
Nuvistors are becotning very popular and approach frame-
grid tubes in noise figures, so the idea of trying a pair of
6CW4 nuvistors in this proven, reliable circuit was tempting.
Considering the advantages of nuvistors (low cost, small
physical size, low power requirements), the project was
definitely worthwhile.

Cirenit Descripiion

Two 6CW4 nuvistors are utilized in an improved fixed-
tuned wide-band cascode amplifier which provides stable
power gain with a very low noise figure of less than 3.5 db.
Over 15 db of usable gain, within = 2 db, is possible from
this booster over the entire FM hand. See Fig. 1.

Inductors L., L: and L. comprise a “T” network which
contributes to the low noise figure and wide-band character-
istics of this hooster. Inductor L. provides neutralization,
maintaining the low noise figure at these high frequencies by
neutralizing the grid-to-plate capacitance of nuvistor V.. L.
is not critical and its value can range from 2.7 to 4.7 rhy.
Plate inductor L: resonates with the output capacitance of
V. plus the input capacitance of V-.

T. is a balm coil which permits a 300-ohm, twin-lead
balanced antenna system to be used with the “T” coil un-
balanced input. A bahm coil can be purchased at most elec-
tronic supply outlets, but can be constructed by following
the instructions in Table 1 and Fig. 2. If the FM antenna
system in use is unbalanced (uses coax for lead-in), then T\
is unnecessiary and can be eliminated. Connect the coax center
conductor to C: and connect the coax shield to the hooster
chassis.

The individua! imductance values of L., L., and L. are so
small that it is doubtful if commercial units can be found,
therefore, they must be constructed, following the instruc-
tions in Table 1. L. and T: are wound on %” slug-tuned coil
forms. T\ is wound on a powdered-iron slug, or as in the
author’s case, two slugs glued together. All other inductors
(L, L., L, and L:) are wound on Allen Bradiey %-watt car-
bon resistors. The value of the resistor is unimportant, as

ELECTRONICS WORLD
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long as a value above 0.5 megohm is chosen. Any resistance
value below this will tend to lower the “Q.” Other forms can
be used in place of the resistors, but make certain the di-
ameter is %”, otherwise the coil winding data in Table 1 will
not be valid.

Resistor R., across the primary of T:, is not very critical
and can be eliminated if more gain is desired, but at a slight
reduction in bandwidth.

Power requirements for this booster are very low. Filament
voltage is 6. 8 volts @ .26 ampere. Plate voltage is not critical
and can range from a low of 60 to 70 up to 100 to 110 volts
at about 16 ma. Power transformers which will provide these
voltages can be purchased from several electronic firms for
approximately $1.50. If a 2” x 3" space is available on the
new receiver or tuner with which this booster is to be used,
serious thought should be directed towards building the
booster permanently into the existing equipment and utilizing
its power supply.

Construcrion

The booster was constructed on an aluminum chassis
6” x 4” x 2” with a tin-plated top. This allows direct chussis
soldering of the nuvistor sockets, resistors, inductors, and r.f.
bypassing capacitors.

Photos show the mechanical layout. Layout and placement
of parts is not too important, but be sure to keep all plate
and grid leads as short as possible.

Construction details should be followed very closely for
all rf. chokes and transformers. A high-quality, high-fre-
quency adjustable ¥-inch coil form should be used for Ls
and T-.

Measure all lengths of wire very carefully to the exact num-
ber of inches specified in Table 1. Serape all insulation away
exactly 4” on each end of all wires. (This ¥” for connection
and soldering purposes has been allowed for.) File a small
“V” notch on each end of the %-watt resistor body for ease in
winding. A kink found useful in winding the chokes was to
bend one end of the resistor’s pigtail into the shape of a
“key” handle. This allows the resistor to be rotated with one
hand while the wire is fed on in “lathe” action by the other
hand.

When winding T, it is convenient to use two different
colored #28 wires for identification purposes. Wind the two
different colored wires on one end feeding both at the same
time. When six turns are completed, apply coil dope or
clear fingernail polish and wait until completely dry before
winding the other end.

Adjustments

If the receiver or tuner to be used in conjunction with
the booster contains a signal-strength meter, this can be used
in the alignment. A v.t.v.m. can be used in place of the signal-
strength meter. Connect the v.t.v.m. to the a.g.c. line in the

Underside of chassis. All r.f. leads are made as shert as possible,

300.n
OUTPUT

R7. R5

3oon
INPUT

I AWG | WIRE I
PART|  COIL FORM | SIZE | LENGTH| SPACING & NO. TURNS
L. | Ya-w. Allen Bradley | 720 en.| 41, | 7 t. close-spaced
S L [} | | |
L. | v-w. Allen Bradley !#20 en.i 3y ] 5 1. close-spaced
NN erestn WD ) = =
L. | v4” dia. slugtuned | 526 en.| 5" | 4% t spacedapprox.
coil form | | Ve " between turns
] [ = | ——] S G C RTINS
L. | V;-w. Allen Bradley I#ZS en.l 6" | 11 t. close-spaced
res.
L. | %-w. Allen Bradley |#38 en.| 20” 42 t. close-spaced
res.
T. | Ve” x %" powdered-| f28 en.| 7° 6 double t. close-spaced
iron stug on each end; allow %"
| separation between sections

Ts i l/:'_’ dia. siug-tuned '._#28 en.i = 7 1. close-spaced

(Pri.) | coil form
it APV VDR = 1 —=
Y. " dia. slug-tuned | #28 en.| 5” 5 t. close-spaced;
(Sec.)| coil form ‘ allow 4 ” separation
| | between sections

Table 1. Coil-winding data for the home-built nuvistor preamp.

T2 L3
— 14" b ] 147
o " :
-] 14" 1%
ouT L —— 3 . 2
. = P -ig
+ >
- 9 5
V2 il [N =]
PLATE B4 3 &
" 3 =
: - . GND o E
1 3 ; ANT. _'"_ ] ;{
$ =3 ¥ b
& = { =
! i
1 i g !}
(A} 8) [{s] [(+H}

Fig. 2. Construction details of <oils and r.f. transformers
used in the booster. One lead of the resistor coil form is
bent in the form of o key handle for ease in winding coil.

receiver or tuner and set it for low negative d.c. voltage. Use
a short piece of 300-ohm twin-lead from the output of the
booster to the antenna input of the receiver or tuner. \Warm
up both booster and receiver for at least 5 minutes. Tune in a
weak station at or near 94 me. Adjust coil L; for a maximum
on the meter. Now tune to about 102 or 103 me. for a weak
station and adjust the slug of 1. for a maximum signal reading
on the meter. Note: Two points should be found where the
slug of T: will cause 3 maximum; choose the one where the
slug is between the primary and secondarv windings for best
results. This is all the alignment necessary; sweep-generator
alignment is not required.

Considerable increases in gain can he attained if the user
wishes to sacrifice bandwidth by peaking both L: and T-:
near the center of the FM band (98 mc.). Performance of
the booster can be judged to a fair degree by the increase in
a.g.c. voltage readings. Select a station near the center of
the band which has a low a.g.c. voltage of about —1 volt
without the hooster. Connect the booster and re-monitor this
same station’s a.g.c. It should increase to at least —4 or —35
volts.

If the booster does not perform as required, voltage checks
should be mmade. Each nuvistor cathode should measure ap-
proximately .3 volt d.c. Plate voltage should measure ap-
proximately 90 volts, with the power transformer specified.

A grid-dip meter is a very useful tool in troubleshooting.
Couple it loosely to L:. A dip should occur at or near 94 mc.
The primary winding of T: should also indicate a dip at or
near 102 me. All chokes and transformers have been carefully
measured in inches and AWG wire size to give excellent re-
sults if the coil table winding data is followed very carefully.
Three such boosters have heen constructed from this data and
they all worked perfectly after a slight adjustment of Ls and
T- slugs. A
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h. CMAC'S

ELECTRONICS
pr g SERVICE

By JOHN T. FRYE

Intermittent Roundup

ARNEY'S Irish temper had a short fuse, and it was
sputtering. “Doggone these intermittent radios that
refuse to ‘intermit,’” he fumed. The owmers don’t

give them any kind of a check. The first time the set refuses
to come on when they turn the switch, they grab it up under
their arm and gallop down here and tell us it’s dead. We
put it on the bench. and it plavs perfectly for hour after hour
in spite of our doing evervthing we can to make it cut out.
Then we don’t know if the plug simply wasn’t in the wall
socket firmly, or it there really is something wrong with the
set that refuses to show up here but will likely rear its ugly
head immediately the set is back home.”

“My heart bleeds for vou,” Mac said with mock sympathy.
“Intermittents waste more of the service technician’s time
than any other radio or TV fault. Anvthing that helps him
cope with this familiar demon fattens his pocketbook, pre-
serves his temper, aids his digestion, and doubtless improves
his chances of eventual salvation. Suppose vou put that thing
on about 1253 line volts while we sort of review what we know
about intermittents and their cure.”

Barnev plugged the radio into the isolation transformer
and adjusted the transformer for 125-volt output.

“Let’s start by defining an internittent as a radio or TV
set that intermittently performs poorly, with intervals of nor-
mal operation in between,” Mac began. “The poor perform-
ance can take the form of either partial or complete loss of
sound or picture, of distortion of sound or pictiwe, or of
noise appearing in the sound or picture. The ‘distortion’ in
a radio could well be a crackling, whistling, or motorboating;
while in a TV set it could take the form of a loss of sync.”

“Your definition is broad enough,” Barney said impatiently
as he glowered at the perfectly playing little radio; “let’s get
down to cases.”

“A very common type is the mechanical intermittent,” Mac
said unhurriedly, pausing to light his pipe. “This is the one
that can be made to reveal itself by jarring the set. The jar-
ring may be caused bv walking across the floor, bv vibration
of certain notes coming from the speaker, or by pounding
the top of the cabinet in anger with the clenched fist. The
cause is usually a loose connection, but search for the inter-
mittent connection cannot be confined to poor solder joints.
In addition, one may be found in such unsuspected places
as connections inside the tube, at the contact of a tube pin
with the socket, where a capacitor lead connects to the foil,
and so on.

“Finding one of these can le quite tricky, but skillful, gentle
tapping of suspected tubes, capacitors, or wires with a pen-
cil or similar instrument is the best method to use. The accent
is on ‘gentle’ for two reasons: first, too strong a blow will
vibrate other parts near the one struck and produce confus-
ing indications; second, a heavy jar will bend capacitor leads

52

or otherwise jam the parts of the poor connection together
and produce a temporary cure that will make quick location
of the trouble impossible.

“The thermal intermittent is just about as common, This
is the intermittent condition that only shows up when the
radio or TV chassis is in a certain temperature range. Some-
times the set plays perfectly until it warms up; then it starts
misbehaving. In other instances the set will perform errati-
cally until it becomes thoroughly warm, after which opera-
tion is completely normal until the set is turned off. A really
nasty version is the set that performs normally when cool or
warm, but during the warming-up process it passes through
a comparatively narrow temperature range in which the in-
termittent condition is evident. By the way, turn that set off
now and let it cool down. Set the transformer for about 100-
volt output.”

Barney did as he was told and then said, “I think 1 know
the methods we use to handle thermal intermittents. \What
we try to do is keep the defective part in its critical temper-
ature range until we can locate it. Sometimes this means
covering the set up with a heavy cloth so that it gets hot in
a hurry. Again we heat individual suspected parts bv hold-
ing the tip of a soldering iron close to them or shining an
infrared spotlight on them. If we think they have passed
through the critical heat range, we cool them off rapidly by
spraying them with pressurized refrigeration gas, such as
‘Circuit Cooler.” Metering and signal tracing are often used
in conjunction with this temperature manipulation so that
we can isolate the temperature-sensitive component when
we force it to tip its hand.”

“Let’s not forget that hybrid, the thermeo-mechanical inter-
mittent.” Mac chimed in. “This is actually a mechanical in-
termittent that onlv shows up when the affected part is in a
particular temperature range. Tubes and capacitors are no-
torious offenclers in this group. You can tap them all vou
want when thev are not in that heat range, and vou will get
no cutting out, noise, oscillation, or what have you. By the
same token thev will not cause trouble unless thev are sub-
jected to vibration while in that range. That's why these
sets will often playv perfectly at a low volume level but will
mishehave frightfullv when the volume is boosted. To ferret
out these nasty little cross-breecls, we simplv combine the
methods used to locate mechanical or thermal intermittents.

“We can get a lot of help in running down any kind of
thermal intermittent. if we will just use it, from timing. After
a set is turned on, different parts heat up in predictable se-
quence. First the tules get hot; then the current-carrving
parts, such as resistors, coils, and filter capacitors warm up.
Finally other parts, such as byvpass and coupling capacitors,
are warmed bv the heat radiated from the tubes and resistors
or conducted through the chassis.

“Keeping this in mind can be a great help in knowing
where to look for a temperature-sensitive part. If trouble
starts ahmost immediatelv the set is turned on, look for trouble
in the tubes. If the intermittent shows up a few minutes later,
look for a defective coil winding or a had current-carrying
resistor. When the difficulty only makes itself known atter
the set has been on for an hour or so, look for a defective
coupling or bypass capacitor, especiallv those considerably
removed from any heat-radiating component.”

“I believe the worst of the lot are the shock-triggered inter-
mittents,” Barney said thoughtfully. “You know the ones I
mean: the sets that can be thrown in and out of the inter-
mittent condition by snapping a light switch anywhere in the
house, by the refrigerator’s cutting on or off, or simply by
touching a test lead to any part of the circuit. The shock of
the tiny pulse of signal that occurs when any of these events
take place is all that is needed to throw the delicately bal-
anced condition one way or the other.

“That sensitivity to being touched with a test lead is one

(Continued on page 80)
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ALL it an “intervilometer,” “time computer,” or just

a “multipurpose counter and timer,” and vou would

be right in all three cases. This versatile timing in-
strument can vount up to ten times per seconl, turn things
on and off at pre-determined intervals, time operations and
processes, signal time intervals audibly, take electrical sam-
ples, and perform many other timing functions. Of course,
there are other devices available to do these things separatelv;
the advantage of this instrument is that if times above 1 10
second are involved, vou can program it to do the joh. In
addition, for all its versatility, it is not expensive to build.

One of the most interesting facts about electronic devices
is that several verv simple circuits can often be “stacked” to
make up a complex instrument capable of doing many more
tasks than the simple circunits could do separatelv. This in-
strument is made up of just two such devices: a slow-speed
pulser which operates at up to 600 counts per minute and a
timer which can close a circuit for a time interval up to se.-
eral minutes. Yet together, these circuits provide a ven
Hexible and versatile instrument that can do almost anvthing
in the line of timing.

Let’s look at the circuit of Fig. 1. That part which includes
V. makes up the “pulser.” When S. is open, the plate is in-
operative, and the grid acts as the plate of a rectifier, charg
ing C,, since the cathode is connected to the “hot” side of
the line through R.. This is the “standby” condition. When
S. is closed, the cathode is now connected to the “ground”
side of the line and the capacitor discharges through one of
the grid pots. When the voltage at the grid reaches a critical
value, the tube “fires,” energizing the plate relav and open-
ing the contact in the cathode line. This does two things:
the relayv is released as the cathode-to-anode circuit is broken
and the capacitor is charged during the brief interval the
contact is open. This is repeated at a time interval set by the
grid pot, With the 6-«f. capacitor specified, a resistance of
approximately 12,000 ohms causes the tube to fire at intervals
of 1/10 second (600 per minute), the maximum speed for
which the circuit is designed. With about 7.5 megohms re-
sistance, the speed is one per minute, the minimum speed
for which this circuit has reasonable accuracy.

This part of the circuit also has another relav contact to
operate a counter and hell (or gong), as well as to initiate
the timer and power output eircuit. Either an external trigger
(switch contact), or an internal switch, can be used to con-
nect the V. circuit to the various outputs.

The thyratron V- with its associated RC components, make
up the timing circuit. Here again, the grid is used during
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VERSATILE PROGRAMMED TIMER

Construction of a multipurpose
thyratron timer that can count up
to 10 times per second, operate at
preset times and intervals, and
signal time intervals audibly.

By SILOM HORWITZ

Front-panel view of timer whicth was built into two hinged chassis.

standby as a rectifier plate to charge a capacitor. This time,
however, the relay contacts are used to hold on a power
relay until the plate relay operates. \When this happens, the
circuit goes back to standby until another pulse is received
from the V. circuit or the circuit is operated manually by
the momentary switch S..

Circuit Features and Construction

The two grid capacitors are critical and absolutely leak-free
units are needed for reliable operation. The ones shown are
oil-filled militarv-tyvpe sealed units which most electronic
surplus dealers have at verv reasonable prices. Also suitable
are the Lafayette oil-filled metallized capacitors (CF-114,
2 uf., and CF-115, 4 uf., used in parallel} which are low in
price. Electrolyvtics are unsuitable and erratic timing will
result if they are emploved as the timing capacitors.

Rear view of timer shown with the chassis opened up.
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VARIABLE -
INTERVAL

STANDBY

5
COUNTER gRz

s
S?\OUTPUT

RI3

SIZE

AAAA

] HIVAC.

&

v

AWV

R18

R 200000 ajim pof

R—2 megohim pot

Ri—10 niegohm pot

R—50.000 ohm self-locking por

R Rasi -1 megaho self-locking pot

Rua—3.3 megahm, V) w. res.

R:Ri—~-2200 ohm, V3 w. res.

K180 ohm, | w. res.

Rs.R 16—56 000 ohi, /4 w. res.

R, R =100 ohm, V4 w. res.

Ri:—220 ahm, V4 w. res.

Ri—Resistor in PLi lamphoider

R1—oF megohm pot

B is—A70 ohm, 2 w. res.

R:—o4700 0itm, V3 w. res.

C.,Ci—6 pf. capacitor (see text)

C1C..Co—2 1., IS0 v. elec. capacitor
(450 v. may be used)

C —.22 uf.. 200 v. paper capacitor
SR, SR 500 ma., 400 p.i.v. silicon diode
SR.,SR.—750 ma., 50 p.iv. silicon diode
PL—~—Neon pilot light assembly
(Dialight 95408 or 81408 series)
PL.PL—7-iwatt, 120 v. candelabra base lamp
(in Diolight 600 series socket)
J.J—Tip jack
SO ~—6-prong socket
P —Recessed male a.c. piug
(Amphenol 61-M10 or equiv.)
S—D.p. {-pes. rotary switeh
$:.8..8..8 5.8:.8: -8S.p.s.t. togele switch
S~—Push-button momentary confact switch,
normally open
RL—S.p.d.t. 500G-0hm plate relay
(Sigma 41F-50008-Si1L, se¢ texe)
RL—3-pole d.t., 110 v. g.c. power relay

{authar used surplus relay but Qhmite DOX-
46T, Poiter & Brumfield MRI4A.11I5 or
equiv. €an be used)
RL—8.p.s.2. 3500-0hm plate relay
(Sigma 11F-3500G-SIL or ¢quiv.)
F,—2 amp fuse in holder
CTR-—Electro-mechanical counter with man-
ual reset, § digit, 110 v, d.c. (Sodeco
TceZSE, available from Landis and Gyr.
Ine., 45 W. #5th 81.. New York 36, N.Y.,
or an equivalent unit)
BELL—Single-stroke 6-8 v, gong or beli
{see text)
T~Fil. trans., 6.3 v. @ 2 or mare amps.
Vi, V=-2D2I thyratreu
Chassis—Two "x [Z'x 3" (Bud ACIN8 or
equiv.), one 2'°x 4"x I"” (Bud CRBI626 or
equiv,}, ane 3"x 12"x I” (see text)

Fig. 1. Complete schematic diagram and parts listing for the xauthor's home-built timer unit.

As RL. can be called on to operate 600 times a minute,
only a long-life relay should be used. The Sigma 41F is de-
signed for one billion operations on drv circuit and should
last almost that long as used here, as it is required to make
and break onlv a fraction of its rated capacity. In addition,
diodes and resistor-capacitor combinations are used to mini-
mize contact arcing,.

Another method is used to prevent arcing at the RL: and
RL: contacts. Non-linear resistors are used. You don't see
any in the circuit? Look again—those 7-watt lamps do the
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job and do it inexpensivelv. When cold, their resistance is
only about 15 olims, hut when lighted, their resistance jumps
to over 1500 ohms, so they absorb the inductive “kick” with-
out interfering with the operation of the relays.

RL: and BRL. are not meant to operate at the high speeds
of RL,, so less expensive units may be used. To take care of
medium size loads in the output, however, RL: should have
8 or 10 ampere contacts.

Four different interval ranges are available through the
rotarv switch S: and six variable resistances. The combina-

ELECTRONICS WORLD
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tion Ri-R:-R. provides the full range from 1 to 600 pulses
per second, but for precise timing must be recalibrated each
time used. The locking-type pots, R, Rs, and R.e (trimmed
v Ra) once set, hold their resistance so that a high accu-
racy can be maintained.

Three outputs are available: a digital count, an audible
signal, and a relay contact which can le used to close an
external circuit or provide timed pulses of 6 and 110 volts.
The electro-mechanical coimter specified is a Sodeco, which
is a low-current (18 ma.) device capable of operating up
to 600 times per minute. The audible signal can be a hell
or gong; shown is an Edwards solenoid-tvpe gong, which is
a standard inexpensive unit commercially available from
electrical supply houses. An ordinary doorbell can also be
used by shorting out the vibrating contact.

The cabinet is made up of two chassis. A piano hinge 11”7
long fastens the chassis together at the base, while two suit-
case clasps hold them securely at the top. Both these items
are available at all well-stocked hardware stores.

The jacks, sockets, and main chassis are located in the
rear half of the cabinet and the front hall contains all the
control components, The photographs show the location of
these components. The main chassis, 3% x 127 x 17, is a non-
stanclard size which can be made from an aluminum panel
or a piece of sheet stock. The transformer, tube sockets, re-
lavs, and capacitors are placed as indicated in the rewr-view
photograph. Resistors should be mounted on lug strips or
between socket terminals and lugs. Leads can be used as
“hold-downs” for the two small electrolytics. In the scle-
matic, Fig. 1, the numbered circles represent front-lug posi-
tions to which leads will be soldered trom control elements
to this circuit chassis. The sub-chassis tor the locking-tvpe
pots should be completed before mounting in place. If speeds
other than 2, 60, and 600 per minute are wanted, the re-

sistance of the locking-tvpe pots can be changed, allowing
120,000 ohms per second. For resistances above one meg-
olim, better resolution and easier calibration results if you
use 2 fixed resistor as part of the resistance.

Testing

AMake sure all the toggle switches are off and connect the
a.c. input. Turn on the main power switch, S;, and wait one
minute. (In order to prevent possible damage to the thyra-
trons, cheays warm up the unit at least a minute betore
operating. For calibration, the instrument should be wurmed
up at least ten minutes.) Turn R. and R: to minimum resist-
ance and set R, about half way. Position S: to “Variable”
and close S:. RL, should be heard to click at a rate of about
once a second. Now vary the resistance of R, which should
speed up the relay with less resistance, slow it down with
more. Turn R. back to its midway point and close S: and
Ss. The counter should operate. Trouble here, if encountered,
will most likely be improperly connected diodes. Then test
the gong or bell by closing S.. If both counter and signal do
not operate, you have undoubtedly connected the diodes
mcorrectly.

Open S: and S, and close S:. RL: should operate, as indi-
cated by PL.. Turn Ry to minimum resistance and close S..
Rotate R.. slowly and RL: should remain energized for longer
and longer times as the resistance is increased.

Calibration

For calibration you will need an electric clock with a
large sweep second hand and a cable with plugs connecting
pins 1 and 6 of SO: with J:-J.. You will use the clock to cali-
brate the timer pot, Ruw, as well as the slower intervals of the
pulser. For the fast pulse intervals, the cable will connect the

{Continued on page 94)

Table 1. Setup instructions for eight different programs that can be handled by the versatile timer.

S
PROGRAM St S P Sz Se Power S So INPUT ouTPUT USES
Interval Standby Trigger Counter Bell Output Internal Timer (see text)
1. Counting Set On Off On oft off Not off Contact None Time
used for time counting
interval
— — counted
2. Repetitive process Set On On On, off On Not On May be Con- To operate
control (Intervalometer) or see if used used in- tact, devices at
“Input”  desired stead of 110v., repeated
S, for or bv. intervals
transducer
control
3. Repetitive Set On On On, On off Not off Not None Audible
audible timing it used used timing
desired
4. Process timing Not off Off oft off oft Push On Not Con- Process
{without counting} Used to used tact, timing
start 110v.,
or 6v.
5. Process timin Set On off On off off Push On Contact Con- Process
{with counting to from tact, timing
start relay 110v. with
connected or 6v. count
to out-
put
6. Warning Set On ott On, oft On Not On Trans- ov. or To operate
if used ducer 110v. to repeated
desired operate loud warning
horn, sound
siren, or
large
bell
7. Work sampling Set On On On off On Not On See Relay Testing;
and testing of see used text contact sampling
“Input”
8. Flashing Set On On off off On Not On Not Contact, Light
used used Bv. or flashing
110v.
S, “on” for all programs. !t is assumed R,, R., R, R, R. R. and/or R, are set to desired values.
November, 1962 55
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ELECTRONIC
CONCEPTS:

~ ,; ~ l % ’,1_ . .
* ) <4 \
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By SOL HELLER

Instructor in Electronics, Voorhees Technical Inst.

Many notions widely taken for granted about
circuit action, the use of components, and
repair practices are not interpreted properly.

N INSTRUCTOR in electronics is not surprised by
A the fact that certain fundamentals are not brightly
lit in the minds of his students. What is startling,
however, is the circle of confusion that exists around sup-
posedly elementary topics even in the minds of some experts.
A prominent writer and E.E. degree holder, for instance,
in an otherwise fine book for beginners, compounds this
blooper: “As evervone knows, the frequency to which a tuning
capacitor and coil resonate goes up as the capacitor plates are
placed more fully in mesh.” This isn’t bad enough. He goes
on for more than a page to explain why the statement is true.
The author has heard another brilliant specialist (no sar-
casm is intended) express the view that the stage gains of a
receiver are additive; it two stages, for example, have gains
of 20 and 100 respectively, the over-all gain is 120. (And
he wasn't referring to decibels.) I trust my worst student
knows the over-all voltage gain is 2000).

‘ GRID GRID GRID GRID
! bt 4
0g=av. PP 8g=4v.P-p av. =
= +
EonraV PP ||. equzzav. ep 1 [ f—“h 25w =
| ey=ov. [ ey =15V, P-P {52 =
1 +
‘o t o+t I
CATHODE CATHODE CATHDODE CaTHOOE
(a) 8y (4] (D}
Fig. 1. How the effective input signol to a stage is reduced

when o cothode bypass capacitor opens. The two conditions are
compared in A and B; the explanotion simplified in C and D.

Fig. 2. Lorge-signal input {A) may drive @ stoge into grodual
portion of the tube thorocteristic. With signal input reduced
(B} to use only steep part of slope, theoretical gaoin increases.

i i
o STEEP SLOPE—», "
WORE
GRADUAL
SLOPE
' T g =1 ec
| siGNAL { LSIGNAL
INPUT | | | INPUT
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Even the most capable of us, when we begin to take
certain fundamental and common concepts for granted, cease
to think about them meaningfully. When that occurs, the
prineiples involved can easilv become distorted in applica-
tion. It is surely interesting and probably helpful to examie
some of the confusing concepts the writer has actually run
into, both in his teaching and in service work. He hopes that,
in attempting to clear up the errors of others, he doesn’t
display some of his own—but he cannot be certain.

FICTION: Degeneration due to an open bypuss capacitor
redices the gain of ast amplifier.

FACT: Without being wamed, most readers would accept
this statement completelv—and we cannot quarrel with it
if gain is defined as the ratio of the plate-to-ground signal
voltage to the grid-to-ground signal voltage in a conven-
tional, cathode-biased wmplifier. 1f guin is considerved as
the ratio of the a.c. plate-to-cathode voltage to a.c. grid-to-
cathode voltage, however, gain does not necessarily change
when cathode degeneration is present. The amplitude of the
output signal may indeed drop. If it does, however, the
amplitude of the effective input signal has also changed pro-
portionately.

Fig. 1 will make this clear. With normal cathode bypass-
ing, the effective input signal, occwring between grid and
cathode, is 4 volts peak-to-peak, let us say. The signal volt-
age between grid and ground has practically the same value,
since the capacitor places the cathode at ground potential
(Fig. 1A). With the capacitor eftectively out of the cir-
cuit (Fig. 1B), the a.c. voltage across the cathode resistor—
say 1.5 volt p-p—bucks the signal acioss the grid resistor,
reducing the net input voltage to 2.5 volts p-p.

The bucking action becomes more evident if we consider
the two voltages as produced by two batteries (Fig. 1C).
The net grid-to-cathode or effective input voltage applied
to the stage is as shown in Fig. 1D.

Confusion probably arises because it is assumed that cath-
ode degeneration effects some change in the tube’s operating
characteristics that reduces its eflectiveness as an amplifier.
Actually, it is amplifying just as well, but its net input
signal has been reduced. The gain is really unchanged.

Nor is that all. There are certain conditions under which
the stage gain may even become higher when the cathode
capacitor is removed. \WWhen a large signal is applied to a
power amplifier, a large portion of the e.-i» characteristic is
commonly used, as in Fig. 2A. Gain is proportional to the
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average slope of the portion used. If a smaller input signal
is developed along the steeper part of the characteristic (Fig.
9B), gain will actually go up. This condition may occur when
elimination of a cathode bypass capacitor reduces the net
input signal,

If you define input and output signals appropriately, vou
can win bets on this one. In any case, let us consider another
notion suggested bv this situation in that the same circuit
element is involved.

FICTION: An open cathode bypass capacitor cannot change
the d.c. electrode voltages of an RC-coupled amplifier.
FACT: A thinking man, or at least one who smokes a think-
ing man’s cigarette, is likely to endorse the statement firmlv.
After all, a capacitor bypasses a.c., but (disregarding pos-
sible leakage, of course) it acts as though it isn’t there tor
d.c. So how can it make a difference?

Well, let’s suppose our RC-coupled amplifier is slightly
over-driven. Grid current will flow on the positive peaks of
the input signal. This will develop a negative d.c., grid-to-
ground voltage that will increase the operating bias some-
what over the value provided by other circnit constants.

If the cathode bvpass capacitor opens or loses much of
its capacitance, degeneration will accur. The grid-to-cathode
signal, which is the input the tube sees, is greatly reduced
by the degenerative action—as in our first case. The tube
is no longer over-driven, grid current stops flowing, and the
bias falls.

This change may be so small that acknowledging it as a
significant shift in d.c. electrode voltages mav seem like
grasping at straws. But it is not the only one that occurs.
The drop in bias increases d.c. plate current—which increases
the d.c. voltage drop across the load resistance and thus
causes the d.c. plate voltage to fall.

FICTION: A defective 5016 tube in an AM receiver using
series-filament wiring is replaced with a 35L6. The only
objection to this change is that the larger-than-normal heater
voliage developed in the 3516 may reduce tube life some-
what.

FACT: Not so. If the heater is operated at a voltage in excess

38Z5

E— PiLOT
LamP

c1

Fig. 3. How tube conducts [A) with negative voltage on plate.
Instantaneous charge on a copacitor (B} ot moment voltage is
opplied. Shunt pilot lamp (C) wsed in series heater wiring.

of (he rated one for a prolonged time, part of the cathode
coating material evaporates. (This is why tube life is re-
duced.) Some of the vapor produced condenses on the grid
giving the grid delusions of being a cathode. Grid emission
results—i.c., the grid emits electrons, and a positive grid-
to-ground voltage develops. This reduces the bias and creates
distortion in the stage using the 35L6.

Not to be overlooked is the fact that heater voltage and
power will aiso rise in the other tubes bheing used. The
effects ol improper operation may be cumulative.

FICTION: \When the plate of a tube is at a negative poteniial
with respect to ground, the tube cannot conduct.

FACT: The potential difference between plate and cathode,
rather than between plite and ground, determines abilit

November, 1962

to conduct. If the cathode is still more negative to ground
than the plate, as in Fig. 3A, tube current can flow.

FICTION: When a receiving-type tube is overdriven, plate
current swings are limited at one extreme by plate-current
cut-off, and at the other extreme by plate-current satura-
tion.

FACT: Cut-off does determine the maximum swing on nega-
tive peaks of the input signal, but grid limiting, rather than
saturation, commonly determines the maximum plate cur-
rent that will flow on positive signal peaks. Such limiting is
established by the charging of a capacitor in the grid net-
work due to grid current flow.

To illustrate the distinction, let us say that grid limiting
takes place when the input signal reaches an amplitude at
which the grid is made .3 volt positive to the cathode. Let
us say that plate current, under this condition, is 10 ma.
Then 10 ma. is approximately the largest value of plate
current that will be able to flow, although saturation current
for the tube may be considerably higher.

Since receiving-type tubes are not designed to withstand
saturation current, tube damage is avoided with grid limit-
ing. This technique is commonly used in the design of FM
limiters, although therve is a popular notion that the tube
itself is saturated.

FICTION: Alternating cuvvend flows through a capaciior.

FACT: Not in the literal sense. The fallacy here is likely
to be recognized quicklv—by the very people who might make
the statement carelesslv. When an a.c. voltage is applied
to a capacitor, electrons pile up on one plate and an equal
number leave the other plite. This condition reverses in
step with the signal frequency. However, assuming a perfect
dielectric, no electrons tlow through the capacitor itself.

FICTION: When a voltuge applied to a capacitor makes one
of its plates positive at the instant of application, the other
plate will go negatice ai the same instant.

FACT: The voltage at plate 2 of C: in Fig. 3B will be as
positive to ground as the voltage on plate 1, at the moment
switch S, is closed. The second plate will hecome negative
with respect to the first as the capacitor charges. With a long
enough time constant, a v.t.v.m. connected as shown will
demonstrate this.

FICTION: A lurger-value capacitor will present a smaller

reuctance (o high signal frequencies than a smaller-calue

capaciior.

FACT: Not necessarily true. Capacitors have some induc-

tance as well as capacitance. The inductive reactance is

proportional to the upplied frequencv. A high-value electro-
(Continved on page 88)
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Fig. 4. A composite,
AM wave (C) and its

sevaral components.
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U.H.F.

GRID-DIP METER
For the Ham Shack

By JOSEPH A. HUIE, K2PEY

Construction of a versatile instrument that covers
the range of 276 to 590 mc. with three plug-in coils.

ECOND only to the multimeter, the grid-dip meter is
perhaps the most useful of all instruments to the
amateur. Without it, he is virtually helpless when

tryving to do original construction work. It is needed for
measuring tuned-circuit resonance, measuring signal fre-
quencies, detecting parasitic oscillations, and indirectly it can
be used to determine such things as inductance, capacitance,
and relative “Q.” For the h.f, and v.hf. region, there are
many grid-dip meters available in both kit and wired form.
For uh.f., and more specifically the %-meter band, the only
instruments available are made for industrial use and they
are more expensive than many amateurs can afford. Those
working at 432 mc. must therefore build their own grid-dip
meters. This article describes the construction of a u.h.f. grid-
dip meter that covers the frequency range of about 300 to
600 mc. with three plug-in coils; it is compact and easy and
inexpensive to build.

Design Considerations

There are a number of problems associated with building
oscillators for u.h.f. work. Selection of the tube is very im-
portant, since only a few types perform well at u.h.f. Spurious
resonances can knock out oscillation or cause mode jumping
over part of the band. It is difficult to get a wide tuning
range while maintaining continuous oscillation. This grid-dip
meter is a good design compromise and has proved to be
extremely useful when building and testing 432-mc. transmit-
ters and converters.

The usual u.h.f. oscillator uses a Colpitts circuit with a
split-section tuning capacitor. This circuit is shown in Fig.
3A. There are certain disadvantages to this eircuit, however.
For one thing, the tuning capacitor is in shunt with the oscil-
lator tuned circuit and will tend to lower its resonant fre-

i Fig. 1. Schematic of
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’ Simple supply can be

E = designed arownd sil-
/it
e +
6.3%AL ._,__(
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R—5600 ohm, [ w. res. Li-Li-—3.3 phy. rf. choke (Miller
R—6800 ohm, V3 w, res. 9320-18 or equiv.)
C)—-23-14.2 puf. variable capaciror Ls—DPlug-in coil (see text)

(E. F. Johnson 160-107 or equiv.) M —8-100 microammeter
C—8500 pupf., 500 v. mica bution ca- SOr—Ceramic crystal socket (Millen
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Fig. 2. Dial may be calibrated 0-180 degrees. If it is, moke a
set of calibration curves for each coil similar to curve of Fig. 5.

quency. On the other hand, it is desirable to have as physi-
cally large an inductance as possible in order to couple the
grid-dip meter to circuits under test. Thus, there is a problem
in making the resonant frequency high enough. Trying to
keep the minimum capacitance value low limits the maximuin
value of the variable capacitor. This, in turn, limits the
tuning range.

Another problem is that the tuning capacitor has some
lead inductance. The circuit becomes a parasitic resonant
circuit at a frequency where the variable capacitor no longer
looks like a capacitance but an inductance. It may be difficult
to suppress the parasitic oscillations. This effect is some-
times referred to as mode jumping. If, when tuning an oscil-
lator, the grid current jumps sharply, 