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HLF/Stereo Review

June, 1964

“...the designers of the
E-V TWO were aiming
for a smooth, uncolored
sound, and they have
succeeded very well.
Overall the E-V TWO is
a very smooth and musi-
cal reproducer.”

April, 1964

“In brief, the E-V TWO's produce a quite spectacular sound

RadIO-HeCtrOllICS with a big, low-down bass...that is the best, to my ears, that

February, 1964

POPUILAR
SCIENCE

June, 1964

“They effortlessly fill my
large listening room with
clean, well-balanced sound.”

©) 1964, Popular Science Publishing Co.. Inc.

“Reproducing test tones,
the Model SIX was found
to have a remarkably smooth,
clean and uniform response
across the audio range!...

But whatever one’s personal listening tastes are, it would
seem there is an E-V model to suit them.”

April, 1964

The American

Recerd Guide

December, 1963

Electro-Voice has yet produced.”

“...the Electro-Voice Model
SIX is as close in sound to
a Patrician as one can come
without being a Patrician.
You listen.”

“(I) have found them to
be smooth and easy-to-
listen-to...l found the
top end very smooth and
silky, notoverbright, and
also it extended well be-

yond the 15-kc. claim of the manufacturer.”

E-V FOUR

Read what the critics say about the new E-V TWO, E-V FOUR and E-V SIX acoustic suspension
speaker systems. Then conduct your own impartial listening test. For a complete sef of
review reprints, plus the name of your nearest franchised E-V hi-fi showroom, write us foday.

E-V Two, $120.00; E-V Six, $371.25; E-V Four, $151.87

ELECTRO-VOICE, INC., Dept. 944H, Buchanan, Michigan 49107

CIRCLE NO. 180 ON READER SERVICE PAGE

ElecthoYores

SETTING NEW STANDARDS IN SOUND
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TO PROVE TO YOU...

You really need 2 |types of microphones

A SPECIAL OFFER IN THE INTEREST
OF IMPROVED SPEAKING TECHNIQUES

This special limited-time ofier applies
to the famous Unidyne N and Il
series and other fine Shure micro
phones listed belew.* Unidvne 1l is
the only carelioid microphone with
pick-up pattern symmeirical about
axis and uniform at all frequencies
Outstanding for veice or instruments,
*Models 300, 315, 33C, 333, 555%W, 53§, 545
5455, 546, 5565, 57€. 578, 5785. A Shure
Lavalier for only $5.00 with each, when you
send in your guarantee registration card.
Offer expires December 37, 1964,

SHURE

Shure Brothers, Inc., 222 Hartrey Avenue, Lvanston, Illinois

November, 1964
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tributor or sound installer.

tration card.
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Steps to obtain ycur Lavaher Microphone:
Purchase any of the microphones listed above thru your dis-

Remove guarantee registration card from micropnone package.
Specify whether you wish ligh impedance or low impedance
lavalier microphone in the comment section of guarantec regis-

Mail to Shure Brotners, Inc. with your check or money order for
$5.00. 11 sending cash please send by registered mail.

That's all there is to do. Your microphone will be sent to you
post paid. Sorry, no CO.D.s.

L T I I R T N T A S ST

For lecturers, teachers, ministers,

managers, public speaking requires

I the freedom and flexinility of a sec-

ond microphone. The ability to move

I around while talking frees the speaker

for writing on a blackboard or han-
dling visuals, makes any specaker more
interesting, more efiective. Prove it to
yourself for only $5.00 when vou buy
a Shure Microphone for tfixed-loca-
tion use.

LR R L T
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Silicone Rubber Adhesive/Sealant

solves 1000 electronic problems
..permanently

New General Electric silicone rubber adhesive sealants are ready-
to-use, permanent and waterproof. Available in a variety of colors
(white, black, red, aluminum and translucent), RTV sealants set
up in minutes and cure in air to form a tough, flexible bond. They
won’t shrink, crack, harden or peel, even at temperatures from
—75°F to +500°F. Like all silicones, RTV’s resist moisture, weath-
ering and ozone.

In either the non-sagging form or the free flowing form, RTV
makes an excellent caulk, gasket, encapsulant, electrical insulator,
sealer, laminate and general stick-um. Here are eight ways this
unique do-it-yourself rubber solves production and maintenance
problems or reduces manufacturing time. Look around in your
plant. You’ll think of many more.

A
4. RTV bonds sheeting into desired
configuration in low volume production
of cylindrical air ducts for dielectric
heaters. Results: production costs cut
more thon 300%.

2. RTV seals filament condenser plates

in dielectric heaters. Reasons: RTV
resists high temperature, insulates elec-
trically, locks out conductive con-

tamination.

3. RTV seals AN connectors, terminals
and wire harness joints and other flex-
ible parts. It will absorb shock and
vibration, eliminating the fatigue fail-
ure of connections.

1. RTV-108 provides ‘’see

instant,
through’’ insulation as well as vibra-

tion resistance and environmental
protection. RTY needs no pre-mixing;
is applied directly from the tube.

5. RTV lominates layers of mica sheet-
ing and plates in production of plate
condensers. Results: improved opera-

tional reliability, assembly time cut
from 24 hours to 20 minutes.

6. RTV eliminates need for screws
and drilling when used to affix name
plates and decorative emblems on any
surface. Results: no unsightly rust
drainage; plates stay put indefinitely,
but can be cut loose when desired.

7. RTV seals out moisture and dust,

maoking coses, cobinets and chassis
completely and quickly weatherproof.
An excellent material for vibration
dampening in electronic equipment.

8. RTV bonds vent units and ducts in
new Hotpoint range, seals areas of
metal-to-metal contact to prevent
escape of cooking vapors. RTV is damp-
ing medium for vent motor, reducing
sound and vibration.

RTV comes in 3 oz. and 12 oz. tubes and in poly-

-

RTV-106 red,
—____RTV-109 oluminum, ot $2.00 per tube. I've enclosed a
made out to 'General Electric.”” No C.O.D.’s, pleose.

. . . I General Electric Company, Silicone Products Department
ethylene cartridges for use with automatic pres- Section BR111248 Waterford, New York 12188

| Send me (quontity) ——_ RTV-102 white, . RTV-103 black,
RTV-108 clear,
check for $
____ Please send free technical data.

sure guns. For more information or a trial 3-oz.

tube, use this coupon.

Name
Address

GENERAL D ELECTRIC

=
L
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Eleetromes World

27 semiconductors for Power Supplies F. w. Gutzwiller
31 Phase-Shift Nomogram Larry W. Brindley
32 Audio-Compression Preamplifier Jess c. wright
34 Recent Developments in Electronics
36 shielded Cables walter H. Buchsbaum
39 Communicating in a High-Noise Environment Robert P. Devaney
42 Comments on the New CB Rules Len Buckwalter
44 SCR Automotive Ignition System &rice Ward
46 Liquid Temperature Controller william D. Scott
48 Transistors versus Tubes for Two-Way Radio Howard H. Rice
51 Quieting Audio Switching Transients ronald L. Ives
52 Computer Input-Output Equipment  £d Bukstein
55 Automatated Ships
56 Vibration Instrumentation Sidney L. Silver
66 4.5-mc. Detector Alignment Probe
88 Using Zener Diodes irwin Math
90 Low ““Q’ Resonance Joseph Tusinski
96 Transistorized Color-TV Pattern Generator James K. Stewart
102 Motor-Speed Control
104 Ssimple Photoelectric Amplifier Rufus p. Turner
110 9-inch Color-TV Set

112 Additional Notes on Audio Sweep Generator Frank J. Manus

8 For the Record (Editorial) w. A stockiin
Purts Show Moves to N.Y.

22 EW Lab Tested
“Knight-Kit” KG-870 Amplifier
Eico Model 2200 FM-Stereo Tuner
63 ‘“‘Latter-Day’’ Enemies John Frye

68 rTest Equipment Product Report

Seco Model 980 Color-Bar Generator
H. F. Parks Lab. ID-1017 Diode Tester
Texas Crystals TC-3 Alignment Generator

MONTHLY FEATURES

Coming Next Month. .. ......... 4 Radio& TV News............

Letters from Our Readers....... 12 Book Reviews ..............

Reader Service Page........... 15 Electronic Crosswords. .. .. ...
New Products & Literature. . . ... 118

Cobyright © 1964 by Ziff:Davis Publishing Company. All rights reserved.
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W w POWER SUPRLES

THIS MONTH'S COVER
shows a collection of various
types of semiconductor di-
odes that are employed in
power supplies. At the upper
right-hand corner is a pair
of selenium diodes, the
larger one is used as a recti-
fier and the smaller one is
used as a transient protec-
tor. The unit at the top left
is a medium-current (25 a.)
silicon-rectifier stack. At the
bottom right is a 250-a. sili-
con diode. The group of di-
odes at the lower left are
medium- and low-current
silicon diodes, with the ex-
ception of the second unit
from the bottom, which is a
low-current, fairly high volt-
age selenium unit.......
(Photo: General Electric)
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M THE AIR

Studio quality
tapes on the...

dludio 96

A "'natural’’ for serious re-
cordists, broadcasters and
sound studios.

COMING
NEXT
MONTH

PORTABLE TV SETS

Freed from reliance on the a.c. power
line, these sets can go anywhere. This
article covers sets made by Delmonico,
General Electric, Panasonic, Philco,
Realtone, Sharp, and Sony. The picture
screen sizes range from 414" to 9”.

TRANSISTORIZED

FM-STEREO DEMODULATOR

Three engineers from RCA discuss the
design of a multiplex adapter, using in-
expensive transistors and featuring
noise-immunity and automatic mode
switching. Readily available components
and coils make this circuit especially in-
teresting to design engineers as well as
audiophiles.

HIGH-SPEED ELECTRONIC PRINTER

Use of a special CRT and fiber-optic
techniques make possible an all-elec-
ronic,completely noiseless printer. A. W.
Edwards of Century Electronics & In-
struments, Inc. describes this commer-
cially available computer adjunct.

TRIGGERED SWEEP FOR
IMPROVING SCOPES
One of the major differences betiween

low- and high-priced scopes is the very
accurate sweep and calibration circuits
Jound in the latter. The article describes
a transistorized sweep unit which can
be added to kit-type and other relatively
inexpensive models to improve the stabil-
ity of thetr sync circuits.

EARLY VACUUM TUBES

Historic photographs from Marconi Co.,
Ltd. and the Science Museum in London
highlight this description of some of the
early Edison-effect lamps and oscillation
valves developed by Fleming at the be-
ginning of this century.

NEW SCR DEVELOPMENTS

Some of the recent four-layer, gate-con-
trolled semiconductor switches are low
in cost, self-protecting, and transient-
immune. For these reasons. as Donald
Lancaster points out, they are adaptable
to a wide variety of industrial and com-
sumer electronics equipment.

ANNUAL INDEX

A complete listing of all of the major
feature articles which have appeared in
Electronics World during 1964. The In-
dex covers Volumes 71 and 72 (January
through December 1964).

Two speed tape transport
with automatic sequence
braking, choice of hyper-
bolic head configurations,
hysteresis capstan drive
and heavy duty reel drive
motors, remote control
jacks and 1014" reel ca-
pacity. Superbly smooth
tape handling — inter-
locked '"fool-proof’’ switch-
ing — fit for a pro.

Rack Mount ready from
$552.00

Also matching electronics
and portable cases.

MADE BY SKILLED
AMERICAN CRAFTSMEN
AT

r AT, :

_I_lljung OF MINNEAPOLIS,. INC.
9600 Aldrich Ave. S, Minneapolis, Minn. 55420

M J

CIRCLE NO. 252 ON READER SERVICE PAGE
4

_All these and many more interesting and informative articles will bhe yours
in the DECEMBER issue of ELECTRONICS WORLD ...on sale November 19th.
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see what’s new for 1965 in

the Wondonfuld Wold of hemight-keits

KG-854 54-Watt
Solid-State Stereo
Amplifier Kit—abso
éess lutely superb perform-
ase
ance, a pleasure to
build. No cutput transformers; pre-
cision self-resetting circuit breqkers
printed circuit board and military-
type terminal board for easy assem
bly. Nothing like it at the price!

53495

wi
switchable
Probe

KG-625 6” vTVM Kit—king-sized for
accuracy; 1% -volt full-scale pC range
200 microamp movement: reads peak-'
volts directly . precision 1
film-type resistors, single switchab}yé7
AC-ohms/DC test probe. Terrific value

to-peak AC

KG-870 70-watt Solid-
State Stereo Amplifier
Kit—packed with dozens
of deluxe features to
bring you spectacular performance at
low, low cost. The last word in easy
assembly and breathtaking sound.

50095

less case

KG-765 Ail-Transistor
Stereo FM-AM Tuner
Kit—delivers the most
exciting stereo sound
imaginable. Features
automatic stereo MX indicator light;
FM-AM signal-strength tuning meter;
factory-assembled and aligned IF stnp
and FM front-end. Superb guality—
incomparably low In cost

less
case

with cable
& leads

greatfor auto tuneups
alternator, regulator,

C-22 5-Watt CB Trans-

ceiver Kit—top guality

at lowest price; for 110-
130 v. AC/12 v. DC; 5 crystal-con-
trolled channels, 22-channel manual
tuning; adjustable squelch; ANL;
Pi-net output, and more.

KG-375 Universal Auto Analyzer Kit—
—pljecks generator,
wiring, both 6 and
12-volt1 all engines. Big 77 meter; sohr:i-
state circuitry: self-powered. Packed with
exclusive features— at lowest cost

5 95 C-560 5-Watt CB
89 Transceiver Kit—for

110-130v. AC/12v. DC;
terrific sensitivity; 6-crystal-con
trolled channels; 23-channel manual
tuning; preassembled and tuned Nu-
vistor RF stage; solid-state power
supply; 2-stage IF; adjustable
squelch, and much more. A super-
value in latest CB design,

KG-ZlZS Wireless Intercom Kit—
tfanSlstorized and wireless—newest
finest, most advanced intercom kit
you can buy. All units are Masters -
all originate calls, Squelch circuit
eliminates interference. Add stalions
s needed. Amazingly low priced

KG-275 Exposure

Meter Kit —latest

super-sensitive cad-
mium-sulphide type;

accurately measures

both reflected and

incident light, 2-

range meter; push-

button selection for

low and high light levels; color-coded
scales to calculate proper lens opening
and shutter speed. Professional quality
—outperforms far costlier units

kenight-kit
GUARANTEE

Buy any Knight-Kit.
Build it. Operate it.
You must be satis-
fied or we refund
your money.

&

53995 ‘‘Star Roamer’’ 5-Band
Superhet Short-Wave
Receiver—band-

switched ranges; electrical bandspread;

"S" meter; ANL; IF sensitivity con-

trol—tops for lowest-cost world-wide

radio reception.

59995 T-150A 150-Watt AM/
CW Transmitter Kit—
covers 80 through 10

meter ham bands; controlled-carrier

modulation; stable VFO; “spot’ switch;
chirp-free cathode keying; front panel
key jack. The price is unbeatable.

$888 Famous

c-100
less Walkie-
battery  Talkie Kit

—all-transistor; range
up to Y mile; crystal-
controlled xmitter for
channel 7; fun to build
and use. Owned by
thousands. Lowest-
priced Walkie-Taikie
kit available anywhere.

AtLen

| ELECTRONICE
Rl

REE

SEE THE FULL SELECTION OF KNIGHT KITS:
Stereo Hi-Fi, CB, Hobby, Shortwave,
Ham, Test Instrument, Intercom—
PLUS the world’'s largest selection

52495 KG-620

A%"VTVM
| with Kit. 7
| leads ranges

each, AC v. (RMS &
P-P), DC v., chms, and
db. 11 megohm input.
Extended response —
© =1db, 30 cps to I mc.
Easy-reading 2-color
meter scale. A dollar-
stretching value.

Send for 490 page 1965
ALLIED CATALOG!

F--------------l

, Illinois 60680 I:R_ee

519%

{7 Transistorized

Electronic Ta-

'i " chometer Kit—

b registers 0-8000

; rpm, with 39 full-

P scale accuracy;

Zener diode regu-
lation; universal mount. Rugged; reli-
able. Tops in value and performance.

ALLIED RADIO, Dept. I-LL

100 N. Western Ave., Chicago
(0 Send FREE 1965 Allied Catalog.

Ship me the following Knight-Kit(s):

53595 600-B Tube Tester Kit
—tests over 2300 types;
checks for quality, con-

tinuity, shorts, open elements and gas;

cathode-emission type; fast setup. Ex-
cellent value.

send for

CATALOG

of electronic equipment.

-_----J

satisfaction guaranteed or your money back e
EASY TERMS: Take advantage of the Allied Credit Fund Plan Address
mabLIER RADIO 1
€ or § Larges ectronic UPP_VHOUSE L-------------------J
November, 1964 CIRCLE NO. 249 ON READER SERVICE PAGE 5
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The antenna that challenges
NEW Sag/&f & lomernd
TCOLOR-

8Y

FINCO

Finco's Color Ve-Log challenges all competition on color or black and white reception and
stands behind this challenge with a ‘‘Guarantee of Supremacy’’. B The swept element
design assures the finest in brilliant color and sharply defined black and white television
reception — as well as superb FM monaural and stereo quality. ® FINCO precision-
engineered features make these advanced-design antennas indispensable to good home
sight-and-sound systems. And, of course, they carry the famous unconditional guarantee
from the leading manufacturer in the field — FINCO. m Promote the Color Ve-Log

Antennas with pride, sell them with confidence, and profit handsomely.

~
-

One-piece cross-over drive line as-

sembly has no joints between adja
cent driven elements. Eliminates
loose connections, shorts, broken
drive line sections. Polystyrene
snap-lock spacers, with center ‘air
insulator’ space.

Elements are made of triple thick
aluminum to stand up in Severe

weather. Die stamped bracket fas-

tened with tough, thick-gauge rivet
holds proportional length sleeve

reinforcing shell into which ele-

ment fits.

First from Finco and exclusive —
double contact between drive line
and driven element bracket assem
bly for perfect drive-line support

and electrical continuity. Positive,
vibration-free, non-corrosive con-

tact.

Boom reinforcing back up brackets
at elements add triple strength to
the riveted assembly, mounted on
arigid, non-crushable 1" heavy
duty square boom. Boom rolled
square from 1%" diameter round
aluminum for increased strength.

Write for color brochure #20-307, Dept. 410

ELECTRONICS WORLD
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Ball competition!

Finco’s boom-mast bractet, -ust
proofed by zinc platz-goic di-chro
mate dip process, is th2 finest
available. It has positioned cl2ats
to assure sag-free positrve cirec
tion of the antenna. Locks tight
Can't tilt. Antenna <tays in proper
position at all times.

The FINNEY Company * 34 Interstate

November, 1964

High impact polystyrene insulators

are reinforced with strong alumi-

num shields. This gives quadruple
strength in supporting triple-thick

snap-in elements. Lifetime assem-

bly with fitted aluminum cup to
hold oversize aluminum rivet.

P

VL-10
9 driven elements
1 pa-asitic element
List psice $34.95

Featuring Finco’s Exclusive Go«d Corodizing

VL-5
5 eiement VHF-FM
5 driven 2lements
List price $16.35

sﬁ;
ot
1 VL7
7 element VHF-FM
7 driven elements
List rrice $23.95

&
¥
53 o
BT
VL-15

15 element VHF-FM
9 driven elements

6 parasitic elements
List price $46.95

CIRCLE NO. 246 ON READER SERVICE PAGE
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R
s
w¥ “ovL-18

18 212ment VHF-FM
9 d-isen elements

9 palasitic elements
Lis: arice $54.50

Street - Bedfaord, Ohio

N
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ALL NEW

better than ever

" o GENUINE
OISE"’

o
WON'T AFFECT
PLASTICS

S NON.

VOLUME | FLAMMABLE
e il

2 -“-,'hi"s 5;}“- '-‘.
“
CONTACT NON-TOXIC

‘i‘--\.ﬂ.r)‘x

RARID !
: ”fm}m SAANGERS No

“ecrame cupmoam 947

k SO antpaw NS 4
St CARBON

Available Only TET
In 6-0z. Spray Cans

CLEANS, LUBRICATES,
RESTORES AND PROTECTS

Volume Controls, Push Button Assem-
blies, Band Switches, Relays and other
electrical contacts.

Conforms rigidly to ALL Federal, State,
Municipal Laws and Regulations!

All HO-NOISE Aerosol Products
NON-FLAMMABLE, NON-TOXIC,
HO CARBON TET

A Tuner-Tonic

with PERMA-FILM
wrt o} WON'T
*¥oser | AFFECT PLASTICS
,  Economical — a little does
a lot. Cleans, lubricates,
e rigri ¢ restores all tuners includ-
B ‘,5 ing wafer types. Non-toxic
T and non-flammable. For TV,
= Radio and FM.

Buy EC-44 FOR
ALL ELECTRICAL CONTACTS

IN 6 0Z. SPRAY CAN

NEW 1964 JOBBER PLAN
Ask Your Rep. For Details

Only With ‘‘NO-NQISE”
Aerosol Products

FREE 5”
PLASTIC EXTENDER

with push-button assembly

FOR PIN-POINT
APPLICATION.

WON'T CAUSE SHORTS
ALL PRODUCTS

FREIGHT PREPAID and SOLD
with MONEY-BACK GUARANTEE

ELECTRONIC CHEMICAL CORP.

B13 Communipas Avenug Jersey City 4, M. 1.

CIRCLE NO. 179 ON READER SERVICE PAGE
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I component hi-fi industry. His everlasting efforts to bring an

WM. A, STOCKLIN, EDITOR

PARTS SHOW MOVES TO N. Y.

MPORTANT changes have just been announced regarding the

1965 Electronic Parts Distributors Show. For the first time since

1937, the show will be held away from Chicagoe, and not in the month
of Mav.

Charles G. Fouts, national distributor sales manager for I'TT Can-
non Electric Company, and the newly elected president of the Elec-
tronic Industry Show Corporation, announced that plans are to
rotate this annual show among New York, California, and Chicago.
The 1965 show will be held between March 31 and April 4 in
New York City at the New York Hilton and Americana Hotels,

In 1966, the show will be held in San Francisco, returning to
Chicago in 1967.

Along with this announcement, many new policies will be in effect.
Tnstead of the customary 3-dayv run, the show will be extended to 5
davs, opening with two davs of educational forums. The exhibit halls
will then open on a Friday and remain open through Sunday.

Exhibit privileges will be extended to any manufacturer who sells
his products throngh parts distributors, even though he mav not be-
long to one of the sponsoring associations.

Admittance to the show will be extended to all companies which
buy directly from exhibitors. A vigorous effort will be made to attract
attendance from original-equipment manufacturers as well as from
all companies re-selling high-fidelity and commercial sound products.

Important changes—without a doubt—but theyv had to come. As
pointed out in our August editorial, the Electronic Parts Shows in
the past have had declining attendance. Moving the shows to the
East and West Coasts will give many of those involved in the elec-
tronics industry a chance to attend this important event. Parts are
the hasic building blocks of all electronics equipment. and engineers
and technicians alike should make every effort to keep abreast of the
new developments by attending the show.

Alowing two extra days for educational forums will contribute
materially to the interest of those attending. On the other hand,
though, if these forums are not well-planned, theyv could be a draw-
back rather than an asset to the show. It is our hope that the show
committee exerts every possible effort to present educational pro-
grams of worthwhile content to reward those in attendance.

This coming March will be a busy month. In addition to this new
Parts Show, we cannot overlook the IEEE Convention which will be
held March 22-25 and. especially for those of us in the New York area,
there is a lot of industry activity for us to look forward to. A

R

RAYMOND V. PEPE (1912-1964)

Raymond V. Pepe, vice-president of James B. Lansing Sound,
Inc. and Chairman of the Board of Directors of the Institute
of High Fidelity, Inc., died suddenly in Los Angeles on August
15 after what had been considered a mild heart attack.

Only 52 at the time of his death, he was born in New York
City and graduated from Columbia University, He served in
the office of the Comptroller of New York City during Mayor
LaGuardia’s administration,

Ray received his greatest recognition as a leader in the

air of professionalism to the industry will never be forgotten.
Whenever any problems arose, either in the States or abroad,
Ray was available at a moment’s notice.

His most outstanding achievement was as a spokesman and
his unique ability in diplomacy enabled him to resolve many
challenging problems within the industry.

With the entire hi-fi components industry, we mourn his
passing. -30-
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BUILD, EXPERIMENT, EXPLORE, DISCOVER
WITH NRI GUSTOM-DESIGNED

BUILD YOUR OWN
PHONE/CODE TRANSMITTER

Here is one of seven training kits you get in
the NRI Complete Communications Course.
With i/, you get actual practice in building a
crysial-controlled phonejcode transmitter
and putfing it on the air, actual practice in
many aspects of commercial transmitter
operation {modulation, ‘‘clamping’’ circuits,
key fitters, etc.). This kit—as with all NRI
kits—features the most modern circuits and
parts. It complies with FCC regulations and
can be put on tke air simply by attaching to
an antenna. Be a part of the "life line’ of
the Space Age. Enroll for NRi's Complete
Comrunications frairing.

10 NRI Home-Study Plans

BUILD AGTUAL ANALOG
COMPUTER CIRCUITS

Industry, business offices, the government
and military all need trained Electronics
Technicians. In NRI's Complete industrial
Electronics Course you progress through 10
custom-designed training kits, topping off
your studies by building this analog com.
puter with which you solve simple mathe-
matical problems, experiment with feedback
control systems and digital logic elements.
This kind of practical experience as you
train prepares you to step into a good paying
position ready to do your knowledgeable
best. Prepare now the NRI way for Indus-
trial Electronics.

to Choose From—Mail Gard |

Whataver your interest in Electronics . . .
. . whatever your need . . . before you decide on

education .

whatever your

TRAINING KITS

BUILD A CUSTOM-ENGINEERED
TELEVISION REGEIVER

Want to make $3 to $5 an hourin your spare
time? Want your own full-time or part-time
business? NRI's complete course in Radio-
TV Servicing offers these money-making
opportunities. NRI| starts you with the ABC’s
of Electronics. You learn how to install, main-
tain and service stereo hi-fi, radios, PA sys-
tems and TV sets (including color). Included
in your training are eight NRl-designed train-
ing kits; the final one is this complete,
custom-designed table model TV receiver
you build yourself. You learn servicing pro-
cedures you will use on the job—and earn
extra money as you train. Znroll now.

SEE OTHER SIDE p

TR EEESS NN EEEE GMNNN EEENE GMNNN ENESS ERNAN SEEn EURAN DEELS mEnae EEEE SUINN MM G GE SR S

1 FIRST CLASS

PERMIT
NO. Z0-R

Washington, D.C.

B |

any schoal you'll want to investigate NRI's extensive list of
training plans and practical, thorough, absorbing training
methods. NRI training equipment and ‘‘bite-size'’ pro-
grammed texts are the finest money can buy, the iinest
highly skilled instructors and engineers can design and
perfect for you. Mail the postage-free card for your copy of
the NR| catalog. NATIONAL RADIQ INSTITUTE, Electronics
Div., Washington, D.C. 20016.

| BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

!

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenue
Washington, D.C. 20016

N\ N\

\) Our 50th Year of Leadership
»//in Electronics Training
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Get a fast start in Electronics

Training with NRI’S NEW
AGHIEVEMENT KIT

The day you enroll with NRI we send you this remarkable, new
Achievement Kit, worth many times the small amount you
invest to start your training. And it's only the start, only the
first example of the unique ability of NRI
to apply 50 years of leadership in home-
study Electronics training to the technical
challenges of today. What's in the Achieve-
ment Kit? You get your first group of
lesson texts in the NRI course of your
choice; a rich, vinyl desk folder to hold
your work; preprinted lesson ‘answer
sheets; your NRI Student ldentification
Card; the industry’s most complete Radio-
TV Dictionary; valuable reference texts;
envelopes; imprinted pencils; pen; engi-
neer’'s ruler and even your first postage.
Start your training this exciting, absorb-
ing way. No other school has anything
like it. Pick the field of your choice from NRI's 10 training
ptans and mail the postage-free card for your NRI catalog.
Do it now.

Join the thousands who gained success with NRI

“l want to thank NRI for making it all possible,” says Robert
L. L'Heureux of Needham, Mass., who sought our job consultant's
advice in making job applications and is now an Assistant Field
Engineer in the DATAmatic Div. of Minneapolis-Honeywell, working
on data processing systems.

His own full-time Radio-TV Servicing Shop has brought steadily
rising income to Harlin C. Robertson of Oroville, Calif. In addition
to employing a full-time technician, two NRI men work for him
part-time. He remarks about NRI training, '‘| think it's tops."”’

~— Even before finishing his NRI training, Thomas F. Favaloro, Shel-
" borne, N.Y., obtained a position with Technical Appliance Corp.
Now he is foreman in charge of government and communications
< division. He writes, *‘As far as | am concerned, NRI training is
responsible for my whole future.””

1 can recommend the NRI course to anyone who has a desire to
et ahead,” says Gerald L. Roberts, of Champaign, Hl., whose
ommunications training helped him become an Electronic Tech-

nician at the Coordinated Science Laboratory, U. of lllincis, working

on Naval research projects.

4 SEE OTHER SIDE

National Radio Institute, Electronics Div.
Washington, D.C. 20016 4F

Please send me your catalog. | have checked the field(s)
ot most interest to me. -(No salesman will call.)

[, TV-Radio Servicing Basic Electronics

| Industrial Electronics [ Electronics for Automation
[ Complete Communications [ Aviation Communications
] FCC License . | Marine Communications
| | Math for Electronics [ ' Mobile Communications
Name Age
Address -
City

o

State Zip Code ~ 5
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL % =l

e e st e e e e e e e e e e e e ey

NOW 10 WAYS

to train at home with NRI

b

wd

©Q WO O =~ OO & NN

TV-RADIO SERVICING Learn to fix TV sets (including
color), radios, stereo hi-fi, PA systems, etc. A profitable
field full or part-time.

INDUSTRIAL ELECTRONICS Learn principles, practices,
maintenance of Electronic equipment. Covers computers,
servos, telemetry, muitiplexing, other subjects.

COMPLETE COMMUNICATIONS Comprehensive pro-
gram covering broadcasting, mobile, marine, aviation com-
munications. Learn to operate, maintain transmitting equip-
ment. Prepares for FCC License.

FCC LICENSE Prepares you quickly for First Class License
exams. Every Communications station must have licensed
operators. Also valuable to Service Technicians.

MATH FOR ELECTRONICS A short course of carefully
prepared texts for engineers, technicians, others needing
a quick review of math they must use in Electronics.

BASIC ELECTRONICS Practical, fundamental short
course of 26 lessons teaching terminology, components,
basic principles of Electronics. Ideal for salesmen, hobby-
ists, others.

ELECTRONICS FORAUTOMATION Not for the beginner,
but for the man with some basic knowledge of Electronics.
Covers process control, ultrasonics, electromechanical
measurements, other Automation subjects.

AVIATION COMMUNICATIONS For the man who wants
toworkinandaround planes. Learn about direction finders,
foran, shoran, radar, markers, landing systems. Prepares
for FCC License.

MARINE COMMUNICATIONS Much Electronic equip-
ment is used on commercial ships and pleasure craft.
Learn operation, maintenance of transmitters, direction
finders, depth indicators, radar, etc. Prepares for FCC
License.

MOBILE COMMUNICATIONS Learn to install, operate,
maintain mobile equipment and associated base stations
as used by police and fire depts.,, taxi companies, etc.
Prepares for FCC License.

NOTE: You must pass FCC exams on completion of any
NRI communications course or your tuition payments are
refunded in full.

GUT OUT AND MAIL
FOR FREE CATALOG

WWW.americanradiotlistorv.com
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your next customer:

You can’t know if he’ll be smil-
ing or angry, wearing a suit or a
sports shirt, or driving a 6 or an 8.

One thing you can be reasonably
sure of, though. You’ll be able to
service his radio with Delco parts.
That’s because nearly half the

Atlanta.... .. oiiiiiiiiiinnnnenans Cedar 7-1501
Boston..............0 0o Wells 3-3100
Chicago...v.iviiiiiiiiii i, 437-5300
Detroit....v.ivuiiiiiiiiiiieiiaennnens 584-1025
Los Angeles.................... Dunkirk 5-6487
Minneapolis.......ocovviiiiiiiinn.. 331-4811
Newark. ... .. iiiiiiiiiiiiiniinanan. 297-3300
San Francisco ..Landscape 6-8221
Seattle.oov i iinneennnnnnn. Parkway 2-4477

November, 1964

cars on the road—-around
25,000,000 of them —have Delco
radios. And you can service most
other kinds of radios with Delco
parts, too. The line is that broad.

What does this mean? Simply
that it makes good sense to stock
and use genuine Delco parts. For
better servicing. For fewer cus-
tomer complaints. For the con-
venience of getting most of the
parts you need quickly and reli-
ablyfrom onesource:yourUnited
Delco supplier.

Dallas...oooviiniereeninnennns Fleetwood 2-8471
Cleveland.....coviiveieieiiiinneeinns. 671-6460

Denver......cocivivuinvnnrneens Keystone 4-0273
Indianapoli Melrose 6-4351
Buffalo.........cooviiieiiiiiin i TF 2-5362

Garfield 3-8200
St. Louis..eruinrniinreniinnnnns Jefferson 3-4230
New Orleans....ovvuivininarinnnnnenan, 523-4281
Pittsburgh Court 1-6551
Omaha....oiiii i iiiininineeenene. 558-0225
Memphis........ 000000G000000000 Jackson 5-6471
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> Delco

Call him today for our big de-
tailed catalog. (Tolearn who your
nearest United Delco supplier is,
phone any of the numbers listed
below. Ask for the Zone Service
Manager.)

Delco Radio electronic service
parts and electro-mechanical de-
vices are distributed nationally
through United Delco.

= o oo L s .y

: v

United :
Delco
Cincinnativ.e.ceiiiieniinnnnenas Cherry 1-2310
Charlotte.......oovvviieniinanas Edison 4-8671
Jacksonville..........coooets, Exbrook 8-5755
Houston...........coviiiiunnen, Jackson 6-4338
Washington, D.C.........ovuu et Juniper 8-7494

Keystone 3-1651
Judson 2-3824
Fairfax 1-3900

n
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LETTERS
FROM OUR
READERS

RADIO TELESCOPES
To the Editors:

We read with interest your excellent
summary on radio telescopes which ap-
peared in the July issue. It might inter-
est you to know that our radio telescope
here at the University of Texas (your
cover illustration) is now being oper-
ated at 94 gc. with over 70-db gain.
Future plans call for reception of signals
in the 140-220 gc. range using highly
sensitive germanium bolometer detec-
tors operated at —268.8°C.

D. CranaM GALLOWAY

Electrical Engineering Research Lab.

The University of Texas

Austin, Tex.
- % -

MAGNETORESISTANCE TRANSDUCERS
To the Editors:

Ray Shiver does a good job in your
July issue of introducing a wide range
of industrial transducers. Your readers
might like to learn about some less-
known transducers based on the mag-
netoresistance principle.

Magnetoresistance is the effect found
in bismuth, germanium, lead sulfide, in-
dium antimonide and other materials,
whereby electrical resistance increases
with applied magnetic field strength. A
particular advantage of magnetoresist-
ance transducers is that the magnetic
field can be supplied by a permanent
magnet—no supply source is needed.
Resistance values are then altered by
simply moving the magnet.

All of the major U.S. engine manu-
facturers are looking into the possibili-
ties of wusing the magnetoresistance
method as a source of trigger pulses for
electronic ignition. The magnetoresist-
ance transducer depends for its output
on the amount of applied magnetic field,
not on the rate at which this field
changes. Inductive pickups, of course,
deliver outputs proportional to the rate
of change of field, hence don’t deliver
much output at low speeds. The mag-
netoresistance device delivers the same
output for stationary crankshafts as it
does for high speed ones.

Other applications include machine-
tool positioning in numerical-control sys-
tems; elevator control, where the car is
homed to the correct floor height; and
automatic weighing machines, where a
motor adjusts the balance weight until
the transducer that is employed reads

12

zero for proper balar

1ce conditions.

By contrast with the linear differen-
tial transformer, the magnetoresistance
transducer operates from a d.c. supply
rather than 20 kec. a.c. Moreover, the
magnetoresistance device delivers d.c.
output, whereas the differential trans-
former needs an expensive demodulator
to convert its a.c. output into phase-
sensitive d.c.

The usefulness of magnetoresistance
devices is not confined to electrome-
chanical transducers. By using an elec-
trically controlled magnetic field rather
than a permanent magnet, many types
of analog control devices can also be
developed.

RoBerT M. GrrLiv

Vice President and General Mgr.
American Aerospace Controls, Inc.
123 Milbar Blvd.

Farmingdale, N.Y.

* £l *

“MUSICOLORTRON"
To the Editors:

I have been contacted by Mr. Morris
Wetzel, Musicolor, Inc., Chicago, in
reference to my article “Transistor-Pho-
tocell Color Organ” in the July, 1964
issue of ELEcTRONICS WoORLD. Mr. Wet-
zel took severe objection to the word
“Musicolortron” which appears in the
photo of the unit, and to the use of the
term “dancing lights” in the text. He
claims that the name “Musicolor” is reg-
istered or copyrighted, and that the
term “dancing lights” in relation to col-
ored music is his.

I would like to emphasize that my use
of the name “Musicolortron” on my pro-
totype was entirely coincidental, and
any infringement on his rights was en-
tirely inadvertent. I had no prior knowl-
edge of Mr. Wetzel, his products, his
patents, or his rights to the terms re-
ferred to.

Frep BLECIMAN
Canoga Park, Calif.

The color organ that was built by
our author and which he labeled “Musi-
colortron” was not a commercial product
intended for sale but was built for his
own use. Also, we have employed the
description “dancing lights” for many
of the color organ displays that we hate
run in years past. In any case, no in-
fringement 1was intended. We also un-
derstand that Mr. Wetzel's particular

www.americanradiohistorv.com

Radio-Electronics Maga-
zZine June, 1964 says:

“This recorder has some very good
specifications and, although its price is
above the ‘cheap’ range, one does not
readily believe such excellent specs for a
4-track machine until they prove out.
This machine fulfilled its promise. With
it, you can tape your stereo dises and
play them back without being able to
detect any difference, which is saying
something. The physical design of this
unit is good, for either permanent in-
stallation or the most complete porta-
bility.

“The footage indicator is a footage
indicator, not merely a place spotter,
and it keeps its count with ail normal
tape movements. Independent control of
left and right channels, so one can be
operated in record, while the other is in
playback, enables the unit to be used for
an endless variety of ‘special’ effects.

“Playback and record functions are
completely separate, so that a recorded
program can be monitored immediately.
Microphone and auxiliary inputs can be
mixed for combination and re-record
effects. First stage amplification uses
transistors, while the main amplification
uses tubes—a good marriage in this
particular design.

“The mikes are very good, compared
with most of the ‘Inexpensive’ types
used with home recorders. Extremely
good realism is possible for home record-
ings. I had my family ‘act natural’ in
front of the two-mike combination and
the playback was unbelievably real.

“The Sony 600 will naturally take a
little playing around to find out how to
do various ‘extra’ things you may want.
But when you get to know it, you’ll find
it a very versatile instrument. It’s a re-
corder with which familiarity brings
confidence.”

Norman H. Crowhurst

For further information, or complete
copy of the above test report, write
Superscope, Inc. “600 Test Report E,
Sun Valley, Calif.

ELECTRONICS WORLD
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The commanding presence of Sony sound

L2
—

1M wmm 111
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Now enter the world of the professional. With the Sony Sterecorder 609,
a superbly engineered instrument with 3-head design, you are master of the
most exacting stersophonic tape recording techniques.

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

this superb 4-track stereophonic and monophonic recording and playback unit
provides such versatile features as: m vertical and horizontal operating positions
m sound on sound m tape and source monitor switch m full 7 reel capacity

= microphone and line mixing m magnetic phono and FM stereo inputs = 2 V.U,
meters m hysteresis-synchronous drive motors m dgynamically balanced

capstan flywheel m automatic shut oft m pause control and digital tape counter—
all indispensable to the discriminating recording entrusiast. Less than $450,*
compiete with carrying case and two Sony F-87 cardicid dynamic microphones,

Multiplex Ready!
 SON v IS - - -+ R

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

For literature or name of nearest dealer, write Superscope, Inc., Dept. 25,
Sun Valley, Calif. In New York, visit the Sony Salon, 585 Fifth Avenue.

November, 1964 CIRCLE NO. 223 ON READER SERVICE PAGE
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New Bogen sound products
deliver the message best

In the factory\ In the school

Reach important executives and Efficient communications systems
production personnelin noisy areas, guarantee, increased efficiency —
Provide background music for im- portable players enhance music,
proved morale and production, drama, and extra-curricular pro-
Bogen does it best. grams. Bogen does it best.
New! ; == New !

New Boger;'VP"Series All-Transistor
Portable High Fidelity Transcrip-
tion Players. 20 to 40 watts (sine
wave ratings). Handsome carrying
cases. Exclusive variable-speed
control. Automatic cueing. Inputs:
2 mic., tape, tuner, phono.

| New SA'" Series Intercom/P.A.
Systems. High-powered (12w.) in-
tercoms for 21 or 42 stations; op
tional chime and light annunciators;
emergency all-call paging; inputs
for music program sources; 25v.
output; mixes private and non- In the church

private remotes in any combination; Sound systems deliver the *‘mes-
provision to add booster amplifier. sage’” loud and clear throughout
the church—serve to assure suc-
cessful social events as well! Bogen

In the office does it best.

Inter-office phones save time and
steps, keep the telephone switch-
board from being overburdened.
Bogen does it best.

New!

Bogen MX30A and MX60A Deluxe
30-watt and 60-watt P.A. Amplifiers
—with 5 mic. inputs; peak limiter;
power curve—21 to 30,000 cps;
calibrated low-frequency notch
filter; 5 speech filters; remote vol-
ume controfl and mic. precedence;
frequency response—10 to 38,000
cps; wide variety of accessories.

Series ‘‘TSL"" Teiephones. Sell your
customer the economy of unique
inter-office telephone. Fast (no dial-
ing); 1009 trunkage; no central
switchboard; conference calls: desk
| or wall mounting; provision for
paging thru plant P.A. system. Sys-
tems for up to 16 phones.

For Fall Catalog write desk W-11,

Bogen Communications Div.,

/ Paramus, N.J.

BOGEN : ‘| LEAR SIEGLER, INC.
COMMUNICATIONS DIVISION -,_ __,-’riﬁ)

14 CIRCLE NO. 137 ON READER SERVICE PAGE

www americanradiohistorv com

color organ is not similar in any way to
the decice deseribed in the article by
Author Blechman.—Editors.

L4 E:d o«

PARTS SUBSTITUTION
To the IEditors:

I read with the greatest interest vour
first letter in the “Letters” column of
vour August issue.

This was from James Young of Roch-
ester, N.Y. He was having trouble with
the transistor power supply article in
vour May issue, which I sent in to you.
He claimed his onlv change was to use
a different transistor in the circuit
described.

The parts list with this article showed
the Dao Corporation of this city as a
source of both the toroid cores and the
completed transformers. The trans-
former is a special item only available
from Dao—the core is an Arnold product
but difficult to locate unless vou want
several dozen.

You will be interested to know that
Dao has sold 162 cores and 43 trans-
formers. This seems to be a rather high
level of interest and it’s a satisfaction
to know that Dao hasn’t received a
single complaint.

JTames Young of Rochester, however,
has not been a Dao customer and this
is the reason for my interest. It would
be interesting to know if the transistor
substitution is the only one he’s made.

R, L. WINKLEPLECK
Terre Haute, Ind.

We did not publish Reader Yound's
letter to disparage Author Winklepleck’s
power supply in any way. The letter was
published as an cxample of a common
type we receive wanting to know why
some of our circuits awill not operate
properly when  parts  substitutions  or
circuit changes are made. \We are sorry
that we cannot specify substitute parts
or circuit changes unless these are sug-
gested by our authors who have actually
tricd out these particular modifications.
—Editors.

& i o

TRIAD FILAMENT TRANSFORMER
To the Editors:

Recently vou ran a brief article by
Rufus Turner entitled “Filament Trans-
former as Andio Substitute” on p. 753 of
vour August issue. This article refers to
the Triad F-14X as “Stancor F-14X.” It
happens that Stancor has an equivalent.
the P-G134. which will be substituted
by distributors when the customer calls
for the “Stancor T-14X."

We appreciated Mr. Twrner making
the measurements on our unit and men-
tioning it by number, but a correction
would be a great help to vour readers
in getting the right transformer, which
is the Triad F-14X.

NiwTox Cooxk, Sales Mgr.
Triad Distributor Div.
Huntington, Ind. A

ELECTRONICS WORLD
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PROFESSIONAL USE ONLY Total Number D

of Requests

NAME (PRINT CLEARLY) TITLE _
COMPANY NAME :
COMPANY ADDRESS
CITY__ STATE ZONE
| AM EMPLOYED IN: INDUSTRY (3  COMMERCIAL [J  COMMUNICATIONS [T}

MILITARY, GOVERNMENT [J  OTHER [J

Please send me additional information on products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)

1 2 3 4 5 6 7 8 9 10 11 12 13 15 28 29 32 34 38
39 41 42 43 45 46 47 48 49 50 51 52 54 55 57 58 59 i
63 121 122 123 128 129 130 131 133 135 136 137 138
ELECTRONICS WORLD

P 0 BOX 7842 PHILADELPHIA 1, PA

" READER SERVICE PAGE

Since many products and services mentioned are primarily for professional
use only, we are using two different coupons.

(VOID AFTER NOVEMBER 30, 1964) 11

To get more information, promptly, about products and services mentioned
in this issue, simply circle the number corresponding to the ad or editorial
mention and send the proper coupon to us. Your request will be sent to the
manufacturer immediately.

FOR PROFESSIONAL USE: In requesting information on products and serv-
ices listed in this coupon it is necessary to fill out the coupon COMPLETELY,
stating your company, address, and your function or title. If the coupon is in-
complete it cannot be processed.

FOR GENERAL USE: In requesting information on products and services listed
in this coupon, please use only your home address.

You can use both coupons, since each contains specific items, if each coupon
is filled out completely.

Mail to: ELECTRONICS WORLD P.0. BOX 7842, PHILADELPHIA 1, PA.

GENERAL USE ONLY Z?t%eﬁﬂfg D

fNAME (PRINT CLEARLY)
ADDRESS :
iy STATE JONE

: Please send me additional information on advertised products I have circled.
: (Key numbers for advertised products afso appear in Advertisers Index.)
121 122 123 128 129 130 131 133 135 136 137 138 152 154 155 157 ¢
161 162 163 167 170 172 178 179 180 181 182 185 186 187 189 192 193
194 200 201 203 206 207 213 215 216 217 223 225 229 231 232 233 235
236 237 238 240 241 242 243 245 246 249 252 253 254 255 256 257

NEW PRODUCTS & LITERATURE
23 456 8 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
29 30 31 33 34 35 36 37 38 40 41 44 46 53 56 59 60 61 62 64

ELECTRONICS WORLD
P.0. BOX 7842, PHILADELPHIA 1, PA,

(VOID AFTER NOVEMBER 30, 1964) 11
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7 COSTS UNDER $400 No Yes | No Yes No |Yes |Yes| No Yes | No |Yes Yes | No

WE DARED TO COMPARE
THE CONCERTONE 800

and heard from
our competitors

Since “an honest tale speeds best being plainly
told,” we would like to make a public apology
about our first Feature Comparison Chart. The
Viking 220 tape recorder does have tape lifters
and transistors. The Freeman 200 does have
center capstan drive. And, the Tandberg 64 does
have remote control and tape lifters. Hence, we
have amended our Chart accordingly and have
reproduced it again. While contrite, because we
erred originally, we feel that even with these
minor adjustments you will still see that the
Concertone 800 (portable or tape deck) is your
bestvalue in stereo tape recorders! Furthermore,
only the Series 800 has double Reverse-o-matic®
and six heads that combine to give you con-
tinuous music playback and recording with the
touch of a button, without reel turnover. Prices
for this incomparable device start as low as
$379.95. If you're really interested, send for a
Concertone brochure and the name of your
nearest dealer. The brochure is flawless, with
no accidentally erroneous comparisons. Besides,
it's free and has a neat drawing of a bird on the
cover. Write to Concertone, Repentance Depart-
ment, Box 3866, South El Monte, California.

=% - g 2 S
E|lz|B|Z|~]|3 2 i
al:|x|s|®]la =] ]
slE(z|=lelzs =|lz|g|3|e
Elz|d|E|g|l8 £]8 - =

FEATURES: El2|d|E|2|8 2|2 |=|2|=
alz|v|lzlxz|lae E|F|>]®]|F

6 HEADS No | Yes No NolNu No [ No | No [ No | No  No | No ' No

|
3 MOTORS No |Yes Yes | No Yes | No No Yes| No No No No Yes

AUTOMATIC REVERSING |
FOR RECORD & PLAY | No Yes |No No No No No No|Ne Ne No Ne No

PUSH BUTTON

CONTROLS No Yes |Yes Yes Yes Yes Yes Yes| No Yes Yes| No | Yes

REMOTE

CONTROLLABLE No Yes | No No No Yes No Yes| No VYes No No Yes

SOUND ON SOUND Yes Yes | Yes Yes Yes Yes Yes Yes|Yes |Yes Yes Yes Yes
Sy | S [N

BUILT-IN

ECHO CONTROL No Yes | No No  No | No NoIVes,No Yes [No No No

No No [ No | No [No |[No No No

CENTER CAPSTAN
DRIVE No Yes [ No No Yes

TRANSISTORS Yes Yes |Yes Yes Yes | Yes No | Yes | No | No No  No  Yes
I 1 L |

TAPE LIFTERS Yes Yes |Yes Yes VYes | No  No |Yes Yes [Yes No No Yes

OPERATES BDTH
HORIZONTAL & |
VERTICAL Yes Yes [Yes No Yes | No | No [Yes Yes |Yes [No  No Yes

S

CONCERTONE I:'.
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Go ahead and read the fine print! This is

ONE RECORD CLUB

WITHOUT RESTRICTIONS:

® Choose any LP, any label-no pre-selections!

® Buy 1 record or 100-no yearly quotas!

® Join once for a lifetime-no annual fees!

'@ Save at least 38%-and much more on special sales!

This is the way you want it ... a record club FREE

without restrictions. With the Record Club of

America you can order any LP available in the TYP'CAL SPEC'AL SALE!
entire Schwann Catalog (over thirty thousand SGHWANN cATALOG
selections)and save on every one! Nobody limits LIST PRICE OUR PRICE
you to one label or two. Nobody sendsdychu a cfard 3.98 Capitol Over 30,000 selections
that means you get an unwanted record if you for- . anufacturers!
get to return it. Nobody says you have to buy 4, 6, Bestsellers $1 157 from more than 300 m
or 8 times a year. And nobody asks you to pay an . CAPITOL « COLUMBIA « ANGEL
annual membership fee. With Record Club of 5.98 Uranla,Yox, RCA VICTOR « DECCA « MERCURY
Americayou joinonce—andbelongfora lifetime. Kapp,_Westmlnster $1 77 WESTMINSTER « DEUTSCHE GRAMMOPHON
F}:rre's HOWLR:(:tgrd C|J|UD gf A:?erica I\{Vortbfs: Classical Albums L VOX « VERVE « LONDON

ill out your Lifetime Membership application. 4.98 Verve,

Send it, with your check or money order for $5 to Folkways Albums $2-49 ROULETTE « ABC PARAMOUNT

Record Club of America. By return mail you'll y ELECTROLA « AND HUNDREDS MORE
receive your membership card guaranteeing you

our regular discount of 38% off on every record ) [ ¥ ¥ §F ¥y ¥ r vy 5 N N B |
you buy. That means you buy at dealer costs: all E I
$3.98 LP's at $2.47, $4.98 LP's at $3.09 and $5.98
LP’s at just $3.71 and our publication, Disc.,
which regularly supplements Schwann’s listings
and keeps you informed of the Club’s extra-
saving specials like those featured at right.
Disc. will also present timely critical reviews
by many of the nation’s leading authorities.
For your convenience we always enclose an
order biank. Your order is processed the day
we get it. Records come to you factory new.
If not completely satisfactory they can be re-
turned, immediate replacement guaranteed.

Over one hundred thousand individual members WK T
and many of the nation’s leading schools and ‘HA@\& /Z /?
libraries are today enjoying tremendous savings {L‘ A Y/ 9

made possible through Record Club of America.
Why not join them ... and join us, today?

GIFT MEMBERSHIP SPECIAL!
Your membership entitles you to buy or offer
gift memberships to friends, relatives and neigh-
bors for only $2.50 with full privileges. You can
split the total between you—the original mem-
bership and one gift membership divided equally

Record Club of America
1285 Princess Street
York, Pennsylvania 17405

WINSV\E OPERA

Gentlemen:

O Enclosed please find my check or moncey
order for $5.00 which wiil guarantee me Lifetime
Membership in Record Club of America. |
understand that I am under no obligation to
purchase at any time, and that any purchases
I do make will be at CLUB SAVINGS. I am
free to choose any album as listed tn the Schwann
Record Catalog or Record Club of America’s
regular publication. Disc.

0O Add — Gift Memberships to my
request. | enclose a check for
at $2.50 cach gift member, and have listed on
attached sheet their names and addresses.

- mUSIcAL

brings your cost down to $3.75; one original Signed
membership and four gift memberships brings WESTERN
your cost down to §3 each. Get a gang together Address
—everybody saves!
City
Join the more than 100,000 happy members of State
Zip Code

RECORD CLUB OF AMERICA
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Where will you be

10 years

from today?

Find your future faster with RCA “AUTOTEXT"

¥

—the new, easier way to a profitable career in electronics.

You can start building a rewarding, lifetime career in electronics, right
now And the wonderful new '"Autotext’” education system and aids—
exclusive with RCA—will get you started faster and easier in learning
ELECTRONIES FUNDAMENTALS. “‘Autotext’” is a system of pro-
grammed instruction, today's modern learning method provec with
thousands of students. This beginning course in electronics is accu-
rately ptannad so that as you read a series of statements, questions,
and answers, you learn almost without realizing it. And, you get a
complete set of theory lessons, service practice lessons, experiment
lessons, anc all the kits you need.

Even pecple who have had trouble with conventional home training
metnods in the past are finding it faster and more fun when they begin

their training in Electrcnics Fundameantals this new easy way.

Prove it to yourself as others throughout the country are now doing.
Begin your training the RCA ‘‘Autotext’” way. You'll find that you ars
ready for advanced studies sooner than you ever thought possible. Al
you need to get started is an interest or inclination in electronics. The
“Autotext’ way will hetp you do the rest! The future is unlimited; the
jobs are available! The imporiant thing is to get started now!

RCA Institutes, one af the largest technical schools in the Uniteg
States devoted principally to electronics, offers the finest facilities for
home training. A Service of Radio Corporation of America, RCA Insti-
tutes, Inc. gives you the technical instruction you need to plan, build,
and realize a lifetime career in today's fastest growing field.

RCA Institutes offers both home training and classroom training—whichever best fits your needs. See the adjoining page for a dra-
matic axample of how RCA can help you plan for the future you want! Licensed by the New York State Department of Education.

ELECTRONICS WORLD
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RCA CLASSROOM TRAINING

RCA HOME TRAINING

INDUSTRIAL
TITLES

THIS IS THE
RCA TRAINING
THAT WiLL
HELP YOU GET IT!

QUALIFICATION

Engineering Aide,

Lab Technician,

Field Service
Engineer,

Test Engineer,

Technical Instructor

Electronics
Technology (T-3)

High School Grad
with Algebra,
Geometry and
Physics or Science
or RCA Preparatory
Course.

INDUSTRIAL
TITLES

THIS IS THE
RCA TRAINING
THAT WILL
HELP YOU GET IT!

QUALIFICATION

Radio aligner,

‘‘Autotext’’ course;

8th Grade

Electronic Technician,
Field Technician,
Computer Technician,
Broadcasting
Technician,
Customer Service
Engineer,
Instrument Technician

Industrial and
Communications
Electronics (V-7)

2 yrs. High School
with Algebra, and
Physics or Science
or RCA Preparatory
Course.

Repairman, Radio-Electronic

Tester Fundamentals

Black & White Television Servicing | Radio Background
TV Service
Technician

Color TV Service

Color Television

Black and white
Television Training

TV Serviceman,
Electronic Tester,
Junior Technician

Electronics and
Television Receivers
(v-3)

2 yrs. High School
with Algebra, and
Physics or Science
or RCA Preparatory
Course.

Technician or Experience
Automation Automation Radio and Electronic
Technician Electronics Fundamentals

Transistor Circuits
Specialist

Transistors

Radio and Electronic
Fundamentals

Transistor Circuits

Transistors

Radio background

Transmitter

Communications

Radio and Electronic

Specialist
Color TV Service Color Television Television
Technician background
Industrial Electronic Automation Radio and Transistor
Technician Electronics (V-14) Background
Computer Digital Radio and
Service Computer Transistor
Technician Electronics (V-15) Background

Technician, Electronics Fundamentals
Communications
Specialist
Communications, FCC License Radio and Electronic

1st Class
FCC Licensee

Preparation

Fundamentals

Communications
Specialist

Mobile
Communications

FCC License
Preparation or equiv.
study or experience

Console Operator,
Junior Programmer,.
Programmer
(RCA-301,
RCA-501,
1BM-1401)

Computer
Programming
(CP-1), (CP-2),
(CP-3), (CP-4)

College Grad. or
equivalent or
Industry sponsored

Nuclear Instrumen-
tation Specialist

Electronics
for Nuclear
instrumentation

Radio and Electronic
Fundamentals

Preparatory (for
above courses)

Preparatory ath
Course (P-1)

1 yr. High School

Industrial Electronics
Technician

Electronics
for Industrial
Applications

Radio and Electronic
Fundamentals

Preparatory (for
above courses)

Preparatory
Mathematics
And Physics (PO-A)

1 yr. High School

DAY OR EVENING CLASSES: Coeducational Classes Start 4 Times Each Year.

e Free Placement Service. RCA Institutes graduates are
now employed in important jobs at military installations
such as Cape Kennedy, with important companies such
as IBM, Bell Telephone Labs, General Electric, RCA, and
in radio and TV stations all over the country. Many have
opened their own businesses. A recent New York Resident
School class had 93% of the graduates who used the
FREE placement service accepted by important electronics
companies, and had their jobs waiting for them on the

day they graduated!

November, 1964

e Liberal Tuition Plan for Home Training Courses. This
plan affords you the most economical possible method
of home study training. You pay for lessons only as you
order them. If, for any reason, you wish to interrupt your
training, you can do so and not owe one cent. No other
obligations! No installment payments required!

e You get Top Quality Equipment. All kits furnished with
home-training courses are complete in every respect and
the equipment is top grade. You keep all the equipment
furnished to you for actual use on the job, and you never:
have to take apart one piece to build another!

SEND POSTCARD FOR
FREE ILLUSTRATED
BOOK TODAY! SPECIFY
HOME TRAINING OR
CLASSROOM TRAINING

RCA INSTITUTES, INC. pept. Ew-N4

A Service of the Radio Corporation of America,
350 West 4th St., New York, N. Y. 10014

The Most Trusted Name In Electronics

®
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LAB TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

“Knight-Kit” KG-870 Amplifier
Eico Model 2200 FM-Stereo Tuner

“Knight-Kit” KG-870 Amplifier

For copy of manufacturer’s brochure, circle No. 60 on coupon (page 15).

HE “Knight-Kit” KG-870 70-watt

transistor amplifier is sold cither as
a kit or factory-wired by Allied Radio
Corp. It is the firm’s most advanced
solid-state stereo amplifier and has sev-
eral interesting and novel design fea-
tures.

The amplifier uses a total of 22 tran-
sistors and 4 diodes. Four of the tran-
sistors arc silicon types for maximum
stability in low-level stages. The output
transistors are mounted on the bottom
of the metal chassis which acts as a heat
sink. They are protected against thermal
runaway by 6-volt automobile-type in-
candescent lamps in the emitter circuits.
These sclf-protecting features and other
design details on this amplifier were de-
scribed in the June 1964 issue (“Self-
Protecting Transistor Hi-Fi Amplifier”).

This is the first transistor amplifier we
have seen with a direct-coupled output
stage. No blocking capacitor or trans-
former separates the output transistors
from the speaker voice coils. This main-
tains a high damping factor down to the
lowest audio frequencies.

Much of the circuitry is assembled on
printed boards. The main amplifier
board is hinged for accessibility. The
transistors plug into sockets, preventing
damage to them while soldering com-
ponents to the board and making tran-
sistor replacement a simple matter
should it become necessary.,

The KG-870 is rated at a total of 70
watts THF music power output or 28
watts per channel sine wave (one chan-
nel driven). It will drive either 8- or
16-ohm speakers. The use of 4-ohm
speakers is not recommended. The amn-

22

plifier has inputs for tape head, mag-
netic phono cartridge, tuner, and two
high-level auxiliary. It has separate
level and loudness controls, which is the
only correct method of obtaining loud-
ness compensation for low-level listen-
ing. The “Level” control is uncompen-
sated. The “Loudness” control affects
the volume over a limited range (about
30 db), but introduces both bass and
treble boost as its level is reduced. The
“Level” control is adjusted to give the
loudest desired volume with the “Loud-
ness” control at its maximum setting;
reducing the “Loudness” setting then
provides an excellent tonal balance
down to the softest background listen-
ing levels.

The bass tone controls for the two
channels are concentrically mounted, as
are the treble tone controls. A balance
control can cut off either channel with-
out materially affecting the other. A
single 4-position “Filter” switch has po-
sitions for “Flat,” “Rumble,” “Scratch,”
and “Rumble + Scratch.”

Along the bottom of the front panel
is a row of slide switches, for tape moni-
tor operation with a three-head ma-
chine, stereo channel reversal, stereo/
mono mode selection, speaker phase re-
versal, and power. A headphone jack
completes the front-panel control lineup.

This rather completely equipped am-

plifier measures only 2%” x 13”7 x 11”7
and weighs about 20 pounds. It runs
very cool and has the well known solid-
state virtues of low current drain and
freedom from microphonics.

Driving both channels together, with
8-ohm louds, we measured 22.5 watts
per channel at mid-frequencies, and
more than 20 watts per chamnel from
50 to 10,000 cps at 2% distortion. The
low-frequency power response was ex-
cellent with 18 watts available at 20
cps with 2% distortion. The high-fre-
quency power output fell off somewhat,
to 10 watts at 20,000 cps.

Like most transistor amplifiers, this
unit had a moderate amount of IM dis-
tortion at low power levels. It averaged
about 1% between 1 watt and 10 watts
output, falling to 0.25% at outputs of less
than 1 watt.

Its frequency response was flat from
a few hundred cycles to 20,000 cps,
rising about 2 db below 100 cps. The
phono equalization was accurate to
within =1 db of the RIAA curve from
30 to 15,000 cps. The NAB tape cqual-
ization was within =2.5 db from 45 to
15,000 cps. The rumble and scratch
filters were rather strong in their action,
with the latter removing a good deal of
the high-frequency program material.
The tone controls had a moderate range,
about 8 to 10 db of boost or cut at 50
and 10,000 cps. This is adequate for
any normal listening situation.

The amplifier was stable with mod-
erate capacitive loads, but oscillated
with a 0.65-;f. load. Such a condition
would only be encountered when driv-
ing an electrostatic speaker. Its hum and
noise were —75 db on high-level inputs
and —350 db on phono inputs (referred
to 10 watts output). This consisted
mostly of hiss and was not audible in
ordinary listening,.

The KG-870 is a prime example of
what has come to be known as “tran-
sistor” sound. With good, but not ex-

CONTINUOUS SINE-WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN

30 T
—— T T— S ! mt —]
DO 0 O SEESmimsas " SSSES 2 —
A R 'T"*‘I‘—L—‘—“ KNIGHT-KIT-870 S N B —]
T 10— | = AVERAGE aom DCSHANNELS L -ﬁ + N
¥t Szs==== i 2'/-_1~T° = e ess =
-— 1 1 1
20 30 50 70 100 zoo 300 500 700 IKC. 2KC. 3KC.  BKC. 7KC. IOKC. 20kC.
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Don’t just talk about

the

A virtually distortionless basic amplifier
of virtually unlimited power is no longer
just a conversational gambit among audio-
philes. Now they can build one—with the
Fisher K-1000 StrataKit.

Here is the most advanced and most
powerful stereo power amplifier ever pro-
duced by Fisher. Its ITHF music power
rating is 150 watts with hoth channels
driven. The RMS power rating, again with
both channels driven, is 130 watts (65
watts per channel ). However, cach channel
will deliver 80 watts at 0.5% IM distortion
and even lower 1-kc harmonic distortion,
thus indicating the extreme conservative-
ness of the official rating. A home installa-
tion requiring even greater amplifier power
is virtually unimaginable.

The circuitry of the K-1000 is com-

UVERSEAS RESIOLNTS PLEASE WRIE TU FISHLR RALID 1MTLRNATIZNAL, TG,

ideal amplifier.

Build it!

pletely original in concept and features
a host of engineering subtleties that will
delight the technically sophisticated. Yet
the unique Fisher StrataKit method of kit
construction makes it so ecasy to build that
your young son can complete it just as
successfully as a skilled electronic tech-
nician.

With the laboratory-type calibration
meter on the front panel, the K-1000
can be precisely adjusted by the builder
to operate under optimum specifications
and to maintain these at all times. The
exclusive Fisher StrataBalance—a simple,
foolproof invention—makes it possible to
balance the push-pull circuitry for mini-
mum distortion by means of an ordinary
light bulb!

Size: 15¥8” wide x 734" high x 12" deep.

T EBTame s T

Weight: 70 Ibs. Price: $279.50. (Also
available factory-assembled and tested;
Model SA-1000; $329.50.)

FREE! $1.00 VALUE! The Kit
Builder's Manual, an illustrated \

. . . 1e .
guide to high fidelity kit con- Kit Builder's
struction, complete with de- _Manus!
tailed specifications of all Fisher

StrataKits. |

Fisher Radio Corporation _ ‘771
Y. Litoh
1

Please send me
The Kit Builder’s Manual without charge

Name

]
1
1
1
[}
1
:
i
i
| 21-40 44th Drive, Long Island City. N.
1
1
|
1
1
1
]
1
1
1
1
]
i
1

1
1
I
I
]
|
Address H
!
1
|

LONG iSLANG CIlY, 1 Y. 11101, CANADIAN RESIDE TS WRITE 10 TRI-TLL ASSOCIATES, LTD., VILLCWDALE, ONT,

The Fisher K-1000 StrataKit

150-Watt Laboratory Standard Stereo Power Amplifier

November, 1964
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sooner
later...

you will demand the extra
quality and precision of
Nortronics tape heads! All
Mortronics heads featura:

laminated core structures
and deposited quartz gaps
for superior high fra-
quency response, and . . .

hyperbolic, all-metal faces
for intimate tape-to-haad
contact—longer wear with
minimum axide loading.

Repiace worn
tape heads with
Nortronics laminated
core replacement heads
—available from your
Hi-Fi Dealer, Radio-
TV Serviceman or
Camera Store!

Write today for vour FREE copy of Nortronics
Tape Head Replacement Guide,

Minneapolis, Minn, 55427

8127 Tenth Ave. N.,

O TS L P e L i
CIRCLE NO. 242 ON READER SERVICE PAGE
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ceptional measured performance, it nev-

Hll =,

ertheless has a superbly transparent and
well-defined listening quality, This may
be due in some measure to the direct-
coupled output stages, but whatever the
reason, this low-priced amplifier sounds
remarkably like some selling for twice
its price. It is convincing evidence that
low-priced, high-quality transistor am-
plifiers can be designed,

The “Knight-Kit” KG-870 sells for
$99.30 in kit form and $149.50 factory
wired, An oiled walnut case is available
for $12.95 additional. A

Eico Model 2200 FM-Stereo Tuner

For copy of manufacturer’s brochure, circle No. 61 on coupon (page 15).

HE new Lico Model 2200 FM-stereo

tuner is one of the firm’s “Classic”
series of high-fidelity components. Al-
both in style and
performance, some of the more expen-
sive factory-made tuners, it is actually a
very moderately priced, easy-to-build
kit (also availuble factory-wired).

The ront-end is a pre-assembled and
pre-aligned unit, using an ECCS5 dual
triode as a neutralized r.f. amplifier and
self-oscillating mixer. It is thoroughly
temperature- compcnsate(l and needs no
atl.ec.

The if.
printed-board

portion of the tuner is a
assembly,  with three
6AUG if. amplifiers, a 6GAUG limiter,
and a BAL3 ratio detector. For mono
reception, the de-emphuasized detector
output goes directly to the two triode
output stages (each is % 12AU7).
Another printed board contains the
multiplex  demodulator circuits. The

(omposite detected signal is amplified
by % 12DW7, whose output is separated
into the 19-ke. pilot carrier and the com-
posite stereo signal, The pilot carrier is
amplified und doubled by a 6AUG and
synchronizes a % 12DW7 38-ke. subcur-
rier oscillator. This oscillator gates a
two-diode switch, which separates the
composite signal into left- and right-
channel components. Encapsulated net-
works de-emphasize the two stereo out-
puts individually and filter out any
38-ke. carrier which may be present.

An EMS4 bar-type eve tube is used
as a tuning aid. A spring-return “Sterco
Check” switch on the front panel of the
tuner disables the sterco circuits and
connects the grid of the eve tube to the
output of the 19-ke. amplifier/doubler.
If a stereo broadcast is being received,
the eve closes.

The tuner kit is supplied with all cir-

(Continued on page 100)
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New COLOR BRIGHT 85 picture tube brings more natural color to television and increases monochrome brightness 43%.*

The startling news in the television in-
dustry is Sylvania's new oicture tube,
and its new, truer red phosphor.

EUROPIUM RED, developed at
GT&E Laboratories, is the brightest
red known to the industry. And, to
match it, now the full brightness of
blue and green is used. The result is
a color picture tube that gives the en-
tire television industry a boost.

NEW CAPABILITIES IN! ELECTRONIC TUBES ¢ SEMICONDUCTORS « MICROWAVE DEVICES » SPECIAL COMPONENTS ¢ DISPLAY DEVICZS

*Tests show the COLOR BRIGHT 85 tube is 43% brighter,

COLOR TV

HAS A NEW
RED STANDARD

Sylvania’'s new EUROPIUM RED.

Because the COLOR BRIGHT 85 tube
is really bright, dealers can demon-
strate color TV effectively ir normally
lighted showrooms. As the set’s bright-
ness is adjusted, the colors remain
true —not shifting to unnatural tones
in the highlights of the picture.
Another thing, black and white per-
formance is far better than you've
ever seen before in a color tube. Be-

sides the increased brightness, there's
improved contrast in a sharp, vivid
picture.

The new, exciting COLOR BRIGHT
85 picture tube is a product plus from
Sylvania for the entire color television
industry, and particularly for dealers.
In color, as in black and white, you
know it's good business to handle the
Sylvania line.

SYTNVANILA

SUBSIDIARY OF

=
GENERALTELEPHONE & ELECTRONICS Grlz\lij

n the overage, thon standard color picture tubes
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No other solid

state stereo

tuner/amplifier kit has EICO’s
500-$600 quality...

it Eipivivag,
+

Introducing the new 3566 all transistor F.M. MPX Stereo
Tuner /Amplifier. Designed throughout to the quality level
of the costliest Tuner /Amplifiers on the market.

SUPERIOR TRANSISTOR SOUND: Perfect deep bass fidelity, the clarity
and detail of exactly reproduced transients...the sweet, airy quality
achieved with extremely low distortion and extended frequency response.
Plus plentiful reserve power-for orchestral crescendos (even with ineffi-
cient speaker systems)—all against a velvet quiet background: This is the
new transistor sound that is taking over in high fidelity...This is the
sound of the superior new EICO 3566.

UNSURPASSED FM STEREO TUNER PERFORMANCE: Entirely new FM
""Front End” and 4-Stage IF Strip with wideband ratio detector, developed
only after the practical requirements of optimum FM Stereo performance
were established by experience with earlier transistor designs in the field
... Achieves Minimum Bandwidth Variation with signal level for consist-
ently high quality reception regardiess of signal strength. ... Handles even
abnormally strong signals without overloading (a strong local signal won't
“blanket” the dial)...Unsurpassed usable sensitivity with only slightly
more signal required for full 40db quieting. Time-switching transistor
multiplex circuitry, incorporating separation and balance adjusts, achieves
outstanding 38db channel separation...completely effective filtering of all
types of interference. Noiseless, purely electronic Automatic Switching
between FM Stereo and FM Mono (controlled by the pilot frequency in
stereo broadcast signal), with defeat. Stereo Indicator Light gives instantly
visible indication of stereo broadcasts...D’Arsonval tuning meter gives
exact center-of-channel tuning indication...Adjustable-threshold inter-
station noise muting gives you silence between stations while tuning, and
infallible stereo program indication. Convenient Muting-Off Switch for
weak station reception...Exactly right AFC pull-in range permits you to
tune in stereo stations accurately with ease. Convenient AFC-Off switch for
tuning in weak stations.

UNSURPASSED STEREO AMPLIFIER/PREAMPLIFIER PERFORMANCE: En-
tirely new amplifier/prearnplifier circuitry, designed with the highest per-
formance objectives. Phenomenally low noise, low distortion RIAA phono
preamplifiers with maximum overload resistance. Low distortion, variable
inflection feedback tone controls permit boost or cut at the extremes of
the range without affecting mid-range response or the volume level. Iso-
lated from power amplifier by buffer stages to eliminate loading distortion.
Unique, very low distortion drive of power amplifier output stages, plus
36db of overall feedback to reduce distortion to an inaudible level. No out-
put transformers—giving unrestricted bass response and eliminating tran-
sient distortions normally occurring due to output transformer characteris-
tics.

SIMPLIFIED KIT ASSEMBLY: You wire only non-critical audio and power
supply circuits, mostly on military-style terminal boards for easy check-
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out...FM ‘“Front End,” 4-stage FM IF strip, and entire multiplex circuit
pre-wired and pre-aligned ... Transistor Sockets eliminate risk of transistor
heat damage. .. This kit can be recommended to beginners!

CONTROLS: Input Selector, Mode (incorporates FM stereo defeat), volume,
Balance, Bass, Treble, Loudness Compensation, Muting-off, AFC-off, Power
on-off. INPUTS: Mag. Phono, tape, auxiliary, 300 Q antenna. QUTPUTS:
left and right speakers, tape. headphones. INDICATORS: llluminated
tuning dial, tuning meter, stereo program indicator light. FUSES: Line,
Left Speaker, Right Speaker, SIZE (HWD): 5 x 16% x 13% inches.

AMPLIFIER/PREAMPLIFIER SPECIFICATIONS: POWER: 66 watts total 1HF
music power output. IM DISTORTION: 2% at 30 wpc (watts per channel);
1% at 25 wpc; 0.3% at normal listening level. IHF POWER BANDWIDTH:
20-20.000 at 25 wpc, 0.5% harmonic distortion. HARMONIC DISTORTION:
0.16%-at normal listening level. FREQUENCY RESPONSE: =+ 1db 10-60,000
cps. HUM & NOISE: 70db below 10mV on mag. phono; 70db below rated
power on other inputs. SENSITIVITY: 3mV on mag. phono, 180mV on other
inputs. SPEAKER CONNECTIONS: 8-16 ohms.

FM MPX STEREO TUNER SPECIFICATIONS: SENSITIVITY: 2 microvolts for
30db quieting (IHF Standard), 2.7 microvolts for 40db quieting. IHF HAR-
MONIC DISTORTION: 0.5%. CHANNEL SEPARATION: 38db. FREQUENCY
RESPONSE: =+ 1db 20-15,000 cps. IHF SIGNAL-TO-NOISE RATIO: 60db. IHF
CAPTURE RATIO: 4.5db. IMAGE REJECTION: 50db. IF & SPURIOUS RE-
JECTION: 80db. SCA REJECTION: 40db. 38 KC SUPRESSION: 55 db. 19 KC
SUPRESSION: 45db.

EICO 3566 also available factory wired (includes oiled walnut cabinet)
$349.95 ... optional oiled walnut cabinet for kit $14.95.

CIRCLE NO. 178 ON READER SERVICE PAGE

Visit the EICO exhibit in the Pavilion of American Interiors at the World's Fair.

m—————————-— ———— e

EwW-11
@EICO Electronic Instrument Co., Inc.
131-01 39th Avenue, Flushing, N.Y. 11352

Send new 1965 catalog featuring more than 230 E(CO Products.

Name i

Address

City.
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Fig. 1. Exploded view of a typical 20-amp.
These are available
with either press-fit or stud-type mount.

silicon rectifier.

HILE transistor circuits and
highly regulated and sophisti-
cated power supplies have

monopolized the semiconductor spot-
light in recent years, the workhorse of
the electrical and electronics industries
has continued to be the unregulated d.c.
rectifier power supply, Often termed the
“brute-force” type of power supply, its
function arises from the simple fact that
most electrical power is generated and
distributed as alternating current, but
that many uses for electrical power re-
quire direct current for proper opera-
tion. Typical d.c. uses include “B+”

SEMIGONDUGTORS
FOR
POWER
SUPPLIES

By F.W. GUTZWILLER
Rectifier Components Dept.
General Electric Company

for TV and radio sets, computers, lab-
oratory experiments and measurements,
electroplating, motor controls, and bat-
tery charging. While motor-generator
sets have been used in the past, today
the static rectifier power supply usually
acts as the vital conversion link between
a.c. and d.c. systems.

Rectifier power supplies rely on a one-
way “valve” of some Lkind for their
power-conversion action. The ideal rec-
tifving “valve” conducts electrical cur-
rent in its forward direction with zero
resistance and hence no voltage drop
across it. In the opposite, or reverse,

Solid-state rectifiers are fabricated from copper oxide, selenium, germanium,
and silicon. Here is a comparison of various types and applications of each.
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www.americanradiohistorv.com

27


www.americanradiohistory.com

direction the ideal rectifier presents an infinite resistance to
the flow of current, and hence no current flows when the
voltage in the rectifier circuit is reversed. With this combina-
tion of characteristics, the ideal rectifier device operates
without internal power losses and is therefore 100% efficient.

Vacuum and gas rectifier tubes furnish rectifving action by
the unilateral conduction characteristics of an electron-emit-
ting cathode and an electron-collecting anode. This action
depends, however, on a precisely controlled environment
{gas or vacuum) as well as a heater of some kind to “boil”
electrons off the cathode. The tube cathode has inherent
limitations as a source of electrons and, as a result, eventual
replacement is almost inevitable in any long-term application.
\While tubes are excellent in their reverse-blocking charac-
teristics, their forward resistance causes at least 15 to 20
volts drop when conducting,

Because of the obvious limitatious of motor-generator sets
and tube-tvpe rectifiers, the solid-state or semiconductor rec-
tifier with no moving parts or filunents has assumed a major
role among rectifving devices in recent years. Semiconductor
rectifiers In common use today are made tfrom four different
tvpes of materials: selenium, copper oxide, silicon, and ger-
manium. These materials receive the general classification of
“semiconductors” because they exhibit alternately the char-
acteristics of both insulating and conducting materials de-
pending on their impurity content and temperature. While
silicon’s characteristics have led it to the forefront of semi-
conductor rectifiers for most applications, certain traits of
selenium, copper oxide, and germanium have earned these
tvpes their own unique application areas.

Copper Oxide and Selenium

The first semiconductor power rectifiers used in any sig-
nificant number were made of copper oxide. Developed in
the carly 1920’s theyv are used today only in very specialized
low-voltage applications. However, from this beginning
sprang the development of selenium rectifiers in the 1930’.

While several methods are emploved today for manufac-
ture of selenium rectifiers, the following is representative of
the general method used. Selenium material is evaporated in a
controlled vacuum atmosphere and is deposited on an alumi-
num back-plate. On this laver of selenium is deposited a layer
of cadmium sulfide, thus forming the rectifving junction. A
counter-electrode (see Fig. 2) made of cadmium is then de-
posited by evuporation or sprayving. To improve (form) the
rectifving characteristics of the broad area junction between
the selenium and the cadmium sulfide, a voltage is applied in

Fig. 2. Cutaway of selenium-rectifier cell.
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the blocking direction of the cell for a period of time under
controlled conditions. Certain types of selenium cells can then
conduct up to 300 or 400 ma. per square inch of active junc-
tion area on a continuous basis under low ambient tempera-
ture conditions. At 130°C ambient. some designs are still ca-
pable of handling 160 ma./in.2. The size of plate as well as
the ambient temperature determine the total current rating of
a cell. Plates as lurge as ten inches by twelve inches are com-
monly used, and these can handle 30 amperes on a continuous
basis, and substantially more on an intermittent basis.

The ability of the “formed” cell or plate to block reverse
voltage in a rectifier circuit depends on the particular process
used to make it and the life expectancy desired. Maximum
ratings of 45 volts r.m.s. (63 volts peak) are typical. For
higher voltages, plates are stacked in series on studs, in
cartridges, or in clip-tvpe packages as shown in Fig, 3.

With rated current flowing, a voltage drop of about 1.2
volts is developed across a selenium junction. Under rated
load conditions, this voltage drop slowly increases with time.
The rate of this increase is a function of the manufacturing
process and the current, voltage, and temperature at which
the cell is operated. In time the rectifier heating due to the
increasing voltage drop and the loss in d.c. voltage across
the load may require the rectifier to be replaced. Under nor-
mal conditions of operation, a well-fubricated, conservatively
used selenium rectifier will have a useful life expectancy of
at least 80,000 hours of operation.

Silicon

The past ten vears have seen silicon move into the fore-
front of all rectifying devices. While it is one of the most
common materials in the earth’s crust, silicon must be re-
fined to an extremely high degree before it is suitable for
rectifving junctions. For high-performance rectifier units
made from silicon, impurity levels less than one part in
10,000,000,000 must be attained. A small wafer of refined
silicon, typically 0.01-inch thick, acts as the parent material.
Into this wafer is carefully alloved (melted) or diffused
(gaseous penetration) another material such as aluminum
or boron. The interface or junction between the parent sil-
icon and the added material exhibits the rectifying charac-
teristics. When mounted to a suitable cooling medium such
as an air-cooled fin, a silicon rectifving junction can oper-
ate at current densities of 1000 amperes per square inch
without overheating and with less than one volt developed
across the wafer, A small chip of silicon less than 0.2 inch
on a side is sufficient for the heart of a 30-amp device.

Fig. 3. Selenium rectifiers come in a variety of sizes and shapes as shown,
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In its reverse or current-blocking direction, well-built sil-
icon rectifiers can block as high as several thousand volts
with a leakage current of only a few microamperes although
tyvpical commercial-grade silicon devices are usually designed
and fabricated for operation at considerably lower voltages,
such as 200 or 400 volts peak.

Because the full circuit voltage must be blocked across
only a few thousandths of an inch of creepage distance on
the surface of the rectifying junction, this surface must be
protected against contamination by moisture and other for-
cign substances. Hence the basic rectifying junction is sealed
in an impervious housing of some type. While plastic en-
capsulations are used for some types made today, maximum
reliability and life expectancy is attained only by true her-
metically sealed housings. One such type is shown in cross-
section in Iig. 1 for a tvpical 20-ampere silicon rectifier.

Properly designed and fabricated silicon rectifiers can op-
erate indefinitely without mecasurable change in their char-
acteristics provided the hottest spots at their rectifying junc-
tions do not exceed 175 to 200° C, In spite of their ex-
tremely good efficiency (less than 1% losses in tvpical appli-
cations), the heat developed at the small junction must be
carried away efficiently if the junction is not to overheat
and thus fail. For this reason some tvpes of silicon rectifiers
are furnished with a stud or knurled housing for bolting or

105
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Fig. 5. Areas of application for selenium and silicon rectifiers,
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pressing into a cooling fin. Other types come from the semi- (a) i8)
conductor manufacturer already attached to cooling fins with .

several fins on a common mounting base and connected for Swrch

the particular circuit requirements. Silicon rectifiers with . ooweR §

current ratings below approximately 1% amperes require no S POWER

cooling fin. Fig. 4 shows examples of several silicon rectifier e ” DioDES
tvpes. Individual silicon rectifier diodes with current ratings el

up to approximately 500 amperes are available.

Generally the heat sink or housing of the rectifier is com-
mon with the cathode connection of the rectifier, although
reverse-polarity types are also availuble from some mukers.

Germanium

Germanium rectifiers, like silicon, use single-crystal metal
for their basic junction material, unlike selenium and copper-
oxide rectifiers which use polverystalline material. The de-
velopment of the germanium type actually preceded the
silicon by about five years and was stimulated by the devel-
opment of the transistor. Both externally and internally, ger-
manium rectifiers look much like silicon devices. The recti-
fving junction is formed by alloving a dab of indium metal
into the surface of a germanium chip. Chemical or electro-

-

LoaD B LOAD A

O - .
POWER LOGIC-INDIVIDUAL CONTROL OF TWO LOADS OVER TWO WIRES
Fig. 6, Some non-rectifier uses for semiconductor power diodes.

Ivtic etching is usually necessary to optimize the reverse
blocking characteristics of the device.

In its reverse blocking ability, the germanium rvectifier is in-
ferior to silicon, being capable of about 400 volts maximum.
However, in its forward or conducting direction, germanium
rectifiers develop only about one-half of the voltage drop
of silicon. Maximum operating junction temperature of ger-
manium rectifiers is limited to about 125°C since the indium
alloy melts at 155°C. Today individual germanium rec-
tifier diodes are availuble with ratings up to 2 amperes.

Fig. 4. Various types of silicon rectifiers. Table 1. Comparison of characteristics of typical semiconductor rectifiers.
COPPER SELENIUM SILICON GERMANIUM
0XIDE

Average Current
Density (amps/sq. in.) 0.1 0.2 1000 200
Peak Reverse Voltage
(volts) 25 63 1200 300
Forward Voltage Drop
at Rated Current  New 0.5 12 0.9 0.5
{volts) Aged 0.55 2.4 0.9 0.5
Max. Junction Temperature
(°C) 65 130 200 105
Size Large Large Very small Small
Ability to Recover from
Voltage Transients Excellent Excellent Poor Quite poor
Unforming (loss of rectifier
characteristics on shelf) None Some None None
. Overload, Fault Capacity Excellent Good Poor Poor
Ry ’ Frequency Response Poor Poor Good Good
& . \  Life Very long 60,000 to Very long Very long
. 100,000 hrs.
0{& \ normal
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Table 1 lists a comparison of the main characteristics
and application considerations of the [our tyvpes of semicon-
ductor rectifiers. While the features of silicon and its attrac-
tive component cost, which is as low as 30 to 40 cents per
kilowatt of rectified energy in medium-current applications,
make it the best choice for most applications, the other
three types have maintained their superiority in a good
many areas in electronics where applications are more highly
specialized.

Compared to silicon, sclenium is much less subject to
damage from overloads and overvoltage transients. Its large
junction arca can absorb the additional heating of momen-
tary surge currents. Also, a selenium junction can heal itself

after an otherwise dumaging voltage transient has occurred,
unlike typical silicon and germanium cells which can de-
velop a short circuit across the junction under the influence
of a momentary transient, For this reason, selenium continues
to be used often in such applications as relay and transformer
switching circuits where severce transient voltages are com-
monly developed, and in garage-type battery chargers where
common practice is to short circuit the d.c. terninals of the
charger to determine if the charger is operating. Because
large numbers of small-diameter selenium punchings from
a larger plate can be cconomicaliy stacked in series, seienium
is also the most economical method of rectification for verv
high voltage at low currents (Continued on page 114)

Table 2. A listing of the major rectifier circuits in common use along with their most important operating characteristics.

I
SINGLE-PHASE SINGLE -PHASE THREE-PHASE THREE-FHASE
TYPE OF CIRCUIT ' PHASE ‘ ASSUMES ZERO
{ALF. STAR (WYE) BRIDG
HALF.WAVE D BRIDGE 3 FORWARD DROP AND

| SINGLE- l
I
\
!

ZERO REVERSZ CURRENT

IN RECTIFIERS
PRIMARY s ’ AND NO a.C.
SSAAAAAAS s LINE OR SOURCE
| | REACTANCE
| | ‘
SECONDARY . > -
+ - ’ TO DETERMINE
o ‘ g ! ACTUAL vaLUE
| OF PARAMETER
O ERCNC CERWRVELOR Y Y ! IN FIRST COLUMN,
RECTIFIER OUTPUT MULTIPLY FACTOR
SHOWN BY
VOLTAGE (NO OVERLAP) VALUE OF
[o] (o] 0 0 0 —
NUMBER OF RECTIFIER | \ | R [ . R .
ELEMENTS IN CIRCUIT | | |
AVERAGE D.C. ‘: ‘ | X | AVERAGE D.C.
VOLTS OUTPUT R 5 e Ho1d B VOLTAGE OUTPUT
R.M.S. D.C. | — | J ‘ X | AverasE b.c.
VOLTS OUTPUT | Uskit) ’ Ut Jaitl R el VOLTAGE OUTPUT
PEAK D.C. | — ‘ ‘ | x| AvERacE 0.c.
voLts outeut_ | = | 34 4 157 2 i {H VOLTAGE OUTPUT
i X | AvERAGE D.C.
= 2 3 okt — | 1.05 VOLTAGE OUTPUT
PEAK REVERSE R.M.S. SECONDARY
VOLTS PER 1.41 2.82 1.41 2.45 2.a5 X! vorLts PER
RECTIFIER ELEMENT _ TRANSFORMER LEG
_ R.M.S. SECONDARY
- 1.41 1.41 1.41 f.at 1.4t X| voLts
\ LINE-TO-LINE
' T
AVERAGE D.C. | _ X | Averase p.c.
OUTPUT CURRENT Gl {1gCR) g oY . QUTPUT CURRENT
AVERAGE D.C. | _
OUTPUT CURRENT - t.00 0.500 0.500 0.333 0.333 X AVERAGE D.C.
PER RECTIFIER ELEMENT OUTPUT CURRENT
R.M.S. CURRENT
PER RECTIFIER ELEMENT - 1.57 0.785 0.785 0.587 0.579 X AVERAGE D.C.
(RESISTIVE LOAD) | OUTPUT CURRENT
R.M.S. CURRENT AVERAGE
PER RECTIFIER ELEMENT |= _— 0.707 0.707 0.578 0.578 X '; GE D.C. ¢
(INDUCTIVE LOAD) OUTPUT CURRENT
PEAK CURRENT ‘ AVERAGE D.C
PER RECTIFIER ELEMENT - 3.14 1.57 1.57 1.21 1.05 Ry CU‘R!’?ENT
(RESISTIVE LOAD) )
PEAK CURRENT |
PER RECTIFIER ELEMENT - e t.00 l 1.00 1.00 | 1.00 (AJ\llJFr:?J?‘EC'lJJ'RCéENT
(iNDUCTIVE LOAD)
RATIO PEAK TO |
AVERAGE CURRENT ‘ 3.14 3.14 3.14 3.63 3.15
PER ELEMENT
(RESISTIVE LOAD) |,
RATIO PEAK TO |
AVERAGE CURRENT — ' 2.00 2.00 100 100
PER ELEMENT ‘ i
(INDUCTIVE LOAD) | !
o, RIPPLE | 1
(R.M.S. OF RIPPLE/AVER- 1219, 1 480, 480, 18.39, “ a.20,
AGE OUTPUT VOLTAGE)
— : — S
’ RESISTIVE LOAD ‘ INDUCTIVE LOAD CR LARGE CHOKE INPUT FILTER
SECJ:;:s:ORR:ESR = 1‘ 2.22 ! 11 ‘ 1.1 ] G.855 0.428 1 x AVERAGE D.C.
e TO NEUTRAL) (TO NEUTRAL VOLTAGE OUTPUT
e PE0 U3E ! \ (TO C.T. ‘ 1TOTAL I NEY 1
- [
TRANSFORMER ‘ |
= AVERAGE D C.
SECONDARY R.M.S, - PP | z.22 i 1.1 1.48 0.740 X VOLTAGE OUTPLT
VOLTS LINE.TO.LINE | |
f ‘X‘ AVERAGE D.C.
SECONDARY LINE CURRENT - 1.57 0 707 ‘ 1.00 0578 0.816 CURRENT QUTPUT
TRANSFORMER SECONDARY | ‘ s ae o i ‘ s o5 |X e
VOLT-AMPERES PER LEG | —
- AVERAGE D.C.
TRANSFORMER PRIMARY | _ | ‘ ‘ ’X
—_ 047! 0.816
P.M S. AMPERES PER LEG : by e Nl CURRENT OUTPUT
TRANSFORMER PRIMARY ‘: ‘ e ‘ . ‘ . ‘ - o5 ‘X R T
VOLT-AMPERES PER LEG i : :
AVERAGE OF PRIMARY AND ‘: ‘ ae . ' - ! s ‘ o5 )(| b.C. WATTS OUTPUT
SECONDARY VOLT-AMPERES i
: X AVG. LOAD | x
I: i 1.57 | 1.00 ‘ 1.00 0.817 1.41 SEC. LEG E_+
PRIMARY LINE CURRENT | | i | PRI. LINE E
| | | | |
LINE POWER FACTOR 1‘ S 0.900 \ 0 200 0.526 0.955
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using the cathode-ray oscilloscope

. T S |

method. In this method, a refer- | gsciLLator 7} S DY DEVICE UNDER O
°T l N |

o

PHASE shift is usually measured by — ==

ence-phase alternating voltage is one in- TesT
put and the unknown-phase alternating . { SCOPE
voltage is the other input. The combina- s o+—

| S S

tion of these two alternating voltages re-
sults in a pattern produced on the screen

Fig. 2. Phase-shift nomogram and method of measuring the oscilloscope pattern.

L v

|

of the scope. The pattern produced is a
straight line, circle, or ellipse depending . ) -
shift is calculated by using the formula:
sin @ = BJA, where the ratio B/A is the °
ratio of the intercept B to the maximum By LARRY W. BRINDLEY
A, as shown in Fig. 2. d\fg—j Z
To use this method, adjust the unde-
shown by the midlines of the grid. Apply
the unknown voltage to the vertical in-
put and adjust the gain for any conven-
and apply the reference voltage to the G?’ﬂpbl(ﬂ/ 771&‘}]05/ Of [/€f€7’772277177g p}]ﬂ&” fblﬁ‘ !/7)/
horizontal input. Adjust the gain so that . . . .
the amplitude is the same as for the measuring 1:1 Lissajous pattern on oscilloscope.
voltage without changing the amplifica-
tion. See Fig. 1. Mcasure A and B in
any cqual units, The angle whose sine is &
the unknown phase shift, B cos
The nomogram of Fig. 2 facilitates i 179 —— 181°  359° ro oo
this calculation. A solution can be ob- = [
Place a straightedge hetween the pattern / \\ ' \\ /
Lieight value on the A scale and the in-
tereept value on the B scale. Read the

upon the plmse difference. The phase Fig. 1. Equipment setup employed for fhe measurement of phase shift on scope.
flected beam to the center of the CRT as OmogVﬂm
ient deflection. Disconnect this input
vertical input. Reconnect the unknown
the B-to-A ratio is the desired angle of
tained by using the scales A, B and .
2 178 —— 82 358 ‘
unknown angle on the 4 scule.

o]

e
I
7

The nomogram shows that two ans-
wers may be obtaimed for each pattern.
Several methods have been developed AN
to determine if the angle is “leading” or N
“lagging.” 4 AN 5 75 - 185 355

The simplest way to resolve this prob- AN f o3
lem is to delay the unknown phase by a e ge see
small amount, This can be done by
means of a phase-shifting network con- AN
nected in series between the source and = N
the scope. The small additional delay - N |
will change the pattern, This change N T« =
will he toward different limiting patterns h Q Q | :} O
depending on the beam rotation. For 4
example, a 10-degree ellipse will be- >
come rounded and tend toward a circle
when delaved, where on the other hand
a 320-degree pattern that looks similar
will shift toward a straigat line when the
delay is added.

As an example of the use of the nomo-
gram, asswue that the maximum deflec-
tion is -+ units and the intercept is 2 units,
the ellipse major axis tilt is to the right
and the beani rotation is clockwise, Con-
struct a straight line from 4 on the A
scale to 2 on the B scale. This line in-
tercepts the # scale at the 30, 150, 210,
and 330-degree points. By the tilt of the
ellipse the choice is reduced to either
30 or 330 degrees. For clockwise rota-
tion of the beam select 30 degrees. Thus
there is a 30-degree phase difference be-
tween the applied voltages. A

AN 3 177 83 357

4 176 184 356

6
7 73 —— 187 353

8 72 —— 88 352 o
E) 8o 35

o s 350 r

¥
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A . .

audio—
compression
preamplifier

The circuit was constructed on a 3” x 4” piece of fiber board
which was mounted with the battery in a small utility box.

By JESS C. WRIGHT/ Cubic Corp.

p————

Circuit using negative feedhack to produce 20 db of compression with low distortion and wide
frequency response. Can bhe used with low-level mikes in p.a., recording, or modulator applications.

tive-feedback audio-compression preamplifier, The cir-

cuit is designed as a modular microphone preamplifier
with wide frequency response and 20 db of audio compres-
sion. The circuit is relatively simple, using only three transis-
tors and three diodes as active elements.

The limiting of audio dynamic range is usually accom-
plished by one of two basic methods. Fig. 1 illustrates the
waveform produced by these two methods and compares it to
the waveform of the audio-compression preamplifier. Let Fig.
1A be the input signal. Fig, 1B shows the output of a conven-
tional audio limiter. The peaks of the output are clipped, thus
creating gross harmonic distortion. This type of limiting can
be achieved by a shunt pair of diodes. The circuit is very
simple but for most uses the distortion is undesirable.

Fig. 1C is the output waveform caused by varving the bias
to a transistor amplifier stage (audio a.g.c.). The harmonic
distortion in this case need not be as severe as the limiter.
However, the distortion is still too high for good quality audio
signals. Various complex circuits and LC filters have been
used to reduce this distortion to acceptable levels. Fig. 1D
illustrates the output of the compression preamplifier to be
described below; note the absence of gross distortion that
is obtained without resorting to any filters.

THIS article will cover the theory and design of a nega-

Theory of Operation

The theory of operation is very simple. It has been shown
that for a transistor voltage amplifier, gain is: G=(approx.)
R./(R.+R,), where Ry is the load resistance, R, is the unby-
passed emitter resistor, and R, is the emitter-base diode re-
sistance. If R, is much larger than R,, the gain reduces to
G =(approx.) R./R.. Stage gain can clearly be controlled by

32

controlling R., but changing R. also changes the circuit oper-
ating point. If a circuit is designed with R, =R, then the gain
is unity (this is a split-load phase inverter). However, if R,
is bypassed by a large capacitor, the gain is Rp/Rs, a very
much higher value.

Fig. 2 is the basic feedback circuit. In this circuit R.=2R,,
therefore with no emitter bypassing the amplifier, gain is %. If

Fig. 1. Typical limiter and compressor waveforms are shown.

(A)

INPUT SIGNAL

(.)°°%DUDDDDDDDDDD

CONVENTIONAL LIMITER OUTPUT
(c )'%@vﬂv%
OUTPUT WITH AUDIO AG.C.

(D)

OUTPUT OF COMPRESSION PREAMP
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Fig. 2, Basic circuit arrangement em-
ployed in audio compression preamp.

02 D3
I ' RI3

Fig. 3. Three inexpensive transistors are used in the circuit, Output voltage
is rectified by D2 and D3; resuitant d.c. changes resistance of the diode DI.

RI—5000 ohm pot
R2.R14.R15,—1K,000 ohm, 13 w. res.
R3—22,000 ohm. V5 w. res.
R4,R10,R16—2700 ohm, Y5 w. res.
R5—0800 ohm, 1 w. res.
R6.R13—680 ohm, V5 w, res.
R7—47.000 ohm, V3 w. res. C3,C%

a large variable resistor is placed in series with the bypass
capacitor, the effective value of R, can vary from 0 to nearly
2R,, and the gain can, in theory, be changed from R /R, to k.
In the derivation of this formula, the assumption was made
that /iy, of the transistor was large compared to the gain,
therefore in practice a maximum circnit gain in the order of
approximately 10 to 30 is practical.

Practical Circuit

The circuit of Fig. 3 is one built by the author to prove the
theorv of operation and to provide a microphone preamplifier
for an ANM modulator. The variable resistor of Fig. 2 has been
replaced by a diode (D1). The resistance of the diode is con-
trolled by a d.c. voltage of an amplitude proportional to the
output level.

The first amplifier stage is used as the coutrol stage. With
no input signal, the diode DI is biased to saturation by the
47,000-ohm resistor (R7). In this condition Q1 is fully by-
passed and has maximum gain, For small input signals then,
Q1 has full gain, Q2 further amplifies the signal to a useful
level, and Q3 provides a low-impedance emitter-follower
output.

As the input signal increases, diodes D2 and D3 rectify a
portion of the emitter-follower output and apply a positive
potential to diode D1. This voltage brings D1 out of satura-
tion and increases its resistance, This reduces the gain of Q1
and holds the output level constant. The output level is thus
held constant until the gain of Q1 is reduced to its minimum
value. At this point the output of the amplifier again lincurly
follows the input, but at a reduced gain slope. Fig. 4 is the
output characteristic of the amplifier shown in Fig. 3. Note
that signals up to 1.5 mv. have a gain of approximately 1200
tinies.

The output is then relatively constant until an input of
about 27 mv. At this point Q1 has reached minimum gain and
the amplifier takes on the gain slope of 120. Thus the reduced
gain at large signal levels prevents early overloading of the
amplifier and adds a further amount of compression of large
signals.

The control voltage is really negative feedback. Care must
be taken to assure that the amplifier does not “motorboat.”
For this reason the interstage coupling capacitors are small to
limit low-frequency response. The dotted line in Fig. 5 shows
the frequency response with the control loop open. Notice
that gain drops to unity at about 42 cps. The filter time con-
stunt of the feedback loop (RY and C3) is T=RC=3.3 kx 25
uf. = 82.5 milliseconds, or the feedback loop bandwidth is f=
1/T=12 cps. A criterion for a stable feedback amplifier is: if

November, 1964

RR—100.000 ohm, 15 w. res.
R9--3300 ohm, 17 w. res.

R11—4700 ohm, !5 w. res.

R12—210 ohm, L3 w. res.

C1—10 uf., 13 v. electrolytic capacitor
C2,C8—100ui., 25 v, elec. capacitor
15 pf., 15 v. elec. capacitor

C4+—1 puf., 15 v, elec. capacitor
C5— 25 puf., 6 v, elec. capacitor
C6—.1 uf. capacitor

C7—100 uf., 6 v. elec. capacitor
S1-—S.p.s.t, togdle sw.
D1.D2.D3—1N270 diode
01.02,Q03—2N1305 transistor

the amplifier gain is unity at a frequency above the feedback
loop bandwidth, the amplifier will be stable. Since 42 cps is
almost two octaves above the loop bandwidth, the amplifier is
unconditionally stable.

The solid line of Fig. 5 shows the closed-loop frequency
response, Note how the feedback has improved the bass re-
sponse. The 3-db point has gone from 190 c¢ps to 58 cps. While
this is not high fidelity, this unit is designed for communica-
tions where the bandpass is more than adequate. It is as-
sumed that for voice communications where a 300 to 3000
¢ps bandpass is desired, the band limiting would occur in
the modulator or driven amplifier.  (Continued on page 79)
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RECENT
DEVELOPMENTS
in ELECTRONIGS

N R
Round-the-clock Space Tracker. (Above) This 84-foot radar an-
tenna, housed within a giant white radome at Moorestown, N.J.,
is the only instal ation in the U.S. performing round-the-clock
space-tracking serv ce. All data on satellites and satellits debris,
both the Western Allies’ and the Russians’, is fed into the USAF
Air Defense Command headquarters at Colorado Springs. Utiliz-
ing data in a comrputer at the headquarters, the giant antenna
locates and tracks the satellite and transmits its information
back to the computer. Should a satellite's orbit change or
should an unrecorded object be detected, this information is
flashed to Colorado Springs for checking. Inside the facility, an
operations directar and eight technicians—all RCA employees—
are on duty at all times under the direction of USAF personnel.

Powerful X-ray Tube. (Above) A
new x-ray system, so powerful it
can “watch” the shifting patterns
of atoms during the making of
man-made diamonds, has been
developed at the Westinghouse
Research Laboratories. Scientists
will use the system to study the
structural changes that occur in
crystalline materials under very
high temperatures and pressures.
Heart of the new system is a spe-
cial high-intensity x-ray tube
which produces extremely in-
tense beams of x-rays. The tube’s
high power comes from a water-
cooled, rotating anode, or target,
where the x-ray beam originates.
The beam passes through the
crystal sample and strikes a photo
film or electronic x-ray detector.
A slight diffraction of the beam
as it passes through the sample
gives a visual pattern that shows
the crystal structure. The tube
has developed a beam of 140 mil-
liamperes at a voltage of 50 kv.
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Automated Cardiac Survey. (Left)
Five hundred Alexandria, Va. peo-
ple, some with known heart ail-
ments, are participating in a
project described as the first au-
tomated at-home cardiac survey
on a community-wide basis. Elec-
trocardiograms are being made
with a 7-lb., battery-operated
Honeywell “Cardioview” carried
into homes by public-health
nurses. The heart :mpulses are
transmitted by telephone directly
to an instrumentation and daia-
processing center in the nation’s
capital across the Potomac river.
Through similar and larger sur-
veys, the incidence in a city or
region of various types of heart
disease for different age groups
can be fearned and thus lead to
preventive measures. The EKG's
are stored on magnetic tape and
monitored with an oscilloscope.
The photo shows a 13-year-old
rheumatic-fever victim having
his electrocardiogram taken.
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Simple Communications Satellites. (Above} The sim-
plicity of design for communications satellites is ob-
served by Hughes technicians on the first “birthday” of
Syncom |l, still in its 22,300-mile-high orbit—well
above harmful radiation. Company scientists predicted
a 10-yr. life for future such satellites, including the Ad-
vanced Technological Satellite {ATS) at lower left,
Comsat’s “Early Bird"” {center), and Syncom til {right}.

All-weather Landing Aid. {(Below) Those white dots outline an air-
port runway as a pilot “sees” it with “Microvision,” z new all-
weather landing aid demonstrated by Bendix. Electronic beacons
placed parallel to the runway emit microwave signals received by
the plane and appear on a viewing window in the cockpit just as
normal runway lights show up in clear-weatter night landing.

Underwater Mechanical Arm. (Abcve) This rugged underwater
mechanical arm designed to recover objects from the ocean’s
depths is shown being tested prior to delivery to the Navy.
The arm consists of a 10-foot-long hydrauiic structure whose
operatior is electronically controlled by means of an ACF In-
dustries control system. The arm is now attached to the un-
derside of the batnyscaphe Trieste, and can be used to pick
up from the ocean floor objects weighing i1 excess of 500 Ibs.

A

Commercial Inertial. (Above) Framec by the gimbals of a subma-
rine inertial navigation system, Sperry engineer is shown holding
similar equipment to be used in commercial airlines’ first iner-
tial navigation system. The compact a'rborne system is to be
installed beginning next summer in Pan American’s entire fleet
of 707 jet aircraft. Design of both the gyroscope and the micro-
circuit computer in the system resulted in a major reduction in
the initial price and the cost of maintenance. Even so, the entire
purchase contract amounts to $12.5 million. In the beginning,
maintenance will be done by Sperry but it is expected that
the airline's maintenance technicians will be trained to take
over the maintenance function after a certain period of time.
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These interconnecting cables are the nervous
system of most electronic hookups. There are many
types of cables and the choice
should be made with a full understanding of
their particular characteristics.

T IIENEVER we consider electronics systems—be it
“'/ a home stereo svstem, spice telemetry equipment,
or a business computer—little attention is usually
paid to the cables which interconnect the various puarts of
the svstemi. We tend to take these interconnecting devices
for granted. never rcalizing that theyv are the nerves, the
vitul signal paths, without which the entire system conld
not function. Yet, rocket and satcllite launchings have failed
because ol a faulty cable, und amone working with home
clectronics knows that broken or {raved cables account for
a surprising number of defects. In this article we want to
focus attention on the many types of cables available and
the vital role they play in over-all equipment operation.
Single-conducior wires arc usually used only within a
cabinet or chassis, Whenever signals are brought {rom one
unit to another, shielded cable is frequently required. De-
pending on the signals and their frequency, this may be a
coaxial cable, or simply one or more wires surrounded by a
metal shield. The type of cable usually determines the tvpe
of counector used with it, but because of space limitations,

o
PR

W
GROUND

(A) (8)

Fig. 1. Some basic transmission lines and their impedance equations. The symbo

this article will consider only the actual cables that are used.

Since World War II, the number of different cable tvpes
has increased just as rapidly as the rest of the electronics in-
dustry so that today we have a choice of over 100 military
standard cables, identified by the familiar RG..../U no-
menclature, and at least as many different tvpes of cables
for civilian and special-purpose applications. One interesting
fact is that some of the basic characteristics have remained
at the standard values. Impedances of r.f. coaxial cables, for
example, are limited to a nominal 50, 75, or 93 ohms. Cables
differ greatly in size, frequency and attenuation character-
istics, environmental capability, and in the effectiveness of
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the shield. This latter factor has particular importance in
applications such us audio and industrial instrumentation
where low-level, noise-free signals must be transmitted.

In the following paragraphs, the reader will find the basic
factors which must be known to select the right tvpe of
cable, and a description of couxial and other shiclded cables
with emplasis on special performance characteristics of the
latest cable types. While this article cannot claim to make
the reader an expert on shlelded cables, it contains the funda-
mental concepts necessary {or choosing a cable for either
new cquipment or {or replacing existing cables.

Why Shielded Cable?

The problem of connecting two electronic circuits or two
different equipments together is us fundamental and also as
important as Ohm’s Law. In many instances, Ohm’s Law
determines the method of interconnection, But at radio fre-
quencies, it may be Maxwell's equations that define the in-
terconnecting device. In every case, however, the correct
method of interconucction is a vital part of the over-all elec-
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e'' is the insulator dielectric constant,

tronic operation. If the connection between the phono pickup
arm and the preamplifier were simply a pair of separate wires,
excessive hum and noise could ruin the signal. It the con-
nection between the antenna and a short-wave receiver were
made of even the best grade of audio cable, little r.f. signal
might reach the receiver.

Many factors, in addition to frequency, will determine
the type of connecting cable which will give the best per-
formance. Signal losses may not be important in the audio
cables which drive the speakers of a stereo system, but in a
community-TV system, the losses due to the cable become
critical if a high signal-to-noise ratio must be maintained.

ELECTRONICS WORLD
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It may seem that any shielded cable would assure noise-
free signals between the microphone and its amplifier, but
measurements show that different types of shielded cables
may vary as much as 20 db (a hundred times the power) in
the amount of noise picked up.

Whether a new design or arrangement of different equip-
ment is involved, or if a substitute cable is needed for re-
placement, the same considerations go into the selection of
the proper cable. For the reader’s convenience, we have listed
eight basic factors which will determine the choice of a
cable, or at least narrow the choice down to a few different
tvpes. These factors can be used as a check list in practically
every type of electronic system in which shielded cable is
used.

Frequency: The frequency band which must be trans-
mitted is of prime importance. Frequency aftects not only
the attenuation due to the cable, but also the power rating,
the amount of phase shift, reflections or ghosts, and the im-
pedance.

Impedance: The characteristic impedance or surge im-
pedance of cables is discussed in more detail in a later para-
graph, but impedance matching between the output of one
and the input of another device is a general requirement in
all electronic work. Therefore the impedance of a cable is
usually a verv important factor.

Attenuation: We know that every conductor has some
losses. Depending on the frequency, the length of the trans-
mission path, power levels of the signals, and the construction
of the cable itself, the attenuation or reduction in power due
to the cable must be determined. We shall see that attenua-
tion varies greatly with frequency and with different cable
construction. Generally speaking, the attenuation consists of
losses due to the resistance of the copper path, radiation
losses, aud dielectric losses in the insulator. The latter is espe-
cially dependent on signal frequency.

Power: Transmitted power will determine the dimensions
of the cable, together with such considerations as permissible
attenuation, frequency, and length of line. In the milli-
watt range, small-dimensional cables are sufficient, but when
watts or kilowatts of power are to be sent over the cable, the
size of the conductors and, therefore, the over-all size of the
cable will increase accordingly.

Noise and Radiation: The main reason for using shielded

cable is to keep the transmitted signal in and undesirable
signals out. The effectiveness of the shielding properties
against noise are particularly important when dealing with
low-level signals such as audio from the microphone, video
from the camera, or r.f. from the receiving antemma. Radiation
becomes a problem in applications where the signals from
one cable must not interfere with other signals in the equip-
ment. Even in telephone or other communications systems,
crosstalk due to coupling between cables can be a serious
problem and radiation has to be kept to a minimum, We shall
cover special audio cables, such as the “Beldfoil” construc-
tion, which have extremely low radiation and noise levels,
in a later paragraph.
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A Nl e T D O . i : .
Fig. 2. This special Phelps-Dodge “‘Styroflex’’ coaxial cable has very low losses at ultra-high frequencies.

Capacitance: A certain capacitance theoretically exists be-
tween anv two conductors, and in shielded cables this can
be quite substantial. When pulse signals with steep sides
are transmitted, this capacitance has the effect of rounding
off the corners. A square wave can be changed to look almost
like a clipped sine wave. Careful consideration must be
given to this effect and, if necessary, compensating circuits
may be used with the cable.

Size and Weight: There are few instances where the size
and weight of a cable are not important. Usually outdoor
cables must be supported somehow, or the available space
in the equipment is limited. Connectors, which depend on
the tyvpe and size of the cable, are another important factor,
but in this article, connectors will not be considered.

Environmental Conditions: These words usually make us
think of such extreme environments as outer space or high-
flying aircraft. Actually, the use of cables outdoors presents
very severe environmental conditions, too. A community-TV
cable exposed to average weather conditions can suffer quite
a bit over the period of just one vear. The effects of the sun’s
radiation, chemical air pollution in metropolitan or industrial
areas, or the abrasion encountered in ice or due to storms all
require careful cable selection.

All of these factors combine to require an amazing variety
of cables. To give an idea of the different sizes of available
coaxial cable, they range from one having an outside diameter
of 0.039 inch (smaller than #18 wire) to others having an
outside diameter of 1.5 (or more) inches.

Coaxial Cables

This is probably the tyvpe of shielded cable that first comes
to mind when we consider transmission of higher frequencies,
or reduction of radiation and noise. Yet, coaxial cable is but
one of the many tvpes of transmission lines which are covered
by classical transmission-line theory and for which precise
equations have been derived. The basic transmission line is
really a single wire spaced a fixed distance from an ideal
ground, as illustrated in Fig. 1A. When the ground path was
wrapped around the wire at a fixed distance, the coaxial cable
was born. The equations for the basic coaxial cable shown in
Fig. 1B include the dielectric constant ¢ which would be 1
if free air were used between the center conductor and the
shield. In some dielectrics, particularly when the construction
/)
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Fig. 3. For maximum energy transformation, the impedance of
the entire system, including cable, must be properly matched.
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Fig. 4. Some special coaxial cables use a perforated insulator.

includes a lot of air space, this constant is very close to 1. In
other cable types, as will be shown later, the constant caa be
2, 3, or higher, allowing the outer diameter to be much closer
to the inner conductor for the same impedance. Two wires
balanced above ground and its shielded equivalent are shown
in Figs. 1C and 1D,

At this point, the definition of the vital parameter “char-
acteristic impedance,” “surge impedance,” or Z, might be
repeated to remind those of our readers who are somewhat
removed [rom theory. To transfer maximum power {rom one
circuit to another, the input and output impedance must be
the same, as illustrated in Fig. 3. Everv amplifier, trans-
former, loudspeaker, antenna, and transmission line has its
own “characteristic” impedance. Impedance can be capaci-
tive or inductive, but at resonance only the resistive com-
ponent remains. For transmission lines this resistive com-
ponent is called the characteristic impedance, or surge
impedance, or Z,, and it is essentially constant over the fre-
quency range for which the cable is designed. We could
simplify the definition by saving that a line “works best”
when both ends are terminated by a circuit which has the
same impedance as the “characteristic impedunce” of the
transmission line. As we have seen from Fig. 1, coaxial cable
can be made for different characteristic impedances, based
on the ratio of the inner and outer conductor sizes and the
dielectric used.,

A typical example of a large r.f. cable would be the RG-
221/U cable which has an inner conductor of 0.26 inch and
uses polyvethvlene, which has a dielectric constant of 2.29.
The impedance is 50 ohms, which means that its shield must
have an inner diameter of about 0.910 inch. Tt has a poly-
vinyl jacket, producing a total o.d. of 1.195”.

One important characteristic in r.f. cable is its attenuation
as a function of frequency. For the RG-221/U, taken as an
example here, the losses range from 0.17 db per 100 fcet at
10 me. up to 7.7 db per 100 feet at 3000 mc. The primary
reason for this is that polyethylene becomes more lossy at
the higher frequencies. By reducing the amount of insulating
material and introducing air spaces, the attenuation can be
greatly reduced. Shown in Fig. 2 is a cut-away view of %-inch
diameter “Styrotlex” cable which has a loss of only 0.2 db
per 100 feet at 3000 mc. lts characteristic impedance is 50
ohms, its capacitance is 24 picofarads per foot, and its di-
electric constant is 1.35.
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The power which a cable can carry is limited by the size
of the inner and outer conductors, just like the wire size in
house wiring limits the safe current. In addition, the dis-
sipation of r.f. power in the dielectric becomes an important
factor. It is safe to sav that larger diameter cable can carry
greater power. but for exact values for a particular cable, the
manufacturer’'s data must be checked.

Coaxial cables vary greatly in everv aspect of their con-
struction. Inner conductors are made of solid or stranded
wire and occasionally of speciallv woven thin strands of cop-
per wire. Quter conductors range from the familiar braided
shicld, armored or corrugated shields, or solid tubing to
such novel wrrangements as aluminum-coated NMylar tape.
Aluminum foil is used in many lightweight cables, but this
has the drawback that vou cannot solder to the outer shield.
To overcome this limitation, one or more copper wires are
usually carried between the outer shield and the outer insula-
ting jacket. These copper wires then serve as a solderable
contact for the outer shield. Where Hexibility with low r.f.
attenuation is important, the dielectric may be made of per-
forated Teflon tape as in the cable shown in IFig. 4. Where
extra shielding is required, a separate shielding braid may
be used in addition to the outer portion of the coaxial struc-
ture. The tvpe and thickness of the jacket which usually
covers the outer shield will depend on the environmental
conditions for which the cable has been designed.

For spacecraft installation, the cables must also be very
light, more efficient, and able to withstand greater tempera-
ture variations. Teflon has a dielectric constant of about 2.1
and can withstand temperatures up to 200 degrees C. The

SPECIAL FOLD T
MAXIMUM SHIEL
TIVENESS AT R.F.

g OBTAIN METAL FOIL SHIELD
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MYLAR JACKET
/INSULATING LAYER

INSULATOR

GROUND (DRAIN) WIRE
TINNED CADIUM BRONZE
RIBBON

STRANDED TINNED
COPPER CONDUCTOR

Fig. 5. Belden *“‘Z" fold as used on a single coaxial cable.

miniature cable cited earlier for its outside diameter of 0.039
inch (“ITliTemp” 50-29 CWXTC) has a 50-ohm impedance,
an attenuation of about 10 db per 100 feet at 100 mc., and
uses Teflon as dielectric. Its inner conductor is 0.011-inch
diameter copper-covered, silver-plated steel, giving it the
necessary strength as well as good electrical properties for
r.f. use. The outer conductor is thin, flexible copper tubing
rather than a braided shield used in larger cables.

Other Shielded Cables

Coaxial cables are essential in r.f. interconnections, but
there are also a host of applications where shielding is
required for signals which are much lower in frequency. Elec-
tromechanical transducers, photocells, thermostats, micro-
phones, and other devices used (Continued on page 111)

Fig. 6. When each pair of wires is individually shielded,
it reduces possibility of cross modulation between them.

Outer edge of Mylar
Foil Tape folded in = =%
_;gi-.bmin Wire

-r'—ﬁ.é Inner edge
P of Mylar

Foil Tape

folded out
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By ROBERT P. DEVANEY

Systems Engineer, Roanwell Corp.

communicating In a

HIGH-NOISE

environment

What is noise, what are its effects on a human
being and a communications system, and what are
the relative merits of different types of circuits,
earphones, and microphones for use in establishing
reliable communications in a high-noise situation?

HEN Alexander Graham Bell succeeded in commu-
“7 nicating over a length of wire, he set off a sequence

of developments that, taken together, rank as a won-
der of the modern world. Almost as impressive is some of the
misunderstanding that has grown with it.

For example, a “telephone system”—a limited, station-to-
station affair—is considered distinctive from a “voice commu-
nications” system—a multi-station, multi-channel operation.
Yet telephone hardware is liberally used in advanced com-
munications systems. Such special situations, on the other
hand, like those found in aircraft, ships, and armored vehicles,
have evolved rather unique communications systenis.

These special svstems relate to another assumption: that
system design is an academic problem, involving a series of
black boxes that include the necessary switching, amplifying,
and patching functions. Then one merely specifies standard
headsets, handsets, or headset-microphones, and other items;
the difference between one system and another being mostly
in packaging.

One problem, always present but now difficult to ignore, is
forcing reconsideration of such a simple approach. The prob-
lem is noise. Its effect on communications is easily overlooked
because people have the inherent ability to adapt to noisy
situations. In an extreme case, like that of a crew in an ar-
mored tank, voice is abandoned altogether in favor of foot or
hand signals.

But noise has been guilty of more than mere interference
with communications. Studies have shown that, although
effects are not immediately noticed, considerable hearing im-
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pairment may result. As the ambient noise level increases, the
problem becomes more critical. Consider, for example, the
noise environments of modern weapon systems. Even brief
exposures can result in severe and permanent hearing loss.
Recommendations now considered standard on maximum
exposure levels and time durations are indicated in Fig. 1,
along with levels for some typical noise sources.

Ear Defenders

From the need to protect personnel against the extreme
noise of jet engines and rockets, there evolved the “ear-de-
fender” headset configuration. It consists of rigid-plastic,
large-volime cups, resilient earcushions, and a headband.
Such a rigid cup acoustically sealed to the head (by the cush-
ion) will indeed reduce noise reaching the ear. The greater
the volume enclosed by the cup, the greater the attenuation.
Currently available earcups range from 110 cubic centimeters
to over 350 cubic centimeters. Fig. 2 shows attenuation vs
frequency.

This grossly oversimplifies the rather complex design of ear
defenders, which is not our main point. The point is that they
were chiefly developed to provide protection rather than facil-
itate communications. As a secondary consideration, the direct
mating of large-volume defenders with earphones and micro-
phones has been used with varying success in extreme noise
environments (over-all sound pressures from 125 to 145 db),
to improve intelligibility.

In the area from 90 to 125 db, however, communications
may seem adequate and hearing loss is cumulative rather than

«¢Fig. 1. Conditions for noise exposure levels establish recom-
mended practices where adequate ear protection must be applied.

Fig. 2. Differences in attenuation for a small volume and a
large volume earcup show their characteristics. Increased
volume does not mean increased attenuation at all frequencies.
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Modern headset-microphone assembly for improved communications.

immediate. Ignoring the latter effect, system engineers pro-
ceed to black-box design techniques without considering am-
bient noise. We must first appraise the environment, then
work back to the black boxes. The objectives, in order of im-
portance, should be: (1) to protect personnel against hearing
losses, immediate or cumulative; and (2) to provide maxi-
mum intelligiblity in speech comumunications.

The first goal recuires that the noise environment be de-
fined early. Is noise continuous or transient? Where in the au-
dible spectrum is acoustic power concentrated? Are there any
dominant, pure-tone components? What is the over-all sound
pressure level? These are but four of the questions to be
answered.

Such analysis establishes how much protection is needed.
The need is, in turn, weighed against physical limitations im-
posed by operational requirements, such as wearing of pro-
tective head-gear or face masks. These are limitations that can
complicate design for a noisy environment.

Intelligibility

The second aim is intelligibility. Can we measure it? It is
generally accepted that high intelligibility in speech commu-
nications is associated with a low message repetition rate, i.c.,
one in which information is received with few errors. The
problent does not sound formidable, especially since the tele-
phone industry has pursued this objective for years. Tele-
phone conversations, however, are not usually received or
transmitted in noise.

40

Although accepted tests for intelligibility do exist, they are
rarely perforned. It is common practice to breadboard a com-
munications system and “talk it out.” If it “sounds” good,
incorporates necessary switching and other functions, and
meets applicable environment-specification requirements, it
is approved. See Fig. 3.

The accepted test procedure is similar to a “talk-out” test
—but has important differences. First, both talkers and lis-
teners are trained. Second, the test material consists of stand-
ized word, number, or nonsense lists. The phonetically
balanced word lists in ASA Standard §3.2-1960 are the most
common test material,

Trained talkers'read the word lists. The answer sheets of
trained listeners are scored, with the average being the intel-
ligibility score for the system. The greater the number of sub-
jects and test rums, the more reliable will be the results.
However, even a dozen runs involving two or three subjects,
done under actual or simulated noise conditions, will indicate
whether the system meets the communication requirements.

With the environmental problem measured and the objec-
tives clear, let us see how one attains them.

As for protection, this is strictly a function of the noise-at-
tenuating headset. There has been experimental work with
filter networks and circuits to sample environmental noise,
then invert its phase. To date the results have been costly and
unimpressive. The author knows of no practical electronic
circuitry for reducing ambient noise at the human ear. The
only remaining approach is the ear-defender cup.

As stated, cup volume, configuration, and cushion design
depend on both the degree of desired protection and limita-
tions imposed by operating conditions. The rule is to try for
maximum possible suppression because it serves both goals:
in addition to personnel protection, it enhances intelligibility
by improving the signal-to-noise ratio.

When intelligibility is also considered, microphone and re-
ceiver elements come into the picture. Forsaking a detailed
study, we will evaluate some common acoustical transducers
in terms of this objective. As to microphones, a list of basic
types, not necessarily complete, would include carbon, mag-
netic (balanced armature), dynamic (moving coil), crystal,
ceramic, and ribbon. The first three types of microphones—
carbon, maguetic, and dynamic—are the most widcly used
in telephone and communications systems.

Microphones

Until lately, the carbon microphone has been the tvpe used
exclusively in telephone circuits and most frequently in other
communications systems. It is rugged, inexpensive, gives
years of excellent service, and its power output level is usually
very good. Frequency response of popular types tends to
range from 300 to 3500 cps.

Drawbacks that can be overlooked in common telephone
practice, however, become serious in conference-tvpe systems,
particularly when operated in noisy environments. Inherent
to all carbon units is a relatively high, self-noise content. Also
known as burning noise or thermal agitation, it is primarily
due to random motion and arcing between carbon granules.

Because carbon microphones are non-linear devices, har-
monic and intermodulation distortion is high, sometimes run-
ning up to 15%. When used in noisy environments, they are
additionally susceptible to non-linear distortion due to gran-
ule agitation by the noise field.

In another aspect of non-linearity, equal and progressive
drops in sound pressure applied to the microphone do not re-
sult in equal drops in electrical output. Also, if several carbon
elements are to operate on one channel input simultaneously,
their high combined current drain can create a problem. Fi-
nally, these types age over a period of time, with such marked
effects on their characteristics as reduced output level while
self-noise and distortion rise.

Magnetic or “sound-powered” microphones, widely used
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in shipboard intcrcom systems, do not need d.c. power to
function. Nor, as a rule, do they need amplification between
stations. This efficient tvpe can deliver power levels in excess
of 1 or even 2 mw. It achieves this by concentrating its power
into a narrow bandwidth that limits intelligibilitv. Neverthe-
less, it makes an excellent emergency or maintenance micro-
phone. If ambient noise is high, however, there are no pres-
ently available sound-powered microphones with noise-can-
celling features.

Althongh dynamic or moving-coil microphones are not
new, they have been applied to communications system de-
sign only within the last decade. An carly appiication was the
A1C-10 Aircraft Intercom Svstem for the Air Force. Like the
sound-powered type, the dynamic is a self-generator that does
not need a power source. There is no self-ncise content and
distortion is negligible, usually below 1%. While frequency
response varies with individual design, it is usually wider and
more uniform than that of carbon and magnetic types.

The response of typical units will range from about 200 to
over 3000 ¢ps. Electrical power output, low enough to require
svstem amplification, ranges from — 350 dbm to —72 dbm (0
dbm =1 mw.). These elements are quite linear over a wide
range of sound-pressure input. The small size and mass of
modern versions suit them ideally for mounting on headset
booms, leaving the operator’s hands free.

A final aspect of microphone design is the ability of certain
tvpes, popnlarly known as noise-cancelling microphones to
discriminate against ambient acoustic noise. This ability is
one of the two most important design considerations of a
headset microphone assembly to be used in high-noise envir-
onments.

With differential noise-cancelling microphones, the effect
is greatest at the low-frequency end of the spectrum. Fortu-
nately, most military and industrial noise situations are strong
in this area. Fig. 4 shows the discriminatory characteristic of
one type of differential microphone.

Another noise-discriminating type finding wide application
is the directional cardioid. Although no true noise cancella-
tion occurs, it can be oriented to reject unwanted sound origi-
nating from the rear. Such types are frequently installed in
gas and oxvgen masks. They may also be used with noise-at-
tenuating mouth cups, which are popularly known as “mush
mouths.”

As with microphones, there are many basic earphone types,
but only two, the magnetic and the dynamic (moving coil)
carphones, are used in telephone and communications svs-
tems.

The history of the magnetic earphone parallels that of the
carbon microphone. Popular magnetic earphone elements are

Fig. 3. Sound pressure must be increased in the presence of
neise to maintain intelligibility. As noise level opproaches
20-db threshold, curve rises slightly, For 40 db or more the
change is directly proportional to the masking noise level.
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substantially uniform from: 300 to 3500 cps. This is aiso true
of most of the popularly used carbon microphones.

Frequeney Response

Having touched on frequency response, let’s digress to
make a point. Restricting telephone transducers to about 3500
cps has not been a matter of accident. The limit was best
suited to obtaining the maximum number of speech channels
on wire and low-frequency radio carrier svstems, Neverthe-
less, Air Force studies have established that response should
extend to about 3300 cps for greatest intelligibility, with
higher extensions adding little improvement. Although, most
acoustic power in speech is concentrated in the lower fre-
quencies (vowels), higher frequencies (consonants) contrib-
ute much to intelligibility.,

Just as the carbon microphone and magnetic earphone are
looked upon as mates. so is the dynamic microphone a mate
for the dynamic receiver element. Distortion in the latter is
very low. Its relatively wide frequency response may range
from 200 to 3000 cps or better, depending on individual de-
sign. In addition, its aconstic impedance is quite low, as com-
pared to the high-impedance magnetic receiver.

That is an important difference. In lien of an involved dis-
cussion of ucoustic impedance, its nature, and its effects, we
will confine ourselves to stating this accepted principle: the
higher the acoustic impedance of a receiving element, the
more closely it should be coupled to the human ear; the lower
the impedance, the better is the element’s ability to work into
large volumes. Thus the dynamic unit is a good choice for use
in large-volume, ear-defender cups mentioned earlier.

We now approach a frequently overlooked problem. It is
customary to specify the frequency response characteristics of
the receiver element in accordance with certain standard
practices, which were established many vears ago in the tele-
phone industry. The transducer is mounted on what is known
as a 6 em.* coupler fixture. This volume approximates the

60— —
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RESPONSE ~-DB
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MICROPHONE —f

i |

1500 2500 3500

250 430 650780

FREQUENCY-CPS
Fig. 4. Characteristics of a conventional and differential
microphone, both located 4 1. from o noise source. Shaded
portion shows difference in the amount of noise transmitted.

cavity of the human ear as enclosed by the telephone hand-
sct receiver cap.

Unfortunately, the frequency response of receiver elements
tested in this way gives no indication of their characteristics
when used in large-volume rigid earcups. Recent studies with
various artificial ears and artificial heads have produced re-
sults markedly different from those obtained with the stand-
ard 6 em.® coupler. Yet engineers continue to use the present
standard as a guide in specifyving earphone clements for car-
cup mounting. The difference hetween the performance de-
sired and that obtained can be substantial.

Equally important, engineers specify on the assumption
that the output level they see on their data, taken with the
standard fixture, is what will be presented to the subject’s
ear. So-called cavity loss, however, which increases with the
size of the cavity in which the transducer is mounted, takes
place. It is not unusual for a svstem design engineer to pick
a receiver element that (Continued on page 80)
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COMMENTS ON

the new CB rules

PLITTING off and restricting channels in the 27-mec.
band is the most provocative change introduced by the
recent tightening of the CB rules. Its impact is imme-

diate, promising to affect more CB-ers than any other pro-
vision of the new rules. Yet, it is just one of a series of amend-
ments devised by the FCC to recast the band into its original
mold first set down in 19538; namelv, the CB is a communica-
tions tool, not un end in itself. The overhaul of the reguta-
tions does not spell fundamental change. More properly, it
serves to expund and clarify an FCC intent expressed some
half-dozen yvears ago. But the very newness of the current
amendments has precipitated mild confusion among some
CB-ers. It can be traced to two sources: (1) the belief that
the original FCC proposals, widely circulated for nearly two
years, were wadopted as today’s Taw; and (2) that the new
amendments are solely restrictive, Closer examination of the
new Part 95 reveals that both are incorrect.

Band-Splitting Rule

Consider the band-splitting rule. The Commission initially
proposed fice chanunels for use by “different” stations (that
is, units operating under different call signs, as opposed to
“same” stations—a base and its mobile nnits, for example.
operating under a single call). The five channels, in the final
rule, were expanded to seven (9 through 14 and 23),

But the unwritten part of the new law is also significant.
For one, it does not deny the use of those seven channels to
same stations. Also. the lumping together of different sta-
tions in the band’s mid-section distinctly favors communica-
tions among similar stations. If restricted frequencies were
intermixed throughout the band (as petitioned by some CB
interests), all stations would experience a given amount of
adjacent-channel interference. The mid-channel grouping,
however, effectively isolates the kind of activity which tra-
ditionally produced the greatest congestion; that of different
stations. The hunter, plumber, or Boston’s pizza-dispatching
service may still freelv utilize any channel for expediting its
activities. It wonld appear, however, that channels 1-8 and
15-22 would be preferable for same-station use. Such de-
centralization has already tended to occur in the past, In
many arcas mmid-channels are over-utilized.

Silent Periods

This favoring of same stations also appears in another
one-sided provision of the recent law. Not readily apparent
is the full ramification of the new “silent period.” In the
carlier rule, a station had to observe a two-minute radio
silence aflter five minutes of transmission. The silent period
is now extended to five minutes. But stations under the same
license are not included in the tighter regulation. In fact,
they may now communicate for as long as 15 minutes with-
out even uttering a station identification. Clearly, this burdens
different stations with frequent silent periods and station
identification. (Such stations do have a minor escape clause
during silent periods; they can transmit a brief acknowledge-
ment of an incoming call to tell a calling station that a silent
period is being observed at this time.)

Ground-Wave and Skip

Several other amendments, which apply to evervone, also
temper certain operating excesses of the past. There wus,
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for example, some ambignity in the quasi-technical terms
“aground-wave and “skip.” Parked atop a mountain, a mobile
might work at distances upwards of 100 miles. On the other
hand, a short path tie sporadic-E propagation might cause
skip distunces of a mere few dozen miles. And to compound
the problem of definitions, some wonld argue that practical
groimd-wave coverage is non-existent for CB. With v.h.l.
characteristics the wuve path is more correctly termed line-of -
sicht. Thus the vague “short-range™ designation is now re-
placed by a precise figure; a maximum radius of 150 miles.
Reference to ground-wave or skip was dropped entirely.

Abbreviations & Language

This definitive treatment has also been applied to several
minor operating details. The Commission [eels that no
undue hardship is imposed by the new requirement which
states that call signs must be said in English, although com-
munications are conducted in some other languaze. The
ubiquitous use of “10” and other non-official codes or ab-
breviations is still acceptable—provided that a copy ol their
plain-langnage definitions is a part of the station records.
Transmissions do not have to be impeded during station
identification with words like “this is™ or “from.”

One of the most widely known restrictions in CB radio—
the one forbidding profanity, obscenity, and indecent lan-
cuage—has been formalized. Swrprisingly, it had no specific
reference in the earlier rules. (It is hidden in the fine print
on the back of the license. The Commission depended on the
Communications Act of 1934 to proscribe such activity.) Not
oulv is this restriction written into the new CB law, but it
tacks on an additional proviso. The meaning of such language
is now prohibited. It appears to be aimed at the storyv-telling
CB-er who can evoke “indecent” meanings without saying
an indecent word directly.

Remote & Seleetive Calling

Now consider several changes which strike closer at the
technical aspects of the CB radio. Again there is evidence of
clarification, but also there appear subtle signs of relaxation.
Take the matter of phone-patching, In its original proposals
the Commission wished to outlaw such devices with a spe-
cific CB rule. The new rules contain no phone-patch refer-
ence. Nevertheless, the Comission points out that intercon-
necting CB with public telephone equipment may be in
violation of other laws. (This would appear to follow the
de facto recognition of phone patching in amateur radio.)

Remoting CB equipment is still prohibited, but a newly
introduced definition of “remote control” permits such con-
trol between points on the same premises, craft, or vehicle.
Thus, legal approval is now granted recent “control heads”
whieh have appeared for CB, floor-to-floor remoting, or re-
mote control between buildings of a single plant or construc-
tion site.

Direct connections into public-address equipment con-
tinues to be prohibited, but the Commission informally ex-
plains that CB can be used in conjunction with p.a, Informa-
tion heard on a CB receiver (during a sports event, for
example) can be utilized for p.a. announcements. Preventing
direct connection, it was argued, avoids prolonged frequency
tie-ups and the risk of something undesirable being said over
4 p.a. system.

ELECTRONICS WORLD
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Although the FCC has tightened up the rules, the CB-er

who has been operating within the intended letter and

spirit of the previous regulations will have little

By LEN BUCKWALTER

difficulty in complying with the newly adopted rules.

Another new rule limits on-the-air testing to one minute
out of five (not “briet” periods as before).

The term “sclective call” enters CB regulations for the
first time. The rule imposes a 13-second limit on the signaling
period, but will not affect call systems now in use, even the
3-tone sequential devices which take several seconds to com-
plete a calling cyele. Allowance is also made for sub-audible
calling tones. Such calling tones are defined as any frequency
that is below 150 cycles per second.

Maximum Power

A new FCC position on r.f. power is introduced. According
to the old law, the 5-watt maximum was measured indirectly;
a product of final plate voltage and cnrrent. Today, a second
limit appears alongside the 3-watt figure. It is a 4-watt maxi-
mum r.f. output. The output rating, in itself, is not startling.
Transmitters in other services are frequently rated in this
fashion and, in fact, Canada’s “CB” (the General Radio
Service) places the output figure at 3 watts.

The FCC's reason for an output rating is to accommodate
its ficld personnel. It is more convenient to conmect a power
output meter to a suspicious transmitter, than to cope with
the diverse connections and systems for reading input power.
But the outstanding feature of the new rule is 4 watts. A
quick calculation indicates that a 3-watt final must operate
at 80 percent efficiency to deliver 4 watts output. Since 80
percent is highly optimistic even for a class C amplifier, the
Commission originally based its output figures on 70% effi-
ciency (or 3.3 watts).

Several CB manufucturers balked at the low figure. They
claimed their units could achieve efficiencies up to 80%. Re-
sponsive to these comments, the Commission ultimately
adopted the 4-watt fignre. No existing equipment should be
affected by the new rating,

Also under the heading of power comes the first formal
rule making which provides official approval of CB sideband.
Is is worded this wayv: “Class D stations in this service are
authorized to use amplitude voice modulation, including
single sideband and/or suppressed carrier. . . . . ” But of
greater technical interest is how the old power rating chart
was revised and footnoted to accommodate sideband. Just
below the earlier “Power Input” heading we now find the
crucial, qualifving entry “Average Watts.” This provides for
large peak powers of single sideband transmission, much in
excess ol the customary 3-watt maximumn,

A newly added footnote on the power chart specifies the
type of meter to be used for measuring average power (2%
accuracy, maximum time constant of 0.25 second). No set
limit, however, is given for peak power. The Commission, in
a comment apart from the actual rules, states: “For single
sideband operation, peak envelope power will exceed the
average power by an amount which is dependent upon the
peak-to-average characteristics of each station operator’s
toice.” (The italics in the preceding quotation are ours.)

Antemnas

On antennas, the Conunission made several comments,
but its final ruling little affects the status quo. Nearly all the
amendments in this section are aimed at misinterpretation of

what is meant by a man-made or natural formation (which
still may not be exceeded by 20 feet). Most important is a
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new definition which is phrased somewhat negatively: that
a man-made structure is other than a tower, pole, or mast.
This precludes utilizing it exclusively as a CB antenna mount.
There is also a new rule aimed at defeating the practice of
mounting a CB antenna atop a tower already bearing a TV
or other receiving antenna. Although a receiving tower may
be used for a CB mount, the tower then would also have to
comply with the fundamental rule: it may not rise higher
than 20 feet over a man-made or natural formation.

Another feature of the new antenna rules narrows down
the limits for mounting a CB antenna on an existing trans-
mitting tower (one that is already under FCC jurisdiction).
Here the CB antenna may not exceed the height of the
existing antenna.

The rationale behind the 20-foot rule and the other height
restrictions originated not with the FCC but with the FAA.
The aeronautical agency advises that 20 feet over a natural
or man-made formation poses no potential hazard to aircraft.
There are, of course, countless exceptions where heights ex-
ceeding 20 feet would not endanger aircraft, Nevertheless,
the Commission feels that case-by-case consideration (done
in many other services) is impractical for CB. The number of
licensces, now approaching one million, is simply too great
to handle with existing resources. So, the blanket FAA-recom-
mended rule remains in force.

A number of comments filed with the FCC when the an-
tenna proposals were under consideration pressed for some
relaxation in limits. Some suggested a 30- or 40-foot height
restriction to permit antenna types of lower radiation angles
—for better ground-wave, less skip. It was rejected as offering
too little advantage in the face of the recognized 20-foot rule.
One recommendation, however, was given significant con-
sideration by the Commission. The comment suggested that
the present rule is inequitable; some CB antennas are at a
disadvantage due to the shielding cffects of nearby obstacles.
It recommended that CB antennas be permitted a mounting
height at least as high as trees, natural formations, power
lines, etc. within a specified radius. This does not appear in
the new rules. What is important, however, is that the Com-
mission expressed its awareness of the problem and decided
to continue studying it. There is a good possibility that it
may be treated in future rule making.

What could be a precedent and possible solution to the
antenna problem has already been promulgated by Canada
in its handling of CB’s equivalent, the General Radio Serv-
ice. Canadian rules permit an antenna to be mounted as high
as 30 feet above a natural or man-made formation which lies
within a radius of 1000 feet. This would allow, for example,
a tower to be erected for clearing a nearby obstacle of com-
parable height. To protect low-flving aircraft, the Canadian
rules go on to say that the antenna mayv be as high as 75
feet off the ground provided that the station in question is
more than six miles from an “aerodrome.”

Thus the revised edition of Part 95, as we have seen, attacks
certain abuses in CB, singles out specific areas for correc-
tion, and generally ties loose ends which have tended to cause
misunderstanding among some CB operators in the past. Yet,
the single most important feature of the new rules is clear:
if a CB-er had been operating his station within the intended
spirit of the old law, he should experience little difficulty in
complying with the new one. A
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HIS ignition system is unique in that it uses the very
desirable capacitive-discharge system along with semi-
conductor devices. It achieves the goal many have been
working toward for several years, and it achieves it with a
minimum of parts. What is more, this system will operate with
the car’s ballast resistor in the circuit. Also, it is not neces-
sarv to replace the original ignition coil with a special type,
as this circuit uses the coil presently installed in the car.
The entire circuit can be built inside a 3”7 x 3” x 5” heat-
sink housing. Only four connections are required from the

Fig. 1. Arrows in this schematic show the direction of cur-
rent flow in the circuit with the breaker points open. The
voltages designated “O’" are those obtained with the breaker
points open; those marked “S,”” with points shorted or closed.

By BRICE WARD

A high-performance capacitive-discharge type system
employing the original ignition coil. High-speed switch-

ing of current is done with a silicon controlled rectifier.

AUTOMOTIVE
GNITION SYSTEM

circuit and the total installation time is only about 10 minutes.
The original ignition system can be restored for testing in
just 1 minute.

A rise time on the order of 2 microseconds greatly enhances
the ability of the unit to fire fouled plugs, and the total pulse
energy is retained at a high level to eliminate the “lean-
mixture surge” and other problems that sometimes occur in
other capacitive-discharge systems.

The circuit (Fig. 1) can be divided into three major sec-
tions: the inverter section (transistors Q1 and Q2), the con-

R1, R2—220 ohm. 1 w. res. = 109}
R3. R4—39 obm. 1 w. res. = 109
R5, R6—1000 ohm, V5 w. res. + 109
R7-—470 ohm, V5 w. res. + 10%

R8—100 ohm. 5 w. res. + 109

Ql R9—330 ohm, V5 w. res. = 10%
2N456A l R10—330.000 ohm, 15 w. res. = 10%
l Cl1—1 uf., 400 v. capacitor (Good-All 663UW?*)
TI - . .
BLK RED C2—.47 puf.. 100 v. capacitor (Mallory PVC
I O [+ 12V, 1047%) #
D1. D2. D3, D4, D5—750 ma.. 400 v. silicon recti-
I TBi fier (Sarkes Tarzian F-4%)
G 350V.(S) | T1—Special inverter trans. (Delta Products, avail-
o ':'CIL—\ I colL able separately)
: e .
WHITE/BLK 3 r—-i\ (IGN. SW. TB1, TB2—Terminal .hoanf . .
0 SIDE) SCR1—5 amp., 400 p.i.v. silicon control rectifier
YELLOW/BLK ot RIO I J0 (Sarkes Tarzian STCRH*. Approx. price
AAA PLUGS $18.00)
| Q1. Q2—2N456A power transistor
Q3—2N696 transistor {Texas Instruments*)
N | IGN.
YEL/RED [ | colL
AMAAAMA 12V.(S) *Printed circuit board is designed for parts listed.
> R .GV, /CZ\ | Other manufacturers’ parts may be used if me-
— —— :ER7 ALL WYY +{(_ ||| I chanically and electrically equivalent.
= = 3avi03 —> R9 —>
2is) T = (Dfsolem' Note: A complete kit of parts to build the ignition
[ SIDE) system is available from Micro-Kits, Co.. P.O.
R8 / Q3 Box 494, Paramount, Calif. 90724 at $34.95 com-
2N6S6 [ plete. This company will also supply separately
[ T82 the special transformer ($6), the chassis. heat
= R6 sink, end and bottom plates ($2.50), and the
+i2vV AAAMA 4.1v.(0) | printed-circuit board ($1.70).
. ov.(s) L= DIST. Factory-assembled units are available as the
| “Thunderbolt Mark 10"’ from Delta Products, Inc..
[ BREAKER ||l PAOA_ Box 974, Grand Junction, Colo., 81502 at
POINTS $49.50.
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trol section (SCR1), and a trigger section (transistor Q3).
The inverter is a transistor power oscillator which changes
the 12 volts d.c. from the car’s hattery into alternating cur-
rent. This a.c. is rectified by a full-wave bridge which delivers
about 350 v. d.c. to the SCR and storage capacitor C1. Every
time the breaker points open, trigger transistor O3 conducts
and applies a positive pulse to the SCR gate electrode. The
SCR then fires rapidly and discharges the storage capacitor
through the ignition coil, thus producing the high voltage
for the spark plugs. When the capacitor voltage is reduced
to zero or swings negative (during the oscillatory discharge),
the SCR cuts off and the high-veltage pulse terminates. When
the points close, neither (O3 nor the SCR is conducting and
the storage capacitor recharges.

The Inverter Cireuit

Simplicity has been achieved in the inverter portion of
the circuit by making it a common-collector circuit with resis-
tive starting, which means that in an automobile circuit the
collectors can be mounted directly on the heat sink without
msulating washers, Elimination of the insulating washers
and the safety factor designed into the transistors allow the
transistors to operate at case temperatures very near maxi-
mum junction temperature ratings.

In addition to this major advantage, the transistors stop
oscillating if a short is accidentally applied across the inverter
output. As well as inverter transistor protection, this self-
protecting factor leads to still another not-so-obvious ad-
vantage. With no filtering in the output of the rectifier circuit,
the SCR shorts the inverter each time it fires and stops the
oscillator.

This serves a two-fold purpose: 1. It removes “B+" which,
in turn, assures that the SCR will be reliably turned off each
time it fires. 2. It allows the inverter frequency to be modified
upward as the number of pulses from the distributor increases
with rpm.

The nominal operating frequency of the inverter is 55 ¢ps.
This means that more output pulses than distributor pulses
will be obtained up to approximately 1100 rpm. At and above
this frequency, the load reflected to the primary of 71 modi-
fies the oscillator frequency upward. At 6000 rpm in an eight-
cvlinder engine this frequency will be 400 cps.

Capacitive-Discharge Feature

C1 is the energy-storage capacitor. In a standard ignition
svstem, energy is stored in the inductive (magnetic) field of
the coil. In an inductive circuit, voltage could rise to an
extremely large value with an open load circuit. The arc at
the spark plug reflects a low impedance to the primary of
the ignition coil to limit the voltage rise to something less
than 400 volts, and a capacitor is used in the distributor to
act as a buffer as the points open, thus preventing arcing.
Should an open occur in the seccondary circuit, the voltage
can rise sufficiently to damage or destroy the coil, points,
or capacitor.

On the other hand, with a capacitive-discharge system and
a conventional 90:1 turns-ratio ignition coil. the voltage can
only rise in this case to 350 v. X 90 or 31.5 kv. This voltage
is well within the design ratings of the high-voltage compo-
nents in modern ignition systeins.

This is oue of the reasons for recommending that a conven-
tional coil be used rather than a high turns-ratio coil. An-
other reason is that the standard coil is already installed in
the car; hence it is not necessary to purchase and install a
special coil.

It has been pretty well established that a minimum of 30
milliwatt-scconds of energy is required at the spark plug in
modern ignition systems. Cl has been chosen to give 80
milliwatt-seconds, allowing ample reserve energy. The pur-
pose of resistor R10 shunting the storage capacitor is to
serve as a bleeder resistor to (Continued on puge 82)
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The entire SCR ignition system is built within a heat sink to
which the two inverter transistors are bolted. The inverter
transformer and printed-circuit board with all its components
fit under the heat sirk. Two 3” x 3" metal plates cover the
ends, Four connections from circuit are tied to two termi-
nals pads or boards which are bolted ta coil primary terminals,

i

% CIRCUIT

BOARD
Bottom view of the heat sink showing how the printed board
slides into ribs of the heat sink and showing the location
of inverter transformer {top). Connections between the trans-
former and the board and between the board and the external
leads will be made later using the eyelets at end of board.

The component side of the printed circuit board used is shown,

www.americanradiohistorv.com
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Liquic

femperature

\@‘E@@F‘M@F This solid-state controller ‘

can mawntain o liquid bath to within a few
hundredths of a degree for a 2j-hour period.

By WILLIAM D. SCOTT / University of Washington

HE economical, sensitive, solid-state, proportional

temperature controller to be described has a stability

of =0.1°C per month. With reasonable consideration
in the placement of heater and thermistor sensor and ade-
Guate stirring, the temperature of a water or oil bath can be
controlled to within a few hundredths of 4 degree for a 24-
hour period. Control can be varied from a nearly proportional
tvpe of control to ordinary on-off control by changes in the
sensitivity: of the control circuit. The cirenit shown works
quite well between 60°C and 200°C with some loss in sensi-
tivity at the higher temperatures. With proper choice of ther-

Fig. 1. The schematic and parts list for the proportional temperature controller.

R1—2200 ohm, 3 w. res.
R2—5300 ohm, 1 w. res.

tapprux.. sce text) {I2—See text

C3—0.1 pf., 600 v, paper capacitor

mistor and other bridge components, alimost any temperature
range can be obtained. With appropriate circuit modifica-
tions, other devices such as positive temperature coeflicient
thermistors, tungsten wire elements, light-sensitive resistors,
and even solar cells could probably be used to control an un-
limited number of variables.

The schematic is shown in Fig. 1. Temperature preset pot
R3 has its dial marked i temperature in degrees alter the
controller is calibrated against an accurate thermometer.

As the temperature of the bath rises, the resistance of
thermistor sensor R4 decreases and current through the ther-
mistor increases, drawing off some of the
base current from Q1. This drastically
reduces the emitter current o Q1 and
to maintain a constant common cmitter

R3—100,000 ohm, 10-turn pot

R4—100.000 ohm thermistor (Fenwall GA3APR)
R3, R7—10,000 ohm %5 w. res. (matched = 157)
R6—3000-10.000 ohm, !5 w. res. tsee text)
RE—15,000 ohm, V; w. res.

R9—3000 ohm, V5 w. res.

R10—2200 ohm, 15 w. res.

R11—470 ohm, '> w. res.

R12—20 ohm, '3 w. res.

R13—2000 ohm, 3 w. res.

R14—100.000 ohm, '3 w. res.

Cl—Approx. 0.1 pf. (sce text)

( (05 ui., 600 v. paper capacitor

I.1-—See text F1—Sce text

PLL1—NE-51 ncon pilot light

DI—1N336 silicon diode

D2—18 v., 1-watt zener diode (1N1326)

D3—1NY1 diode

D4—200 p.i.v.,, 0.1 amp diode (IN16953)

D3—"Thireetor voltage suppressor (G-E 6RS
205P484)

D6—Silicon controlled rectifier (G-E C22B)

Q1. Q2-—2N2712 transistor

Q3—2N2646 unijunction transistor

mw—| ¢
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voltage, this necessitates an equivalent
increase in the emitter cirrent of Q2 re-
sulting in an increase in current through
R7. This increase in current results in a
decrease in the charging voltage of ca-
pacitor C3. thns the firing voltage of
unijunction transistor (23 is delayved, sili-
con controlled rectifier DG fires later in
the positive half cvele, and a smaller
r.m.s. voltage reaches the heater load.
The temperature of the bath therelore
decreases and the resistance of the ther-
mistor increases. This increases the
power being supplied to the heater
therefore the bath temperature goes up.
The svstem will then cvele abont the pre-
set (by R3) operating temperature.

The heater rating is a function of the
SCR conducting current.

The value of RG is quite critical and
depends upon the ubsolute magnitude
of the zener voltage, the exact value of
R3, R7, RS, RY, R11. and the properties
of Q1, Q2, and Q3. Resistances B3 and
R7 should be matched to within 1%. All
other resistors are 10% tolerance, k-watt
except where noted. Wirewound resis-
tors could be used in the bridge although
thev are not necessary. R11 is the tem-
perature compensating resistor for wni-
junction  transistor (3. Theoretieally,

ELECTRONICS WORLD
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R11 could be adjusted to compensate the circuit perfectly
for thermal fluctuations in the temperature of the room. How-
ever, the unijunction transistor introduces little thermal drift
in comparison to Q1 and Q2. R2 limits the current flow
through the thermistor R4, and D1 limits the inverse voltage
to Q2 should R3 (the temperature control preset pot) be set
at a low value.

Ordinary paper capacitors are used. The diodes need not
be the equivalent of the diodes listed as long as they have the
proper voltage and current ratings. Diode D1 should be sili-
con but inexpensive diodes, a zener diode, and even an inex-
pensive SCR will suffice.

The value of R6 is found as follows: After the circuit com-
ponents are in place, a carbon resistor of about 5000 ohms is
substituted for thermistor R4 and a 10.000-ohm rheostat is
substituted for R6. The heater, or a substitute for it, must
be in its pluce or the SCR will not fire owing to lack of current
—a 100-watt light bulb mukes a good substitute. The rheostat
is set at 10,000 ohms and the circuit is connected to the a.c.
supply. Temperature preset control R3 is adjusted until the
base voltages of the two transistors are nearly equal. (The
heater should now be on.) The value of R6 is then lowered
until the heater just turns completely off. One of the leads to
R10 is unsoldered (with the a.c. supply disconnected) and
the collector voltage of 02 is measured using a vacuum-tube
voltmeter. This is the required r.m.s. firing voltage of (3. R6
and R3 are now adjusted until the collector voltages of both
transistors are eqqual to the required firing voltage. R3 should
not require much adjustment. If it does, it may be necessary
to replace one of the transistors (Q1 or 2) to obtain a better
match. R3 adjusts the relative magnitude of the two collector
voltages and RG adjusts the absolute magnitude of the two
collector voltages. Finally, R6 is replaced by a fixed resistor
(or resistors) equivalent to the value of the rheostat, and R10
is reconnected.

Capacitor C3 is listed as 0.1 pf. However, it can have any
value from 0.02 uf. up to nearly 1 uf. In
the former case, the control is nearlv on-
off; in the latter, the heater voltage
varics over a lurge range. With larger
value capacitors, the charging current is
so great that it is an appreciable part of
the collector current of (2. Thus, some
method of compensation is necessarv.
This is the purpose of R1 and C1. This
network compensates by drawing an
appropriate charging current from the
collector of (01 during the first cycle of
unijunction (3. Once Q3 has fired, there
is no need for compensation. With the
smaller value of C3, the charging cur-
rent is so small that it is greatly influ-
enced by transients in the a.c. supply.
These effects can be partially eliminated
by bypassing the a.c. portion of the
wave by capacitor C2 which should
have approximately twice the capaci-
tance of C3.

Inductor 1.1 in series with the SCR
consists of roughly 65 turns of #16
enameled wire wrapped on a 4” ferrite
rod. In conjunction with C4 it helps to
cut down the radio-frequency noise gen-
erated by the SCR. L1 also should help
to delay the surge of current created if
the heater leads should be shorted out.
[t could delay the current long enough
for the fuse to blow and save the SCR.
For this reason, the fuse should have as
low a current and voltage rating as pos-
sible. If the load has appreciable induct-
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ance, a diode should be installed in parallel with it to elim-
inate high-voltage surges. Thyrector diode D3 should also
be used to eliminate voltage transients.

The thermistor specified is a 100,000-ohm nominal resist-
ance, glass-coated type. Ordinary disc, washer, and rod
thermistors can be used but with decreased stability. In se-
lecting a thermistor, care should be taken that the operating
point is well below the maximum safe r.m.s. voltage of the
thermistor.

Positive temperature-coeflicient thermistors (such as the
Westinghouse Type 83401) can also be used to increase the
sensitivity of this unit.

However, PTC thermistors have a rather narrow tempera-
ture range and require inversion of the 01-Q2 bridge.

Care should be taken in modifying the bridge that the re-

174" 0.0. STAINLESS SMALL TEFLON EPOXxY CEMENT, HOOD TO PROTECT
SPAGH RTV SILI

STEEL TUBE ETTI ICON THERMISTOR
RUBBER, OR
SAUEREISEN
CEMENT
s e
' 5 X ILTNLTENNINLY N

USE HARD SOLDER OR HIGH-TEMPERATURE SOLODER ON THERMISTOR LEADS FOR
USE ABOVE 150°C

Method of mounting the thermistor in a protecting metal probe.

verse voltage rating (5 v.) of the base-emitter junctions is not
exceeded.

Another silicon shunting diode in parallel with D1 but with
opposite polarity provides one way of limiting the reverse
voltages.

If full-wave control is desired, the “RC Diode Slaving Cir-
cuit” (page 61 of the G-E ‘SCR Manual”) is ideal. This cir-
cuit has the advantages of half-wave control over full-wave

power.
An easier method of increasing the power control is to use
a larger capacity SCR. A

This version of the temperature controller was built in a small metal box having several
ventilation holes drilled in it. The temperature conirolling potentiometer has its dial
calibrated in degrees C. The thermistor probe is ready to be affixed to tank of liquid.

N,
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By HOWARD H. RICE

Matarcla Inc.

TRANSISTORS

VERSUS TUBES

FOR TWO-WAY
_ RADIO

b - O *_{?hnsistors, in unit at right, replace the dynamotar,
\“'"_u, vibrators, and tubes in radio on left. Both radios of-
fer comparable operating specifications, but transis-
torization has provided quite a few real advantages.

Tubes still play an important role in mobile radio systems, but transistors are providing greatly
reduced size and current drain as well as lower maintenance costs and higher over-all reliability.

GREAT deal has been said lately about the relative

advantages of the transistor over the vacuum tube.

Not too long ago the transistor was looked upon, in
some circles at least, as little more than a novelty. But today,
solidsstate electronices is allowing us to communicate with
artificial satellites while high-fidelity enthusiasts are praising
(or damning) “travsistor sound.” In general, the transistor
appears to bhe well on its way toward challenging the very
existence of the vacuum tube.

The tnbe, however, is far from dead. For this reason,
a single sweeping statement to the effect that the transistor
(or the tube) is superior makes as little sense as saying that
Scotch is better than Bourbon. The individual application (or
taste) is the most important consideration. And if both de-
vices are capable of providing essentially the same result in
a particuliar circnit, the qguestion boils down to which—the
transistor or the tube—will do the better job at a reasonable
cost.

In two-way radio applications there are some very special
factors which are vital to the economic, efficient operation of
a radio communications network, and these requirements wre
what determine how well cither device is suited Tor this type
of eqnipment. As it turns out, transistors are doing some two-
way radio jobs which could never have been hundled by
tubes while, at the present state of the art, the vacunm tube
is still doing a better-than-adequate job in applicatious which
cannot be considered for a solid-state device.

Base-Station & Mobile Equipment

An example of this use of tubes can be found in present-
dav high-powered base-station equipment. Two-way radio
base station vacunum-tube final r.f. amplifiers are providing as
much as 300 watts and more into the antenna; it will be some
time before we can do this at w reasonable cost with transis-
tors. The station is cither placed indoors, or outdoors in some
tyvpe of weatherproof cabmet; space is usually not a limitation.
The station has what can be considered a virtually: limitless
source of power (117- or 230-volt a.c. line). The receiver,
transmitter, and power supply are built around time-proven,
highly reliable circuitry. Most “bugs” have been ironed ont
vears ago and new, improved industrial tube types provide
longer life at a considerably reduced per-hour-of-operation
replacement cost.

But the commumnications radio mstalled in an automobile—
the mobile unit—is a different story. The very [act that a radio
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set is to be put into a vehicle and isolated, so to speak, from
the rest of the world creates all kinds of problems. To under-
stand how these problems must be met, either by tubes or
transistors, we should consider how a mobile unit operates as
part of the communications network.

The need for some kind of communication between a cen-
tral point and the driver of the vehicle is probably the Dasic
reason for installing a two-way radio system: this connmunica-
tion mayv be for closer control of drivers on the road, or merely
for the exchange of information. Nevertheless, the need to
contact a dviver at a moment’s notice demands that the mo-
bile receiver be energized at virtnally all times. The message
must reach the driver; otherwise the effectiveness of the radio
syvstem is destroved. And behind this requirement lies several
rather serious implications.

In tube-type equipment, the requirement that the receiver
be fully operative means that tube filaments are heing heated,
cryvstal heaters are intermittently drawing additional current,
and high voltage is being applied to the plates of ull receiver
tubes. Furthermore, the transmitter tube filaments and crys-
tal heater must also be energized so that the driver can re-
spond to or nitiate a radio message. Considering that all this
power—to keep the radio in a “standbv™ condition—is derived
from a I2-volt d.c. source (or perhaps even a G-volt d.c.
source ), the total standby current drain can be rather heavy,
while current drain during actual transmission is many times
higher. And where does this current come from? the hatiery
—the one component in an automotive electrical systein which
is already recognized as its weakest link.

Becanse of this excessive battery drain, the installation ol
a mobile two-way radio—particularly one with a transmitter

Table 1. Typical receiver specifications for tube, transistor models.

SPECIFICATIONS TUBE MODEL TRANSISTORIZED MODEL
Frequency band 25-50 mc. 25-50 mc.

Channel spacing 20 ke. 20 ke.

Sensitivity (EIA-SINAD) 0.25 pv. 0.25 .

Selectivity —100db@ “15ke. 100db @ 15 ke.
Spurious & Image Rejection  more than 100 db more than 100 db
Audio output @ 109% dist. 2 watts 5 watts
Current drain @ 13.6 v.d.c.

Standby 7.5 amps 0.35 amp

Receive 7.5 omps 2.2 amps

ELECTRONICS WORLD
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output rating on the order of 50 to 100 watts—often necessi-
tates the additional expense of a heavy-duty battery as well
as an alternator or a heavv-duty generator. Such a radio also
entails some other costs to the operator, costs which are not as
apparent as the new battery and generator. As an example,
the fucl cost to idle the average passenger car 30 minutes a
day, 22 davs a month, just to keep the battery from discharg-
ing while the radio is in operation, can amount to approxi-
mately $16.50 per vear. Cost of idling a truck for the same
amount of time mav run as high as $60.00 per year. Extensive
idling is hard on the engine, too, which may be responsible
for an engine overhaul at an average cost of about $73.00 or
more.

If the Dbattery ever goes dead because of the additional
drain placed on it by the radio, towing charges added to the
owner's increased blood pressure may provide the proverbial
“last straw” as far as the radio system is concerned. These, of
course, are the extremes of the situation; there are thousands
of tube-tvpe mobile units performing satislactorily through-
out the country. These extremes are not unrealistic, as your
local police chief or police communications officer can readily
testify from his own personal experience.

All-Transistor Receiver

In 1958, the introduction of an all-transistor mobile re-
ceiver contributed greatly toward overcoming the problems
of battery drain. Transistors have no filaments to be heated so
a major portion of the “standby” current drain was climinated
in the transistorized receiver. However, an important crite-
rion for anv transistor equipinent is that it offer performance
specifications which are comparable to its older tube-tyvpe
counterpart. Table 1 is such a comparison which shows how
this criterion has been met.

The two receivers are both “top-of-the-line” units. Notice,
particularly. the difference in current-drain figures; the drains
are actually not for the receiver itself, but for the entire radio
set. This means that transmitter tube filaments are also re-
sponsible for part of the drain in both cases. Of course, the
vacuum tube draws no more current in the “receive” mode
than it does during standby, whereas the current drain of a
transistorized receiver is increased when a message is actually
being received. The bulk of this increased power drain in the
transistorized unit during “receive” operation can be attrib-
uted to the audio power amplifier. Notice that the tube-type
unit provides only 2 watts of audio output power against
5 watts of output power in the transistorized unit,

More Reliability

Among two-way radio users, transis-
torization hus come to mean added reli-
abilitv. When applied to a police or fire-
department communications svstem,
this reliability could be equated with the
preservation of life or property. In busi-
ness applications, added reliability
means being able to depend on commu-
nications when thev ure needed most,
perhaps to fill a need which could affect
a large sum of money or expensive
cquipment.

At first glance, the claim of “added re-
liability” muay seem a bit nebulous. As
we have seen, transistors do contribute
to a reduction in batterv drain. But what
about the over-all dependability of the
radio unit; will it stand up under the
kind of pinishment inherent in indus-
triul and public-safety use?

Heat has always been a problem in
all types of electronic equipment, but es-
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Older type tube portable is contrasted
with equivalent all-transistor unit. The
smaller unit weighs 6 pounds as against
19 for tube model and provides 75-80 %
reduction in battery replacement costs.

pecially in two-wayv radio applications. Manv mobile units
are mounted in the trunk of a car with only the control head
and the loudspeaker installed under the dash. It gets hot in
the trunk of a car; 140°F is not at all unusual In such
cases, heat dissipation can be a real challenge and the
more heat the radio generates, the more the radio con-
tributes to its own destruction. Transistors, because thev
have no heater filaments and because they have higher effi-
ciency ratings (i.c., less power is lost in the form of heat),
generate less internal heat and thus keep the inside of the
radio set some 23 to 40 degrees cooler than comparable tube-
type equipment.

Heat can work against transistors, too, and we should not
overlook this fact. Transistors are very temperature-sensitive.
Unlike the vacuium tube, the transistor’s characteristic oper-
ating curves are a function of temperature. Therefore, if a
transistorized unit is designed to operate at 25°C (room tem-
perature) | the transistors may be operating on a different por-
tion of their characteristic curves when the radio is inside a
hot automobile trunk. This is not really a problem, however.
as well-designed equipment and commercial transistorized
mobile radios will operate within EIA and FCC tolerances
over the ambient temperature range of —30°C to -~ 60°C.

Transistors, by nature, are a “permanent” tvpe of compo-
nent, just as resistors, capacitors, coils, and so forth. Certainly
transistors fail, as do a certain percentage of anv component
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In this new solid-state two-way radio, not only are all tubes
replaced by transistors, but switching and crystal temperature
compensation functions are performed by solid-state devices.

used in electronic equipment. Generally
speaking, though, transistors do not fail
in or of themselves. Thev will fail, as an
example, because of a current which ex-
ceeds their rated value, but such a fail-
ing is not due to inherent properties of
the transistor itself; it is due to some
other circuit malfunction outside the
transistor. On the other hand, tubes fail
because of their very makeup. They lose
emission, filaiments burn out, elements
are susceptible to vibration and may be-
come short-circuited.

Statistics gathered from service sta-
tions throughout the country have shown
conclusively that transistorized radio
units require less maintenance and serv-
ice than do equivalent tube-type units.
The cost of maintaining transistorized
equipment has averaged better than 10%
less than the cost of keeping a similar
tube-tvpe radio operating properly. And
the cost of “down time,” to a user who is

o e
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really depending on his radio, is an in-
tangible but significant factor in judging
the value of reliability.

Additional Features

A newly developed Motorola all-solid-
state mobile radio provides some addi-
tional interesting features contributed
by transistor circuitry. All mechanical
switching in this unit has been replaced
by solid-state switching devices. The
functions of the “push-to-talk” relay and
its slave, the antenna relay, are both
handled by solid-state electronics. Thus,
what used to be done by mechanical
switching is now done without the need
for moving parts. Contact corrosion and
pitting are eliminated. Mechanical fa-
tigue is gone.

Solid-state electronics has, in this new
radio, provided extreme stabilitv. The
oscillator voltages are regulated by zener
diodes to compensate for varving pri-
mary power voltages. Solid-state com-
osensating circuitry keeps the crystal
oscillators within +0.0005% of the oper-
ating frequency, and this is accomplished
without crystal ovens or heaters, despite
an ambient temperature variation be-
tween —30°C and +60°C. Further-
more, frequency drift due to crystal
warm-up cycling has been eliminated.
With this particular radio, the user can
transmit—on his exact frequency—the moment the radio is
turned on.

The solid-state transmitter (50 watts in the 25-50-mc. re-
gion and 30 watts at 150 mc.) has eliminated power slump
problems often associated with vacuum-tube final r.f. ampli-
fiers. And this consistent power output is a long-term affair;
the final r.f. transistors can be considered a much more per-
manent component than even the best industrial-rated vac-
uum-tube r.f. amplifier.

Transistors have also made some refinement in mobile
radio design. Because of the extremely compact size of solid-
state circuitry, a transistorized preamplifier can be fitted
right into the microphone housing. Such a preamp allows
the low-level signal from a dynamic microphone element to
be boosted to the level of the signal from a carbon mike. Not
only does this allow the user to take advantage of the supe-
rior signal quality of the dvnamic mike, it also gives the audio
signal a “head start” over any hum or noise which could be
picked up by the mike cable. Thus, if the transmitter is in-
stalled in the trunk of a car, a clean, high-level audio signal
is introduced into the modulator stage.

o 8

The Power Supply

Another refinement contributed by the transistor is in the
mobile radio power supply. Replacing the vibrator and dy-
namotor supplies, a solid-state multivibrator circuit (using
power transistors to handle high currents) changes the low-
voltuge d.c. from the vehicular electrical system to a high-
voltage square wave. The square wave is stepped up further
by a saturable core transformer and the waveform is recti-
fied and filtered to provide the necessary high voltages. Rec-
tification, incidentally, is performed by silicon diodes, thus
eliminating vacuum-tube rectifier heater current and the asso-
ciated radiation of heat within the radio, while providing im-
proved rectifier efficiency.

The transistorized power supply was actually the first appli-
calion of transistors in mobile radio design, predating the
transistorized receiver by a year. The most important bene-
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Completely transistorized hand-held two-
way radio. Radio circuitry occupies little
more than half of total volume, while
battery accounts for rest of the 8” case.

Receiver module for hand-held radio, Spec-
ifications include .035 uv. sensitivity for
20 db quieting and *0.0025 % stability,
unusual for such a small sized receiver.

« it is, once again, the elimination of mov-
o ing parts. If you will remember some of
the vibrator troubles you have experi-
enced with your car broadcast-band re-
ceiver, you can appreciate the contribu-
tion trausistorized power supplies makes
< toward over-all reliability. Vibrators also
#  cause a certain amount of “hash” inter-
ference which has been eliminated by
the transistorized multivibrator circuit.
Dynamotors, on the other hand, repre-
sent their own brand of trouble; they
are expensive, heavy, and require a
good deal of maintenance. This, too, has
all been eliminated by the simple,
straightforward transistor circuitry. And
such a power supply is able to provide
sufficient power to units that are rated
as high as 100 watts of transmitter out-
put.

In portable communications equip-
ment, transistors have made a dramatic
difference. A good deal of the size and
weight of a portable communications
radio is due to the battery complement
alone.

With the reduced primary power re-
quirements of transistorized circuitry,
" the physical size of the battery has al-
lowed a distinct reduction in the size
and weight of the radio. Also, transis-
tors themselves are far smaller than sub-
miniature vacuum tubes and allow a
further reduction in radio size. We are quickly approaching
the goal of Dick Tracy’s famous wrist-watch two-way radio.

Equipment Cost

Which brings us around to the final consideration—cost.
How do the benefits of transistorization affect the user’s
pocketbook? The initial cost of transistorized gear is, admit-
tedly, somewhat higher than the price of a comparable tube-
tvpe unit. But over-all cost must be integrated over three
factors: initial price, operating costs, and maintenance cost.
Furthermore, most industrial and business users are also
interested in the equipment trade-in value at the end of a
5-year (or whatever length of time) write-off interval of
time.

We have already shown many areas in which transistorized
mobile and portable communications equipment offer sig-
nificant reductions in both operating and maintenance costs.
And it might be well to reiterate the idea that the cost of
“down time,” although it is not as easily measured, is a factor
to be considered very carefully in evaluating the merits of
transistorized equipment. On the used-equipment market,
transistor communications radios can be expected to bring
a much higher percentage of trade-in return, simply because
they will be that much less obsolescent at the time the equip-
ment is traded than will vacuum-tube gear. This trend is
already quite noticeable and the gap will undoubtedly widen
considerably over the next few years as more and more tran-
sistorized equipment comes into use.

Tube-type equipment is still being purchased by many
owners of new two-way radio systems. But in equipment
which offers a choice Dbetween tubes and transistors, the
prospective user should give serious consideration to all the
factors involved before making his final selection. Tubes
aren’t dead—not by a long shot—but transistors are here to
stay in radio communications equipment, and they are pro-
viding tangible benefits. The most important of these include
greatly reduced equipment size and battery-current drain,
less maintenance, and more reliability. A
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QUIKETING
AUDIO SWITCHIN
TRANSIENTS

By RONALD L. IVES

Some simple methods of eliminating switching
noises that may occur during audio transfers.

is a loud and unwanted “plop” in the speaker. Elimina-

tion of this annovance has been found quite difficult,
so that many audio circuits are transferred by fading, rather
than by switching. Happily, as a switch is very much cheaper
than a fader, audio switching, in most instances, can be
quieted so that the transter “plop” is almost or entirely
inaudible.

Most of the transfer noise in audio circuits is due to a
small difference in d.c. potential across the switch. Condi-
tions leading to this difference of potential are shown in
Fig. 1. Here when the switch is open, the output side of the
plate capacitor acquires a positive charge approximately
equal to that on the plate of the tube. This charge will be
greatest with a high-grade well-insulated capacitor, and
least with one which leaks to ground. Leakage across the
capacitor will then complicate this picture still further.

The grid of the following tube will be slightly negative
with respect to ground, due to “contact potential.” Depend-
ing on the tube characteristics and the grid resistance, this
can be anything from a few millivolts up to perhaps two volts,
the higher value being attained only when the grid circuit
resistance is extremely high.

When the switch is closed, the charge on the output side
of the plate capacitor is applied to the grid of the following
tube, driving it positive for a few microseconds, and pro-
ducing the unwanted “plop” in the system output.

The annoving switching transient can be greatly atten-
uated, usually by more than 20 db, by use of a variety of
potential equalizing circuits. The circuit shown in Fig. 2
is one of the simplest of its type. Here, the interstage coup-
ling capacitor is replaced by two capacitors in series, each
of double the original capacitance. The switch is placed
between them. The switch side of each half of the coupling
capacitor is grounded through a relatively high resistance,
such as 4.7 megohms. As hoth sides of the switch are at sub-
stantially the same potential, both before and after switch
closure, no transient due to d.c. potential differences can
oceur as a result of switching,

Values of the grounding resistors are not very critical.
In very general terms, resistance must be low enough to drain
off charges plus leakage (all capacitors leak, but good ones
may have a leakage resistance considerably in excess of 100
megohms ). Resistance must also be high enough so that the
grounding resistors do not load the audio circuit appreciably
and “bleed ofl” the signal. Values from 1 to 10 megohms are
usually suitable for low-level audio systems; from 0.1 to 1
megohm for high-level systems; and as low as 1000 ohms for
low-impedance circuits, such as cathode-follower outputs.

(Editor’s Note: A simple technique that is often successful
is to shunt the switch with a large resistor, on the order
of 10 megohms. In order to prevent excessive signal leak-
through, however, this can be done only if the following
grid resistor is one-tenth or less of this resistance value.)

An alternative circuit, which is usually equally effective

I YREQUENTLY when switching in an audio circuit, there
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and which uses about the same number of compounents, is
shown in Fig. 3. Here, the loud side of the plate blocking
capacitor is held to the potential of the grid of the following
tube by the two resistors shunted across the switch. Signal
“sneak through” is greatly attenuated by the large capacitor
from the junction of the two resistors to ground. Resistor
values should be in about the sume range as the previous
circuit. The “signal dumping” capacitor should be as large
as convenient, preferably several microfarads, although a
value as low as 0.1 pf., used in conjunction with 4.7 megohm
resistors, is quite effective.

A number of other circuits are about equally effective and
almost any rational arrangement that keeps the two sides
of the switch at the same d.c. potential while not loading
the circuits excessively and bleeding off the signal will be
effective in reducing transients to a low, negligible, or un-
detectable value. A
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Fig. 1. Potential differences that exist across the switch,
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Fig. 2. Potential-equalizing circuit for switching transients.

Fig. 3. An alternate circuit for reducing the transient effects.
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COMPUTER
INPUT-OUTPUT

EQUIPMEN

A typical

data-processing system showing,
left to right, a card reader and punch, the central processing unit,
a magnetic disc memory file, a high-speed printer,

and four magnetic type drive (transport) units.

By ED BUKSTEIN

The central computer communicates with its human user by means
of punched cards, magnetic tape, and various high-speed printers.

UCH of the “hardware” of a computer installation is
M input/output equipment. It is through this 1/O
equipment that the central computer rece