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1964 TV DESIGNS = TRANSISTORS FOR MUSIC

INTEGRATED AMPLIFIER-SPEAKER SYSTEM
WHY NOT U.H.F. TWO-WAY RADIO? &
THE NEW LOOK IN TRANSFORMERS

TRAVELING-WAVE
TUBES

Widely used in present microwave communications
systems because of their very wide-band,
low-noise characteristics, these tubes
will play an even more important role
in future space communications.

\\D [ Accelerating Anode
y/

Beam-Forming Electrode
Heater ' &

Cathode

Satellite Communications
_Missile Guidance & Tracking

ON Q13 149N1HdS

GOOMNIT 3 PeLe
NYVAONIH © W

95 081Q0¢%1IM

/S}, A

2
\; ﬂ.\..,
\

;
-
\

www.americanradiohistorv.com


www.americanradiohistory.com

A Return to the Fundamental
Concept of High Fidelity:

SOUND OF UNCOMPROMISING QUALITY!

Before you make the final choice of
speakers for your high fidelity system, take
a moment to review your goals. What
comes first—size, cost, or performance?
If performance is of prime importance,
then you owe it to yourself to look at—
and listen to—Electro-Voice Deluxe com-
ponent speakers. Granted, they are not
the smallest or the least expensive speakers
you can buy, but their design is predicated
on the need for quality reproduction
above all other considerations.

Your car is the final arbiter of speaker
system quality, but it may help you to
know what'’s behind the unequalled popu-
larity of E-V in the component speaker
field. It begins with the finest engineering
laboratory in the industry, finest not only
in equipment, but also in the size of its
staffand in its creative approach to electro-
acoustics.

The basic design for E-V Deluxe com-
ponents was laid down over a decade ago,
and, despite numerous detail improve-
ments, this approach is just as valid today.
It begins on a firm foundation: the rigid
dic-cast frame that provides a stable basis
on which this precision instrument can be
assembled. It is this frame that assures
that each E-V Deluxe speaker will forever
maintain its high standard of perform-
ance by maintaining perfect alignment of
all moving parts.

Added to this is a magnetic assembly of
generous proportions that provides the
“muscle” needed for effortless reproduc-
tion of every range at every sound level.
In the case of the SP15, for example, four
pounds, ten ounces of modern ceramic
magnet (mounted in an efficient magnetic
assembly weighing even more) provides
the force needed for perfect damping of
the 15-inch cone.

Within the gap of this magnetic system
rides the unique E-V machine-wound

Modern

o Ceramic
Efficient Magnet Glass Cloth
Magnetic Cou Form

Assembly

Specially
Treated
Surround

Edgewise
Ribbon
Voice Coil

Controlfed
Cone
Material

edgewise-ribbon voice coil. This unusual
structure adds up to 189, more sensitivity
than conventional designs. Production tol-
erances on this coil and gap are held to
+.001 inch! The voice coil is wound on a
form of polyester-impregnated glass cloth,
chosen because it will not fatigue like
aluminum and will not dry out (or pick up
excess moisture) like paper. In addition,
the entire voice coil assembly can be made
unusually light and rigid for extended
high frequency response.

In like manner, the cone material for
E-V Deluxe components is chosen care-
fully, and every specification rigidly main-
tained with a battery of quality control
tests fromraw material to finished speaker.
A specially-treated “surround” supports
the moving system accurately for predict-
ably low resonance, year after year, with-
out danger of eventual fatigue. There’s no
breaking-in or breaking down!

CIRCLE NO. 114 ON READER SERVICE CARD
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Now listen—not to the speaker, but to
the music—as you put an E-V Deluxe
component speaker through its paces.
Note that bass notes are neither mushy nor
missing. They are heard full strength, yet
in proper perspective, because of the opti-
mum damping inherent in the E-V heavy-
magnet design.

And whether listening to 12-inch or 15-
inch, full-range or three-way models,
you'll hear mid-range and high frequency
response exactly matched to outstanding
bass characteristics. In short, the sound of
every E-V Deluxe component speaker is
uniquely musical in character.

The full potential of E-V Deluxe com-
ponent speakers can be realized within
remarkably small enclosure dimensions
due to their low-resonance design. With
ingenuity almost any wall or closet can
become a likely spot to mount an E-V
Deluxe speaker. Unused space such as a
stairwell can be converted to an ideal en-
closure. Or you may create custom cab-
inetry that makes a unique contribution
to your decor while housing these remark-
able instruments. The point is, the choice
is up to you.

With E-V Deluxe component speakers
you can fit superlative sound to available
space, while still observing reasonable
budget limits. For example, a full-range
speaker such as the 12-inch SP12 can be
the initial investment in a system that
eventually includes a T25A/8HD mid-
range assembly, and a T35 very-high-
frequency driver. Thus the cost can range
from $70.00 up to $220.00, as you prefer—
and every cent goes for pure performance!

Write today for your free Electro-Voice
high fidelity catalog and list of the E-V
audio specialists nearest you. They will be
happy to show you how E-V Deluxe com-
ponent speakers fulfill the fundamental
concept of high fidelity with sound of un-
compromising quality!

ELECTRO-VOICE, INC.
Dept. 344N, Buchanan, Michigan

SETTING MEW STANDARODS IN SOUND



www.americanradiohistory.com

= gure

~-—

¥ \}

“TURN PAGE FOR ANSWER Z27)

L
——unvinv/Bmericanradiohistorv com &


www.americanradiohistory.com

The answers to these questions reflect the
changes taking place with space applications
of electronics. For space electronics involves
new and different uses of electronic prin-
ciples.Conventional systemsand components
are frequently outdated. Technical break-
throughscomealmostdaily. Spaceelectronics
is as different from the electronics you know
as the superheterodyne receiver is from the
crystal set.

WHAT DOES THIS CHANGE
MEAN TO YOU ?

It means specialized knowledge of space
electronics is essential for a career in this
field. Nearly every major electronics organi-
zation and a good many of the smaller
companies have become part of the space
program. Guiding space vehicles, communi-
cating with them through space and proc-
essing the vital information they gather
demands knowledge that did not exist when
you studied electronics. And this knowledge
can't be acquired on the job, unless you are
one of the few men privileged to work for a
key space engineer or scientist.
Developments in space electronics are
affecting almost every area of electronics. For
instance, the same techniques used in the
space program are used in electronic pack-

aging to reduce computers and television
sets to a much smaller size. So knowledge of
space electronics is an asset to a man in any
field of electronics.

No question about it, for your career in
electronics, you must supplement your pres-
ent knowledge and experience with consider-
able new knowledge of space electronics.

CREI CAN HELP YOU
PROTECT YOUR FUTURE

CREIl now offers a new Home Study Program
planned to help you protect your future in
electronics by updating your education to
space age requirements.

CREl's Program in Space Electronics en-
ables you to study at home, on your own
schedule through methods developed in
CREIl's 36 years of experience in technical
education through home study.

Long and painstaking effort has been de-
voted to the preparation of this program.
CREl faculty members have visited 14 govern-
ment and private technical organizations in
the space effort to determine exactly what
knowledge of electronics they want in men
they employ. Engineers and scientists from
some of these organizations have been
retained as consultants to supply the tech-
nical material that makes up the program.

PHOTOGRAPHS COURTESY OF NATIONAL AERONAUTICS & SPACE ADMINISTRATION
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CREI
ANNOUNCES
A UNIQUE
HOME STUDY
PROGRAM IN
SPACE
ELECTRONIC
ENGINEERING
TECHNOLOGY

CRET

with your choice of these specialties

SPACE DATA SYSTEMS Includes analog and

digital computers, information theory, data acquisition

and processing.

SPACE TRACI{[NG SYSTEMS Includes

microelectronics, space propagation, masers, lasers,

infrared techniques.

SPACECRAFT GUIDANCE
AND CONTROL Includes inertial navigation,

space radar, star tracker systems, tracking networks.

« The first educational program developed specifically to
help electronics men apply their experience to the space
effort.

- Content of program developed to meet employment re-
quirements as determined by consulting government and
private organizations in the space field.

- Text material prepared with the help of engineers and
scientists holding key positions in leading space-oriented
organizations. (Names on request.) You study exactly the
material technical organizations in the space effort want
their employees to know.

YOU ARE ELIGIBLE FOR THIS PROGRAM
IF YOU WORK IN ELECTRONICS AND HAVE A
HIGH SCHOOL EDUCATION.

FREE BOOK GIVES FULL INFORMATION. TEAR OUT
AND MAIL POSTPAID CARD or write CREI,

Department 1103-B, 3224 Sixteenth Street, N. W,,
Washington, D. C. 20010

The Capitol Radio Engineering Institute
Founded 1927 Accredited Member of the National Home Study Council

Dept. 1103-B, 3224 Sixteenth St., N. W.
Washington, D. C. 20010

Please send me FREE book describing CRElI Home Study
Programs including new Program in Space Electronics. | am
employed in electronics and have a high school education.

Name Age
Address

(Cfy— - i Zone State
Employed by.

Type of present work . .
Check: [ Home Study [] Residence School [ G.I. Bill

Bwww.americanradiohistorv.com
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NOW CREL
OFFERS
SPECIALIZED
EDUCATION
IN EVERY |
IMPORTANT
AREA OF
ELECTRONICS

SPACE DATA SYSTEMS (NEW)
SPACE TRACKING SYSTEMS (NEW)

SPACECRAFT GUIDANCE
AND CONTROL (NEW)

COMMUNICATIONS

AERONAUTICAL AND
NAVIGATIONAL

TELEVISION
AUTOMATION AND INDUSTRIAL

NUCLEAR

e = By

A N A SERVOMECHANISMS
YOl OO T O S IT SIS SLS. AND COMPUTERS

FIRST CLASS
Permit No. 288-R
Washington, D. C.

o e s e

Postage will be paid by
The Capitol Radio Engineering Institute

3224 Sixteenth Street, N. W.
Washington, D. C. 20010

PO OO0 OO0l OIEEOL

FREE BOOK GIVES COMPLETE INFORMATION
ON CRElI HOME STUDY PROGRAMS
INCLUDING NEW PROGRAMS IN SPACE

| ELECTRONICS. TEAR OUT AND MAIL
POSTPAID CARD FOR YOUR COPY TODAY.

NNANNNNNN NN\

AN

ANNRRLLRRRRNRN


www.americanradiohistory.com

Q
:
.
»
iy
| % ; ;
5 #
Y 4 /
!A el oI F
i RGN | 1 4 b
[ S——— -
e
s IR NS = e
by
3
N t
“"k
S st o

)
7 1

sin

“Like a road map.”

These are the very words a lot of tech-
nicians use to describe PHOTOFACT.
A typical letter (unsolicited) reads like
this:

“My PHOTOFACTS mean as much
to my business as aroad map doestoa
traveler.| would be lost without them.”

Getting "lost” is no way to make a
profit in electronics service work.
PHOTOFACT users have a perfect
road map to the trouble source—with
no costly backtracking or detours. On

almost any job, PHOTOFACT means
all the difference between making a
profit or not.

There are over 40 important “‘guide-
post” features in every PHOTOFACT
Folder, time-saving features to show
you the way to fast TV-radio trouble-
shooting (the greatest, too, for pin-
pointing the trouble in those tough-
dog jobs).

Users don't measure PHOTOFACT
by its pennies-per-page cost. It's the

A PHOTOFACT LIBRARY PAYS ITS OWN WAY—

time-saving, profit-making worth of
PHOTOFACT that counts.

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

Doesn't it make good sense to see
your Sams Distributor today for the
interesting details on an Easy-Buy
PHOTOFACT Library and Standing
Order Subscription?

Or use the coupon below.

5

______________________ 1
Now, more than ever, it pays to own PHOTOFACT~—the world’s | Howard W. Sams & Co., Inc., Dept. EWF-3 |
finest TV-radio service data. Now, you can start or complete your | 4300 W. 62nd St., Indianapolis 6, Indiana Q |
PHOTOFACT Library this Easy-Buy Way: : N '

y y y y ! 1 Send FREE Photofact Cumulative Index & I
e FREE with your order for 180 Sets—a deluxe 4-drawer file | {1 Send full information on Easy-Buy Plan I
cabinet worth $38.95 « Only $10 down e 30 months to pay « No | OEnter my Photofact Standing Order Subscription |
interest or carrying charges s Prepaid transportation ¢ Add-on | [
privilege of a year's advance subscription to current PHOTO- | My Distributor is |
FACT on the same Easy-Buy contract ¢« Save 30¢ per Set— [ |
special $1.95 price applies on Easy-Buy (instead of the regular | Shop Name o R |
$2.25 price). | I
4 Ways to Select Your PHOTOFACT Library: 1. Complete | "'" 1|
your present PHOTOFACT Library. 2. Ordera PHOTOFACT “Start- I Address |
er” Library—180 Sets (Sets 301 to 480—coverage from 1955 to 1960— | R |
only $11.36 per month). 3. Order by brand name and year—see the | City Zone State |
handy selection chart at your Distributor. 4. Order a complete  Le—m—— o
PHOTOFACT Library—get FREE file cabinets, p/lus a selection of
invaluable books and Electronics Courses.
SEE YOUR SAMS DISTRIBUTOR FOR FULL DETAILS, OR MAIL COUPON a.
CIRCLE NO. 134 ON READER SERVICE PAGE
ELECTRONICS WORLD i. pubhlished monthly by Zitf-Davis Pubilishing Company at 44l South Wa \vehue cawa G 1ineis. Subscription rates: one year United ?‘“’“,‘”l':l’:;,‘
o T m s e e e it ol AFTC BN, Kool O, Tl o s
March, 1964
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MALLORY

Tips for Technicians

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

Why Mallory Mercury Batteries
work better in transistor radios

AN
LISTENING HOURS PER PENNY

with Mallory Mercury Battery

with zinc-carbon battery
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CIRCLE NO. 124 ON READER SERVICE PAGE

There are a lot of good reasons why more and more
people are using mercury batteries in their transistor
radios. And the reasons boil down to this—they're a
better value, and they give better performance.

To get a comparison between mercury batteries and
ordinary zinc-carbon batteries, let’s look at a typical
transistor radio. This radio uses size “AA” penlight
batteries and has a current drain of 15 milliamperes.
The Mallory Mercury Battery is the ZM9 and the zinc-
carbon type would be the NEDA type 815. The ZM9
retails for 75¢ versus 20¢ for the 815. Got the picture?

Here’s where the fun begins. The ZM9 will operate the
radio for 165 hours versus only 35 hours for the zine-
carbon battery. This means that for one penny you’ll
get 2.2 hours of listening pleasure using the ZM9 versus
1.75 hours for the zinc-carbon battery. In other words,
it costs yvou 0.57 cents per hour to use the zine-carbon
compared to only 0.45 cents for the mercury battery.

We're not through yet. Let's get back to listening
plensuire. The mercury battery has essentially a flat dis-
charge curve. This means that it presents a more con-
stant voltage to the transistors. Result: you don’t have
to keep turning the volume control up while you're lis-
tening AND the radio sounds better because there’s
far less distortion.

Had enough? There’s one more important point. Sup-
pose vou put the batteries in the radio and use it only
slightly. Those 20¢ zinc-carbon batteries go ‘“‘dead”
in a few months whether you use them or not. But the
mercury batteries can be stored 2 to 3 years and still
deliver dependable power. Plus the fact that Mallory
Mercury Batteries are guaranteed® against leakage in
your transistor radio.

We've used this “Tip” to illustrate the superiority of
Mallory Mercury Batteries in transistor radios. But
this superiority extends to thousands of other applica-
tions. So whether you're building test equipment, heart-
pacers, or satellites, see your Mallory Distributor. He
has a Mallory Mercury Battery that will do exactly the
job you want done.

*We quarantee 1o repair the radio and replace ile bulteries, free of charge, if
Mallory Mercury Balleries should ever leak and dowage a radio sel. Send radio
wiith batteries to Mallory Builery Company, Tarrytown, New Yaork.

ELECTRONICS WORLD
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CONIENIS

Traveling-Wave Tubes  John H. Jarrett

Voltage-Divider Nomogram  Donald W. Moffat

Recent Developments in Electronics

The Integrated Amplifier-Speaker  Ken Gilmore
By designing the hi-fi specker and amplifier together as a single comple-
mentary systeni, proponeints claim ud:‘uuluges of ])er/m'mun(‘e, oS!, and size.

New Look in Transformers JohnR. Coilins

Advances in Ultrasonics (Part 2)  Cyrus Glickstein

Why Not U.H.F. Two-Way Radio? Howard H. Rice

James E. Cain

High-Power Photocell

New Citizens Band Circuits Len Buckwalter

Transistors for Music R E Furst & larry Zide
This is the viewpoint of a company that believes strongly in using tran

sistors for hi-fi. Less phase shift, better transient response, higher dump-
ing factor, lower noise, greater reserve power are the adrantages claimed.

New TV Designs for 1964  Walter H. Buchsbaum
Manufacturers have come up with a number of circuit innorvations and
improved components for use in their 1964 lines of television sets.
Noiseless Remote Switching  Charles W. Martel

Japanese Color-TV Has Simple Controls

74 Converting Meter Scales  Bob Apperson
77 Simple Square-Wave /Pulse Adapter  John Potter Shields
79 The Technical Institute R E Baird
82 Construct a Milliwatt Meter  William L. Blair
10 For the Record (Editorial) W. A Stocklin

The Neww Year & The Old
18 EW Lab Tested

Dual 1009 Automatic Turntable

Electro-Voice “Coronet I Spealker System
56 Antennas and Grounds  John Frye
62 Test Equipment Product Report

RCA WR-504 R.F. Signal Generator

Ferris 24-D CB “Microvolter”

Ballantine 365 D.C. Volt-Ammeter

MONTHLY FEATURES
Coming Next Month . ....... 8 Radio & TV News .......... 84
Letters from our Readers . ... 12 Book Reviews .. ........... 85
Reader Service Page ....... 15  New Products . ............ 93
Manufacturers’ Literature . ... 99

Copyright © 1964 by Zitf-Davis Publishing Company. Al rights reserved.
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THIS MONTH'S COVER
shows a cross-section of a
Western Electric 444A trav-
eling-wave tube. This tube,
shown without its external
permanent magnet focusing
system and waveguide as-
sembly, is used in a point-
to-point radio-relay system
that handles high-capacity
telephone traffic or TV sig-
nals. Other important appli-
cations for the traveling-
wave tube are also shown.
For further details, see the
article “Traveling-Wave
Tubes” on page 00 of this
issue. Photographs: courtesy
of Western Electric.(Illustra-
tion by Otto E. Markevics.)
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NEW T Motel 75
SOLDERING
— PISTOL

Only with ATR*

“Pencil”

Delicacy
with BIG-JOB
CAPABILITY

A new space-age metal wire heats
a heavy tapered copper tip so effi-
ciently this lightweight beautifully
balanced pistol delivers heat nor-
mally available only from heavier
devices with twice its low rating
of 50 watts. *NEW ATR REGU-
LATES TEMPERATURE FOR HIGH-
EST EFFICIENCY—A surge of 50
watts brings tip to working tem-
perature in seconds . . . then only
30 watts are needed under nor-
mal soldering conditions. When
the tip is placed against an un-
usually large cold mass, ATR auto-
matically triggers more watts until
the mass is properly heated . . .
then regutates back to its amazing
30 watt efficiency. No double
triggers or tricky switches with
ATR—exclusively in the new WEN
Model 75 Soldering Pistol.

AN Saw

2,

Sander /Polisher

PRODUCTS, INC.

5810 Northwest Highway
Chicago 31, Winois

CIRCE NO. 145 ON READER SERVICE PAGE
8

COMING
NEXT o
MONTH |——=

MAGNETIC CORE MEMORIES

Widely used in digital computers, these
memory systems consist of a lurge num-
ber of tiny rings of ferromagnetic mate-
rial. How such memory systems operute
is revealed in this interesting article.

SINGLE-FREQUENCY RECEIVER

Hams, SWL’s, CAP, and MARS devo-
tees will find this construction article on
a spot-frequency receiver an interesting
project. William B. Kincaid of Aladdin
Electronics has deuvised a circuit that will
opcrate on either 6 or 12 volts with dy-
namotor for mobile use or 117-volt a.c.
for base-station use. All parts required
are standard and readily available items.

UNDERSTANDING TELEMETRY

Telemetry is not confined to exotic outer-
space research bhut has many and ever-
increasing down-to-earth appliications.
In this article the author discusses the
various modulation techniques being
used and how each type works.

ELECTRONIC SIRENS

These new mobile siren/p.a. systeins are
gaining wide popularily among law-en-
Jorcement agencies and in public-safely
vehicles. Here is how such circuits oper-
ate and a description of the ways in

s

TECHMIQUES

=i

which they differ from the more conven-
tional and familiar air sirens.

CONSTANT-VOLTAGE

TRANSFORMER OPERATION

By altering the magnetic circuit of a
conventional transformer and adding an
extra winding and a capacitor, a trans-
former is produced that maintains its
output voltage relatively constant despite
variations in line voltage.

MICROPHONES FOR COMMUNICATIONS
Various types that are available, along
with their characteristics and performs-
ance are discussed in this article by I, L.
Conhaim. Special emphasis is placed on
mikes for two-way radio and mike rating
systems.

USING SLUG-TUNED COILS

You can wind a coil to exact specifica-
tions, but if vou don’t pick the right core,
it may not tune to frequency. There are
many types of cores available, and this
article shows the effect of each type on
the “Q” and frequency of the tuned cir-
cuit. This article will be of special interest
to those who like to design and construct
a wide variety of electronic equipmont—
ranging from ham gear to circuits for the
control of a number of functions.

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

in the APRIL issue of ELECTRONICS WORLD

on sale Mar. 19th.
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YOUR FIRST CLASS COMMERCIAL F.C.C. LICENSE

Your Ticket To A Better Paying Job And Greater Job Security

We train you — prepare you to pass the FCC exam for your first class FCC license. The
leading course of its kind, Grantham FCC License Preparation is available in resident classes
in Los Angeles, Calif.; South Gate, Calif.; Seattle, Wash.; Kansas City, Mo.; and Washing-
ton, D.C. Or, if you prefer, our specialized training is available in your own home from our
Home Study Department, Kansas City, Mo. Regardless of where or how you study with
Grantham, you are taught right and prepared quickly for your first class FCC license.

Grantham Students Get Their Licenses

Following is « list of a feie of the many students
who have completed our FCC license preparation
recently and obtained their first ¢cluss FCClicenses:

Edwin Keister, 1201 Dennis Ave., Silver Spring, Md.
Herbert Braswell, 116 E. Bellefonte Ave., Alexandria, Vi,
Flovd R. Henderson. 3219 Andrita St.. Los Angeles, Calif.
Gerald D. Herbert, Route 6, Bloomfield, lowa

William Seyvmour. 6924 - 32nd St.. N.W., Washington, D.C.
Nelson H. Crumling, 92 N Second St., Mt. Wolf, Pa.

Irvin Griflin, 2421 W Lexington St.. Baltimore, Md.

Denis Christopherson. 4402 Waite Lane. Madison, Wisc.
David H. Klempel, Lambert, Montanu

Armand E. Pinard. I’O. Box 3193, Washington, D.C.
Wayne A. Tavlor, 4111 Nicholson St., Hyattsville, Md.
William 1. Brink, 12 Meade Ave., Babylon, L.I, N.Y,

John Ponchock, Box 8%. Coupon. Pa.

John A Cork, 3535 N. Utah, Arlington, Va.

Charles Bartehy, 1222 S Park Ave., Canton, Ohio

Gene M. Walker, 1100 S. Wilcox Ave., Monterey Park, Calif.
David Kaus, 5218 Canterbury Way S.E., Washington, D.C.
Wm. & Bullock. PO. Box 1133, Atlantic City, N.J.

James W Logan. 464 DeLeon Dr., Miami Springs, Fla,
Emory R. Valla. Box 616, Imperial, Pa.

Hall Blankenship, Route 2. Rockwood, Tenn.

Charles D. Summers. 451 Hillerest Dr., Statesville, N.C'.
William H. Ames, CMR 2, Box 2112, Travis AFB, Calif.
Alexander Mikalaski. 4510 Rittenhouse St., Riverdale, Md.
‘Wayne F Murphy, 317 Jefferson St., Roanoke Rapids, N.C.
Ralph Munday, 417 \W. Pecan, Rogers, Ark.

John L. Marlow, Box 384, Umatilla, Ore.

Allen Lee Park, 3024 8. Buchanan St., Arlington, Va.
Clarence E. Daly, 517 N. Allendale St., Baltimore, Md.

John M. Quickel, Jr., 1418 Saratoga Ave., N.E., Washington, D.C,

Garland Hadley, 205 E. Washington St., Shepherdstown, W, Va,
George L. Heable, 214 N. Main St., Attica. Ohio

Robert J. Maickel, 520 Market St.. Havre De Grace, Md.
Harold F DeBruin, 1621 N. Morrison St., Appleton, Wisc.
James Lee Winde, 805 Princeton Rd., Wilmington, Del.
Thomas.J. Bailey, 1005 Penn St.. Hollidayshurg, Pa.
Charles G. Suit, 8016 - 14th Ave., Hyattsville, Md.

James R. Reese, Jr.. Station WCFV, Clifton Forge, Va.
Charles Deitzel, 342 Walnut St., Columbia, Pa.

Norman Tilley, Jr., 813 Piney Branch. Silver Spring, Md.
Guy C. Dempsey, 1326 - 19th St., Washington, D.C.

EarlJ. Muahoney, Box 296, Newport, Vt.

Joseph J. Hytovick, 260 Poplar St.. Dickson City, Pa.
Charles H. Havden. 2607 Kirkwood Pl., Hyattsville, Md.
James D. Neidermvyer, R.D, 1, Leola, Pa.

John D. Borin, 5356 Franklin Ave., Hollywood, Calif.
Arthur C. McGuire, 1510 Mahiole Pl., Honolulu, Hawaii
Roy Coleman, 769 Yale Ave., Baltimore, Md.

Daniel F. Fountain, 710 Chrysler St.. Kalamazoo, Mich.

LU
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BOOKLET
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L0S ANGELES Division

1505 N. Western Ave., Los Angeles, Calif., 90027 HO 7-7727
SOUTH GATE Division

9320 Long Beach Blvd.. South Gate, Calif., 90280 564-3421
SEATTLE Division

408 Marion Street, Seattle, Wash., 98104 MA 2-7227
KANSAS CITY Division

3123 Githam Rd., Kansas City, Mo., 64109 JE 16320
WASHINGTON Division

821—-19th Street. NW, Washington, D.C., 20006 ST 3-3614

FIVE CONVENIENT TRAINING DIVISIONS.:

Our free, -14-page booklet, “Careersin Electronics,”
contains full details on how Grantham training can
prepare vou for vour first class FCC license and (or
a successlul electronics career. For yvour free copy,
complete the coupon below and mail it to our
National Headquarters Oftice (address in coupon),
or write or telephone one of our teaching divisions
which appear to the left. You'll be glad vou did!

GRANTHAM
SCHOOL OF ELECTRONICS

—wmmmameame—- M3l inenvelope or paste on postal card

To: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027

Please send me your FREE 44 page booklet telling how | can get my
commercial F.C.C. license quickly and can continue into advanced
electronics if | wish. | understand there is no obligation and no
satesman will call.

Name
(FLEASE PRINT) Age
Address
City
State
| AM INTERESTED IN: (] HOME STUDY [] RESIDENT CLASSES 46-C
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{Advertisement}

The Amazing
Potentialities
of Memory

LITTLE thought when | arrived at my

friend Borg's house that | was about to
see something truly extraordinary, and to
increase my mental powers tenfold.

He had asked me to come to Stockholm
to lecture to the Swedes about Lister and
other British scientists. On the evening of
my arrival, after the champagne, our con-
versation turned naturally to the problems
of public speaking and to the great iabour
imposed on us lecturers by the need to be
word perfect in our lectures.

Borg then told me that his power of
memory would probably amaze me—and |
had known him, while we were studying law
together in Paris, to have the most deplor-
able memory!

So he went to the end of the dining room
and asked me to write down a hundred
three-figure numbers, calling each one out
in a clear voice. When | had filled the edge
of an old newspaper with figures, Borg re-
peated them to me in the order in which |
had written them down and then in reverse
order, that is beginning with the last num-
ber. He aiso allowed me to ask him the
relative position of different numbers: for
example, which was the 24th, the 72nd, and
the 38th, and | noticed that he replied to all
of my questions at once and without effort,
as if the figures which | had written on the
paper had been also written in his brain.

I was dumbfounded by such a feat and
sought in vain for the trick which enabled
him to achieve it. My friend then said: ‘'The
thing you have just seen and which seems
so remarkable is, in fact, quite simple.
Everybody has a memory good enough to do
the same, but few indeed can use this
wonderful faculty.”

He then revealed to me how | couid
achieve a similar feat of memory, and | at
once mastered the secret—without mistakes
and without effort—as you, too, will master
it tomorrow.

But | did not stop at these amusing ex-
periments. | applied the principles | had
tearned in my daily work. | could now re-
member, with unbelievable facility, the
lectures | heard and those which | gave
myself, the names of people | met—even if
it was only once—as well as their addresses,
and a thousand other details which were
most useful to me. Finally, | discovered
after a while that not only had my memory
improved, but that | had also acquired
greater powers of concentration; a surer
judgment—which is by no means surprising
since the keenness of our inteflect is pri-
marily dependent on the number and va-
riety of the things we remember.

If you would like to share this experience
and to possess those mental powers which
are still our best chance of success in life,
ask R. H. Borg to send you his interesting
booklet 'The Eternal Laws of Success’'—he
will send it free to anyone who wants to
improve his memory. Write now—while
copies of this booklet are still available.
Postage is 7¢ for a postcard, surface mail,
to Ireland. Here is the address: R. H. Borg,
c/o Aubanel Publishers, 14 Highfield Road,
Dublin 6, Ireland.

L. Conway
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THE NEW YEAR & THE OLD

ETA president, C.F. Horne, in re-

T is that time of the vear when one
discards the old calendar and re-
places it with a new one and, like most
individuals, it is time to reminisce about
the vear gone by and, obviously, plan
for the new one.

1If we were to pick a single event in-
volving the electronics industry as the
highlight of 1963, we would, without
hesitation, choose the 22-orhit flight of
L. Gordon Cooper on Mav 15 and 16.
The 34-hour, 24-minute flight brought
to a successful conclusion the Mercury
phase of the United States program to
laind men on the moon in this decade.
With all due respect to the engineers
and scientists who brought our tech-
nology to this point, it was radio com-
munications that made possible Cooper’s
manually controlled descent. Not only
the dramatic conclusion, but the entire
flight, was transmitted around the world
tia radio and TV.

Another unforgettable electronie
event occurred in connection with the
assassination of President Kennedy.
Never in history have our broadcasting
media, both radio and TV, been called
upon to make a greater contribution
than during that 3%-day period. All
America must hold our communications
industry in high esteem for the tireless
and excellent job that it performed. Not
onlv did staff members work hours on
end, but the economic sacrifices by the
industrv were tremendous. The omis-
sion of all commercials cost broadcasters
approximately $40 million. Yet each
station met its responsibilities in a thor-
oughly professional manner.

These were dramatic events involv-
ing the electronics industry, not only
because of their effect on people around
the world, hut as a result of new world-
wide communications systems.

Our satellite relavs, Telstar T and 11
and Syncom, linked the world in the
transmission of news events. The funeral
of President Kennedy, carried bv our
Relay satellite, was seen in Europe and
Japan.

From an economic standpoint the
electronics  industry conclided 1963
much as was expected. Over-all sales
were close to the predicted figure of
$15.3 billion compared to $13.8 billion
for 1962. This is an increase of almost
11%, a sizable amount. Yet, many were
disappointed in their profits.

www.americanradiohistorv.com

viewing available statistics, predicts
sales for 1964 will reach $16.3 billion,
an increase of $1 billion over last year.
Yet most industry leaders, including Mr.
Home, view 1964 with caution. There
are factors which clound many issues.
Will the TV all-channel law, which be-
comes effective April 30, 1964, seriously
aftect sales? To what degree will con-
templated reductions in  government
spending, hoth for defense and space
programs, affect sales® What effect will
imports have?

Imports of consumer products and
parts have had a serious impact in the
past and the future holds little hope of
change in this direction. A good ex-
ample, reported by EIA, is the tally on
receiving tubes. Fifty million tubes were
imported during the first nine months
of 1963 as compared with 52 million
for all of 1962.

The forecasts for 1964 are not all
pessimistic. The radio and TV segment,
on the whole, had another great year
in 1963. Many forecasters feel that color-
TV, with its assured continued growth,
will help to set new industry sales rec-
ords for 1964, regardless of potential
problems.

Components manufacturers expect an-
other increase of $150 million in sales
in 1964, reaching a total sales figure
of $3.9 billion. Replacement parts are
expected to increase $75 million, reach-
ing a total sales of $750 million. Pas-
sive components are also expected to
increase $30 million to $950 million.
Integrated circuits, while sales volume
is still Jow, should show sizable gains
in the coming vears. Semiconductors,
hit hard in 1963, will continue their
growth in units produced, but will just
about hold their own in dollar sales—at
$92 million.

The general reaction within the elec-
tronics industry is that the greatest
growth potential lies in the computer
area. A spokesman for the Univac Div.
of Sperry-Rand Corp. reports that, at
present, there are 12,000 computers in
domestic operation and 2000 overseas.
Estimates for 1964 are that 3000 do-
mestic systems and 2000 overseas units
will be produced. Some will be replace-
ments. It is expected that total sales
for 1964 will increase as much as 25%—
a very sizable growth figure. A

ELECTRONICS WORLD


www.americanradiohistory.com

F 4
&

QUIET PERFORMANCE!

Yes, Beldfoil* shielding definitely breaks the noise arrier. It breaks the noise
barrier by being a noise barrier. Beldfoil gives total shielding . . 1009 isolation
between adjacent pairs. For audio and radio frequency, it completely elimi-
nates cross talk, spurious signal impulses . . and it's ideal for stationary or
limited flexing. Beldfoil is lighter in weight, requires less space, and is usually
lower in cost.

MINIATURIZES!

Beldfoil shielding reduces the diameter of multi-conductor cables . . by as
much as 6624%. It gives design engineers extra space .. extra conduit space,
extra raceway space, extra console and rack space. Beldfoil shielding means
that you can *'think small.”

ASK FOR DATA SHEET. Get your copy of newly published bulletin
8-63-A and technical data sheet. They give complete information on Beldfoil
shielding. Write Belden Manufacturing Company, 415 South Kilpatrick Avenue,

Chicago, lllincis 60680.
8-1-3
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/9" BREAKS THE NOISE BARRIER!

APPLICATIONS: Beldfoil is effec-
tive over the entire audio frequency
range. Typical applications include in-
strumentation, data processing, and
tzlemetering equipment, and any infor-
mation and measurement circuits.

WHAT IS BELDFOIL? It's a lamination
of aluminum foil with Mylar** that pro-
vides a high dielectric insulation. A pa-
tented Belden method of folding***
gives definite benefits. An inner fold
creates a continuous metallic path
around the surface of the cable. This
eliminates any possible inductive ef-
fects. An outer fold tucks the cut edge
of the aluminum under the Mylar. This
gives complete isolation from other
adjacent shielded cables.

Typical cross section looks like this.

*Belden Trademark Reg. U.S. Patent Office
**%gu Pont Trademark *+%(4.5. Palent 3,032,604

Belden

WIREMAKER FOR INDUSY..V
SINCE 1902 — CHIGAGD
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spotlights work, frees hands

This powerful, compact lamp
shines its light where you are
working. The Loca-Lite’s swivel
hook enabiles it to stay horizontal
when hung on a lead wire or
component, leaving both hands
free.

These are the quality features
that make the RCA Loca-Lite
ideal for you:

A limiting resistor guards
against short circuits, prolongs
the life of the bulb m Ten-foot
plastic cable allows free move-
ment in your work area m
Transformer never interferes
with other caps in dual-recep-
tacle t10-volt outlets, prevents
110-volt and AC hum when used
in vicinity of a chassis m Mirror-
finish reflector and deep-seated
bulb in the plastic housing help
to focus and magnify the beam
on your work area.

RCA Loca-Lite is available only
from your authorized RCA Parts
and Accessories Distributor.

THE MOST TRUSTED NAME
IN ELECTRONICS

®

LETTERS
FROM OUR
READERS

BACKGROUND-MUSIC MULTIPLEXER
To the Editors:

I found vour recent article in the De-
cember issue by Robert W. Winfree,
“SCA Background-Music Multiplexer,”
very interesting. However, I feel there
has been a misinterpretation of the law.

I call to vour attention Title 47 of the
United States Communications Act of
1934, Amendment #605, which deals
with the “unauthorized publication or
use of communications.”

As vou will note it does not imply that
interception is lawful as long as no profit
is derived from its use, as does vour arti-
cle. The fact is, that interception of this
private transmission is unlawful.

Geonce J. Wabpg, Gen. Mgr.
Good Music Inc.
Portland, Oregon

There is quite a bit of private point-
to-point  communication taking place
throughout the radio spectrum today.
Although strictly speaking the Commu-
nications Act prohibits interception of
these  signals, we doubt very much
whether such interception could be pre-
vented, or if any harm would result,
provided 1he intercepted signals are not
divulged. If this were not true, then just
about coerybody picking up such signals
with a short-wave recciver is breaking
the law. Therefore, we belicve that the
above is an unrealistic interpretation of

the Communications Act.—Editors.
£ -2 -2

LOUDSPEAKER IMPROVEMENTS
To the Editors:

After thirtyv-odd vears of devclopment,
it is apparent that the woofer loud-
speaker driving svstem is about where
the electric power motor was in 1900.
There appears to be much room for im-
provement. Consider, the permanent
maguetic field in its idle configuration.
This field hecomes alternatelv wafted
and fringed back and forth with the voice
currents such that under high audio
power the tendency is to squeeze the
flux alternatelv out of either end of the
flux gap. Possibly the cure may be found
through use of voice current interpole ac-
tion similar to that used in d. ¢, machin-
ery, or the pole pieces might be slotted
in order to keep the permanent flux from
crossing from one area to another over

www.americanradiohistorv.com

the intervening higher reluctance slots
in the gap.

If we are concerned with maximum
efficiency, there is also the problem of
eddy currents induced in the faces of the
pole pieces caused by these voice coil
cross-magnetizing currents. To minimize
this loss, the pole pieces might be lami-
nated.

The writer, after about thirty-five
yvears of expericnce with amplifiers,
speakers, and other electrical and elec-
tronic apparatus, is of the firm opinion
that several good stiff-coned speakers
having an equivalent piston displace-
ment of a single larger woofer will con-
siderably out-perform the larger unit un-
der otherwise similar conditions. The
smaller units offer less susceptance to
ripple breakdown and do not require
great sacrifice of efficiency. In fact, the
efficiency is raised by mutual radiation
resistance.

Also, it has heen my study that, while
non-vibrating enclosure material and
construction is a must, air-tightness
through prevention of minute leaks be-
cause of joints or small holes in the en-
closure is un-registerable on sound
pressure measurement apparatus. The
enclosure should not be a sieve, of
course. But each of us is entitled to he-
lieve that he has arrived at the culmina-
tion of a perfect sound system. How droll
it would be if all such things were re-
quired to be alike!

Fraxk J. Burris
Reg. Elec. Engr.
Yucaipa, Calif.

Although there have been some
changes in speaker magnets, voice-coil
design, and conc materials, the basic
principles of the magnetic speaker are
the same as they have been for many
years. And it is remarkable how good a
sound reproducer such a basically simple
device as a loudspeaker is. But with the
speaker still considered to be a weak
link in the audio chain, perhaps a major
breakthrough is what is needed.—Edi-

tors,
L] L *

FIELD-EFFECT TRANSISTORS
To the Editors:
I would like to comment on a few
points in the article “Field-Effect Tran-

ELECTRONICS WORLD
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complete li * e.

APPLICATION

Complete coverage for
small areas with low

REQUIREMENT

Wide dispersion.
Good frequency

RECOMMENDED

SPEAKER

SPECIFICATIONS

7.5 watts
350-13,000 cps

ambient noise levels. response. Weatherproof. UNIVERSITY 120° dispersion

Spot coverage to Compact size. MODEL MIL-A 7% dia.

assure uniform sound “OLB 674" deep

volume in large systems. In 4, 8, and 45 ohm
impedances.

Same as above and Same as above but 7.5 watts

where overhead
obstructions are

with greater control of
dispersion pattern,

UNIVERSITY
MODEL CMIL-A

350-13,000 cps
120° x 60° dispersion

encountered. reducing reverberation 61," high, 914" wide,
and spill over, 81" deep
*0LB In 4, 8, and 45 ohm
impedances.
Coverage of sizeable High power handling 25 watts

areas with moderate
ambient noise level.
Amusement parks,

warehouses, loading

capacity, high efficiency,
greater low frequency
response. Utmost
reliability. Weatherproof.

UNIVERSITY
MODEL 1B-A

250-13,000 cps
90° dispersion
10Y," dia., 9" deep
In 4, 8, and 45 ohm

docks, portable “0LB impedances.
P.A. systems.
Same as above and All of the above, but 25 watts

where overhead
obstructions are
encountered.

with exclusive University
Wide Angle horn for
reducing reverberation.
*0LB

UNIVERSITY
MODEL CIB-A

250-13,000 cps

120° x 60° dispersion
734" high, 14" wide,
12" deep

in 4, 8, and 45 ohm
impedances.

Ceiling suspension of
speakers to cover wide
area. Using rninimum
numker of units.
Factories, department
stores, depots.

Uniform 360° sound
dispersion. Built-in
driver. High power
handling capacity.
*0LB

UNIVERSITY
MODEL IBR-A

25 watts
300-10,000 cps
360° dispersion

13" dia., 104" deep
In 4, 8, and 45 ohm
impedances.

*0LB - Patented University Omnt-Lok Bracket directs and locks speaker in any plane with a twist of the wrist

©
m

B

University paging/talk-back speakers offer high microphone sensitivity for reliable talk-back communications.

s 2 Their rugged construction assures lifelong dependable operation. Above all, University ‘‘High A" (High Audi-

March, 1964

LTV UNIVERSITY

A DIVISION OF LING-TEMCO-VOUGHT, INC.
9500 West Reno, Oklahoma City, Oklahoma
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bility) engineering assures a degree of intelligibility that has never
been matched in speakers of this type. For free catalog, write desk
S-3, LTV UNIVERSITY DIVISION, Oklahoma City, Oklahoma.
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If you bu ld...beild the best...kuild Scott!
1

.-.the completed kit is
capable of performance
as good as units
costing much more...
highly recommended”

Scott Kits cons stently receive enthusiastic reviews from the experts.

Scott delisers mare performance, gives you more valuaktle extras than any other kit
line on the mar<21. Far examale, the LK-72 80-watt stereo amplifier shown above is
priced at on y $16£.95, yet it incorporates such perdormance extras as powered
center chanrel qutpit for extension speakers, rumble filter, front panel stereo ezr-
phone jack a3 separate “cn-off”’ switch for private earphone listenin3. Like all
Scott kits the LK-72 comes complete with Full-Color instruction book, Pert-Chars,
pre-cut a1c pre-stripoed wi-es, and all difficult and c-itical areas pre-wired and
tested at the Fectory. For full f2ature and performance

specificatians Jf fhe LK-72 and the rest of the Scott line

of kits and compaents, send tcday for a free copy of

fully illustrated 24-gage Scott Guide to Custom Stereo, ik bbbttt
packed with fasc rating articles by audio experts. H

SCOTT | s

111 POWDERMILL ROAD, MAYNARD, MASSACHUSETTS

All prices siishtie lrigher west of Reckies. Accessory cas2s extra.
Expert: vleran Exgorting Cerg.. 458 Broadway, N.Y.C.
Carada £t a adip Corp., *0 #ingold Ave,, Toronte

Circle Reader 3ervice Numbe~ 100 for further information an Scott Kits and Comaonents.

Above quoie from the highly respected ““American Record Guide.”
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sistor” (p. 66, September issue). Al-
though relatively new in the commercial
sense, the complete theorvy and char-
acteristics of the FET were published
by Dr. Shockley (also the inventor of
the junction transistor) in 1952; and
since thousands of experimenters have
been using the device for more than
a vear now, and dozens of circuits in-
corporating it have been published, it
seems a little curious to see it called
a “new” device.

Nearly all of the current professional
literature I have seen refers to the FET
electrodes as “drain,” “source,” and
“gate” (Dr. Shocklev’s terms), rather
than “anode,” cathode” and “grid.”
There is good reason for this, for, as
with junction transistors, there are two
polavitv tvpes of FET (both commer-
cially available), p-channel and n-chan-
nel; while the n-channel type is biased
like a vacuum triode, the p-channel tvpe
is biased oppositelv, with the drain (“an.
ode”) more negative than the source
(“cathode”). Since anode and cathode
respectively implv positive and negative
polarities, these terms are quite inappro-
priate for the field-effect transistor.

The schematic symbol your draftsman
has used for the FET is not the stand-
ard symbol being used by the industry.
The source and drain electrode symbols
should be perpendicular to the bar
(rather than at 60°) to indicate ohmic
connections at the source and drain.
When the lines form an acute angle
with the bar, a p-n junction is indicated,
as, for example, at the collector of a
junction transistor (ref. NMIL-STD 15-1,
proposed American Standard Y32.2-1962
and IRE Standard 62IRE21.81).

The best available FET's have trans-
conductances considerably higher than
the 1000 micromhos mentioned in the
article: the 2N2499 and the 2N2609
have typical G.’s of more than 3000
micromhos. Regarding commerciall
| available tvpes, the Texas Instruments
FET's are no more “experimental” than
those of Crystalonics, and experiment-
ers might note that one line of germa-
ninm FET’s by T.I., which has alreads
been on distributors’ shelves about a
vear, sells for less than three dollars
(TIX-880 to 883)

Incidentally, the field-effect transistor
is also known as the unipolar transistor
i (or UNIFET), since its conduction
| mechanism involves only one polarity-
| type of carrier (electron or hole), unlike
the bipolar (junction) transistor. This
implies that its maximum frequency
capabilities are not limited by thermal
diffusion rates, as in the junction tran-
sistor, but only by its internal R-C time
constant (which is unfortunately large
in most FET's).

L. Rosert DucLos, Lecturer
Radio College of Canada
Montreal, Canada A

ELECTRONICS WORLD
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READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.
Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-

ested.

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

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

P.O. BOX 7842
PHILADELPHIA 1, PA.

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

ELECTRONICS WORLD

P.O. BOX 7842

PHILADELPHIA 1, PA.

TOTAL NUMBER OF REQUESTS

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

ELECTRONICS WORLD

100 101 102 103 104 105 106 107 108 109 110 11 M2 M3 14 11 116 117 118 119
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(Key numbers for advertised products also appear in Advertisers Index)
NAME (PRINT CLEARLY) = S piiey
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ary______ ZONE STATE__
VOID AFTER MARCH 31, 1964 3
March, 1964
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Cracked cadenzas in your concerto?

...then “'bargain”" recording tape’s no bargain!

Mistakes you can buy cheap. And tapc-making mistakes
you’re almost sure to get in recording tape sold dirt cheap
without the manutacturer’s name. The dangers for audio-
philes? Fade out of high and low frequencies. Distortion.
Background hiss. Even tape flaking, or worse, abrasive-
ness that can damage your recorder. Worth
the gamble? Hardly.

You can make fine performance, long-life .
crystal-clear recordings a certainty by speci- Scntch

fying ““ScotcH” BRAND Recording Tapes. All
“ScorcH” Tapes must pass over 100 quality
tests to earn their “brand”. . . tests no bar-
gain tape could hope to pass!

Thinner, more flexible coatings of high-

16 CIRCLE NO., 127 ON READER SERVICE PAGE

potency oxides assure intimate tape-to-head contact for
sharp resolution. Precision uniformity of coatings assures
full frequency sensitivity, wide dynamic range, plus iden-
tical recording characteristics inch after inch, tape after
tape. Lifetime Silicone lubrication further assures smooth
tape travel, prevents squeal, protects against
head and tape wear. Complete selection of all
purpose tapes—f{rom standard to triple lengths,
with up to 6 hours recording time at 334 ips.
See your dealer. And ask about the new
““ScoTCH’’ Self-Threading Reel. Remember

. on SCOTCH® BRAND Recording Tape, you
hear it crystal clear.

Magnetic Products DivisSion s comessy

“'SCOTCH" AND THE PLAID DESIGN ARE REG, TMS OF 2M CO., ST. PAUL 19, MINN. © 1964, 3N CO.

ELECTRONICS WORLD
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7«22 PRODUGT

PLUS /o youe Sptiania L lstidictse

52 DS Ctiures g 1 {
. ANRYS TODISCE with 3 worid Faenaus
SILVER SCREEN 85 Tt fast

—
See your desier 07 vawr tree “Fi1 o0 Buy' boukiel, und a free TV appraiset.

RS L B . o

o

“GYINVANTA

Pl FHEPHONE $ELECTRON LS B

Was your name
pyirt_ of this T V
hard-sell ad m\ GUIDE |?

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

SYLVANI
L : J\ A A A
GENERAL TELEPHONE 8 FELECTRONIES @

March, 1964 17
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LAB TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCII-HOUCK LABS
Dual 1009 Automatic Turntable
Electro-Voice ‘“Coronet I’ Speaker System

Dual

1009 Automatic Turntable

For copy of manufacturer’s brochure, circle No. 45 on coupon (puge 13).

NCE considered below acceptable

levels of performance for high-
fidelity enthusiasts, record changers
have undergone drastic improvements
in recent vears and now rival many
separate turntable and arm combinations
in all aspects of record-plaving perform-
ance. These “automatic turntables,” as
their makers term them, generally fea-
ture heavy, balanced turntables;
balanced motors with low mechanical
vibration levels; and low-friction, at
least partiallv balanced arms.

The necessity for operating a trip
mechanism at the end of a record has
usually imposed a minimum tracking
force requirement on the arms ol auto-
matic turntables. \While not large (some-
times as low as 2 grams), it precludes
the use of the ultra-high-compliance
cartridges of several munufacturers—
those which wre cliimed to be capuble
of operating at forces as low as 0.5 gram.

The new Dual 1009 “Auto/Profes-
sional” turntable represents a further
advance in this direction. Possiblv its
most outstanding leature is the com-
pletelv balanced arm which, according
to its maker, will operate at 0.5 gram
with fullv functioning changing facili-
ties. The 1009 has a 7-pound non-
magnetic turntable, 10%” in diameter,
which rotates on verv-low-friction bear-
ings. It has a four-speed drive, with a
drive shaft having tapered sections. A
knob concentric with the speed-change
control moves the idler wheel up and
down on this shalt. giving a rated vari-
ation of = 3% about each nominal speed.

The unit is not an intermix changer.

18

A lever must be set for 77, 10”7, or 127
records for indexing the tonearm. For
manual playing, a short spindle is in-
serted in the turntable center hole and
the arm is placed manually on the
record. Moving the control lever to
“Manual” then starts the motor, which
reaches full speed in a fraction of a rev-
olution of the turntable. At the end of
the record, either in manual or automatic
operation, the trip mechanism operates,
shutting off the motor and returning the
arm to its rest.

The arm of the record playver is fully
balanced by an adjustable counter-
weight. The counterweight is mounted
resiliently to damp out the natural res-
onance of the arm mass and cartridge
compliance. Tracking force is supplied
by a spiral spring operating on the ver-
tical pivot axis, with a scale calibrated
from 0 to 7 grams in 0.5-gram intervals.

The rumble level. measured bv NAB
standards (unweighted ). wus —33.5 db
in the lateral plane and —32.5 db in-
cluding vertical components. This is one
of the lowest figures we have measured
on antomatic turntables, and is compa-
rable to that of a number of good sep-
arate turntables. The speed could be set
to exact values using the stroboscope
disc supplied with the unit. However,
we [ound that the range of adjustment
was less than specified, being from
slightlv less than 1% slow to slightly
more than 1% fast.

The wow and flutter were 0.1% and
0.03% respectivelv. The low turntable
bearing friction allowed the platier to
rotate for over one minute after being
shut off from 33 rpm.

The arm had a tracking error of less
than 0.4 degree per inch of radius, and
the tracking error was near zero at the
inner portions of records where this is
most important for low distortion. The
indications of the stvlus force scale were
accurate within 0.1 gram when cowm-
pared to a balance-type gage. Over a
full %-inch vecord stack, the change in
vertical stvlus angle was about 6 de-

Wwww.americanradiohistorv.com

grees, and the force did not vary de-
tectablv. Being completelv balanced, the
arm will play well at almost anyv angle,
although the change mechanism does
not permit excessive tilts in certain di-
rections. At any rate, the unit certainly
does not need any sort of critical leveling
in its installation.

The arm proved to be fullv capable
of operuting with a tracking force of 0.5
gram, as rated. The trip megchanism op-
erated flawlessly at this force, with no
evidence of side thrust on the cartridge
either during plaving or when the trip
operated. Actuallyv, no cartridge we have
seen will track all records at 0.5 gram,
but perhaps such cartridges will be
forthcoming. This record plaver will be
readv and able to accommodate them.
As it is, it will allow the use of any
cartridge presently being offered, with-
out compromise in performance.

The installation of a cartridge is verv
simple, due to the easilv removable
plastic slide on which it mounts. The
changer is quite compact, measuring
only 12%” wide by 10%” deep. It is fin:
ished in black and brushed aluminum,
with a liberal use of plastic materials
in its trim and for the cartridge shell.

The Dual 1009, distributed in the
US. by United Audio, is priced at
$94.75. An oiled-walnut base is avail-
able for $9.95. A

Electro-Voice “Coronet I”
Speaker System
For copy of manufacturer’s brochure,
circle No. 46 on coupon (page 15).

A RECENT addition to the Electro-
2\ Voice speaker line is the “Coronet.”
This is an attractive bookshelf enclosure
finished in oiled walnut and sold onlv
in kit form. Measuring 224" wide by
12%” high by 10%” deep. the kit may
be had with a choice of three E-V 8”
speakers. The lowest priced version,
which was tested for this report, uses the
new “Michigan” NMC8 speaker. It is also
available with the “Wolverine” LS88,
and the long-popular SPSB.

The kit consists of a group of pre-
finished walnut panels which assemble

ELECTRONICS WORLD
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Created by the hand of experience

RCA HIGH-SENSITIVITY VIDICONS

““Cat’s eyes” for your closed-circuit TV system

The exceptional sensitivity of the photoconductive
surface developed by RCA for its vidicons extends
the operational range of vidicon cameras into new
and lower illumination levels. Even under poor
available lighting and rugged environmental condi-
tions, RCA vidicons produce sharp, clear pictures.

Uniform signal output, uniform background,
broad spectral response, exceptionally high resolu-
tion, and outstanding tube-to-tube uniformity are
additional reasons for the preference of RCA vidi-

cons. Continuously being improved, RCA vidicons
incorporate the latest advances in concepts, mate-

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. -

The Most Trusted Name in Electronics

rials, and manufacturing techniques...reflect the
total design, research, and production capability
of the world’s broadest-based electronices organi-
zation.

Still another reason for the popularity of RCA
vidicons is the wide variety of types immediately
available. Whatever the purpose of your CCTV
system, you can promptly have an RCA vidicon
that meets your particular requirements. For a
complete list of RCA high-sensitivity vidicons, as
well as detailed technical literature, write or call
vour local RCA industrial tube distributor.

AVAILABLE THROUGH YOUR AUTHORIZED RCA INDUSTRIAL TUBE DISTRIBUTOR

FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR
NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE—NEW YORK, NEW YORK:

49th St., MU 9-7200; NEEDHAM HEIGHTS 94, MASS.. 80 A" $1., HI +-8480;

~NGTON & D. C.: 1725 "K'° St., NLW,, FE 7-8500; ATLANTA, GA.: 134 Peach-
tree St., N.W., JA 4.7703; CLEVELAND, OHIO. 1621 Euclid Ave., Ct -3450;
CHIZAGO, ILL.: Merchandise Mart, 467-5900; DALLAS 7, TEYAS 01 C ter
Freeway, HElrose 1-3050; KANSAS CITY 14, MO.: 7711 Sicte tine, EMeron 1-6462;
EOS ANGELES 22, CALIFORNIA: 6801 East Washington Bl.d., RAymond 3.8361.
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solid
state
reliability...

&) =
o
e

Cadre

(CB Transceivers)

Solid state circuitry means that Cadre
CB receivers can be bounced over rough
roads in mobile installations; and can
take plenty of rough use at base stations
and in portable field use.

Solid state circuitry means that Cadre
transceivers draw about as much power
as an electric clock. Not only do auto
ol marine batteries last longer, but when
batteries get low, Cadre solid state trans-
ceivers operate where others might not.

Reliability is only one reason why Cadre
solid state CB transceivers are your best
buy. Performance is another part of the
story—plenty of transmission punch on
5 crystal-controlled channels—long dis-
tance reception with the dual conversion
superhet receiver. And unwanted noise
and adjacent channels are effectively
suppressed.

FOUR POWERFUL SOLID STATE 5-WATT,
5 CHANNEL ‘"MODELS for every possible
application—base station, mobile, field.
New Cadre 510-A—AC/DC 23 channel
manual tuning $219.95. Cadre 515 same
as 510-A less manual tuning $199.95.
Cadre 520 DC only with battery cable
and mounting kit. For mobile and port-
able use from 12 volt batteries $187.50.
Cadre 525, model 520 in portable pack
carrying case with built-in battery/
power supply, recharger, AC cord and
telescoping antenna for complete field
portability. $269.95.

FULL POWER, 1.5 WATT HAND HELD RE-
CEIVER CADRE C-75 Solid state through-
out. Two crystal-controlled channels.
Sensitive receiver, powerful transmitter
with one watt output to the antenna.
$109.95. Recharger and set of (2) nickel-
cadmium batteries. $31.85. Cartridge for
(9) penlite cells. $2.95.

C—. A FR E=  INDUSTRIES CORP.
COMMERCIAL PRODUCT DIVISION (] ENDICOTT, NEW
YORK {] AREA CODE 607, 748-3373. Canada: Tri-Tel
Assoc., Ltd., 81 Sheppard Ave. W, Willowdale, Ont.
Export: Morhan Export, 458 B'way, N. Y. 13, N. Y.

CIRCLE NO. 108 ON READER SERVICE PAGE
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with tongue-and-groove joints. No glue
is used; long threaded rods providing the
binding force for the enclosure. Gasket-
ing material seals the joints and prevents
vibration at the joints. A ducted port
reinforces bass response.

The MCS5 driver is a low-priced 8”
speaker with a dual (“whizzer”) cone
and mechanical crossover for improved
high-lrequency response. It is built on a
rugged die-cast frume with an edgewise-
wound S-ohm voice coil and a ceramic
magnet. The speaker is rated at 12 watts
of program material with a 50-13.000-
¢ps [requency response. lts free-air re-
sonance is nominally 75 eps.

Our frequency-response measure-
ments yielded rather surprising results,
with an over-all response within = 3 db
from 70 to 12,000 cps. The high-fre-
quency response actually seemed to be
rising above 12,000 ¢ps. At the low end,
harmonic distortion rose sharply below
100 ¢ps at the l-watt test input level,
so that the effective lower limit of the
speaker’s response was between 70 and
30 c¢ps. This response represents the
average of nine sets of measurements
made at different microphone positions.

lms

w
il

At this point it appeared that the
“Coronet I” might be a close rival of a
number of compact systems selling for
two or three times its price. The tone-
burst tests, indicative of its transient
response, did show up some of the differ-
ences. At many frequencies there was
considerable ringing—evidence of svstem
resonances.

The over-all sound of the svstem is
quite acceptable by any hi-fi standards,
and is one of the best we have heard
from any speaker svstem selling at any-
where near its price. It is reasonably well
balanced, although the highs tended to
sound too prominent due to the limited
bass response. Locating the speaker near
a corner to improve bass performance
would be advisable. The svstem provides
a pleasing, listenable sound although it
is in a price class where even tolerable
sound quality is a raritv. When its attrac-
tive styling and finish are considered, it
emerges as a sort of the “best buy”
although we do not ordinarily attempt
to classily hi-fi products in that partic-
ular manner.

While it does not, of course, equal the
performance of systems selling for $100
or more, the speaker system should be
highly satisfactory for anvone building
a music svstem on a limited budget. We
did not have an opportunity of hearing
it with ecither of the other speakers
offered, but would expect better tran-
sient response and improved bass with
either of them.

With the MCS, the “Coronet 17 sells
for $39.00. As the “Coronet 1I”, using
the “Wolverine” LSS, it sells for $43.50;
and as the “Coronet T11,” with the SP8B,
it sells for $54.00. A

il
ik
il

Tone-burst waveforms for 450 c¢ps (left), 1 ke,

(center), and 5.6 kc. (right).
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'« For Your Career in TV-Radio
b Electronics-Automation

| TRAIN AT HOME WITH
{ THE LEADER V3%

Lo ooy T e M

9 WAYS assure advancement or turn your
AN YALIEED TURN PAGE

F—————————— e —————

Perhaps you’re working in Electronics now but feel the
need for an FCC License or more math . . . perhaps you’re
a hobbyist trying fo decide between a career in Auto-
mation and one in Communications . . . perhaps you're
a beginner who left school early, but you’re thinking about
the career possibilities of building a spare-time or full-time
business of your own servicing radio and television sets.
Worker, hobbyist or beginner, whatever your desire, there
is training for you among the nine specialized courses
NRI offers. Read the descriptions of NRI training on the
other side of this page, about successes of NRI graduates,
about NRI training equipment included at no extra cost.
Then, cut out and mail postage-free form for FREE NRI
CATALOG.

CUT OUT AND MAIL TODAY’

|

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 16, D. C.

www amefleanradiohistorv.com

FIRST CLASS
PERMIT
NO. 20-R
(Sec. 34.9,P.L.&R.)
Washington, D. C.
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Join the Thousands Who Trained for

CHOOSE YOUR
CAREER

Thousands of NRI graduates through-
that it’s practical to train at home. NRI graduates are
in every kind of Electronics work. Here are five typical
graduates do and earn. Mail the postage-free form.

“I HAD A PROMOTION BEFORE I FINISHED the Communica-
Q' “as well as the satisfaction I could handle a job of responsibility.” He
works for the U. S. Army Electronic Laboratories, Ft. Monmouth. He
SPARE TIME EARNINGS OF $3,800 in one year reported by
Emerson A. Breda, 1620 Larkin Ave., San Jose 29, California. He has a
a full-time business. Says Mr. Breda, “The training I received from NRI
is the backbone of my progress.”
2, Cayuga, N. Y., says of his position with the G. E. Advanced Elec-
tronics Center at Cornell University. He writes, ‘‘Thanks to NRI, I have
HAS SERVICE BUSINESS OF HIS OWN. Don House, 3012 2nd ;
Place, Lubbock, Texas, went into his own full- time business six months i
of six a good living,”’ he states. ““We repair any TV or Radlo 1 would {
not take anything for my training with NRI. I think it is the finest.”

out the U. S. and Canada are proof
success stories. Catalog tells more about what NRI
tions Course,”” reports Ronald L. Ritter, 113 Helms Dr., Eatontown, N. J.,
e
d‘ received one of the highest grades in Army proficiency tests.
Radio-TV Servicing shop as completely equipped as you would want for
“THE FINEST JOB I EVER HAD?" is what Thomas Bilak, Jr., RFD
a job which I enjoy and which also pays well.”
after ﬁmshmg the NRI Radio-TV Servicing course. “'It makes my family
MARINE RADIO OPERATOR is the job of E. P. Searcy, Jr., 1916

Fern St., New Orleans, l.a. He works for Alcoa Steamship Company, has
also worked as a TV transmitter engineer and holds FCC Radio-Telephone
License. He says, ‘I can recommend NRI very highly.”

Special Equipment Included

The NRI “train-by-doing” o . -
method, using special training .

equipment, is the time-proved
way to assure advancement or
turn your hobby into a new and
profitable career in the fast- .
growing fields of TV-Radio,
Electronics- Automation.
Most NRI courses include
special equipment at no extra -
cost. You build circuits and work experlments Theory you
study comes to life in an interesting, easy-to-grasp manner.
NRI catalog pictures and describes equipment you get. Mail
the form for more facts about NRI courses, job opportunities,
trial plan. NRI TRAINING, Washington 16, b. c. S,

{SEE OTHER SIDE

otV
ey e,

o

N
=
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NATIONAL RADIO INSTITUTE |
3939 Wisconsin Avenue

m Washington 16, D.C.

Please send me your Electronics, Radio-TV catalog
with complete information on 9 ways to train at
home. (No cost or obligation. No salesman will call)

3E

Cut Out and Mail—No Stamp Needed

__,—--'-"""'”J*

The Amazmg’l
'F|e\d of

E\ectromcs

L]

]
[
]

Name Age
(Please Print)

Address

City Zone State

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

________..__..__.l

rd N meed

— u:ca\u:n fFi e

TELEVISION-RADIO SERVICING

Learn to service black-and-white and_color TV sets,
AM-FM radios, stereo hi-fi, PA systems, etc. A profit-
able, interesting field for part-time or full-time busi-
ness of your own.

INDUSTRIAL-MILITARY ELECTRONICS

Learn Principles, Practices, Maintenance of Elec-
tronic equipment used today in business, industry,
defense. Covers Electronic controls and measurement,
computers, servos, telemetry, multiplexing, many
other subjects.

COMPLETE COMMUNICATIONS

A comprehensive training program for men seeking
careers operating and maintaining transmitting equip-
ment in Radio-TV Broadcasting or mobile, marine,
aviation communications. Prepares you for FCC
License.

FCC LICENSE

Prepares you quickly for First Class License exams.
Every communications station must have one or
more FCC-licensed operators. Also valuable for Serv-
ice Technicians. You train at home.

BASIC ELECTRONICS

An abbreviated, 26-lesson course covering Automation-
Electronics, Radio-Television language, comiponents
and principles. Ideal for salesmen, hobbyists and
others who find it valuable to be familiar with the
fundamentals of this fast-growing industry.

MATH FOR ELECTRONICS

A short course package of carefully prepared texts
that take you from basic arithmetic review through
graphs and electronic formulas. Quick, complete and
low in cost.

AVIATION COMMUNICATIONS

For men who want careers working with and around
planes. Covers direction finders, ranges, markers,
loran, shoran, radar, landing systems, transmitters.
Prepares you for FCC License exams.

MARINE COMMUNICATIONS

Shipboard transmitting equipment, direction finders,
depth indicators, radar are all covered in this course.
You prepare for your First Class Radiotelephone
License with Radar Endorsement.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mobile
equipment and associated base stations like those
used by fire and police departments, taxi companies,
etc. Prepares you for your First Class FCC License
exams.

CUT OUT AND MAIL
FOR FREE CATALOG

www.americanradiotistorv.com
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HiFi/Stereo Review | MopeL2n |

STEREO TEST RECORD

FOR HOHE AHD LA_BDIIATQH‘I‘

ENTRE: A% & DER '.l T

PRCGRAN OF MG,

Why We Make the Model 211
Available Now

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

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

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
Q/ sections of the fregquency spectrum, from 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
availahle on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.
Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.
Channel balance — two white-noise signals that
allow you to match your system’s stereo channels
for level and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

D S Y

Stereo Spread

ALSO:

Speaker Phasing

Channel! Identification

PLUS SUPER FIDELITY MUSIC!

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

March, 1964

NOW...GET THE FINEST

STEREQD TEST
RECORD ever produced
for juste o .54. 98

Featuring Tests Never Before Available
Outside Of The Lahoratory

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

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

Warble tones used are recorded fo the same level within 2= 1 db from 40 to
20,000 cps, and within = 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

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

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

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

All Tests Can Be Made By Ear

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

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

DON'T MISS OUT—SUPPLY LIMITED

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

record) toda
" FILL IN AND MAIL TODAY!

]
1
i Stereo Test Record )
! Electronics World—Dept. SD I
' One Park Ave., New York 16, N.Y. :
1

1
1 Please send me ___ test records at $4.98 each. My check (or money |
' order) for § is enclosed. | understand that you will pay the postage :
| and that each record is fully guaranteed. (Orders from outside the US.A. add 1
: 50c to partiaily defray postage and handling costs.) :
1

1
i Name : :
: (Please Print) 1
! Address i
1

]
' City Zone State .
! SORRY—No charges or C.0.D. orders! EW-34 |
........................ S S e
23
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Build your own
top quality Eico Kits
and save up to 50%

New Tape Deck

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

3" Portable Scope

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

New|
wosa/ FINI Sweep Generator

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

o GB Transceiver

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

New .

New Stereo Rcvrs.

Eico Classic 2536 36-watt FM-MX Stereo Receiver. New Stereo Amplifiers Eico Classic 2036 36-watt.
Kit $154.95; wired $209.95 (Incl. F.E.T.) Kit $79.95; wired $109.95. Eico Classic 2050—50-
New Stereo Tuner Eico Classic 2200 FM-MX Stereo watt stereo. Kit $92.50; wired $129.95. Eico Classic
Tuner. Kit $92.50; wired $119.95 (Incl. F.E.T.) 2080 80-watt stereo. Kit $112.50; wired $159.95.

oo s S EERRs

oy T
a )

ﬂﬂ!?ﬁ -.N‘
i‘] i

New Tube Testers

Eico 667 Dynamic
Conductance Tube &

Add 5% in West

2 e e e e e e e e e e e e e e e
...... ! E ‘ ﬁ' i Transistor Tester. Kit i EICO Electronic Instrument Co, L
it ey a1 Cwi 131-01 39th Avenue, Flushing, N.Y.
1'. : __- o R A el ._‘.. ey $.79'95' wired $129.95. | Please send free [J New 1964 catalog
i ; - EI'CO 628 TUb? Tester. | [J Name of nearest Eico dealer EW-3
ey Kit $44.95; wired $59.95
| Name
| Address.
L | City
! Zone State. e
24 CIRCLE NO. 111 ON READER SERVICE PAGE ELECTRONICS WORLD
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TRAVELING-WAVE TUBES

By JOHN H. JARRETT

Dept. Chief, Microwave Devices Engineering, Western Electric Co.

Widely used in present microwave communications systems, radar, and
missile-guidance because of their outstanding performance as
very wide-band, very low-noise amplifiers, these tubes will play an
even more important role in future space communications.

tremendously. They are making possible the handling of a greater number of long-

distance telephone calls as well as color and black-and-white TV signals. They
are also performing superbly for our Armied Forces in the commund-guidance systems
developed for “Nike Hercules” and the “Titun” ICBM. Not long ago, the “Telstar” com-
munications satellite was placed inte orbit around the earth where its outstanding per-
formance has demonstrated the feasibility of satellite communications. It, too, contains
a traveling-wave tube designed and counstructed specifically for this spectacular applica-
tion.

As is the case with most new designs, there have been many problems associated with
this device, some of which are: short operating life, unstable operation, high manufactur-
ing cost, and installation and replacement difficulties. Correction of these conditions is
well underway and has resnlted in tnbes which can hold their own with more conventional
electron tubes in reliabilitv. Reliability and uniformity of this product depend on sound
engineering design, while the precise mechanical construction required depends on care-
fully tailored mannfacturing facilities.

Traveling-wave tubes, like more conventional tvpes, can be designed for a variety of
applications. Typical applications of some of these tubes include, in uddition to the above,

"]‘.ODAY’S traveling-wave tubes are increasing the capabilities of communications

Workmen are shown
complieting the in-
stallation of high-
capacity microwave
antenna system that
will handle a large
number of telephone
channels, plus tele-
vision transmission.
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The 444A traveling-wave tube, slightly less than a foot long,
is shown in front of its housing assembly. The input waveguide
flange is at the right and the output flange is at the left.

PROPERTY B S L KLYSTRON
Frequency Range Excellent Fair Good

Gain Good . Fair o Good
Bundwid;h - Excel?e: - Fair - Pcor -
Voltage Megium-High Low Low-Mediun:
Output Good - Lew-Medium Good
Eois_e Very Good F;ir Very Poor
Efficiency i Poor Good Foir-Good
Bulk et ———— Fair

Wei;hf (Lightness) Fair-Good Goocr Fajr

Table 1. Properties of three types of microwave tubes.

their use as c.w. power amplifiers, as low-noise amplifiers, and
as high-guin pnlse amplifiers.

Background

The traveling-wave tube (T\WT) was invented bv Dr.
Rudolph Kompfner, now of Bell Telephone Laboratories, dur-
ing the World War II period. While with the Physics Depart-
ment at Birmingham Universityv (1941-1944), his concern
tor what he considered to be a weakness in the klvstron led
to his invention of the traveling-wave tube.l This weakness
was the relatively narrow bandwidth of klvstron amplifiers.
The importance of his invention was soon realized and in-
tensive development work has heen carried out in manv lab-
oratories to bring the tube to its present practical state of
development.

Theoretical studies bv Dr. |. R. Pierce of Bell Telephone
Laboratories established certain basic design considerations
for this tvpe of electron tube from which numerous practical
tubes have since been developed. Table 1 illustrates signifi-
cant propertv comparisons among typical traveling-wave
tubes, planar triodes, and klystrons, all designed especially
for microwave use.

The basic feature which characterizes all traveling-wave
tubes is that amplification occurs gradually along an extended
waveguiding circuit adjacent to an extended electron stream,
with energy transferred from the electron stream to the signal
wave propagating in the circuit. Thus, use of the bundwidth-
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limiting resonant cavity, as in a Klystron, is avoided—along
with its attendant operational problems.

How 1t Operates

Basically, the traveling-wave tube amplifier consists of
magnetic circnit and an electron tnbe. The magnetic circuit
may be in the form of a solenoid, permanent magnets, or a
periodic permanent-magnet structure, along with its associ-
ated input and output wuveguides or couxial cables. The mag-
netic field produced by these magnetic structures is used to
focus the beam of electrons. Normally, the electron beam
traveling through the helix along its longitudinal axis would
tend to disperse itself due to the combined influence of the
mutual repulsion of electrons und attraction resulting from
positive operating voltage on the helix.

The magnetic field, consisting of uniformlyv controlled lines
of force, threads through the helix along its axis to focus the
beam of electrons by spiraling the electrons—which trv to
reach the positive-voltage helix—buack toward the center of
the beam. This action permits the electron beam to be trans-
mitted through the helix without appreciable interception of
electrons by the lelix so that amplification of the input signal
may occur. I electrons were allowed to freely impinge on
the helix they could cause serious deterioration of both effi-
ciency and tube life. The input and output waveguides, or in
some cases coaxial cables, serve to carry the microwave signal
to be amplified to the helix of the electron tube; and, after
amplification by the tube, from the helix for further use in the
microwave svstem.

The electron-tube portion of the traveling-wave tube am-
plifier can best be understood by considering its three major
sections individuallv: gun, helix, and collector. The electron
gun provides the preciselv shaped clectron beam that travels
through the helix to impart energv to the radio signal to he
amplified. Basically, the tvpical simple gun consists of a
heater, a cathode, a beam-forming electrode, and an acceler-
ating anode. Electrons are accelerated from the heated cath-
ode by voltage on the anode and, as a result of the focusing
action of the beam-forming electrode, enter the helix in a
dense, narrow, circular cross-section beam. This beam then
travels through the helix to the collector which is at a positive
potential with respect to the cathode and, therefore, collects
the energy of the nunused beam.

The traveling-wave tube shown in the simplified diagram
ot Fig. 1 (see also the cover illustration) is tvpical of the
designs which have been manufactured by Western Electric
Company. The heart of this tvpe of TWT is the helix, which
visually resembles a helical spring but which is normally
much smaller in diamcter and wire size and is precision made.
The signal to be amplified enters through the input wave-
guide and is picked up on the antenna at the gun end of the
helix. From there it travels at nearly the speed of light aronnd
the helical path of the helix wire until it reaches the antenna
at the collector end of the helix. The amplified signal is radi-
ated from this point and leaves the amplifier through the out-
put waveguide.

Although the signal wave travels along the helix wire at
nearlv the velocity of light, its forward motion along the helix
axis 1S much slower—on the order of about one-tenth the
velocity of light. The electron stream is made to travel trom
the electron gun through the helix, by means of an accelerat-
ing electrode, at a slightlv faster rate than the signal wave.
It is the interaction between the electron stream and the elec-
tric field of the signal wave that amplifies the natural wave
signal.

The interaction between the electromagnetic wave of the
microwave signal and an electron beam is qualitatively illus-
trated in Fig. 2. The pattern of arrows indicates the instanta-
neous distribution of the electric field of an electromagnetic
wave traveling along the helix. At points corresponding to %
wavelengths (measured along the helix) the direction of the
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Fig Slmpllfled diagram of Ihe 'ruvelmg -wave lube, showmg eleclron flow.

arrows reverses. The field pattern progresses with a phase
velocity depending on the diameter and pitch of the helix.
If all the electrons in the beam are moving at the same veloc-
ity, it can be seen that some electrons are in an electric field
which tends to oppose their motion while others are in the
opposite condition. Therefore, as the electron beam and the
electromagnetic field move along together, a form of “electron
bunching” occurs as the faster electrons overtake the slower
electrons ahead of them.2 As the bunches of electrons are
slowed down, the kinetic energy they lose is gained by the
fields of the wave. Hence, the wave gains energy at the ex-
pense of the electron beamn and is amplified during this par-
ticular process.

Since there are no tuned circuits in the path of the wave
being amplified, the process is fairly insensitive to frequency
changes, resulting in a tube capable of amplifying radio sig-
nals many thousands of times at bandwidths of up to several
thousand megacycles. The significant feature of the traveling-
wave tube is its freedom from bandwidth limitations at micro-
wave frequencies—even up to 75,000 me. By varying details
of design, various amounts of gain, power, or low noise char-
acteristics can be obtained to fit specific applications, all with-
out reducing bandwidth below the limit of any practical need.
Tronically, even many vears after its discovery, the inherent
bandwidth of traveling-wave tubes tends to exceed that of
input and output transducers.

Applications

This great improvement in microwave tube performance
has found ready application in military svstems, offering in-
creased range for radar and greater accuracy for missile-guid-
ance systems. Similar improvements have been attained in
telephone transmission with systems of the microwave radio-
relay tvpe.

The first Bell System radio-relay transmission system, the
TD-2, was developed at the close of World War II. It was
realized after it had been in service for some time that long-
haul transmission loads were increasing so rapidly that the
system’s capacity would soon be overtaxed. It was then that
the TH microwave radio-relay system was designed. This uses
the traveling-wave tube to achieve a four-fold increase in
message capacity over the TD-2 system which uses planar
triodes. Table 2 is a comparison of TD-2 and TH radio-relay
systems capacities.

The tvpe 444A is the traveling-wave tube designed and
manufactured for nse in the TH system. Not only does the
traveling-wave tube’s bandwidth (5925-6425 mc.) contrib-
ute to the system’s large message capacity, but it permits sim-
plification in equipment design because all tubes can work
interchangeably in any of its channels without complex tun-
ing adjustments.3 In the TH system, this tube finds its major
use as the final amplifier stage in the transmitter of each of
eight channels. Ideally, a single traveling-wave tube could
amplify all channels at once, since its bandwidth is great
enough to do this. However, intermodulation between the
channels would be excessive in such an arrangement. Also,
reliability considerations dictate that a single tube failure not

March, 1964

A portion of the
broadband radio
transmitter used
in the TH micro-
wave radio-relay
system. Travel-
ing-wave tubes
are contained
within the hous-
ings at the top,
bottom of photo.

ELECTRON BEAM HELIX WIRE

ELECTRON BUNCHES

I AAGAY)
lNSTANTANEOUS DISTRIBUTION OF ELECTRIC FIELD

OF THE SIGNAL WAVE. (ARROWS INDICATE DIRECTION
OF FORCE ON ELECTRONS IN THE BEAM)

Fig. 2. Interaction between electron beam and helix fields.

A cross-section of tube with magnetic circuit in housing.
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FEATURE TD-2 SYSTEM  TH SYSTEM
Operating Frequency 4000 me. 6000 mc.

Number of Service Channels 5 (2-way) 6 (2-way)

Number of Protection Channels 1 (2-way) 2 (2-way)

Total Channels leach direction) 6 (2-way) 8 (2-wa);)
Telephone Messag:s per Chanr:eT 600 1800

Total Message Capacity 3000 10,800 -
Black-and-White TV Signal 1 per channel 1 per;;nnel a

+ 420 messages

Color-TV Signal 1 per channel 1 per channel
+ 420 messages

Theater-TV Signal (high definition)  None 1 per channel

Table 2. Capacities of TD-2 and TH radio-relay systems.

CHARACTERISTICS4 VALUE
Frequency Range 5925 to 6425 me.
Helix Voltage 7240-0 v:hs -
Collector Voltage - 1200 volts -
Beam Current ) 40 ma. il
Magnetic Flux Density ) - 600 gauss
Maximum Efficiency (11 w. /40 ma. x 1200 v.) 23 percent
Power Output as used in TH (reduced for 5 w;tsﬁ -

improved performance}

Gain at 5 watts _30 db minimum

Noise Figure 28.5 db

Table 3. Main characteristics of 444A traveling-wave tube.

be responsible for taking more than one channel out of service.

Another 444A tube is used in each TH chamnel to amplify
the local-oscillator signal before it is ted into the transmitting
modultator. Together with some additional 444A’s used in the
microwave generator, there is a total of 36 traveling-wave
tubes in cach TH system repeater station. Although these
tubes operate at many different frequencies and power levels,
a single tube design satisfies all of these requirements. Table
3 shows the important characteristics of this tube.

Tube Characteristics

The maximwn gain is determined (1) by the stability limit
(i.e., the beam current value at which the tube begins to
oscillate), (2) the safe emission limit of the cathode, and
(3) the maximum current which can be focused through the
helix without causing excessive current to be intercepted by

the helix or other tube elements, thereby producing over-
heating. A typical value of low-level gain for broadband op-
eration is on the order of 30 db. However, values of 50 db
can be realized. The variation of gain with helix voltage is
shown in Fig. 3. For highest gain, the helix voltage must be
adjusted so that the electron beam and the r.f. electro-mag-
netic wave have almost equal axial velocities. This value of
helix voltage, called the “synchronous voltage,” is indicated
by the dashed line in Fig. 3.

For a given beam current, the power output of the travel-
ing-wave tube amplifier is a function of the input power, as
shown in Fig. 4. The gain is essentially constant for low imput
levels, but decreases at higher Ievels. When the r.f. electric
field becomes too strong, as a result of either amplification or
large input signal, the amount of energy which the beam can
deliver to the wave reaches a maximum limit. This condition,
known as the saturation point of the tube, represents the max-
imum power which can be delivered for a given condition of
beam current. If the input power is increased beyond the
value which causes saturation, an actual decrease in power
output results.

In tubes designed for low-noise operation, the elements of
a special electron gun are operated with a particular combi-
nation of focusing and accelerating voltages to de-amplify
the noise in the electron beam. In low-noise tubes, beam in-
terception must be kept extremely low, less than one percent
of the total beam current. Tubes can be designed to have low
noise over relatively large bandwidths. When constant elec-
trode voltages are used, however, the noise figure can be
expected to increase a small amount above the optimized
value as the frequency deviates from mid-band. Slightly bet-
ter performance, as a function of frequency, can be obtained
by optimizing the electrode voltages for each specific fre-
quency band of operation.

Traveling-wave tubes are primarily chosen for their sig-
nificant ability to amplify microwave signals over a wide band
of frequencies. It is this ability that determines the certainty
of their continued use in our rapidly expanding communica-
tions systems. New developments will also make them an
increasingly important part of government-sponsored systems,
not only for defense but also for space exploration. A
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Voltage=divider nomogram

By DONALD W. MOFFAT

Finding component or voltage values for resistive or

capacitive dividers

plied across two impedances, and the output is taken

across one of them. With the accompanying nomogram
you can quickly find component values or voltages for either
resistance or capacitance voltage dividers.

I N the simple voltage divider of Fig. 1A, a voltage is ap-

Resistance Voltage Divider

Fig. 1B shows the common case where both impedances
are simply resistors. All “s” subscripts will go with the compo-
nents in series and “g” subscripts will go with the component
which has one end grounded. Output is, of course, taken
across the latter impedance.

When using the nomogram to solve this circuit, locate the
value of the output resistor on the long vertical scale and
the value of the series resistor on the short vertical scale. Draw
a straight line through these two points and extend the line
to the left edge of the graph. From there, go straight in to
the curve and then straight down to the bottom edge of the
graph. Draw a final line from there_ through the correct value
of “Input Voltage” and read “Output Voltage” where the line
crosses the scale.

An example will show it’s not as complicated as it sounds.

A resistive voltage divider is made up of 68,000 and 180.-
000-ohm resistors, with the output taken across the 68,000-

is simplified with this chart.

INPUT Cs
I( | oUTPUT
T

(A) (8) (c)
Fig. 1. Basic resistive, capacitive voltage-divider circuits.

INPUT E INPUT Rsg
O
QUTPUT OUTPUT
2] Re

ohm resistor. If 300 volts is applied, what will the output be?

Note that no order of magnitude is shown on the vertical
scales, therefore you can assume all values are in ohms, or
kilohms, or megohms, or any unit you choose. The only re-
striction is that the same units must be used on both scales.

In this example R, is 68,000 ohms and R, is 180,000 ohms;
therefore, we will let both scales be in kilohms. Draw a line
through these two values and where that line meets the
graph, draw a horizontal line straight in to intersect the curve.
From there draw a line straight down and at the point where
it leaves the graph, draw a final line through 300 on the “In-
put Voltage” scale. This line crosses the answer, 82 volts, on
the “Output Voltage” scale.

Should vou be working with voltages outside the ranges
of these two scales, the ranges can be extended by moving
the decimal point any number (Continued on page 69)
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Life-time Intercom for Nuclear Subs. The cut-away model above of the nation’s first Polaris submarine, the
USS George Washington, shows the location of RCA's ultra-high-reliability intercommunications system. The
company will tuild 14 more systems, bringing to 70 the total built for the ruclear subs. The maintenance-
free system, with its 110 stations, is also used to generate the submarine’s alarm signals electronically.

 RECENT
DEVELOPMENTS
in ELECTRONICS

Hospital Instrumentation Recorder. (Below) A new hospital ver-
sion of an Ampex data-acquisition system has been designed to
move easily through narrow doors and corridors, into hospital
rooms and between beds. The tape system provides complete
facilities for recording physiological data obtained from exist-
ing transducers and elactrodes. It is presently being used in
government hospitals 0 record cardiovascular data. In this
application, electrocardiographic data is amplified, displayed,
and recorded on magnetic tape at 1% to 60 ips. The tape is
then sent to a centralized facility for computer-aided diagnosis.

30
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- e
Remote Data-Acquisition System. (Above) Unmanned,
completely automatic stations are being used to extend
the range-instrumentation capabilities of Edwards Air
Force Base, Calif. The new WMotorola-designed system
makes it possible for control centers at the base to re-
ceive, record, and display flight-test data from test vehi-
cles as they proceed over a flight range of several
hundred miles. The station shown is transportable by
helicopter; it consists of 4 telemetry receivers, 4 u.h.f.
communications transceivers, intercoms, provision for
radar inputs, subcarrier modulating equipment, 2-way
frequency-diversity microwave receivers and transmit-
ters, and the control eguipment for remote operation.

. wPeALs
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Portable TV Tape Recorder. A video recorder that permits the
action to be slowed down or held stationary for up to an hour
has been introduced by Dage. The recorder, priced at $12,450,
has a bandwidth of 3 mc. and at a tape speed of just under 6
ips will record a 63-minute TV program on a standard 7-in. reel
of 1-in. video tape. A built-in monitor shows recorded picture.

New Computer Family. (Above) A G-E quality-control
technician is shown checking out a new computer sys-
tem, one of four new decimal-oriented systems an-
nounced recently by the company. The equipment
features modules extending radially outward to bring
the logic elements and the magnetic-core memories
closer together. Wire lengths are thus reduced for in-
creased speeds and responses. Electronic assemblies
are mounted in the doors of the unit for accessibility.

March, 1964

“Ace High” Tropo System Completed. The last station in the
NATO communications network that extends from Norway to Tur-
key has been accepted by SHAPE. The system, engineered by
ITT, uses 60-foot antennas ta bounce signals off the troposphere,
10 to 15 miles above the earth. Half the 82 stations use forward-
scatter (over-the-horizon) method; the rest use line-of-sight.

Miniature Gas Laser (Above) Miniature helium-gas laser devel-
oped at Bell Labs has a gas-discharge length of only 2 in. and
oscillates at a single frequency of red light. Plastic covers at
each end of the discharge tube enclose end mirrors, 4 in.
apart.... Piezoelectric R.R. Car Reader (Below) A new system for
automatically reading and recording maving railroad cars is
being marketed by G-E. Piezoelectric elements on the bottom of
each car operate with a pickup unit between the rails to produce
a signal that is decoded, punched on tape in wayside station.

sas st
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Editor's Note: Most hi-fi manufacturers are specialists. The loud-

speaker company produces the best speaker systems it can for the

money, while the amplifier manufacturer does the same with

amplifiers. If the user wants high-quality reproduction, he gets a

good speaker system and a good amplifier and connects these to-

gether. On the other hand, another design approach is possible in
which the manufacturer produces an integrated amplifier-speaker
svstem. This article states the case in favor of this approach.

Whether you agree with the arguments presented or not, you

should at least be aware of the design philosophy behind such

systems.

UITE recently, several high-fidelity loudspeaker man-
ufacturers (KLH and J. B. Lansing) have been mar-
keting units that may represent an important new
trend: the integrated loudspeaker-power amplifier.

Several other firms indicate they may be preparing to follow

suit.

The concept is, of course, not new. Designers of package
radio-phonographs have for vears designed amplifiers around
the speakers they had to work with. Usually they adjusted the

THE
INTEGRATED
AMPLIFIER-
SPEAKER

By KEN GILMORE

Designing the hi-fi speaker and
amplifier together as a

single complementary system is
considered by some to olfer
advantages in performanee.

in cost. and in space.

frequency response of the amplifier. attenuating high fre-
quencies or adding bass in an attempt to achieve a “mellow”
tone. The sound produced by such instruments is, of course,
far from what would usually be considered high-fidelity.

There have also been a few high-quality integrated ampli-
fier-speakers on the market in recent yvears. Ampex builds one
such unit, as does EMI. Both systems are meant primarily for
professional use, generally as portable studio monitors that
can operate from a low-level audio distribution bus.

The new integrated units now appearing are similar in
some ways to both the package and professional units. Like
package units, they are meant for home music svstems. Like
professional studio monitors, they are of high qualitv. But
despite similarities to both, they are built to achieve design
goals attempted by neither. As such, they represent a new
trend in the high-fidelity field.

Advantages of Integration

Since modern equipment, with its accent on separate
components, is startlingly good, why is a new approach justi-

Motional-feedbock circuit used by Matsushita. Upper curves show the effect of the damping control (velocity-

feedback loop); the lower curves show the effect of the low-end frequency control (acceleration and voltage feedback loops).

Fig. 1.
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sated for a Dbetter Dbass-end response.

In the Matsushita circuit, though, the
feedback voltage is applied to an RC
network whose output voltage is pro-
portional to cone acceleration. The
resulting family of response curves is
shown as the lower curves in Fig. 1.
The apparent resonant frequency of the
loudspeaker is lowered. The manufac-
turer claims that the circuit also reduces
svstem distortion.

3. Coniouring: One of the most pow-
erful—and controversial—tools available
to the speaker designer is contouring,
that is, shaping the over-all frequency
response of the amplifier-speaker sys-
tem. Purists tend to feel that a manu-

+440V.
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facturer should build the best speaker
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Fig. 2. Circuit of EMI studio-monitor amplifier that is integrated with 2-way speaker
system to which its response is matched by use of variable components in feedback loop.

fied or necessary? Engineers who favor the new trend cite
four principal reasons. The first three are relatively simple
and straightforward; the fourth—and most important—is more
complex. They are:

1. Better sound for the money: A speaker designed to be
used with a wide range of amplifiers will usually be more
expensive than one of identical performance built to match a
single amplifier, and vice versa. When an engineer designs
the speaker and amplifier together, he eliminates complexi-
ties. He doesn’t have to design the amplifier output to match
a wide range of impedances, for example. He can also build
the amplifier to deliver adequate power for its matching
speaker and no more.

2. New kinds of speakers with integrated approach: Inte-
grated design allows novel speaker systems not practical
under component philosophy. KLH, for example, designed a
unit in which a large, moderate-efficiency woofer was mated
with two electrostatic tweeters. To keep wooler response
clean, a crossover frequency in the 300-400-cps range was
selected. This meant the electrostatics would be very inef-
ficient as they would have to cover a wide frequency range.

It would be possible, of course, simply to pad down the
woofers to the same level of inefficiency. But then the svstem
would require an amplifier capable of putting out tremen-
dous amounts of power, most of which would be dissipated
in the pads.

Integration offers an easier approach. Simply build an
amplifier capable of delivering most of its power above 300
¢ps. Such units are used in tape recording, where heavy
high-frequency pre-emphasis is built into the system. The
total size of the amplifier, delivering only moderate low-fre-
quency power, could be quite modest.

Another interesting approach possible only with integra-
tion is the inclusion of the speaker itself in the feedback loop.
IFig. 1 shows a recently announced amplifier-speaker built by
Japan’s Matsushita (“Panasonic”) company. A pickup coil
fastened to the cone moves in a magnetic field. Its output is
fed back through a differential circuit to the driver cathode.

Such systems have been used before; the American-made
Integrand system worked on a similar principle. The more
recent circuit, though, introduces a new twist. In previous
circuits, the voltage fed back to the amplifier was propor-
tional to cone velocity. As feedback increases, sound output
response changes as shown in upper curves of Fig. 1. The
familiar overdamped shape was then electronically compen-
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he can and not modify its response char-
acteristics. But the conviction is growing
that this approach—while it obviously
can produce good speakers—may not be
the onlv way to achieve ultimate per-
formance.

Contouring should not be confused
with the practice of beefing up an inex-
pensive speaker with electronic tricks, such as has been done
traditionally in package units. EALL, for example, in its studio
monitor, indicates the proper approach. This speaker—cer-
tainly no cut-rate unit, at $594 per speaker-amplifier combi-
nation, twice that for stereo—uses four frequency-compen-
sating networks to achieve added smoothness after starting
out with the best speaker svstem company engineers can
build (Fig. 2). After the amplifier is installed, each control
is factory-adjusted for optimum uniform response. Of course,
no amount of equalization can produce fundamental bass or
high-frequency response past a speaker’s cut-off points. But
minor peaks and dips—which no loudspeaker syvstem is able to
avoid completely—can be minimized for smoother over-all
response.

4. Smaller boxes without losing bass response: Tradition-
ally, speaker designers have put low-frequency speakers in
big boxes. This is a valid engineering practice, of course. But
it isn’t the only way to design low-frequency systems. In spite
of widely held beliefs to the contrary, the fundamental physi-
cal laws that determine speaker response do not tie size
and low-frequency response inexorably together.

Low-Frequency Performance

To illustrate, consider the basic mechanics by which a
speaker transfers low-frequency acoustic power to the air.
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