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As a serviceman, you don’t need

the brand new Hytron 1X2, 6BQ6GT, and

25BQ6GT immediately. But you will soon. They are first of a

new line of Hytron originals for lower-cost TV sets. Designed

for the mass market in collaboration with leading TV set
manufacturers.

Two new GT firsts by the originator of the Bantam GT.
A brand new 9-pin miniature by the pioneer of smaller
tubes. Three more Hytron contributions to the
growth of TV. '

The 6BQ6GT and 25BQ6GT are horizontal deflec-
tion amplifiers; the 1X2, a high-voltage TV rec-
tifier. All three do equally well the job of older,

much more expensive tubes —in a-c or a-c/d-c
&, - TV sets. Watch for them. And for many other
: Hytron originals in low-cost TV tubes.

D
7
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SPEER UP
AUTO-RADIO SERVICING

After disconnecting control cables from a universal auto
radio, how do you tune it ?Screw driver ? Here’s a better way.
Try the new Hytron Auto Radio Tool. A contest first-prize
winner, this double-ender fits most sets. Helps you work = |
faster with less effort, yet moxre precisely...to make
more money. Only 24c. One job pays for it. Get your
Auto Radio Tool from your Hytron jobber today.

IT'S EASY :
Detach cables from universal auto Durable one-piece construction. Pre-
radio. Slip Hytron Auto Radio Tool cision machined steel, bright-zinc
into control fittings. Turn set on/off, plated. Compact size for working un-
tune, adjust volume and tone, realign der dash. Comfortable handle is large
to .dial...smoothly, exactly. Square diameter for vernier-like adjustments,
tip also fits splines. Slotted tip is V- hexagon to prevent rolling off bench.
shaped for different thicknesses of Imprint on handle counts dial revo-
spade and similar key fittings. Tool lutions. New Hytron Auto Radio Tool
fits over 90% of universal sets with is unique. A bargain tool by and
minimum backlash. for servicemen.

\

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

MAIN OFFICE: SALEM, MASSACHUSETTS
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You Practice COMMUNICATIONS

I Send You Parts To Build At eree 1

munications Course I
&l send you parts to
build your own Trans-
mitter. Conduct actual

. .
T'“s qu’"pment procedure demanded
of Broadcast Station

o Operators, practice

many interesting ex-
periments and tests,
learn how to put a

YOU BUILD
this Tester as part
of my Servicing %
Course. It soon helps you
EARN EXTRA MONLEY fix-
ing neighbors’ Radios in spare time.

YOU BUILD this Power Pack as

YOU BUILD this Superheterodyne

part of my new Communi- Receiver Circuit and
cations Course. Useitto conduct Frequency 4 ¢
conduct fascinating Modulation experi-

experiments with fre-
quency am-

ments and many
other tests

plifiers and as part of &A™

multipliers, my Ser-

buffer vicing o ”

stages, ete. Course. ';3. n

YOU BUILD this
Wavemeter as part
of my new Commu-
nications Course.
Use it with Oscil-
lator you also build
that furnishes basie
power to transmit-
ter and determines
transmitter fre-
queney.

YOU BUILD this
Signal Generator as
part of my Servie-
ing Course for more
valuable experience.
It provides ampli-
tude-modulated sig-
nals for many inter-
esting tests and

wHexperiments.

VETERANS

GET THIS
TRAINING
WITHOUT COST

UNDER G. I. BILL
'MAIL COUPON

N Good Job In ™™\ Mokes ExtraCash [

Radio Station 5 In Spare Time |
3} “* Am Chief Engi- &= “Barned enough
4 neer of Station spare time cash
WORD, in "JA to pay for my
charge of four course by time I

f  Operates Own
Radio Business
- >}.“Now have two
i Radio shops ser-
\ vicing about 200
2 ..« sets a month.

men. Owe all I know about graduated. NRI training Have largest service es-
Radio to NRI.”—CLYDE is tops!”” —ALEXANDER tablishment in Southeast
J. BURDETTE, Spartan- KIS H, Carteret, New Missouri” — ARLEY
burg, South Qarolina. Jersey. STUDYVIN, DeSoto, Mo.

TELEVISION

MY COURSE
INCLUDES

August, 1949

You Practice Radiu'SERVICING

on This MOdern Radio You &iurspe?rlt segfl y;;ythes:;‘el:;cki:l‘g,
Build With Parts | Send

tubes, chassis, transformer,
loop antenna, EVERYTHING
you need to build this modern
Radio Receiver that brings in
local and distant stations. You
use it to con-
duct many
tests and ex-
periments.

with MANY KITS OF PARTS | Send

Wwant a good-pay job in the fast-growing Radio
; and Television industries or to be boss of your own
money-making Radio and Television shop? I've
trained hundreds of men with mo previous ewrperi-
ence to be Radio technicians. I can do the same for
you'! Or now, for the first time, enroll in my new
practical course in Radio—Television Communi-
cations—learn to be a Broadcasting and Communica-
tions technician. You learn Radio and Television
principles from clear, illustrated lessons. You get
practical Radio experience with MANY KITS OF
PARTS I SEND in my train-at-home method. All
equipment yours to keep.

MAKE EXTRA MONEY IN SPARE TIME
I E. SMITH, Presldent As part of my Radio Servicing Course, I send
Natlonal Radio Institte EXTRA MONEY booklets, starting the day you
enroll. Use your know-how to make $5, $10 and more a week EXTRA
MONEY fixing Radios in spare time while training. The next step
is your own Radio shop or a good-pay Radio servicing job. Or, if you
prefer, get into Government, Police, Aviation or Marine Radio, Broad-
casting, Radio Manufacturing or Public Address Work.
BRIGHT FUTURE IN TELEVISION

Think of the present and future opportunities in the fast-growing
Television field. New stations are going on the air every month. . . .
Television manufacturers are producing over 100,000 sets a month,
Ii's a fast-growing field and the man who knows Television will
be in demand.

GET ACTUAL LESSON AND BOOK FREE
Send now for my special DOUBLE FREE OFFER. Get actual
lesson on Radio Repairing short-cuts absolutely free. Also get
64-page book, “HOW TO BE A SUCCESS IN RADIO—TELEVISION
__ELECTRONICS.”” See how quickly, easily you can start. J. E.
SMITH, President, Dept. 9HR. National Radio Institute, Pioneer
]I)Iorée Study Radio School, Washington 9, = e

of .0 ‘

ETTING ACQUAINTED WITHIEEE
RECEIVER SERVICING 5

Z
0 [ Check If Veteran APPROVED FOR TRAINING UNDER 6. L BILL

L on om s o 0 D OB SR GE SR SR EY GR D NS GD MR WR

g MR. J. E. SMITH, President, Dept. 9HR 1
National Radio Institute, Washington 8, D. C. 1
Mail me FREE Sample Lesson and 64-page '

J book about how to win success in Radio and !

] Television—XElectronics. (No salesman will call. . |
Please write plainly.)

i 1

' Name Age..... l

) Addre )

]

! City_..... one State 1

o
3
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COMMERCIAL
RADIO OPERATOR

EXAMINATIONS

Add Technical Training to Your
Practical Experience and

COMMERCIAL

RADIO OPERATOR

IN A FEW SHORT WEEKS! 6. Tells how we guarantee 1o train and coach:you  until you get

. A your license.
I#'s EASY if you use CIRE Simplified Train- . 3
ing & Coaching AT HOME in SPARE TIME

2. Tells. how you will benefit by holding an FCC Commercial License.

3. Tells how YOU can get your FCC Commercial Radio Operator Li<
cense IN A FEW SHORT WEEKS—EASILY AND QUICKLY, by using
CIRE simplified training and coaching AT HOME in your
SPARE TIME.

4. Tells of hundreds of our successful students who now have
licenses and new, better-paying jobs.

5. Tells how we prepare you to pass the new FCC Commercial
License Examinations, which now include FM and Television.

how we help you geta better-paying, licensed job, with our
free -and exclusive service, which prepares your em-

Get yvour license easily and quickly and ¥ |l ployment application for mailing to hundreds of
be ready for the jobs open to ticket W employers, including FM, AM and Television Broad-
holders which lead to $3000 to 2\ = i W cast Stations, Radio Manufacturers, Police Radio

Stations, and Radio-Equipped Taxi, Bus, and Public
Utility Companies.

YOUR FCC TICKET IS ALWAYS RECOGNIZED IN ALL
RADIO FIELDS AS PROOF OF YOUR TECHNICAL ABILITY

$7500 (average pay reported
by FCC nationwide survey).
CIRE training is the only
planned course of coaching
and training that leads di-
rectly to an FCC license.

CIRE GRADUATES FIND
FCC LICENSE PAYS OFF

“I now hold ticket Number P-10-
3787, and holding the license has
help me to obtain the type of job
I've always dreamed of having. Yes,
thanks to CIRE, I am now working
for CAA as Radio Maintenance Tech-
nician, at a far better salary than
T’ve ever had before. I am deeply grateful.”

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Desk RN-8—4900 Euclid Bidg., Cleveland 3, Ohio
(Address to Desk No. to avoid delay)

I want to know how [ can get my FCC ticket in a few short weeks by training
at home in spare time. Send me your amazing new FREE booklet ‘‘Money
Making FCC License Information,”” as well as a FRER sample ICC-type exam
and FREL booklet, ‘“‘How to Pass FCC License lixaminations,”” (does not
cover exams for amateur License).

Student No. 3319N12 NAME o encisscsussnape idios i immass NS ——— pep e m s e e
“I took the FCC examination on March 4th and received
my second class radiotelephone license March 9th I go Address s K R
1o worl for the Trans-Texas Airways in the maintenance = oo e e e o0
department. Thanks for all the assistance.”
Student No. 2394_A1 GV om0 95 w0 B BTN o W s RTTNE) SX 7Rt Zone....... State. ..owy oo d oo ryige

[] Veterans check for enrollment information under G.1. Bill

CLEVELAND INSTITUTE OF RADIO ELECTRONICS Hor 0 G AT IO o Tes N

Desk RN-8 ¢ 4900 Euclid Bldg. ¢ Cleveland 3, Ohio

|
Approved for Veteran Training Under the "'G.l. Bill of Rights"* Vo m Ene EE N S B NE NN BIN BN BN BN BEN PO MGM BN BN NNN BN BN AN BN E ;‘
5
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8 NEW IRC
RESISTOR AND
CONTROL
ASSORTMENTS

... all in sturdy metal

NEW RESIST-O-KIT

Here's a full family of 8 IRC kits
and cabinets tailored to your
individual requirements. Each of
these new resistor and control
assortments comes to you in a
beautiful all-metal cabinet at
absolutely no extra cost—you
pay only the regular price of the
merchandise.

You’ll want several of these
attractive kits. They provide an
eflicient way to stock parts, add
to the appearance of your shop—
and save your time in unneces-
sary buying trips. All ranges have
been carefully selected after a
detailed analysis of AM, FM and
TV requirements.

> See these new kits at your IRC

e : Distributor’s, or write today for

VOLUME CONTROL CABlNET : free catalog bulletin. Internat}ifonal
: < 2 : Resistance Co., 401 -
N. Broad St., :
Philadelphia 8, Pa.
In Canada: Inter-
national Resistance
Co., Lid., Toronto,

Licensee. @ =

INTERNATIONAL
RESISTANCE CO.

BASIC KiT . WHenawen, the, Cincuit, Sas- M=

€ RAPIO & TELEVISION NEWS
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MODERN
CHICAGO
LABORATORIES

Train quickly, using a wide
variety of commercial equip-
ment. D. T. I's new labora-
tories are among the finest of
their kind. Ample instructors
. every major training od-
vantage, Write for details!

EMPLOYMENT

SERVICE

. When you complete your
training, our effective Em-
ployment Service is available
to you without extra cost—a
grand aid to help you get
started.

D. 1. 1, alone, includes the
use of one ‘of today's most

effective training: aids . . .
MOVIES . . . to help you learn
important fundamentals |
faster, easier, at home. What _

an advantage to see electrons
on the march; and other
fascinating ""hidden ac-~
ton” - a remarkable
hoeme ftraining adyen-
tage that speeds your
progress.

DeFOREST'S TRAINING, INC.

=i

“OUR GREATEST
OFFER IN 17 YEARS!

Here is your big opportunity to get started toward
FASCINATING WORK ... GOOD MONEY ...a
THRILLING FUTURE! Mail the coupon today. See
how YOU may prepare to tie in your future with a
field that includes one of America’s fastest-growing
new industries—Television. You'll find out, too,
about the many other thrilling opportunities in FM
Radio . . . Aviation and Broadcast Radio . .. 2-Way
Taxi, Truck and Police Radio . . . Industrial Elec-
tronics . . . even the chance to start your own profit-
able Television-Radio Sales and Service business.
Aad to top it all, you'll see that you don't need to
know a thing about this subject at present—that
NOW you can get the very training and starting belp
you need by means of our GREATEST OFFER IN
17 YEARS.

send for FREE Information

See HOW—in your own home—DeForest’s Train-
ing, Inc., now brings you one of today’s most com-
plete combinations of major home training aids.
You (1) Learn-by-Reading from well-illustrated
lessons. (2) You Learn-by-Seeing from D.T.L’s
exclusive instructive Home Movies. And (3), you
set up your own HOME LABORATORY where you
Learn-by-Doing from 16 shipments of Radio-Elec-
tronic parts which you use and KEEP to work over
300 instructive . . . fascinating projects. This in-
cludes building the valuable 6 tube “Superhet”
RADIO and the commercial-type OSCILLO-
SCOPE, R-F SIGNAL GENERATOR, and Jewel-
Bearing MULTIMETER, pictured at the right.

You may use this test equipment to help you earn
real money—both in your spare time and =yt
later when working full time in the field.
Get complete facts. Mail coupon today!

DeForest’s Training, Inc.
2533 N. Ashland Ave., Dept. RN-F8
Chicago 14, lllinois

Without obligati

YOU BUILD and KEEP
THIS EQUIPMENT TO
WORK OVER 300
HOME EXPERIMENTS

7 R-F SIGNAL
GENERATOR

3
Amenuatdf &

maiL TODAY

, send me ¢ lete facts showing how | may make

CHICAGO 14, ILLINOIS

Affiliated with the DeVry Corporation, . City.

. Builders of Electronic and Movie Equipment.

August, 1949

my start in Television-Radio-Electronics,
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NO MORE ~ SL_
BLIND 5

Flexitip*, “v
easily k
formed

) 5-Second
Longer Reach— Heating—
8" from housing no waiting;
to tip. saves power
Solderlite— Built-In
spotlights _Transformer
the work compact,

complete

Dual Heat—
single heat
100 watts;
duval heat
100/135 ... "
watts; 115

volts, 60
cycles

Just pull the trigger switch of your
Weller Soldering éun .+« heat and
light come “on” together. The pre-
focused spotlight picks out the work
at once—shows you your way to
faster, easier soldering.

Time-saver? Yes—but not the only
advantage of Weller Soldering Guns.
Check the exclusive features illus-
trated and you’ll see what we mean.

Solderlite, extra length and 5-second
heating mean hours and dollars saved
—your Weller Gun will pay for itself
in a few months. For electrical and
electronic laboratory or maintenance
work, we recommend the 8" model
DX-8 with dual heat; or 4 types
S-107 single heat and D-207 dual heat.
See your distributor or send for
bulletin direct.

Be sure to get your copy —
SOLDERING TIPS, the new
Weller Handy Guide to
easier, faster soldering—20
pages fully illustrated. Price
10¢ at your distributor's or
order direct.

810 Packer Street ¢ Easton, Pa.

THE

EDITOR

DX TELEVISION—ITS POSSIBILITIES

WIDE-AWAKE radio and appli-

ance dealers, in areas not served
by television transmitters, are using
all sorts of beams, ‘“‘gimmicks,” and
boosters which enable them to demon-
strate video sets to their prospective
future television set owners under
“DX conditions.”

In cities such as Tucson and Phoe-
nix, Arizona (not as yet served), there
are many television sets providing
excellent video reception from Los An-
geles, Oklahoma City, and other sta-
tions at equal, or in some cases, great-
er distances. With the introduction of
beam rotators to television set owners,
the dealer has discovered the tre-
mendous advantage of long-used beam
techniques employed by the radio am-
ateur.

We receive many confirmed reports
of DX television reception. Some are
the result of “freak conditions,” and
others can be attributed to a combina-
tion of a well-designed, multi-element
beam, a tall mast or tower, a remote
controlled rotator with indicator, and
in many cases a television booster.

It seems to us that it would be
highly profitable to many dealers in
non-television areas, to study the pos-
sibilities of installing a television dem-
onstration set in their store, provided
they can receive at least one DX video
station, and to start a bit of spade
work in selling television to their fu-
ture customers.

Even if these dealers fail to receive
signals consistently, in many cases they
will discover that at certain times of
the day or evening they can present a
satisfactory picture to their prospects.

If they are successful, there is no
surer way to get customers into the
store than by this visual means. The
dealer in a non-TV area must always
remember that even though Mr. and
Mrs. Smith have long read about tele-
vision, very few have actually seen a
program. If a DX program is received
and produces a satisfactory picture for
even a short period of time, it is a
simple matter to explain intelligently,
in simple terms, the conditions and
limitations of a video signal. The very
fact that you are able to receive all or
part of a program is bound to impress
your future prospects.

Don’t underestimate the prestige
that goes with being first with some-
thing new. A little effort on your part
to go after some DX television can be
a powerful factor in creating good will
and in bringing new and regular pros-
pects to the display room. The in-
vestment is small compared to the
tremendous impact such demonstra-
tions may have on these viewers.

On a recent trip to the Southwest,

we talked to several radio dealers who
were waiting for television stations to
be set up in their town or in the vicin-
ity thereof. One, a very likeable chap,
had a neat, well established shop on
Mgin Street. An old 60-foot windmill
tower, long abandoned, stood some 75
feet back of his store. This location
was approximately 140 miles from the
nearest television transmitter, which
had been in operation for several
months. We asked if he was contem-
plating the sale and maintenance of
television receivers. His enthusiastic
answer was, ‘“Yes—but we aren’t go-
ing to have it here for at least an-
other year.”

We cited several instances where
other dealers had taken advantage of
this so-called “DX television recep-
tion” and urged him to try it in his
vicinity. He explained that he was
quite busy but hoped to be able to give
it a whirl by fall.

Imagine our surprise when two
weeks later, while passing through
this same town, we spotted this very
same tower upon which was mounted
one of the latest television antennas,
complete with rotator. Needless to
say, we dropped in to find out if he had
gone ahead with an installation of a
television demonstrator. He had. He
told us that the set had been in oper-
ation for a week, receiving programs
from three scattered transmitters, and
he was able to demonstrate each eve-
ning for periods of approximately two
hours with good success.

Literally hundreds of towns through-
out the United States are in spots
equally well adapted for DX television
reception. We feel that many dealers
could profitably invest in a “Demo”
receiver, instead of just being content
to wait for television to come to their
very door.

* * *

ILLINOIS HOUSE BILL SHELVED

The proposed bill, No. 702, as dis-
cussed in our June Editorial, which
would impose severe restrictions upon
television-radio service technicians is,
at this writing, on its way out. Failure
of the bill to pass will be due to the
terrific pressure brought to bear by
manufacturers, individuals, service
technicians, and the television public,
not to mention the publication repre-
sentatives and others involved in at-
tending hearings and writing letters
of protest. Accusations flew thick and
fast. The consensus of opinion was
that the bill, as written, would bene-
fit only the handful of individuals who
are behind it. Technicians in all states
should be on the alert for the intro-
duction of similar legislation. O.R.

RADIO & TELEVISION NEWS
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Was $89.50
ALLIED'S
PRICE $6995

-S

Was $99.50
ALLIED'S
PRICE $7995

Was $49.95
ALLIED'S
| PRICE 53995

ave Upto 227 at ALLIED

R LT Hallicrafters models

Famous All-Wave §-53
World-Wide Coverage

Save $19.55 on this quality, profes-
sional-type communications re-
ceiver! Covers 540 kc to 54.5 mc in
5bands. Advanced features include:
full electrical bandspread; large
slide-rule dial accurately calibrated
for all ranges; automatic noise
limiter; adjustable pitch BFO; tone
control; code-phone switch; headphone jack; phone
jack; separate sensitivity and volume controls; built-in
PM speaker. Includes all tubes. In satin-black steel
cabinet with chrome trim; 1274x674x7%4". For 105-125
v., 50-60 cy. AC. Shpg. wt., 20 lbs. $ 95
97-573. Hallicrafters S-53, reduced to. .. .. .. .. 69

Available on Easy Payment Terms

Popular $-40A & 5-52
All-Wave Receivers

Here’s more value in popular Halli-
crafters communications receivers
packed with advanced features.
Covers 540 ke to 43 mc in 4 bands.
Highlights include: full electrical
_bandspread; inertia flywheel tuning;
calibrated main dial; automatic
noise limiter; adjustable pitch BFO;
standby switch; code-phone switch; headphone jack;
shock-mounted PM speaker; separate sensitivity and
volume controls; 3-position tone control. All tubes in-
cluded. In handsome all-steel cabinet, 18}4x9x11"’.
Shpg. wt., 32 lbs.

97-546. S-40A, for 105-125 v. 50-60 cy. AC.

97-588. S-52, for 117 volts AC or DC. 57995
EITHER MODEL, reduced to. . ............

Available on Easy Payment Terms

5-38 —the Super-Value
All-Wave Receiver

The all-star, all-wave value that
amazes even the experts. Covers 4
full wave bands, continuous range
from 540 ke to 32 mc. Features: full
electrical bandspread; Noise
Limiter; Band Selector; BFO pitch;
Voice-Code switch; Speaker-head-
phones switch; Standby-receive switch; latest PM
speaker. In handsome furniture-steel cabinet; 12x7x8’".
Complete with all tubes. For 105-125 v. 25-60 cy. AC,
or 105-125 v. DC. Shpg. wt., 15 lbs.

97-565. Model S-38, reduced to. .. ......... .. 53995

| Radio’s Leading
Buying Guide

Used by thousands of expert radio
men. Get every buying advantage at

ALLIED RADIO CORP., Dept. 1-H-9

833 W. Jackson Blvd., Chicago 7, lllinois

[0 Send FREE ALLIED Catalog

[ Eater order for Hallicrafters Model..........
Enclosed $

1 Send ALLIED Easy Payment details and order blank.

ALLIED: widest seledions—money- Name...,..,.,.,,....,., .......... e es Fpehecensasesbics v Cesaeae e .
saving prices—speedy, expert ship-
ment—personal attention—complete Address...eavevivasaens A 5500 M 000000 OQo 0D 30000 oPao00g Floie § s n,
satisfaction on every order. Send
today for your latest ALLIED Catalog. WCZEV ik w4 i e P vee o ZOnE.aiiann State..........

o e R S R D S T TT G TN M S G G A G A A A e e

Was $189.50
$X-43 Full Short-Wave |"-oc>°5] 5950
AM and FM Coverage

PRICE
You save $30 on this great receiver preferred by Ama-
teurs, DX fans and AM-FM listeners! Delivers profes-
sional performance over the entire range of 540 kc to 55
mc— plus the 88-108 mc FM range. Features: accurately
calibrated main tuning and electrical bandspread dials;
accurate carrier-level meter; 4-position control for broad
or sharp tuning; variable-pitch BFO; tone control; auto-
matic noise limiter; dual IF system; RF gain control;
crystal phasing control; selectivity control; standby-
receive switch; 500 and 5,000 ohms output impedances.
Complete with tubes. In rich satin-gray steel cabinet;
1815x814x13”. For 105-125 v., 50-60 cy. AC. Shpg.

Wt., 45 lbs. - 515950

97-743. SX-43, less speaker, reduced to. . ..
97-785. Matching R-44 speaker in steel cabinet. Net.$24.50
Available on Easy Payment Terms

T-64 TV Chassis

complete with
10" Picture Tube

REDUCED s-I 7 9 50

T0

tubes. With new Dual-
Focus switch—10’" tube
gives you choice of big °
64 sq. in. view for dra-
matic closeups, or large .

56 sq. in. full-range view. Features: 12 channel push-
button tuning; RF amp.; 3 IF amps.; 2 video amps.;
improved sync circuits; AGC; static-free FM audio
system. Complete with power supply, speaker, picture
tube and 19 tubes, plus 3 rectifiers. For 105-125 v.,
50-60 cy. AC. Shpg. wt., 60 lbs.

Hallicrafters T-64 Television Chassis s 7950
complete with 10’/ picture tube. ONLY . ... ]
Hallicrafters T-64, with 12’/ tube. ONLY . . .$199.50

Available on Easy Payment Terms

FREE

CATALOG

[ Full Payment
O Part Payment (Bal. C.O.D.)

< T T T T T T T
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THE FUTURE HOLDS GREAT PROMISE

Neither chance nor mere good fortune
has brought this nation the finest tele-
phone service in the world. The service
Americans enjoy in such abundance is
directly the product of their own imag-
ination, enterprise and common sense.

The people of America have put bil-
lions of dollars of their savings into
building their telephone system. They
have learned more and more ways to use
the telephone to advantage, and have
continuously encouraged invention and
initiative to find new paths toward new
horizons.

They have made the rendering of
telephone service a public trust; at the
same time, they have given the tele-
phone companies, under regulation, the
freedom and resources they must have
to do their job as well as possible.

In 1ms climate of freedom and re-
sponsibility, the Bell System has pro-
vided service of steadily increasing value
to more and more people. Our policy,
often stated, is to give the best possible
service at the lowest cost consistent with
financial safety and fair treatment of
employees. We are organized as we are
in order to carry that policy out. -

BELL TELEPHONE LABORATORIES EBXPLORING AND INVENTING, DEVISING
AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

.10

BELL Telephone Laboratories lead the
world in improving communication
devices and techniques.

Western Electric Company provides
the Bell operating companies with tele-
phone equipment of the highest qual-
ity at reasonable prices, and can always
be counted on in emergencies to de-
liver the goods whenever and wherever
needed.

The operating telephone companies
and the parent company work together
so that improvements in one place may
spread quickly to others. Because all
units of the System have the same serv-
ice goals, great benefits flow to the
public.

Similarly, the financial good health
of the Bell System over a period of many
years has been to the advantage of the
public no less than the stockholders and
employees.

It is equally essential and in the pub-
lic interest that telephone rates and
earnings now and in the future be ade-
quate to continue to pay good wages,
protect the billions of dollars of savings
invested in the System, and attract the

new capital needed to meet the service
opportunities and responsibilities ahead.

There is a tremendous amount of
work to be done in the near future and
the System’s technical and human re-
sources to do it have never been better.
Our physical equipment is the best in
history, though still heavily loaded, and
we have many new and improved facili-
ties to incorporate in the plant. Em-
ployees are competent and courteous.
The long-standing Bell System policy
of making promotions from the ranks
assures the continuing vigor of the
organization.

WTH these assets, with the traditional
spirit of service to get the message
through, and with confidence that the
American people understand the need
for maintaining on a sound financial
basis the essential public services per-
formed by the Bell System, we look
forward to providing a service better
and more valuable in the future than
at any time in the past. We pledge our
utmost efforts to that end.

LEROY A. WILSON, President
American Telephone and Teleg_raph Company.
(From the 1948 Annual Report.)

&7
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«What you should know about...WOMEN! 4
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Sniff, Taste
and Compare . ..
and usually leave |

With a Vague
N _“No—thank You...I’'m
just looking.”

N
.+ . But when she ... THAT'S WHEN \:\/ . . . and if it’s a new “B”’ Battery
she needs, you can add a

©: Walks into your Store SHE LOOKS \
N
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s with the Little “Portable” UP TO YOU... £ ‘“halo’’ to your stature by
that doesn’t seem to recommending...
work any more / s N ﬂ

The only Radio “B” Battery which is

INTERLOCKED!

Stronger--- : \
' lusts longer  N&2\\Gh
— ...yet costs
~ no more.

AT

- exclusive

~ with
OLIN

Available onty in the IWVINCHESTER and [

TRADE-MARK

of OLIN INDUSTRIES, INC., Electrical Division, New Haven 4 Conn,

GET SET FOR VACATION SELLING—order complete line Olin Radio Batteries

and combination display from your Wholesaler’'s Salesmen TODAY!
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INTRODUCING
SUPER-INSTANT

QUICK HEATING SOLDERING [RON

A NEW REVOLUTIONARY
INSTANT HEATING IRON

®
NO TINNING e NO FILING
NO WEAR

NO THERMOSTAT OR
TRANSFORMER BUT

COMPLETE HEAT CONTROL IN
A NEWLY DISCOVERED DESIGN
IN HEATING ELEMENTS.

’ HEAT .
READY TO o HEAT
USE IN A Ja® #i. MAINTAINS
MATTER o= CONSTANT
oF X
SECONDS ;l “ws SOLDERING

':_'.- HEAT

°®
TP i =
35" Wide .o i 50 WATTS
{/16” Thick IN THE TIP
ONLY
No Transformer
No Thermostat
No Tinning
No Filing
No Oxidation LIST
No Lost Heat ON SALE
No Lost Time NOW
No Danger of AT ALL THE
Fire LEADING
DEALERS
°® °®
WORKS WEISET
ON
AC-DC
110-135 V
50-60 CY.
o JULES BRESSLER
New York
PATT%RSON &
Dallas, Texas
W, B. PRAY
IDEAL FOR I:u....:.g:“.l.zmv
SERVICEMAN :’hi}i.::ﬂ-&.‘
HOBBYIST e
AMATEUR mu.;:’ “WEBER
Experimenter elS r:\?ftio?'
ASSEMBLY a E’:E: fm.:wkn
n T 18CO,
LINES v, ST s
Chicago, 111
RED . SS
Auburn,
JACK.TNORPE
] Detroit. Mich
TAN WALLACE
utx  Florida
HUTT!
Georgia
JACK OoDOM
LITERATURE A
AVAILASLE eitL SoUBEN
ON REQUEST c. "tk eo.
WRITE °°"';§§$"‘5 sg""’
Dept. RN Kansas c?tny. Mo.

P,
MST.'I ﬁT TOOL CORPO RAH

GEMERAL OFFICES: 231 WIST 2%ih: STREET, MEW YORE 1|
FACTORY: -BINGHAMTON, NEW YORK

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS’
WASHINGTON EDITOR

AN EPIC DATE in the history of one
of the nation’s most dynamic agencies.
the FCC, was celebrated in Washing-
ton shortly before the summer seasor
became official. 'Twas the fifteenth
anniversary of the creation of this in-
fluential body, which came into exist-
ence when the Communications Act of
1934 was signed on June 19.

During the Commission’s decade and
a half of authority, the radio and wire
communications industries over which
it has reigned have made striking
progress. Looking backward, we find
that the first annual report of the
Commission indicated that there were
around 51,000 stations of all types.
Today there are nearly three times
that number, not to mention over 200,-
000 associated mobile units. And fif-
teen years ago, there were only about
600 commercial broadcast stations.
All were AM or standard broadcast,
TV being in the “experimental visual”
class, and FM was being developed as
a “high-fidelity broadcast” service. At
the present writing, the number of
broadcast authorizations of all kinds
exceeds 4000.

Substantial progress has also been
recorded in the amateur books, during
this fifteen-year period, with the 45,-
000 ham stations of 1934 having in-
creased to over 80,000. There has also
been quite a jump in ship radio li-
censes, for in '34, there were around
2000, and the records now indicate a
total of around 20,000. In the avia-
tion field, the jump in stations and au-
thorizations has been really record-
breaking. In ’'34, there were around
700 aeronautical stations. Today there
are over 27,000, with over 100,000 spe-
cial aircraft radiotelephone authori-
zations. Police services were com-
paratively restricted when the FCC
was born, with only about 250 stations
in operation in widely scattered spots
and, in the main, on an experimental
basis. But today, there are over 4600
stations integrated into local and ur-
ban nets and providing a powerful
policing assist throughout the nation.
The fifteen-year span also saw the in-
troduction of many new services, in-
cluding municipal fire stations, of
which there are now 100 in operation.
Activities in this field indicate that it
will not be long before there’ll be
many hundreds of radio-equipped,

flame-fighting stations throughout the
country.

Reviewing the records of '34 reveals
that the FCC had only licensed 5500
commercial operators at that time.
What a rise the record shows now;
over 700,000 have received FCC au-
thorization to operate. During the
first year of the Commission’s opera-
tion, less than 10,000 applications of
all kinds had  been received, while in
'48 over 20,000 requests poured onto
the desks of the boys and girls in the
New Post Office Building.

Many who joined the government
communications-control division in '34
are still with the service. There’s
vice-chairman Paul A. Walker, who
was one of the original Commission-
ers, having taken his oath of office on
July 11, 1934. Commissioner George
E. Sterling’s government career pre-
dates the FCC birth, having served
with the predecessor to the FCC, the
Federal Radio Commission. And Rosel
H. Hyde, now serving as acting chair-
man, also was a member of the old
FCC.

Although the facilities of the art
were small when Congress voted in
the Commission, the possibilities even
then loomed high. When the mem-
bers of the new body prepared its first
report they accented this fact, stating
that: “There are no fields of engineer-
ing in which new devices and inven-
tions are being disclosed at a more
rapid pace than in wire and radio
communications. The arts, both in
theory and practice, are extremely
complex and cover a vast field. New
devices and improvements, no matter
in what radio or wire services devel-
oped, are, as a general rule, imme-
diately reflected in potentialities for
improvements and actual application
in all other services.” How true was
that prediction!

Happy Birthday, FCC, and many,
many more.

ANSWERS TO radio and television
problems puzzling many can be found

" in the encyclopaedic booklet, “An ABC

of the FCC,” just released by the
Commission. Disclosed, for instance,
is the answer to the censoring proper-
ties of the agency, with a quotation
from the Communications Acts, which
states: “Nothing in this Act shall be

RADIO & TELEVISION NEWS
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Build ThlS
Su perheterodyne

You receive complete standard equip-
ment, including latest type High-Mu
Tubes, for building various experi-
mental and test units. You progress
step by step until you build a com-
plete Superheterodyne Receiver. It is
yours to use and keep.

YOU RECEIVE THIS
PROFESSIONAL MULTITESTER!

You will use this professional instru-
ment to locate trouble or make
delicate adjustments—at home—on
service calls. You will be proud to
own this valuable equipment. Com-
plete with test leads.

{ . R, F. OSCILLATOR:

This is one of
the interesting
units you will
build. You
learn how
audio-frequency
¥ energy is generated
-~ %" and radiated by a vac-
uum-~tube circuit.
£5m
€8

AUDIO OSCILLATOR:

An electronic
device, which
produces audio-
frequency sig-
nals for modu-
lating R.F. (radio frequency) carrier
waves, testing A P. (audio frequency)
ampliﬂers, speakers, etc.

Y o T.R.F.
5,&3 %, B RECEIVER
& i You build
| f several
T.R.F. Re-

ceivers, one

of which, a 4-
tube set, is shown
here. You learn construction, align-
ment, make receiver tests, and do
trouble shooting,
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and ELECTRONICS

Master ALL Phases

GOOD PAY
and Unlimited Opportunities
in JOBS LIKE THESE:

Business of Your Own
Radio Manufacturing, Sales, Service
Broadcasting Telecasting
Television Manufacturing,
Sales, Service
Laboratories: Installation, Mainte-
nance of Electronic Equipment,
Electrolysis, Call Systems
Garages: Auto Radio Sales, Service
Sound Systems and Telephone Com-~
panies; Oil Well and Drilling
Companies; Engineering Firms
Theatre Sound Systems Police Radio
And scores of other good jobs
in many related fields

YOU CONDUCT MANY
EXPERIMENTS LIKE THESE!

Checking action of condensers
Experiments with cathode-ray
principles
Experiments with resonance
Producing beat frequencies
Calibrating oscillators
Experiments with diode, grid-bias, grid-
leak and infinite 1mpedance detectors
Practical experience in receiver trouble
shooting
Application of visual tester in check-
ing parts and circuits
Experiments with inverse feed-back
Advanced trouble~shooting
. and many, many others

Complete Training by Practical
Resident Trade School, Est. 1905

The same highly trained faculty, in-
struction materials and methods used
here in our large, modern residence
school, are adapted to your training
in your own home. Shop Method Home
Training has been proved by hundreds
of successful graduates.

Both Resident and Home Study
. Courses Offered

YOU
LEARN BY
DOING

You receive
special labora-
tory experi-
ment lessons
to show you
how to build

hands various

Get Complete Training. You Receive and Keep All
Equipment, Parts and lessons. No Extra Charges.

NATIONAL SCHGGLS

LOS ANGELES 37, CALIF.
" FIND.OUT .NOW

National Schools, Dept. 8-RN
4000 South Figueroa Street
Los Angeles 37, California

Send me your FREE book ‘“Your Future in Radio” and
the sample lesson of your course. I understand no sales-
man will call on me.

You will find all lessons easy to unéder=
stand because they are illustrated
throughout with clear diagrams and
step-by-step examples that you work
out yourself. Every piece of the eqiup-
ment and complete lesson material we
send you is yours to keep and enjoy,
including the multitester, experimental
equipment, all parts of the Superhetero-
dyne, tube manual, radio dictionary,
and complete, modern Television texts.
All parts are standard equipment.

Shop Method Home Training ...

Earn While You Learn

With our practical resident Shop
Method Home Training, you study in
your spare time. You receive Spare
Time Work Lessons, which show you
how to earn while you learn. Service
neighbors’ radios and TV receivers, ap-
pllances etc., for extra money and ex-
perience. Many National students pay

all or part of their training with spare
time earnings!

DON'T DELAY! The Radio-Television
Industry needs trained men NOW!
For quick action,

APPROVED mail coupon
FOR today and we'll
VETERANS!

rush you full in-

Check .coupon below ! ;
formation.

NEW, ILLUSTRATED

OPPORTUNITY _rs
BOOK AND SAMPLE 3 :

LESSON .SHOW YOU
HOW WE TRAIN
YOU ... SEND FOR
THEM TODAY! NO
COST. NO
OBLIGATION.

» EST, 1905
... MAIL. COUPON TODAY

Mail in envelope
or paste on
, penny postal.

I
|
|
with your own {
|
I
|
!

experimental NAME AGE I
units such as ADDRESS

those shown at I
left, and how CITY. ZONE STATE. I
to conduct [] Check here if Veteran of World War IL

many tests. ————_———_——_—_——————_—_l
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New THORDARSON T-32W10
Audio Amplifier. Less T-32\W00 Pre-
Amplifier — but complete for use
with highimpedance pickup or tuner.

List Price $55.00

New THORDARSON T-32W00
Plug-in Pre-Amplifier. Necessary
when Audio Amplifier is to be used
with any of the popular reluctance
phono pickups or high impedance

AUDIO AMPLIFIER
T-32W10

Highest fidelity audio amplification —
at modest price — is. made available in
THORDARSON'S new, outstanding
T-32W10 Audio Amplifier.

It's versatile, too! There’s no need to
buy unnecessary extras. Although it is
complete for use with the ordinary high
impedance pick-up or tuner, it can be in-
stantly converted when operation with
reluctance pick-ups or high impedance
microphones is contemplated. Just plug
in the new THORDARSON T-32W00
Pre-Amplifier (see inset, at left). A pre-
wired socket is provided. It's as easy as
changing a tube! _

Clear, undistorted, brilliant tones and
elimination of surface noise. place the.
T-32W10 entirely in a class by itself.
Here, truly, is America’s outstanding

microphones. List Price $9°9°

value in Audio Amplification!

® Frequency response from 20 to 20,000
cycles.

® -70 Db hum level below rated out-
put.

@ Adequate gain to obtain full output
from.ordinary high impedance pick-up
or tuner.

@ Output for 3 to 4 ohms, 6 to 8 ohms,
or 15 to 16 ohms which covers all high
fidelity speakers.

@ Complete with self-contained power
supply, 115 volts A.C. and tubes.

® Qutput — 10 clean watts at less than
2% distortion.

Send for free literature!

THORDARSON

ELECTRIC MAHUFACTURING DIVISION

GOVERNMENT SURPLUS!
WORLD'S LOWEST PRICE

COMES COMPLETE WITH
EDGERTON
FLASH TUBES
& REFLECTORS
EASY TO i
CONVERT INTO

T
OPERATES ON 110V. AC & 12V. BATTERY
Brand new at a fraction of original cost. Contains
finest component parts available. All necessary
parts and complete instructions included. After
conversion, works on 110V AC or s
12V battery by a flick of a switch. =

IMMEDIATE DELIVERY ON ALL MAIL ORDERS [rpriory=ii

MAGUIRE INDUSTRIES, INC.
500 W. Huron 5t., Chicage 10, Il
@ RADIO and TELEVISION
Thorough Training in Al
Technical Phases
APPROVED FOR VETERANS
WEEKLY RATES DAYS—EVENINGS

RCA GRADUATES ARE IN DEMAND
For Free Catalog write Dept. KN-49
RCA INSTITUTES, Inc.

A Service of Radio Corporation of America
350 West 4th St., New York 14, N. Y.

CINEX, INC., 185 W, 46th 51, N, Y, 19, N. Y., Dept. RN-8

PEN-OSCIL-LITE

Extremely convenient test oscillator for all radio
servicing; alignment ® Small as a pen & Self
powered @ Range from 700 cycles audio to over
600 megacycles u.h.f. @ Qutput from zero to 125
v. ® Low in cost @ Used by Signal Corps
@ Write for information.

GENERAL TEST EQUIPMENT

38 Argyle Buffalo 9, N. Y.
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understood or construed to give the
Commission the power of censorship
over the radio communications or sig-
nals transmitted by any radio station,
and no regulation or condition shall
be promulgated or fixed by the Com-
mission which shall interfere with the
right of free speech by means of radio
communications.”

The booklet also reveals that there
are nearly 75,000,000 broadcast receiv-
ing sets throughout the nation.

Commenting on the type of matter
barred from the air, the FCC organ
states .that the United States Code
prohibits the broadcast of information
concerning lotteries and similar
schemes and the utterance of obscene,
indecent, or profane language.

Covering the issuance of frequency
assignments to government stations,
the booklet reveals that all such as-

‘'signments are made by the President,

upon the recommendation of the In-
terdepartment Radio Advisory Com-
mittee (IRAC), a committee of gov-
ernment agencies using radio, on
which the FCC is represented.

Other pertinent problems discussed
include FCC order enforcing, policing
of ether, types of services, means of
regulations, etc. Copies of this inter-
esting booklet can be obtained from
the Superintendent of Documents, U.S.
Government Printing Office, Washing-
ton 25, D. C., for ten cents.

THAT VOLATILE TOPIC, the TV
freeze, bounced back into the head-
lines with quite a blare when the FCC
released its famous public notice stat-
ing that . . . “it will institute further
proceedings looking toward the lifting
of the freeze on the present band, pro-
viding a substantial number of ultra-
high channels for commercial service,
affording an opportunity for the sub-
mission of proposals toward the use
of 6 mc. color in all channels in
such a way as to permit reception on
an ordinary TV receiver with rela-
tively minor modifications, and adopt-
ing a nation-wide assignment plan
covering commercial operation in both
bands.” :

As reported on several occasions,
the Commission had been studying the
very-high-ultra-high recommendations
offered during recent hearings and
found that the problems of both bands
were so related that it would not be
feasible to lift the freeze without pro-
viding a modified allocation plan for
the upper and lower channels. Ac-
cordingly, the FCC proposes to sug-
gest the use of approximately one-half
the lower portion of the ultra-high
band for regular TV operation on the
6 mec. channels, appropriating the up-
per half for research, such as strato-
vision, polycasting and high-definition
black and white, and color.

At about the time this column ap-
pears, the FCC will issue a notice of
proposed rule making, which will not
only cover the contemplated use of
channels in the ultra-high band, but
also contain a revised allocation table
for the present band, taking into con-

(Continued on page 116)
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THIS BOOK WILL
HELP YOU SAVE
TIME, WORK, EARN
. MORE!

WL
ik

]

R ¢ Get this big 72-page book!
Elin , '

k .

{ * More._ thgn_snpiclqres and diaqr.ams!

I

E ' * Written in casy-to-follow %erﬁi_e_elmen's language!
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EXPLAINS THESE AND
MANY MORE

AM and FM receiver alignment

. Locating hum

. Signaltracing and trouble shooting

. Finding receiver faults from oscil-
loscope patterns

. Checking AVC action

. Voltage gain measurement

. Auto radio vibrator tests

. Checking peak current in rectifiers

. Impedance measurement

. Checking filter capacitors — and
many others!

SYLVANIA
ELECTRIC

.

FLUORESCENT LAMPS, FIXTURES, WIRING DEYICES, SIGN

TUBING: LIGHT BULBS: PHOTOLAMPS; RADIO TUBES;
CATHODE RAY TUBES; ELECTRONIC DEVICES

HWN -

OV ONOW®;

-

0 S S

Sylvania Electric Products inc.
Advertising Dept. R-1008
Emporivm, Pa.

Gentlemen:
Send me “How To Service Radios with an
Oscilloscope.” Enclosed is $1.00.

B e |
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WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
Throughout the U5.A. ond {onada

PYRAMID ELECTRIC COMPANY

155 Oxford Street
Paterson, ‘M. 1 -UL.SA.

TELEGRAMS: ‘WUX Patersan, M. 1.
CABLE ADDRESS: Pyromidusc

E. E. LOUCKS, has been requested by
the U. S. Department of Commerce to

act as an adviser
on its advisory pan-
el for radio appara-
tus. Membership on
the panel is com-
posed of business-

- men, international
o traders, and indus-
ﬁﬂg::.& trialists, acting as

consultants to the
government agency.

Mr. Loucks, who is manager of the
International Division of Zenith Ra-
dio Corporation, became associated
with that company as export manager
in 1944. Previous to that, he was af-
filiated with the International General
Electric Company, Inc.

EE T T
GEORGE L. DOWNS, formerly in charge
of the methods and cost estimating
department, has been placed at the
head of transformer operation of
Raytheon Manufacturing Company at
Waltham, Mass. . . . GEORGE L. MEY-
ER. JR., has been elected to the board
of directors of Stewart-Warner Cor-
poration, the post which was created
by the death of Ralph M. Shaw. A
vice-president of the company since
1941, Mr. Meyer was associated with
the company from 1907. . . . The new
advertising manager of Noblitt-Sparks
Industries, Inc., Columbus, Indiana, is
JAMES M. JEWELL, former advertising

"copy chief, Kelvinator Division, Nash-

Kelvinator Corp., Detroit. . . . Elected
chairman of the board and president,
respectively, at the annual meeting of
Globe-Union, Inc., were €. O. WANVIG,
president of the firm since 1927, and
WYETH ALLEN, executive vice-presi-
dent for the past twenty years. The
change in top management, according
to Mr. Wanvig, was prompted by a
need for a division of increased man-
agement duties. . . . BURNHAM ADAMS,
manager of the California division of
Lear, Incorporated, was recently elect-
ed vice-president of the corporation at

-a meeting of the board of directors.

* * *

DAVID HALE HALPERN, vice-president
of the Owen and Chappell, Inc., adver-
tising firm, was chosen president of
the American Television Society at its
annual election of officers, succeeding
Charles J. Durban of United States
Rubber.

Other officers elected at the meeting
were Donald E. Hyndman, Eastmon
Kodak Co., vice-president; Reynold R.
Kraft, National Broadcasting Co., sec-
retary, and Archibald U. Braunfeld,
Braunfeld and Simons, treasurer.

In accepting the office, Mr. Halpern
pledged that the American Television

Society would take a firm stand on
the issues of the day and will not be
inarticulate and wvacillating. Other
speakers included E. S. England, NBC
Research Associate, who spoke on
sources of TV research information.
* *® *

DR. ALLEN B. DU MONT, president of
Allen B. Du Mont Laboratories, Inc.,
was honored with a degree of Doctor
of Engineering at the 94th annual
commencement exercises of the Brook-
lyn Polytechnic Institute, held at the
Brooklyn Academy of Music.

The citation by H. S. Rogers, presi-
dent of the Institute Corporation, who
conferred the degree, reads in part:
“Allen Balcom Du Mont, inventive
genius, able and creative ‘engineer,
courageous and resourceful industrial-
ist, your achievements in the science,
the art, and the industrial manage-
ment of television have been widely
recognized by members of professional
societies and trade associations, and
by the ultimate beneficiaries of your
genius, the American people.”

Dr. Du Mont was presented for the
degree by Charles E. Potts, chairman
of the Institute Corporation.

® * ®

C. A. STAUB, who has been for the past
seven years assistant secretary and
comptroller of Ra-
diart Corporation,
Cleveland, Ohio, has
been appointed
treasurer of the
Cornell-Dubilier
Electric Corpora-
7 tion, with headquar-
By ters in South Plain-
field, New Jersey.

Cornell-Dubilier purchased the Ra-
diart stock from the Maguire Indus-
tries in 1948, and the three plants of
Radiart are being operated as a sub-
sidiary of the corporation.

Previous affiliations of Mr. Staub in-
clude the Larkin Company, and the
Van Swearingen Corporation.

* * *

H. W. PFEFFER, of Struthers-Dunn,
Inc.,, at a recent meeting of the Na-
tional Association of Relay Manufac-
turers, was chosen president for the
coming year, succeeding Ralph T.
Brengle, of Potter & Brumfield Mfg.
Co.

Other officers elected were H. L.
Huntsinger of the RMB Division of
Essex Wire Corporation, vice-presi-
dent, and J. V. Roughan of the Price
Electric Corporation, secretary-treas-
urer.

Five directors were also elected,
and standing committees were ap-
pointed to evolve uniform standards
and nomenclature in the relay field.

RADIOG & TELEVISION NEWS
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Can I trust him to do a good
repair job on my radio
af a fairl_ price?

How can I convince
him that we do good work
af reasonable cost?

gives
" both You and your Customers
the right answer and here it is-

The Raytheon Bonded
Electronic Technician Program...

It’s a 90-day BONDED guarantee on your radio set repair work and replaces
ment parts, backed by American Mutual Liability Insurance Co.’s assets of
close to a hundred million dollars!

RAYTHEON pays for it—The Raytheon Tube Distributor has this Bond for
you — if you qualify. It doesn’t ‘cost you a cent. Here’s honest-to-goodness
customer insurance — the one and only answer that clears away mistrust —
the biggest barrier to volume and profit.

Get in touch with your Raytheon Distributor, now. Ask him how to become a
BONDED ELECTRONIC TECHNICIAN.

Why RAYTHEON Tubes are Easner to Sell

Universelly Recognized Quality—Raytheon's for
is unsurpassed. Your customers and prospects know the name, RAY‘H-EON and
know it stands for quality all along the-line, from tiny hearing aid tubes to huge

Magnetrons,

Don't take our word for it, alone
\ R W. Roller, Electronics Service, Inc., Denver,
Colorado, writes: "The framed Bonded
Electronic Technicians Certificate
hangs in a prominent place on our show H
room wall. There is no doubt that it
inspires confidence in our place of
business."
R. S. Bryant, Lubbock Radlio, Lubbock, Texas, l
writes: "To my knowledge, your Bonded
Dealer Program.is the best thing for !
the Service business.' J

Efticlent Merchandising == Your
Raytheon distributor is one of the*
best parts sources in town — a good
one to deal with, He has to be as
sponsor of the Raytheon Bonded
Dealer Program.

Raytheon national advertising and
point-of-sale display material con«
stantly reminds your customers of
the value of the Raytheon name on
every tube.
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RADID RECEIVING TUBRES + SUB-
MIMNIATURE TURES - SPECIAL FUR-
POSE TURES = MICROWAYE TUBES
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| 989 E, Washington Bivd., Fort Wayne 2, Indiana

A brand new way to preserve
every treasured issue of Radio
and Television News Magazine.

An ingenious, custom-built stor-
age file made of high quality
Kraft fibre board printed and
constructed to look like a Buck-
ram bound book. Measures
12” x81/2" x 23/16".

per set of 2
Set of 2 holds
12 complete issues

(Plus 15¢ per set for pkg.

& pstg. anywhere in U.S.)

SPECIAL OFFER!

New low prices on QST &

CQ Magazine Llibraries.
Formerly 3Sc

Now Only 25¢ each

Hold 12 issues

SMASHES PRICES!

Write for Midsummer Sale

Circular—Red Hot Bargains
QUAD ELECTRICAL SUPPLY, INC,
Dept. A, 1650 N. Damen, Chicago 47, IIl.

(Plus 6¢ ea. to cover pkg.
& pstg. anywhere in U.S.)

ORDER YOURS TODAYI
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1125 PUME 51.= &7, LOWIS 1, M.
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Twenty-five manufacturers comprise
the present membership of the asso-
ciation, including Potter & Brumfield
Mfg. Co., Sigma Instruments, Inc.,
Leach Relay Co., Price Electric Corp.,
and Allied Control Co Inc.

J. W. HEAD, founder and pre51dent of
Electronics Institute, Inc., of Detroit,
was given an hon-
orary Doctor of Law
degree by- Piedmont
College, Demorest,
Ga., for distin-
guished servige as
an educator, engi-
neer, and practical
scientist. It is the
highest honor the
school can bestow.

Mr. Head, who also directs the ac-
tivities of Industrial Electronics, Inc.,
a professional consultant organiza-
tion, has attained national recognition
as author, lecturer, and engineering
consultant in electronics, radio, and
television.

A graduate of Oglethorpe Universi-
ty, he became an engineering consul-
tant, and later attracted the attention
of Dr. Lee DeForest, with whom he
later became associated.

* * *

UNIVERSAL RADIO SUPPLY CO. an-
nounces that its new address is 533
South Seventh Street, Louisville 3,
Kentucky, and that its grand opening
will be announced soon for the trade.
HUDSON ELECTRONICS CORPORA-
TION. having moved to larger quar-
ters, reports that the new location is
at 110 East Third Street, Mount Ver-
non, New York. ... A new plant oc-
cupying three times the former space
has been opened by J. B. HERMAN
COMPANY, on Watson Street, Boston,
and with new machinery and improved
production methods, will produce the
“Hermco” lenses, as well as plastic
products for radio and TV fabrication.
. New factory branch sales and
service buildings have been con-
structed recently by INDEPENDENT
PNEUMATIC TOOL COMPANY, manu-
facturer of Thor portable power tools.
The company’s export division will
continue to be located at 330 W. 42nd
St., New York, N. Y. . . . Two plants
have been acquired by OLIN INDUS-
TRIES, INC., for the manufacture of
railway fuses and torpedoes, and are
located in Peru, Indiana, and Los Ga-
tos, California. . . . TINNERMAN PROD-
UCTS, INC., has moved its Detroit dis-
trict offices to 14550 Third Ave., De-
troit, Michigan. The move was an-
nounced as a larger, more convenient

location.

o ]

* * *

BERNARR S. WIXON and LAVERNE J.
TRAGESSER were promoted from the
position of assistant to full buyer in
their respective departments in Sears,
Roebuck and Co.’s radio department.

Mr. Wixon is the new buyer of all
recording, phonograph, and record-
playing equipment, having served as
assistant since October, 1945. Mr.
Tragesser, who since 1946 has served

(Continued on page 137)
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Absence of moving parts and long :life are features of new
magnetic amplifiers applicable to o wide variety of electric
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Fig. 1. The radiosonde is car-
ried aloft by a balloon. When
the balloon bursts, the equip-
ment is lowered to the ground
by means of a parachute,

Fig. 2. Complete radiosonde assembly,
including batteries. weighs less than
four pounds and is made up of two
main components, the meteorological
element modulator and the transmitter.

limited to the destruction of plans
for Sunday’s picnic, but is vital in
military planning and operations, in
utilities operation and preventive main-
tenance, and in aircraft scheduling and
operation, as well as in many other
fields of endeavor. It is expected that
with the application of new methods
of instrumentation in probing the up-
per air there is a possibility of obtain-
ing answers to some of the design and
operational problems in connection with
the propagation of sound, as well as
light, heat, and other electromagnetic
radiation.

The meteorologist is utilizing the ad-
vances in other scientific fields more and
more, and electronic equipments are
among the most widely used. In what
is to follow the descriptions of over-all
equipment will be somewhat brief and
sketchy in order to permit describing
a number of different devices, and some
of the more interesting electronic por-
tions of these devices.

The Radiosonde System

In view of the importance to the me-
teorologist of upper atmosphere condi-
tions let us first look at the radiosonde
system which, incidentally, is probably

| WEB SLING e

RADIOSONDE MODULATOR

TEMPERATURE ELEMENT

BUMIITY
ELEMENT
SHIELD

HUMOITY
ELENENT

BATTERY 8OX

ANTENNA- -

ENGINEERING DEPT.

By NORMAN A. ABBOTY

Equipment and techniques such as radiosonde,
sferics, and radar have added materially to

our knowledge of the science of meteorology.

HE importance of accurate
I weather prognostication is not

the earliest application of electronics to
the field of meteorology. This system
may be broken into three parts. First,
that portion which is sent into the upper
atmosphere, second, that part which re-
ceives the information obtained by the
airborne portion, and third, a recording
means to retain the received informa-
tion for study and action. The data
obtained, that is, pressure, temperature,
humidity, wind speed, and wind direc-
tion are utilized for forecasting, flying
altitude selection, ballistics corrections,
ete.

The Radiosonde

The device sent aloft to make sound-
ings of the atmosphere and to automati-
cally transmit these soundings to the
ground stations is termed a radiosonde
(Fig. 1). It is fastened to a gas-filled
balloon which is carried by the wind in
free flight. Generally the balloon used is
such as to give a rate of rise of approxi-
mately 1000 feet per minute.. At its
maximum altitude the balloon bursts
and the equipment is lowered to the
ground by parachute. During flight,
radio signals are transmitted which are
a function of the atmospheric pressure,
temperature and humidity at the radio-
sonde; and the drift of the balloon
provides an indication of wind direction
and speed.

The radiosonde is made up of two
major components, the meteorological
element modulator and the transmitter.
As its name implies, the modulator is
that portion of the equipment which
adds intelligence to the transmitter sig-
nals. High speed of response to changes
in the atmosphere is a prime requisite
of the elements used here because of
the rapid motion of the transporting
vehicle. The complete radiosonde in-
cluding batteries for the transmitter
weighs only between three and four
pounds (Fig. 2).

In the past, the temperature measur-
ing element has been a mercury column
with a multiplicity of contacts at points
corresponding to different temperatures,
or an electrolytically responsive resist-
ance element, but the modern sonde

3
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GCONTAGCT ARM
LIFTING LEVER

Fig. 3. Radiosonde pressure and com.
mutator assembly. As the pressure
varies, the contact arm moves along
the commutator. See circuit in Fig. 4.

utilizes a ceramiec resistor which has
high speed of response, high stability,
is polarization free, and rugged. The
resistance of this element is inversely
proportional to the temperature (nega-
tive temperature coefficient of resist-
ance) and each one is calibrated for
operation between temperature limits
of +60° to —90°C. They are coated
white to reflect solar radiation.
Humidity was formerly measured by
the effect of moisture on strands of
human hair under tension, and, as will
be seen a little later, at least one such
device is in present use. However, the
more popular form of humidity measur-
ing element at present is composed of
a simple polystyrene strip with a hy-
groscopic lithium chloride coating. The
resistance between two metallic elec-
trodes along the edges is a function of
absorbed moisture and the temperature.
These strips are calibrated to measure
relative humidity between 15 and 100%.
The pressure unit comprises a bi-
metallic temperature-compensated an-
eroid capsule assembly which is con-
nected to a crank and lever system that
moves a contact point across a com-
mutator assembly. The usual pressure
unit operates between 10 and 1060 mil-

Fig. 5. Schematic diagram of a
400 mc. radiosonde transmitter.
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Fig. 4. Schematic diagram of the radiosonde modulator.

libars pressure, or in more familiar
language, over a pressure range from,
roughly, one tenth of a pound per sq.
in. to fifteen pounds per sq. in. The
commutator is made of a large number
of contacts separated by insulating seg-
ments. The contact point is connected
through the commutator to a relay. The
commutator usually contains about 80
to 90 contact segments. A recent tech-
nique in this construction is to use
plated contact segments on a polysty-
rene block (Figs. 3 and 4).

Each fifth contact is twice as wide
and each insulating segment three times
as wide as the intermediate contacts.
Each fifth contact below #60, and all
contacts above #60, are connected to
reference circuits. Numbers 15, 30, 45,
60, and then each fifth goes to what
is termed a high reference circuit
whereas each fifth contact below #60
(except 15, 30, and 45) and all inter-
mediate contacts above #60 are con-
nected to a low reference. When the
contact point is on a high reference
contact, resistor R, is in the grid circuit
of the transmitter modulating oscilla-
tor. On a low reference contact R. is
added in series with R:.. When the con-
tact is made through one of the inter-
mediate segments below #60 a circuit
is completed through the relay which
pulls the relay contact arm into a posi-
tion which connects the humidity ele-
ment, in series with R. and R, in the
modulating oscillator circuit. (Resistor
R; is simply a limiting resistor to assure
readings from the humidity circuit be-
low 1 megohm.) When the pressure
contact is on an insulating segment,
the relay.contact arm places the tem-
perature element in series with B, and
R, in the modulating oscillator circuit.
Hence we see that as the balloon rises
and the pressure element expands, the
contact arm moves over a series of
segments which places the resistance
due to temperature and humidity ele-

ENGINEERING DEPT.

ments in a transmitter circuit. Since
the pressure element is calibrated, the
pressure is known at each contact seg-
ment.

The met element modulator is coupled
to the transmitter through the relay and
the reference resistors. The modulating
oscillator is connected either to the tem-
perature element, the humidity element,
or to a reference element, in accordance
with the position of the contact arm.
The transmitter usually comprises two
electron tube sections which may be in
separate envelopes or combined as a
single multipurpose tube. One of these
acts as a generator of carrier frequency
while the other performs a modulating
funection. The modulator is a self-block-
ing oscillator which operates at about
750 ke. The blocking rate is determined
by the value of an R-C combination in
the grid circuit, and the value of the
resistance in this combination is deter-
mined by the position of the contact arm
on the commutator. In turn, the mod-
ulator is so coupled to the carrier oscil-
lator that when the modulator is on the
carrier is off, and when the modulator
is off the carrier is on. So we have a
form of pulsing or keying in which the
interruption frequency of the modulat-
ing oscillator, generated as a function
of the weather conditions at the radio-
sonde, is transmitted as an audio fre-
quency modulation of the carrier.

With the high reference resistor in
circuit the audio frequency is approxi-
mately 194 c.p.s. With the low reference
resistor added this changes to 190 c.p.s.
During a flight, the audio frequency
generated by connecting the tempera-
ture or humidity elements into the cir-
cuit will vary between approximately
8 and 180 e.p.s.

Note that the meteorological condi-
tions do not vary the frequency of the
modulating osecillator but only the rate
at which this frequeney is interrupted.
As a result of this type operation the

AUGUST, 1949


www.americanradiohistory.com

receiver determines a simple compari-
son of audio frequencies, thereby avoid-
ing many of the variable characteristics
which might otherwise have to be over-
come.

The earlier systems such as the one
just described operated at a carrier fre-
quency of about 72 mec. A more recent
system, which is presently in operational
use by the armed forces and the U. S.
Weather Bureau, operates at approxi-
mately 400 me. (Fig. 5).

At this higher frequency it is possible
to use transmission line techniques for
the resonant circuits instead of lumped
constants, and with tuning performed
by adjusting the spacing between lines.
In addition, it was found desirable to
use frequency modulation rather than
the amplitude modulation used in the
lower frequency transmitter.

The same meteorological modulating
elements are used in conjunction with
this transmitter, and the first section of
the transmitter (the modulation osecil-
lator) operates in the manner pre-
viously deseribed. In this particular
case the operating frequency of the
modulation oscillator is 2.5 me. Fre-
quency modulation of the carrier tube is
obtained by passing the plate voltage
to both modulator and carrier tubes
through the same resistor. Then when
the modulation oscillator is on, the car-
rier tube has a lower voltage applied
to its plate due to the drop in the com-
mon resistor; and when the modulation
oscillator is off, the carrier plate voltage
increases. Transit time effects at the
400 me. operating frequency of the car-
rier tube are sufficiently great to cause
a lower frequency of operation at re-
duced plate voltage than at the higher
plate potential. Hence, as the plate

voltage is varied by the blocking action
of the modulation oscillator, the carrier
frequency is varied and at the same
audio rate. (Fig. 6).

One of the latest developments in this
same field is a transmitter operating at
a frequency of approximately 1700
megacycles. (Fig. 8). At this frequency,
remembering the light weight that is
required in both tube and power supply,
the problem of a suitable tube became
quite severe. Under a Signal Corps
contract RCA developed a unique tube
utilizing coaxial elements, and resonant
cavity techniques are used in the trans-
mitter. The cavity oscillator and asso-
ciated blocking oscillator are enclosed
in a plastic bullet-shaped case about 8”
long and 1%” in diameter. The cavity
itself is only 2” long and 34” in diam-
eter. Complete with tube and antenna
system the transmitter weighs only 50
grams. The cavity is divided into two
concentric circuits; one, a grid to anode
circuit, and the other, a grid-cathode
circuit. Shorting bars are used for ad-
justment plus a fine frequency capacity
tuning slug in the anode circuit. An
inclined reflector element, or so-called
ground plane, helps prevent antenna
radiation from entering the metallic
elements of the radiosonde modulator
with attendant antenna pattern distor-
tion.

The Receiver

The signals transmitted by the radio-
sonde are received at the ground sta-
tions by one of two general methods and
then indicated and recorded for analysis
and use.

Where interest lies only in the pres-
sure, temperature and humidity at the
airborne instrument a simple receiving-
recording system is used. Two vertical

Fig. 6. The 400 mc. radiosonde transmitter shown in schematic form in Fig. 5.
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dipole antennas, connected to the re-
ceiver by 75 ohm coax line, are located
at physically separated positions and
are so used that as the balloon-borne
radiosonde is carried by the wind the
most efficient of the two antenna loca-
tions is utilized.” That is, although there
are two antennas, only one is in use at
any one time. The radio receiver in the
case of the 72 mec. system has an r.f.
stage, a superregenerative detector
stage, and three output channels. One
of these channels feeds a speaker for
aural monitoring purposes, a second
channel feeds a signal intensity meter
for indicating strength of the modulated

Fig. 7. Split pattern. or
lobe switching, tracking.

Fig. 8. Partly disassembled view of
1700 mec. radiosonde iransmitter.
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ANTENHA
TELESCOPE

Fig. 9. Radio Direction finder SCR-658.

r.f. signal being received, and the third
channel is used to provide audio fre-
quency output signals having a saw-
tooth waveform, for operation of a fre-
quency meter. Although the waveform
of the input signal is distorted by the
superregenerative detector, the mod-
ulation frequency of the transmitted
signals is retained. After amplification
and differentiation the negative halves
of the signals are removed and a signal
produced which consists of a series of
sawtooth waves with practically con-
stant amplitude regardless of the mod-
ulation frequency or signal intensity.
The frequency of the sawtooth wave
varies at an audio rate with the mod-
ulation frequency of the radiosonde.

Fig. 11, Schematic diagram of the
printing control, radiosonde recorder.

T aee vour

a 2 £800uENCT 1m EUEAS PLO HC
o wrrte

eatovticr e

° " % £

|~ 0sue
PN

P

foveearec sass
#tgoance Hrrta
owe
ctangunan
ouTeR 05 weren

Pate onacen av
LT oan

[ 1[0 st o emotorvee cocune

Teonce uan
€ T e O 0te"ing 30 wa Bow

g A B e arm

Fig. 10. 1700 mc. radiosonde direction finder, automatic tracking.

In the more usual case, however,
where in addition to pressure, tempera-
ture and humidity, information is also
desired on wind direction and speed as
the radiosonde is carried aloft, or if
information on wind velocity only is
required, a direction finder is used to
track the transmitter. Optical theo-
dolites served this purpose until the
advent of modern electronics. Optical
means fail under conditions of darkness
or fog, or when the balloon passes
through a cloud, but these conditions
are overcome by means of the meteoro-
logical radio direction finder. One of
these is the SCR-658 developed by the
Signal Corps (Fig. 9).

Unlike the more common direction
finder which provides azimuth data
only, this unit utilizes more recent tech-
niques and provides both azimuth and
elevation data. In addition, the receiver
has a channel through which the fre-
quency modulated radiosonde signals
are passed and converted into the am-
plitude and wave shape required by the
recorder unit. The set is transportable,
weighing about 2000 pounds fully
packed for domestic shipment. It oper-
ates on a frequency of approximately
400 mec., and uses a mattress type an-
tenna with vertically polarized radiat-
ing elements. It is so arranged that
it can be operated by one man or two.
The operator, or operators, turn hand-
wheels which rotate the antenna in
azimuth and elevation so that it tracks
the balloon-borne transmitter. The
operators are guided by the indication
on a cathode ray tube using a radar
type A presentation. .

The antenna array contains 32 half-
wave elements spaced a half wave
apart. These are arranged into four
bays which are so connected by means of

ENGINEERING DEPT.

a rotary switch as to provide four dif-
ferent combinations in rapid succession.
Two adjacent bays are fed directly into
the receiver while the other two are
passed through a delay line. Then the
next two bays are switched in for direct
and delayed contact, and so on. As the
motor driven switch rotates the an-
tenna lobes take positions of “up eleva-
tion,” “left azimuth,” “down elevation,”
and “right azimuth” in succession.

This system provides what is termed
split pattern tracking (Fig. 7). By
connecting two of the antenna bays
directly to the receiver whereas the
other two bays are connected through
a delay line the resultant pattern is
displaced from the antenna axis by
some angle XOB or YOB just as though
the antenna had been physically dis-
placed. By comparing the signal
strength obtained from one lobe with
that from its companion lobe the direc-
tion from which the wave is arriving
can be determined and the antenna may
be set directly “on target.” For ex-
ample, if a wave front were to arrive
along the direction CO, a signal pro-
portional to C’O would be set up when
the antenna pattern is directed along
the path XO and a signal proportional
to C”O when the pattern is along the
path YO. However, when the antenna
is pointing directly at the transmitter
a signal proportional to B’O is received
by both lobes.

The four pulses, each representing
one antenna lobe position, are applied
to the vertical deflection plates of a
cathode ray tube indicator whose cir-
cuits are switched in synchronism with
the antenna pattern by means of con-
tacts mounted on the same motor. One
of the sweep contactors has a d.c. bias
spread voltage under control of the
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operator which displaces every second
sweep of the scope slightly to the right
of the preceding sweep. While the elec-
tron spot is making a single traverse
of the oscilloscope screen, the r.f. por-
tion of the antenna switch is rotating
through two lobe switching positions.
One azimuth and one elevation trace
are thus presented. During the follow-
ing sweep the next azimuth and eleva-
tion trace are produced. By comparing
the amplitudes of the two sets of traces
the operator can keep the antenna
pointed directly at the radiosonde, and
by recording the azimuth and elevation
angles of the antenna, combined with
the known altitude of the sonde as
obtained from the pressure unit, the
position of the balloon and the wind
velocity are readily determined.

The radiosonde signals are applied to
the r.f. stages of the receiver, which
use sections of transmission line for
tuned circuits. After amplification at
the i.f. of 19 me., the signal is divided
into two channels. The first of these is
an FM channel in which the signal is
shaped prior to application to the re-
corder. The second channel is the diree-
tion-finder section. The second of two
additional i.f. stages amplifies only
when the modulation contactor on the
antenna switch is closed. As a result,
four pulses of radio frequency are recti-
fied by the detector for each revolution
of the antenna switch rotor, the am-
plitude of each of these pulses being
proportional to the strength of the r.f.
signal at the instant the contactor is
closed, and each of these pulses repre-
senting one antenna lobe position. As
previously mentioned, the pulses then
go to the C-R tube.

For use with the 1700 me. radiosonde
equipment a replacement for this device
has been developed which even more
closely represents radar equipment.
(The increase in operating frequency
permits more accurate radio direction
finding and satisfactory operation at
lower angles of elevation.) Instead of
the multipole-dipole antenna with ro-
tating switch as previously used, it now
becomes feasible to use a rotating,
slightly offset reflector in front of the
dipole antenna to provide a rotating
pattern which is transmitted by the
main reflector (Fig. 10). By rotating
the reflector rather than the dipole,
vertical polarization is maintained.
Again, by a suitable switching means
the amplitude of the received signal
in azimuth and in elevation is compared
to put the antenna squarely “on traget.”
However, there is a major difference in
operation in the method of tracking.
Whereas in the older method the opera-
tors turn their handwheels to track the
balloon, in this version the set tracks
the target automatically and at the
same time produces a printed record of
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azimuth, elevation, pressure, tempera-
ture, and humidity.

The small antenna reflector revolving
at approximately 30 r.p.s. establishes
a 30 eycle modulation whose amplitude
is a function of the amount by which
the antenna is off-target and whose
phase with respect to the reflector and
a connected commutator is a function
of the off-target direction. After am-
plification, detection, and filtering the
30-cycle signal is fed to the communtator
and the resulting d.c. voltages then pass
through appropriate amplifiers to 2
two-phase motors which drive the an-
tenna in a direction such as to main-
tain it in the on-target position. The
angular accuracy of this equipment is
in the order of .03 degrees.

The ‘“meteorologically modulated”
radiosonde signals are fed to limiting
and shaping circuits as in the case of
the equipment previously described, and
then to the recording equipment in the
usual manner.

The Recorder.

As has been indicated, the modulated
r.f. signals emanating from the balloon-
borne equipment are received on the
ground either by use of a receiver or
a direction finder type equipment. In
both methods the signals are converted
into an audio frequency which varies
at a rate depending upon the meteoro-
logical conditions at the airborne sonde.
The radiosonde recorder makes a printed
record of the frequencies measured by
a frequency meter fed by the receiver.

The major components of the recorder
unit are a receiver, which is not used
when operating with the direction finder
type equipment, a frequency meter, and
a printing mechanism. The frequency
meter section produces a direet current
having a value proportional to the fre-
quency of the audio input signals. This
current is passed to two microammeters
whose deflections indicate the audio fre-
quency. The first of these is simply a
visual meter for operator observation.

Fig. 13. Typhoon as seen on PPI scope.
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Fig. 12. Pressure unit for
an automatic weather station.

The second, however, is located on the
recorder chassis and forms the control
agent in the printing procedure.

The recorder is an electromechanical
device, the principal components of
which are the recorder meter, a photo-
electric scanning assembly, and the
printing mechanism which produces a
continuous record of the position of the
pointer of the recorder meter with re-
spect to time, thereby recording the
measured frequencies which, in turn,
represent the intelligence transmitted
by the radiosonde.

In terms of electronics, the most in-
teresting part of the recorder is the
printing control mechanism (Fig. 11).
A light beam in the photoelectric scan-
ner sweeps across the pointer of the
meter once during each cycle of opera-
tion and produces a pulse whose time
phase is dependent upon the position of
the meter pointer. This pulse is used
to energize the tapper bar magnets to
cause the printing mechanism to tap
a dot on the recorder paper, the hori-
zontal position of which is proportional
to the audio frequency measured by the
frequency meter.

The window on the recorder meter
starts with a tapered seetion and the
meter has a rectangular pointer. As
the light beam moves along the tapered
portion of the window a gradually in-
creasing amount of light strikes the
phototube, resulting in a gradually in-
creasing voltage through a preamplifier
into a transformer primary. But since
the voltage across the winding is pro-
portional to rate of change of current
flow, only a low voltage is developed.
This low voltage is insufficient to fire
a thyratron in the tapper bar circuit.
This condition is maintained until the
light beam strikes the meter pointer.
At this time there is a sudden decrease
of current through the transformer
primary and a large voltage is pro-
duced. However, the polarity of this
drop is in a direction opposed to that
required to make the thyratron cireuit
operative. Now, as the beam of light
leaves the pointer and again strikes
the phototube, there is a sudden in-
crease in the current through the trans-

(Continued on page 29)
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Front view of the phase me-
ter. Both dials are calibrated,
for convenience, to read 0 for
a phase difference of 180°.

ELECTRONIC PHASE METER

A new instrument developed at NBS for accurate

phase determinations from 100 to 5000 cyecles.

N IMPROVED electronic phase

meter having significant advan-

“tages over previous instruments
of this type has been developed by E. F.
Florman and A. Tait of the National
Bureau of Standards in connection with
studies of radio wave propagation. The
new instrument, which is designed for
a frequency range of 100 to 5000 cycles
per second, reads and records directly
the phase angle between two sinusoidal
voltages having a variation of 1 to 30
volts. The two input voltages are first
converted to square waves through two
separate channels of amplifier-limiters.
A direct comparison of the square waves
then gives a measure of the phase dif-
ference between the original voltages.

Two methods of comparing the square
waves are employed. One involves their
direct addition to a circuit having two
tubes with a common plate resistor,
while in the other method the square
waves are used to produce voltage
spikes which control a trigger-type
phase indicating ecircuit.

Intensive studies of low-frequency
propagation paths are now being made
at the National Bureau of Standards to
obtain quantitative basic information
on the propagation factors which limit
the ultimate attainable accuracy of any
low-frequency radio navigation system.
Such information should be of value in
choosing a radio-navigation system for
a specific purpose and, ultimately, in

\
INPUT VOLTAGE A

DIFFERENTIATOR
AND POLARITY
DISCRIMINATOR

Block diagram of the phase meter. The sinu-
soidal input voltages A and B are converted
to square waves in separate channels, and
then applied to two different phase indicators.

INPUT VOL}’AGE B

BALANCED
DIFFERENTIATOR

AND POLARITY AMPLIFIER-
DISCRIMINATOR

INDICATOR

SUM AMP
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the choice of a practical world-wide
system. In this work, differential phase
changes caused by changes in the propa-
gation medium over the paths traversed
are studied by analysis of the relative
phases of incoming waves received at
two separate collectors. It was there-
fore necessary to obtain a phase meter
capable of reliable results over the fre-
quency range under investigation. How-
ever, it was found that available instru-
ments of this type did not operate
satisfactorily over the necessary ranges
of voltages and frequencies and were
rather unstable during extended pe-
riods of observation. NBS undertook the
development of such a meter.

To insure stability in the receivers,
as well as in the phase measuring in-
strument itself, it was decided to ob-
tain an audio-frequency beat note at
each collector and to compare the
phases by means of an audio-frequency
phase meter. The resulting instrument
has proved to be very stable over long
periods, as well as sensitive and reliable
over a wide range of voltages. It is thus
well adapted to serve as standard test
equipment. in industrial laboratories.
Other possible applications include use
in electronic distances measuring de-
vices in surveying; altitude determina-
tion for aircraft; navigation systems
depending on phase changes; studies of
distortion in telephone cables; and
measurement of the phase characteris-

(Continued on page 28)
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Measurement
of Quality

in Audio
Reproduction

By
DAVID FIDELMAN

N ALL types of audio work, it is
desirable that the various kinds of
distortion not only be measured

fairly accurately, but be evaluated in
terms of the net effect on the reproduced
sound. Part II continues with a dis-
cussion of specific distortion types, their
measurement and evaluation.

(d) Transient Response—It is only
recently that the importance of tran-
sient response has been fully realized,
and there are as yet no standardized
methods or equipment for measuring
the transient response of audio repro-
ducing systems. However, by applica-
tion of certain basic principles and
proper analysis of the results, good
measurements can be obtained by using
equipment which is generally available
in almost every laboratory.

The measurement of transient re-
sponse must, obviously, consist of meas-
uring the response of the system to some
standard transient signal. This tran-
sient test signal does not necessarily
have to have the same form for all
types of systems under test, and may
in general depend upon the system
being tested and the type of measure-
ments. However, it must in all cases be
possible to interpret the response to the
test signal in terms of the response of the
system to audio frequency transients.

In the theory of transient analysis
of any type of physical system (for ex-
ample, as described by the Heaviside
operational calculus or the Laplace
transform), the basic input test signal
is the unit step function. In electrical
measurements this is a voltage which
is zero until some given reference time,
and then rises with a square wave
front to unit voltage and remains at
that voltage. This voltage is illustrated
in Fig. 2A. The transient response of
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A calibrated microphone which
may be used as a standard in
performing sound measurements.

Part IT includes a discussion of such factors as
transient and phase response, wow and flutter.

the system to all other waveforms can
be completely determined by observing
its response to this unit step voltage.

In practice, the step voltage can gen-
erally be approximated by a square
wave to facilitate observation upon
the screen of an oscilloscope. However,
when this approximation is made, great
care must be taken to keep the period
of the square wave long enough so that
the system has responded completely
before the end of the cycle. The tran-
sient response of the system may then
either "be determined qualitatively by
visual observation of the oscilloscope
trace, or recorded and then analyzed
mathematically.

The response is determined qualita-

tively by comparison of the reproduced .

wave shape with the applied square
wave—for example, by means of a

double-trace oscilloscope. Differences be-
tween the two wave shapes are readily
recognized and identified, and if the
repetition frequency has been chosen
properly they will be a measure of the
true transient response of the system.
The method of analysis of the response
to this step-function signal can best be
understood by reference to a number
of typical responses as indicated in Fig.
3. The response curves shown in B and
C of Fig. 8 are of particular interest,
since they show that a reproducing sys-
tem which is insufficiently damped can
give rise to a spurious damped oscilla-
tion that depends only upon the char-
acteristics of the system and has no
relation to the reproduced signal. In a
system with negative damping (positive
feedback), this oscillation would tend to
increase with time rather than to de-

Fig. 1. Method of taking vectorial sum and difference to measure phase shift.
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Fig. 2. (A) Graph of unit step voltage
used in transient analysis of electrical
systems., (B) Representation of unit
step voltage by means of square
wave of sufficiently long period. (C)
Step-function transient analysis of a
system by means of a square-
wave generator and an oscilloscope.

crease. In general, the response of most
audio systems can be derived from the
responses shown in Fig. 3, with varia-
tions depending mainly upon the repeti-
tion rate of the square wave.

The complete transient response of
the system can be determined by a
mathematical analysis of the measured
response to the unit step voltage. How-
ever, the mathematical details are too
complex to be discussed in a brief space,
and may be found in papers on the
Heaviside operational calculus and the
Laplace transform. A complete treat-
ment of the methods of analyzing tran-
sient response would form the subject
of a separate article.

In some cases it is not convenient to
use the step function or square wave
method of transient analysis, either be-
cause the proper repetition rate cannot
be attained conveniently or because the
results are not in a sufficiently con-
venient form for analysis. In such cases
a method may be used which takes
closest account of the actual physiecal
form of the sounds occurring in speech

and music. Many of the transient sig-
nals which are encountered often have
rapid decay as well as build-up times.
The transient response of a system to
such signals, and the residual vibrations
of the system, may therefore be meas-
ured by applying short bursts of signal
to the system and observing the decay
after the signal has been removed.

A method of using this technique to
measure the rate of decay of vibration
at all parts of the frequency spectrum
is illustrated in Fig. 5. The system
under test is supplied with a variable
test tone through an interrupter giv-
ing make and break periods of the order
of 1/100 to 1/20 second duration. The
output of the system is applied to an
oscilloscope whose horizontal sweep is
synchronized with the interrupter. The
trace on the oscilloscope screen then
represents the decay envelope at any
frequency. The amplitude at any time
after the signal has been removed can
be measured by moving a vertical-slit
mask across the face of the tube and

observing the height of the trace in the

slit at the point corresponding to the
desired time. The results obtained by
this method are an accurate indication
of the transient response and residual
vibrations in the reproducing system.

(e) Phase Response—The phase re-
sponse of a system can readily be de-
termined by a number of different meth-
ods. In general they involve vector addi-
tion and subtraction of the applied and
reproduced signals, and are quite simple
and convenient to use.

One of the simplest methods is to
apply the input and reproduced signals
to the horizontal and vertical plates,
respectively, of an oscilloscope and ob-
serve the resulting Lissajous pattern.
When the two are in phase (or 180°
out of phase) the figure is a straight
line. If there is a phase difference be-
tween them, the angle can be obtained
by measuring the point of intersection
with the Y-axis, as indicated in Fig. 6.

A method which avoids the necessity
of measuring from the sereen of an
oscilloscope, and then making a calcula-

Fig. 5. Block diagram of a method for measuring the transient
response of a system by means of an interrupted sine wave.

|
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TEST SIGNAL

OSGILLOSCOPE SYNCHRONIZING VOLTAGE

tion from this measurement, takes the
vectorial sum and difference as shown
in Fig. 1. The input and reproduced
signals are combined at the same level
(by the use of suitable attenuators)
and applied through an attenuator to a
detector. By use of a changeover switch
the vector sum and difference of the
two voltages are measured. The phase
angle is obtained from the attenuation
which has to be introduced in the com-
mon path to make the two vectors equal.
This method does not involve an elab-
orate setup of apparatus and gives ac-
curate results. It is particularly useful
where small phase angles are involved.
(Continued on page 25)
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Fig. 3. Transient response to « unit
step voltage of a number of common
tyres of audio response characteristics.
(A) Input step voltage. (B) Response of
low-pass circuit, underdamped. (C) Same.
only highly damped. (D) Response of
high-pass circuit. (E} Response of
band-pass circuit, underdamped.

Fig. 4. Output voltage as
a function phase angle
in the circuit of Fig. 8.
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Fig. 1. A corner cabinet for a
dual channel speaker system.

Part T terminates this series with a discussion of
resonance, damping. feedback and dividing networks.

"OUDSPEAKERS reproduce sound
as a result of being driven into
forced vibrations by an electrical

signal. In order to follow the pattern
of the signal waveform perfectly, a
loudspeaker system should theoreti-
cally have no resonant period within
the audio speectrum. As a practical mat-
ter it is very difficult indeed to con-
struct a loudspeaker system that will
be satisfactory in all other respeects and
still have no natural period in this fre-
quency range. Most loudspeaker sys-
tems will resonate at some low fre-
quency between 50 and 200 cycles per
second. These characteristics are prin-
cipally dependent on the mass (m), the
stiffness (s) and the resistance (7).
The frequency of the natural period
will be directly proportional to the
stiffness and inversely proportional to
the mass. Hooke’s law states that the
restoring force is proportional to the
displacement, and on this basis it may
be mathematically established that
f= —11/_8— assuming the resistance
2T m

to be negligible. When resistance is in-
troduced into the analysis, the resonant
frequency is lowered somewhat and the
amplitude of the free oscillations in the
system after a given displacement will
decay exponentially to zero. The time
constant of such a system will be the
reciprocal of the damping factor 7/2m.

When the resistance is increased to

the point where it is equal to twice the
square root of the product of the mass
and the stiffness, the system will be
critically damped and there will be no
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free oscillations. When the damping is
less than critical there will be an “on”
effect resulting from oscillation of the
system at its resonant period whenever
it is set into vibration and before it
settles into a steady state condition,
and a corresponding “off” effect when
the driving force is removed. This is in-
creasingly evident as the driving fre-
quency approaches the resonant period
of the system

Resonance versus Damping

In discussions of audio problems it is
frequently said that it is undesirable
for a loudspeaker to be critically
damped, and it is intended here to
clarify the factors involved and the
relative desirability of approaching or
attaining critical damping. In design-
ing an analyzer such as the mechanism
of the ear, a compromise must be ef-
fected in terms of various desirable
characteristics. For very great selectiv-
ity it would be desirable that the in-
dividual sensing elements, or the ele-
ments that feed them, be highly
resonant and very sharply tuned so
that there would be a strong response
to a single frequency to the exclusion
of all others. Conditions of sharply
peaked resonance, however, are inevit-
ably associated with poor damping fac-
tors, and a system with perfect selec-
tivity gained in this manner would
suffer from confused patterns of on
and off transient disturbances, long os-
cillation after the signal was removed,
and total inability to follow the rapidly
changing frequency pattern of speech

ENGINEERING DEPT,

SPECIAL
LOUDNPEAKER
SYNTEMS

. By
JOHNID. GOODELL and
CURTIS W. FRITZE

The Minnesota Electronics Corp.

and music. The ear is heavily but not
critically damped, and although there
is no obvious hangover effect apparent
in the persistence of audio sensation,
it is capable of differentiating with re-
markable accuracy between closely ad-
jacent frequencies. The compromise is
undoubtedly close to perfection.

If it were practical to set up, say,
10,000 units in a loudspeaker system,
each resonated at a single frequency,
it would undoubtedly be possible to at-
tain great efficiency but the damping
factor would be very low indeed. The
resulting sound would be a confused
jumble when the system was required
to follow the dynamic waveforms of
speech and music. At the other extreme
is a loudspeaker system so thoroughly
damped that there is no resonant period
of consequence in the entire audio
range. A compromise between these two
has often been attempted by running a
response curve on the loudspeaker and
then building an enclosure housing reso-
nators designed to fill in the valleys of
the curve. There are many reasons why
such methods have not been notably
successful but the principal one is the
hangover effect from each resonator.
The resulting sound gives music the ef-
fect of a selective reverberation time
with respect to frequency. With certain
types of popular music it is not dis-
pleasing but the general result is ex-
tremely unsatisfactory.

In the current state of the art the
problem of generating very low fre-
quencies efficiently with structures of
reasonable dimensions has not been
completely solved. The most satisfac-
tory well known method is to use a
folded exponential horn. Enclosures de-
signed for use in corners may contain
such horns and use the walls of the
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Fig. 2. Loudspeaker partially dis-
assembled showing connection to
tapped voice coil described in text.

room as extensions and reenforcing
surfaces. Another method takes ad-
vantage of the mutual radiation impe-
dance characteristics of large numbers
of relatively small cones in multiple
clusters. A corner enclosure for a dual
channel system that gives very good
results with moderate dimensions is
shown in Figs. 1 and 5.

The most common method of obtain-
ing satisfactory low frequency response
is with completely enclosed cabinets us-
ing a port near the loudspeaker cone.
These enclosures are designed to effect
an acoustic phase shift within the cabi-
net so that the radiation from the port
will be in phase with the speaker in a
selected low frequency range. If a sys-
tem of this kind'is properly designed it
does not necessarily produce serious
resonant hangover effects, but neither
does it conform to a condition of critical
damping.

It is true that when a loudspeaker

Fig. 8. Connection of voice coil
circuit using portion of winding
as pickup coil for observation of
characteristics. Text discusses
possibilities of feedback method.
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system is critically damped, response at
extremely low frequencies is difficult to
obtain with efficiency. The corollary to
this, however, is that when -critical
damping is not at least approached, the
waveform traced by the loudspeaker
cone and impressed on the air does not
conform with the electrical pattern of
the driving signal and does introduce
both on and off transients. From the
standpoint of subjective listening this
may be a desirable compromise for
many observers. There are very few
loudspeaker systems capable of smooth
reproduction down to 30 or even 50
cycles. For those who have had the op-
portunity of enjoying such systems for
a reasonable period of time with fa-
miliar signal sources, the unsatisfac-
tory aspects of any of the compromise
methods become very evident.

It would appear more desirable,
where it is practical, to allow an ade-
quate margin in.the driving power for
the deliberate introduction of a rising
characteristic in the signal at very low
frequencies to compensate for poor
acoustic coupling and other factors
rather than deliberately to introduce, or
leave, resonances in the system to pro-
duce a peak that inevitably introduces
spurious transients.

Almost all loudspeaker cones have a
characteristic resonant period within
the audio range. It is a not uncommon
oversight to assume this as the reso-
nant period of the system, including
the enclosure, although this is clearly
not the case. In most instances the
loading effect of the enclosure will ap-
preciably lower the resonant period, but
it may sometimes have the opposite
effect.

Eleetrical Damping

The effective impedance of the driv-
ing source is a consideration of prime
importance in connection with the
damping of loudspeaker systems. This
is not to be confused with the proper
matching of the loudspeaker considered
as a load in terms of the required turns
ratio for the output transformer. This
problem has to do with the impedance
seen by the loudspeaker looking back
into the entire complex circuit of the
amplifier output stages. With beam
power tetrodes the plate impedance of
the tubes is very high, and where de-
generative feedback is not used in suf-
ficient quantities the effective internal
generator impedance of the output cir-
cuit will also be very high. Under these
conditions there will be practically no
electrical damping of the loudspeaker
and its characteristic resonant period
will be very pronounced with all the
associated undesirable transient effects.
With triodes, where the plate im-
pedance is relatively low, the loud-
speaker will “see” an effective im-

ENGINEERING DEPT.

pedance approximating half its rated
impedance when it is connected to the
corresponding output transformer tap.
With either beam power tetrodes or
triodes degenerative feedback may be
applied to reduce this impedance still
further, and with beam power tetrodes
it is entirely practical to reduce it by
a factor of four. Except for those con-
ditions where resonance is needed to
increase the low frequency response, it
would appear desirable to come as close
to critical damping by this method as
possible.

Feedback and Phase Shift

The most basic characteristic of de-
generative feedback in any system is
to make the system independent of dy-
namic variations in the load. There are
many factors that affect the impedance
of a loudspeaker under dynamic con-
ditions, and it presents a load to the
amplifier output circuits that is chang-
ing continually and abruptly in terms
of the frequency characteristics of the
signal. Applying feedback all the way
from the output of the loudspeaker back
into the amplifier is an intriguing
possibility, but the difficulties of holding
the phase shift characteristics within
the required limits are enormous and
no practical system has been developed.
In connection with an investigation of
such possibilities, the voice coil of a
loudspeaker was tapped in accordance
with the diagram in Fig. 3. The loud-
speaker is shown opened up with a
loop of wire indicating the manner in
which the connection was made in
Fig. 2. Slightly more than half of the
voice coil was used to drive the loud-
speaker cone. The remaining turns were
connected as an exploring coil to observe
the motion of the cone in terms of the
voltage generated. The first observation -
was made with the cone mechanically
blocked in order to determine whether
voltage generated by transformer action
between the driving section and pickup
section of the voice coil might introduce
an anomalous factor. The signal was
swept through the audio range slowly
at power levels appreciably higher than
normal for this unit with no observable
signal appearing in the pickup coil. The
voltage appearing across the driving
section of the voice coil was then ap-
plied to the X axis of an oscilloscope
and the voltage of the pickup coil to the
Y axis so that the relative phase
relationship might be observed at
various frequencies in terms of Lissa-
jous patterns. Measurements of this
kind made with various speakers
indicate not only the great difficulties
involved in designing a satisfactory
system of feedback with a loop contain-
ing the mechanical motion, but also
reveal a number of interesting phenom-
ena. Undoubtedly careful design of the
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loudspeaker specifically for feedback
operation might bring about a workable L : - 5
condition within a limited range so - ) I
that a multiple channel system could
be devised. A point that is well known o . .

but often overlooked is the fact that ; . : 1
the relative phase shift across the % -
mechanical system in most loudspeakers
is very large. If there is real validity ) o . o~
in recent investigations indicating that
phase shift has importance in music
reproduction, this condition should be
considered as an important aspect of
the problem. On the other hand, it may
indicate strongly that relative phase
shift in other portions of the over-all
reproducing system can be of little
consequence so long as it is neglected
in the loudspeaker. There may also be
some additional argument here for dual
or triple channel systems where the
phase shift in individual units may be
minimized. In any event, it is un-
doubtedly true that this problem is not
of sufficient importance to merit great
attention until some of the more serious
difficulties are corrected.

With one loudspeaker design in this
investigation the feedback circuit from
the sectionalized voice coil was con-
nected back into the amplifier before
the phase shift condition was observed.
There was an immediate and obvious

Iou‘ ’
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BOARD MUST BE
REMOVABLE.

SIDES ARE REMOVE-NG
ABLE FOR INSTALL A~
TION. Fig. 4. Structural details and dimensions

of cabinet shown in Figs. 1 and 5. Fig. § ~

shows cut-out of shelf to provide dual port.

improvement in high frequency re-
sponse, and for a brief period it was
believed that with this unit such an
arrangement might be practical. Dis-
illusionment came when it was dis-
covered that the high frequency
improvement was a result of mild
regeneration and that the condition was
not stable for all intensity levels.

Dividing Networks and
Tone Conitrels

In multiple channel systems the char-
acteristiecs of the dividing network are
as important as any other link in the
chain of units. Simple arrangements
use the inductance of the low frequency
voice coil as well as the large mass of a
relatively heavy cone as the low pass
filter, and the high frequency section
is fed with a series capacitance. More
complex arrangements include indue-
tance/capacitance networks for both
sections. The characteristics may vary
from a very slow roll-off with a great
deal of overlap to cut-offs as sharp as
18 decibels per octave with very little
overlap in commercially available units.
A sharper cut-off than this is likely to
introduce transient distortion and is
found in practice to be unnecessary.
The selection of cross-over frequency
is dictated by many considerations. If
the cross-over is low, then (a) the
power handling requirement of the high
frequency section is increased; (b) the
length of the high frequency horn must
be increased proportionally; and (¢)
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very large capacitors are required for
the high frequency section. If the cross-
over is high, then (a) the low fre-
quency speaker must handle a wider
range with the probability of reaching
into the region where the response is
not smooth, and (b) if a low frequency
horn is used, absorption in the walls
may cause a droop in response ahead
of cross-over.

In home installations where musie
only is to be reproduced, the division
between speakers does mnot usually
introduce a directional problem of con-
sequence, nor is there difficulty from
this source where the speaker units are
designed with satisfactory coaxial
orientation. However, where speech is
to be satisfactorily reproduced from
radio broadcast or other signal sources,
it is undesirable to place the cross-over
point within the central portion of the
speech spectrum. This is one reason
why some systems that sound excellent
in reproducing music have undesirable
characteristics in reproducing speech.
The same kind of fuzziness and lack of
presence may be observed under these
conditions with sharply percussive
sounds. This phenomenon is observed
quite commonly but the source of
trouble is often not recognized.

Where space is of relatively little
consequence and a satisfactorily long
high frequeney horn may be used, it is
probably desirable to place the cross-
over point below 400 cycles per second.

ENGINEERING DEPT.

Another approach to this problem, of
course, is to use a three-way system so
that the mid-frequency range is handled
by a single unit, eliminating the prob-
lem mentioned above in connection
with speech and percussion reproduc-
tion and permitting optimum operation
of both extreme high and low frequency
units. This is not intended to indicate
(Continued on page 24)

Fig. 5. Interior of Fig. 1 with side
removed. Cut-away section of top shelf
allows upper section to form a second
port for low frequency reenforcement.
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Fig. 1. Output waveform
for self-saturating mag-
netic amplifier with in-
put factor of about 0.2.

Fig. 2. Output wave-
form with an input
factor of about 0.5. -
Note resemblance to
current through grid-
controlled thyratron.

By PP. M. KINTNER and G. H. FETT*

An analysis of magnetic amplifiers. together

with considerations affecting their design.

S EARLY as 1916 Alexanderson,

while attempting to raise the fre-

‘quency of his radio-frequency
alternator by means of harmonic distor-
tion, discovered the control properties
that can be obtained through the satu-
ration of iron-core reactors. The basic
idea was quickly incorporated into de-
vices, usually designated as saturable
reactors, and used to control large elec-
trical loads such as theatrical light-
ing and electric furnaces. However,
the use of the saturable reactor was
limited in its ability to control the load
until the recent development of im-
proved magnetic materials and efficient
metallic rectifiers. The incorporation
of the saturable reactor into these more
refined circuits led to the distinguish-
ing term magnetic amplifier. It should
be noted that there is no fixed standard-
ization as yet and many regard the
terms saturable reactor and magnetic

*Dept. of Electrical Engineering, College of E’.n,-
gineering, University of Illinois, Urbana, Illinois.
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amplifier as being synonymous, while
the term transductor is also in limited
use to describe the same device. For

Fig. 3. (A) Basic magnetic ampli-
fier circuit. (B) Self-saturating mag-
netic amplifier circuit. Rectifier has
been added in the ouput of (A).
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the purposes of this article the term
magnetic amplifier will be used to cover
all power amplifying systems which
utilize the saturation of a magnetic
core to secure their control properties,
since there seems to be no need for
distinction and the term magnetic am-
plifier is apparently in more popular
usage.

The advantages of the magnetic am-
plifier are based mainly on the one fact:
the amplifier is a completely static de-
vice since its mechanical construction is
precisely that of the iron-core trans-
former. There are no contacts, moving
parts, filaments, or other features
which make other types of amplifiers
subject to operating failures and to
the need for constant inspection and
maintenance. The life span of the mag-
netic amplifier is therefore indefinite
and it is especially suited for applica-
tions where there are adverse oper-
ating conditions such as high shock and
vibration. Other advantages are that
the input and output circuits are phys-
ically isolated and it can carry over-
loads for long periods of time without
damage.

These advantages are bringing the
magnetic amplifier to the increasing
attention of design engineers for many
applications requiring power amplifi-
cation. Since the magnetic amplifier is
thereby invading fields where the elec-
tron tube was once supreme, and be-
cause electron tube amplifiers are some-
times used to drive the magnetic ampli-
fier, its nature and capabilities should
be of interest to all electronic engineers.

The Analysis of the
Magnetiec Amplifier

The magnetic amplifier utilizes the
magnetic saturating properties of fer-
romagnetic materials, which means that
the relations between voltage, current,
and flux in a magnetic amplifier will in-
evitably be nonlinear. The exact ana-
lyses of these so-called nonlinear rela-
tionships are notorious in their difficulty
and the problem is made even more
difficult because the magnetization curve
of the core material can only be ex-
pressed satisfactorily by graphical
means.

For this reason, a great deal of mag-
netic amplifier development has been
on an empirical basis without much at-
tempt at exact analysis. When theo-
retical analysis is attempted, it is neec-
essary to resort to assumptions and ar-
tifices in an effort to transform the
problem into one which can be attacked
by linear circuit analysis. It is also
for these reasons that gaining a basic
understanding of the magnetic ampli-
fier is admittedly difficult and lacks the
precise relationships which are obtained
from, for instance, linear vacuum tube
circuit analyses. In fact, the problems
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involved are reminiscent of the analysis
of linear modulation.

Several approaches to the problem
will be shown by the analysis of some
very simple circuits which have been
chosen for illustrative purposes rather
than to give quantitative design infor-
mation. More complicated circuits will
be indicated for advanced applications
but the exact analysis of the behaviour
of these circuits must be a problem for
the future.

ELEMENTARY CIRCUIT
THEORY

The Basic Circuit

The basic magnetic amplifier circuit is
shown in Fig. 3A. The effect of passing
direct current through the input or con-
trol winding N is to decrease the effec-
tive reactance of the output (or anode)
winding N,, because the direct current
increases the magnetic saturation of
the core material on which the two wind-
ings are wound. This decrease in re-
actance allows an increase in output
current to flow through the load re-
sistance R, the output current being an
alternating current derived from the
alternating current source E. The fact
that the resultant change in power dis-
sipated in the load resistance can be
considerably greater than the power
necessary to cause the input current to
flow, gives rise to the designation am-
plifier. The isolating impedance, which
iz in the form of an inductance, as indi-
cated in Fig. 3A, is for the purpose of
preventing the low impedance of the
direct current source in the input eir-
cuit from short circuiting the output
winding. Means for eliminating the
need for this impedance will be dis-
cussed later.
Assumption of Independent Reactance

The first approach to the problem of

Fig. 6. Output winding reactance vs.
input current as based on the slopes
of the curves at the origin of Fig. 4.
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Fig. 4. Change of flux in output winding generated by flow of
output current, for different values of steady input currents. The
slope of the curve at the origin gives the reactance for small signals.

analysis will be made by assuming that

the output winding N. presents a pure

reactance to the output circuit which
is independent of the output current,
and is fixed directly by the magnitude
of input current flow.

The voltage drop across the output
winding then is a reactive drop which
depends upon the self-inductance (and
the frequency). However, the self-in-
ductance is not the traditional value
L=Ng/I since the reactance drop is the
result only of changes in flux and not
the magnitude of flux per unit current.
The definition for inductance which
must be used, then, is:

L=—N%

—
Fig. 5. Plots of rm.s. output winding
voltage vs. r.m.s. output current. for
constant values of input current. Two el-
liptical operating loci are indicated for an
operating voltage of 120 and two values
of load resistance. R = 24 and 12 ohms.

Fig. 7.
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of Fig. 5. where R = 12 ohms.
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RELATIVE INPUT CURRENT

R.m.s. output current vs. input current as predicted from an operating locus

Dashed line indicates experimental measurement.
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Fig. 10.

depressed by g;.

(A) Representation of an idealized magnetization curve.
magnetization curve for the self-saturating magnetic amplifier.
Operating path of flux and current is indicated by dashed line.

or the inductance depends upon the
slope of the magnetization curve. (The
electronic engineer will recognize that
this is the same definition as that used
in determining the incremental or a.c.
inductance of an iron-core filter choke
and will understand the precaution
which must be taken.) The reactance,
then, is:
X = oL = 0N, % (2)
The usual form of the magnetization
curve can be transformed into the use-
ful relationships shown in Fig. 4. Here
is shown a family of curves of change
in flux as a function of output current,
with fixed values of input current as
parameters. These curves illustrate the
flux deviation versus output current and

e

Fig. 9. (A) Impedance diagram
and (B) admittance or current dia-
gram for simple magnetic amplifier.

(B) Operating
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can be used to predict the performance
of the iron-core reactor. Both hysteresis
and quiescent values of the flux pro-
duced by the input current are neg-
lected. Note that the ratio of the y to
the x coordinates gives the inductance
represented by Eqt.(1). If we wish to
develop a linear circuit theory we must
assume that our excursions in flux are
small, so that the operation extends
only in the region where the curves of
Fig. 4 can be represented by straight
lines through the origin. Deviations
from the straight line represent changes
in the inductance of winding N..

It is obvious that the slope of the
family of curves, and thereby the re-
actance of the output winding, de-
creases with increase of relative input
current. A plot of this reactance versus
input current is given in Fig. 6. It is
seen that there is a maximum reactance
at the point of zero input current and a
minimum reactance, an arbitrarily
selected point, beyond which operation
is uneconomical since the change of re-
actance would be too small for the -
amount of input current involved. The
ratio of this maximum reactance to the
minimum reactance will be termed the
reactance swing and designated by the
symbol A or:

i o 5

The reactance swing is fixed by the
characteristics of the magnetic mate-
rial, the more recently developed ma-
terials offering larger reactance swings.

Since the amount of reactance swing
tends to be fixed, it is desirable to de-
sign the output circuit of the amplifier
such as to obtain as large an output
current swing as possible for a given
reactance swing. The minimum output
current would be given by:

E
Lnin = —— (4)
VR - X0
and the maximum by:
P =
max m . . . . ( )
Then from Eqts.(4) and(5):
e R+ Xuut
o 1/\182 N (6)

It is evident that the current swing
will be determined by the value of R
as well as by the reactance swing. Let
us define Xn../R by the symbol B, not-
ing that for a given current capacity
the geometrical size of the magnetic
ampliﬁer determines X ... Then:

maz 1 4— B*
Inia /‘/1 + (B/A)*? ()
A plot of current swing versus B is
given in Fig. 7 for two values of react-
ance swing: A =5, A=10. A compro-
mise must be made between the desira-
bility of a large value of current swing
and a necessity for a small value of B,
since for a given load resistance the size
of the reactor is proportional to B. Opti-
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mum design would seem to make B
about equal to A which would give a
current swing of approximately % of
A. Therefore, the maximum current
swing obtainable without excessive re-
actor size is about 34 of the reactance
swing.

An instructive description of this
characteristic is obtained from the im-
pedance and admittance diagrams of
the circuit. The locus of the impedance
for a fixed value of load resistance OF
and a variable reactance from the out-
put winding is a straight vertical line,
as shown in Fig. 9A. The length of the
line from O’ to ', a point on the circle
in the locus diagram of Fig. 9B, repre-
sents the admittance of the circuit and
thereby the magnitude of current flow.
The reactance measured by RC gives
the current O’C’, the vector O’C’ mak-
ing the same angle a with its reference
as the line OC with its reference. Then
DR/CR represents the reactance swing
A and O'C’/O'D’ the current swing.
The quantity B is the ratio of DR to
OR, or the maximum slope of the im-
pedance hypotenuse which can be con-
sidered feasible. It is seen that a very
large increase in B is required to re-
duce the current vector of the load an
appreciable amount. Likewise, a large
value of both the A and B ratios are re-
quired to provide a large value of cur-
rent swing.

Assumption of Dependent Reactance.

Small signal vacuum tube theory
makes use of linear circuit analysis. If
operation is restricted to small signals
just tokeep in the linear region, the tube
is not operated to capacity. Class C or
Class A-. operation is used to develop
several times larger power outputs,
linear theory is abandoned, and the
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and (B) average value of relative output. Dashed lines are experimental measurements.

analysis frequently becomes graphical
by the use of the transfer characteristic
of the tube. A similar situation is true
with magnetic amplifiers.

Thus, in order to take into account
the characteristics of the output wind-
ing, even with large excursions of out-
put current, let us plot curves of the
r.m.s. values of the voltage across the
output winding N, as a function of the
r.m.s. value of output current flow, for
constant values of input current flow.
The resulting family of curves is indi-
cated in Fig. 5. The shape of the curves
may be verified by the inspection of
Fig. 4, remembering that the r.m.s.
value of the output winding voltage will
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Fig. 12. Angle of flow on current

waveform vs. relative input fac-
tor. Maximum flow is 180 degrees.

Fig. 13. An application of the magnetic amplifier to servo-motor control.
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Fig. 14. (A) Series-connected and
(B) parallel-connected double-ended
magnetic amplifier circuit. (A) has
a faster transient response than (B).
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Fig. 15. (A) Voltage and (B) current
relationships in the output circuit of the
self-saturating magnetic amplifier. The
time points on the voltage wave cor-
respond to the poinis on the operat-
ing locus (dashed line) of Fig. 9B.

be approximately proportional to the
total flux excursion o6r change during an
alternation of output current.

It will now be assumed that the ratio
of the output winding r.m.s. voltage to
the r.m.s. value of the current flow
through the winding can be considered
a linear reactance, which is now not

Fig. 16.

only a function of input current flow,
but is also dependent upon the magni-
tude of output current flow. The limi-
tation on this assumption lies in the
fact that there will be increasingly
heavy distortion of the voltage wave-
form for large excursions of current.
However, the usual operation of the
amplifier is such as not to involve very
large distortions and the assumption
is not bad if the magnetization curve
does not bend too sharply.

Inspection of Fig. 5 indicates that the
curves of the voltage on the output
winding versus the output current are
analogous to the characteristic curves
of a vacuum tube, the locus for constant
input current resembling that for con-
stant grid voltage in the vacuum tube.
Let us attempt to define an operating
locus similar to the load line of the
vacuum tube. The voltage across the
output winding and that across the
load resistance will add in quadrature,
if the voltages concerned be assumed
sinusoidal, and the output winding is
assumed to be a pure reactance. Then:
Ez:En12+Eﬂz g 5 . g 5 . . (8)

E. = output winding voltage.

E = supply voltage.

Er = load resistance voltage.
all values being taken as effective val-
ues. But since Er = IR, where I is the
output current, then:

Three-phase self-saturating magnetic amplifier. The funda-

mental voltages induced in the input windings cancel around the

input circuit.

The output is direct current to the load resistance.
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Enlz Iz
T-}—w—l e e e e (9)

Eqt. (9) is the equation of an ellipse
with an intercept on the y-axis equal
to the supply voltage E and an intercept
on the z-axis equal to E/RE. When super-
imposed on the curves of Fig. 5, the
change in output current for different
input current flows can be obtained.
Two different loci are indicated for two
different values of E. In effect these
ellipses represent the vacuum tube load
lines. The supply voltage intercept rep-
resents the constant E, value of the
plate diagram, and the steeper the slope
of the load line, the smaller is the load
impedance. The reader will remember
that elliptical load lines in vacuum tube
analyses are also obtained when the
load has self-inductance.

A transfer characteristic can be ob-
tained from this curve giving output
current flow versus input current flow.
This corresponds to the dynamic trans-
fer characteristic of a vacuum tube.
To indicate the type of results that can
be obtained using this analysis, Fig. 8
is a transfer locus predicted from curves
as in Fig. 5 and the dashed line indi-
cates experimental results that were
obtained.

Advanced Circuit Theory

In the discussion of analysis of mag-
netic amplifier action by the assump-
tion of a linear reactance on the part
of the output winding, it was specified
that the magnetization curve must not
bend too sharply. However, it is the
bend in the curve that gives the con-
trolling action in the amplifier and it is
reasonable to expect more efficient am-
plifier operation for magnetization
curves possessing sharp bends. To this
end, magnetic core materials are being
developed which have magnetization
curves with extremely sharp breaks at
their saturation points. It is evident
that the analysis of the preceding dis-
cussion will not be suitable for use with
magnetization curves of this type, and
it is necessary to develop new ideas of
a more advanced nature to deal with
these curves.

Principle of Non-Rectification.

One of the ideas that will be estab-
lished is that a magnetic amplifier can-
not perform rectification, and there can
never be a direct current component in
the output circuit of the amplifier, un-
less a rectifier has been placed in the
output circuit. To prove this, we will
write the voltage loop equation for the
output circuit:
dag
W.

E=IR+ N, (10)

where:
I = output current.
¢ = flux in core.
(Continued on page 26)
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Aeclaimed a MWastenpiece. ..
CLUTCH HEAD Brightens the Profit Picture
with 15% to 50% Assembly Increases

Here is how CLUTCH HEAD'S modern design meets today’s competitive selling problem of ‘*How to Produce More
for Less”...by effecting time and cost savings that quicken production steps all the way down the assembly line.

High Visibility of the roomy recess presents an easy-to-hit tar- Up to 214,000 Screws Driven non-stop by the Type “A” Bit
get. “Green’” operators require no break-in. They drive ... without interruption for tool change or reconditioning.
with speed and confidence that checks out slow-down Add to this record performance the fact that a 60-second
hesitation on-the-spot operation restores this bit to original efficiency

Chewed-up Heads Eliminated because dead-center entry with . .. repeatedly.

the Center Pivot Column prevents driver canting and
makes straight driving automatic.

Safe Non-tapered Driving eliminates the danger of driver

skidding from “ride-out’’ as set up by tapered driving . . .
an important safety factor for the protection of manpower

The Lock-On Overcomes Fumble Spots. A reverse turn of the
bit in the recess forms a frictional hold that unites screw
and bit as a unit. This permits quick, easy one-handed
reaching to inner spots.

and material. Speeds Field Service Too. With the Type “A’” Hand Driver,
Zero in Skid Damage is reported by CLUTCH HEAD users. The field service men find it easy to withdraw ‘frozen’ screws
all-square contact of the straight-sided driver with the undamaged and safely held by the Lock-On on the end

straight-walled recess makes high torque driv-
ing almost cffortless.

A Fatigue Factor Disposed Of. Absence of end pres-
sure means safer, faster, easier driving. No end-
of-the-shift lag means more screws driven for
higher production.

of the bit for re-use.

Common Screwdriver Operation. This is the
ONLY modern screw with a recess basically
designed for operation with a flat blade. ..
which need only be reasonably accurate in
width. Important to simplified field service.

These highlights of America’s Most Modern Screw
are fully detailed and illustrated in the NEW CLUTCH

HEAD BROCHURE. Send for your copy and indicate
the sizes and types of screws that interest you.

UNITED SCREW AND BOLT CORPORATION

CLEVELAND 2 CHICAGO 8 NEW YORK 7
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ANNIVERSARY OF COAXIAL CABLE

Two Bell Telephone Laboratories en-
gineers who invented the coaxial cable
system celebrated the 20th anniversary
of the invention by comparing their first
experimental model with the newest
type of cable.

Lloyd Espenschied, left, holds a sec-
tion of the early, experimental cable
which was installed at Phoenixville, Pa.,

late in 1929. His colleague, Herman A.
Affel, holds a section of the modern,
eight-tube cable now being installed
in the Bell System’s expanding coaxial
cable network.

Today’s cable can carry 600 simul-
taneous telephone conversations or two
television programs on each pair of the
eight tubes, and in view of recent ad-
vances at Bell Laboratories, this capac-
ity is expected to be at least doubled,
and possibly tripled.

NBS APPOINTMENTS

Irving Levine, secretary of the Wash-
ington Audio Society, has received one
of the many appointments to the Na-
tional Bureau of Standards. He has
joined the Sound Laboratory staff
where his variety of projects will in-
clude acoustic measurements and ultra-
sonic investigation.

Wayne Standard Wamsley, formerly
electronies project engineer in the Re-
search and Development Laboratories at
Ft. Belvoir, Va., will conduct radar,
radio, and electronics research in the
Ordnance Engineering Laboratory.

Robert Goodrich has joined the staff
to conduet research in the Ordnance
Mechanics Laboratory. Mr. Goodrich
was formerly with Oak Ridge National
Laboratory.

20

Roger E. Robertson, formerly elee-
tronies engineer at Bell Aireraft Cor-
poration, will conduct engineering re-
search for the Guided Missile Projects,
and Jerome Teplitz will do research in
the Missile Dynamics Laboratory. Mr.
Teplitz is former Assistant Head of
Research Coordination for the National
Advisory Committee for Aeronautics.

1949 RADIO FALL MEETING

The 1949 Radio Fall Meeting, for-
merly known as the Rochester Fall
Meeting, will be held October 31-Novem-
ber 2 at Hotel Syracuse, Syracuse,
New York.

The meeting will be sponsored by the
Engineering Department of RMA for
its members and members of the IRE.
Officers of the Committee include: Vir-
gil M. Graham, Chairman, Sylvania
Electric Products Inc.; R. W. Ferrell,
vice chairman and treasurer, General
Electric Co.; and R. A. Hackbush, secre-
tary, Stromberg Carlson of Conada,
Lid.

RCA PRODUCES MILLIONTH TV TUBE

A milestone in the swift progress of
the television industry was recently sig-
nified by the manufacture of the one-
millionth kinescope at the RCA Lan-
caster Plant.

Estella Fry, below, does the honors

as a special network television broad-
cast commemorates the oceasion.

At the conclusion of the telecast, the
tube was installed in an RCA Vietor
receiver and presented to the Valley
Forge Hospital for veterans.

Viewers were given an eye-witness
report of the actual manufacture of the
millionth tube as NBC cameras, sta-
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tioned along the plant’s production lines,
followed through various manufactur-
ing processes to the final rigid test.

MOBILE MEASUREMENTS LAB

A 12-ton mobile measurements lab-
oratory containing dozens of electronic
instruments for minute scientific meas-
urements was recently 'displayed in
Chicago.

Built by the Armour Research Foun-

faase e

dation of Illinois Institute of Technol-
ogy for the Army Ordnance Depart-
ment, the unit is the result of a year
and a half of research and development.
It will be used at the Aberdeen Proving
Ground, Md.

James L. Murphy, supervisor of elec-
tronics research in the electrical engi-
neering division of the Foundation
points out a feature of the newly com-
pleted laboratory to Lt. Col. William H.
Crown, deputy chief, Chicago Ordnance
Distriet.

DEADTIME AND RECOVERY OF
GEIGER COUNTERS MEASURED

An electronic gating instrument has
been designed and constructed by Louis
Costrell at the National Bureau of
Standards for the accurate determina-
tion of the deadtime and recovery char-
acteristics of Geiger-Muller counters.

Whenever Geiger counters are to be
used for precise measurements of nucle-
ar radiation, a knowledge of the operat-
ing characteristics is essential.

For complete information see “Ac-
curate Determination of the Deadtime
and Recovery Characteristics of Geiger-
Muller Counters” available as Research
Paper RP1965, price 10c, from the
Superintendent of Documents, TU.S.
Government Office, Washington 25, D. C.

COTTON ACOUSTICAL TME

The National Cotton Council, Mem-
phis, Tenn., has announced excellent
results with the use of cotton acoustical
tile.

Use of this tile has proved effective
in radio studios across the nation. The
12”7 square units weigh only three
ounces, are flameproof, vermin proof,
and easily installed at low cost.

=@
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If it's a problem calling for PRECISION

For many years The HELIPOT Corporation has been a
leader in the development of advanced types of potentiom-
cters. It pioneered the helical potentiometer—the potentiom-
cter now so widely used in computer circuits, radar equip-
ment, aviation devices and other military and industrial
applications. It pioneered the DUODIAL*—the turns-indicat-
ing dial that greatly simplifies the control of multiple-turn
potentiometers and other similar devices. And it has also
pioncered in the development of many other unique po-
tentiometric advancements where highest skill coupled with
abpility to mass-produce to close tolerances have been im-
perative.

*Trade Marks Registered

A-10 turns, 46"

! LABORATORY
f% MODEL HELIPOT
& The ideal resistance
unit for use in labora-
tory and experi-
mental applications.
| Also helpful in cali-
& brating and checking

MODELS F AND G PRECISION
SINGLE-TURN POTENTIOMETERS

Feature both continuous and limited me- % ’ test equipment., Com-
chanical rotation, with maximum effective | bines high accuracy
electrical rotation. Versatility of designs per- a and wide range of
mit a wide variety of special features. E 10-turn HELIPOT with
F~3-5/16" dia., 5 watts, electrical rotation G
359° —resistances 10 to 100,000 chms. £
G~—1-5/16" dia., 2 watts, electrical rotation -

356°—resistances 5 to 20,000 ohms.

special order.
— Ask for Bulletin 105 —

MODELS A, B, & C HELIPOTS
coil, 1-13/16" dia., 5 watts—
resistances from 10 to 300,000 ohms.
B—15 turns, 140" coil, 3-5/16" dia.,
—resistances from 50 to 500,000 ohms.
C€—3 turns, 13-1/2" coil,
watts—resistances from 5 to 50,000 ohms.
— Ask for Bulletin 104 —

precision adjustability of DUODIAL. Avail-
able in eight stock resistance values from
100 to 100,000 ohms, and other values on

— Ask for Bulletin 106 —

s R

’PUTENTIUMETERS

Ipof

In order to meet rigid government specifications on
these developments—and at the same time produce them
economically—HELIPOT* has perfected unique manufactur-
ing facilities, including high speed machines capable of wind-
ing extreme lengths of resistance elements employing wire
even less than .001” diameter. These winding machines are
further supplemented by spccial testing facilities and po-
tentiometer ‘l\now how"’ unsurpassed in the industry.

So if you have a:problem requiring precision potentiom-

G Hel

eters your best bet is to bring it to The HELIPOT Corporation :

A call or letter outlining your problem w:ll receive im-
mediate attention!’

MODELS D AND E HELIPOTS

Provide extreme accuracy of control and ad-

justment, with 9,000 and 14,400 degrees of

shaft rotation.

D—25 turns, 234’ coil, 3-5/16" dia., 15 watts

—resistances from 100 to 750,000 ohms.

E—40 turns, 373" coil, 3-5/16'' dia., 20 watts

—resistances from 200 chms to one megohm.
— Ask for Bulletin 104—

10 watts

1-13/16" dia.,, 3

MODELS R AND W DUODIALS
Each model available in standard turns-ratios
of 10, 15, 25 and 40 to 1. Inner scale in-
dicates angular position of HELIPOT sliding
contact, and outer scale the helical turn on
which it is located. Can be driven from knob
or shaft end.
R—2" diameter, exclusive of index.
W—4-3/4" diameter, exclusive of index. Fea-
tures finger hole in knob to speed rotation.
— Ask for Bulletins 104 and 114 —

i M%@&X‘ o

LR TEETER

MULTITAPPED MODEL B HELIPOT AND
4-GANGED TAPPED MODEL F

This Model B HELIPOT contains 28 taps, placed
as required at specified points on coif. The
Four-Gang Model F Potententiometer contains
10 taps on each section, Such taps permit use
of padding resistors to create desired non-
linear potentiometer functions, with advantage
of flexibility, in that curves can be altered as
required.

e

3-GANGED MODEL A HELIPOT AND
DOUBLE SHAFT MODEL C HELIPOT

All HELIPOTS, and the Model F Potentiometer,
can be furnished with shaft extensions and
mounting. bushings at each end to facilitate
coupling to other equipment.

The Model F, and the A, B, and C HELIPOTS
are available in multiple assemblies, ganged
at the factory on common shafts, for the con-
trol of associated circuits.

7

i S zm’&ﬁ%’&s
o R

UTCORPORATION SOUTH PASADENA 4, CALIFORNIA
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VIBRATION INTEGRATOR

Vibration displacement, velocity, and
acceleration in the audio frequency
range may be conveniently measured

with the Type 410-X5 Vibration Inte-
grator, and Type 410-X6 Calibrated Vi-
bration Pickup designed and manufac-
tured by Hermon Hosmer Scott, Inec.,
385 Putnam Ave., Cambridge 39, Mass.
According to the manufacturer, dis-
placement can be measured from 0.14
microinches to 0.028 inches; velocity
from 51.8 microinches per second to
10.3 inches per second; and acceleration
from 0.15 inches per second per second
to 3900 inches per second per second
over a frequency range of 3000 cycles.
Types 410-X5 and 410-X6 match the
Type 410-A Sound Level Meter with
which they are used. A tripod is avail-
able for fixed positioning of the Sound
Lever Meter, and a table is provided
for converting decibels to units of dis-
placement, velocity and acceleration.

LOW-VOLTAGE D.C. SUPPLY

The Model “B” Power Supply an-
nounced by Electro Products Labora-
tories, Inc., 549 W. Randolph St., Chi-
cago 6, Ill.,, is new in design, and in-
cludes heavy duty selenium rectifiers,

damped voltmeter and ammeter, eight
power tap adjustments and heavy duty
switch.

22

Model “B” will deliver from 3 to 9
volts with a rating of 6 volts at 20 am-
peres continuous and 35 amperes in-
stantaneous from a 50 to 60 cycle, 115
volt power source, according to the
manufacturer’s report. This power sup-
ply measures 12”7 x 7”7 x 814”.

Complete information may be ob-
tained by writing the manufacturer.

MOBILE RADIOTELEPHONE

A highly economical mobile radio-
telephone unit, known as the FT-145-
10, and having a power output of 10
watts at any frequency in the 152 to
162 megacycle band has been developed
by Federal Telephone and Radio Cor-
poration, Clifton, N. J.

Special features of this unit include
special vibration proofi r.f. coils, a
novel neon squelch, top tuning for easy
adjustment and a minimum number of

tube types, all miniature. The FT-
145-10 was designed to meet RMA test
recommendations and has an over-all
size of 5%¢” high by 12%6” wide by
1434” deep and weighs only 27%
pounds without cables and control unit.

With its small size, low cost, and re-
ported reliable performance, this unit
should find wide application not only
in the field of mobile communications,
but in many new industries where mo-
bile facilities have heretofore been
impractical.

LOUDNESS CONTROL

Livingston Electronic Corp., Living-
ston, N. J., is now offering its Model MB
Loudness Control which provides a com-
bination attenuator and equalizing net-
work at high impedance, with 23 sep-
araté curves for 23 intensity levels.

This unit automatically compensates
for the non-linear characteristics of
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the ear and their variation at different
degrees of loudness and is designed to
replace’ the conventional potentiometer
by substitution.

The company will furnish more de-
tailed information upon request.

PORTABLE SERVO ANALYZER

A portable servo analyzer which pro-
vides complete dynamic response data
on any systems using 400 or 60 cycle

§
f
|

. amrr e e e T Ll
amplifiers, regardless of the type of
motor or actuator employed, has been
announced by Flight Research Engi-
neering Corp., Richmond, Va.

This Type 6 Servo Analyzer requires
no oscilloscope or other auxiliary
equipment for making a.c. tests and a
demodulator is available for d.c. tests.
The wide range a.c. vacuum tube volt-
meter which is built into the instrument
may be used separately.

Applications include laboratory de-
velopment work, performance evalua-
tion, routine maintenance and produec-
tion line testing.

RESISTANCE BOX

Marma Electronic Co., 1632-36 No.
Halsted St., Chicago 14, Ill., is manu-
facturing the Model 10 Decade Power

b

iR,

SR P

A

Resistance Box suitable for practically
all service and laboratory work. g

It is said that this resistance box
will dissipate a minimum of 10 watts
and a maximum of 30 watts depending
on the setting, and that the four deec-
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ades make it unusually flexible and
provide a total available resistance of
99,990 ohms.

Further information may be ob-
tained by writing the company.

KLYSTRON POWER SUPPLY

Designed to provide extremely well-
regulated d.c. power for all electrodes
of a high power
klystron tube, the
Model 910 manu-
factured by Furst
Electronics, 12 S.
Jefferson St., Chi-
cago 6, I11., consists
essentially of four
units.

The first three
units, beam supply,
reflector supply,and
control electrode
supply, delivering
d.c. power are well
regulated. The
fourth unit, fila-
ment supply deliv-
erying a.c. power,
is not regulated.

Specifications and
further informa-
tion may be obtained by writing the
company.

RESONANT WINDOWS

Scientifically designed to permit sil-
ver soldering, without damage, to micro-
waveguide systems operating at fre-
quencies ranging from 3000 to 40,000
megacycles, glass waveguide windows
have been developed by the Electronics
Division of Sylvania Electric Products
Ine., 500 Fifth Ave., New York 18, N. Y.

The development of these resonant
windows makes available a wide range
of window shapes and outside contours
for narrow and wide band transmis-
sions. Power losses range from .02 to
.1 db. Windows for frequencies above

3500 me. will stand pressures up to 65
pounds per square inch absolute.

The many applications include pres-
surized or gas-filled waveguide systems
for all types of radar.

@
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New York Transformer Company builds
hermetically sealed transformers to meet
your most exacling requirements. Speci-
fications are translated by NYT experi-
ence and skill into the componenis you
require.

Enlarged facilities for the development
and manufacture of fine equipment
assure the production of hermetically
sealed umits in accordance with your
schedules. Ten or ten thousand—every
transformer is built with the same spe-
cialized care. Shop procedures for test-
ing insure the perfection of the seal on
every unit. Hermetically sealed trans-
formers from NYT meet all civilian and
government specifications — including
current JAN T-27, U. S. Navy 16-T-30,
and Signal Corps 71-4942. Other sealed
type transformers include specially
treated, uncased, lightweight units for
airborne use, built to government speci-
fication.

Engineering and design facilities, as well
as production know-how, are always at
your service. Write or phone your
requirements.

Radio and television power transformers
and reactors . . . audio transformers,
filters and chokes . . . control and
operating transformers . . . calibrators
and special equipment for electronics.

TRANSFORMER (0. INL.
Ripha,

New Jersey
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HENRY P. KALMUS, formerly with the research labora-
tory of the Zenith Radio Corporation, will conduet investiga-
tions in advanced electronic techniques in the Ordnance
Research Laboratory of the National Bureau of Standards.
Inventor of the “Cobra” pickup, Mr. Kalmus has developed
a number of improvements to the ganging in radio receiv-
ing apparatus. He is the author of a number of technical
papers and is a Senior Member of the IRE.

DR. HANS KOHLER has been appointed to the staff of
NBS where he will do theoretical work in the Electronics

_ Division. Dr. Kohler is a former member of the Research

Laboratories of the Signal Corps where he conducted re-
search in electronics. Dr. Kohler was born in Switzerland
and received his degree in E.E. from the Federal Polytech-
nic Institute of Zurich, is a member of the IRE and has
published many technical papers in the field of electronics.

WILLIAM E. OSBORNE has been designated Chief of
the Electronic and Guidance Division of the Marquardt
Adreraft Company, Van Nuys, Calif. Mr. Osborne has been
engaged in electronic and radar work since 1925, at which
time he received his E.E. degree at Queens College, Mel-
bourne, Australia. Duringl 1939 and 1940 he was a British
Army captain for the Royal Engineers in radar research
and then head of the Australian Army Radiophysics Branch.

CHARLES G. ROBERTS has been appointed Television
Equipment Product Manager for General Electric’s Trans-
mitter Division at Electroniecs Park. Prior to his appoint-
ment, Mr. Roberts was Assistant to the Manager of Sales
for the Transmitter Division. Previously associated with
G-E, Mr. Roberts rejoined the company in 1942 at Schenec-
tady and was assigned to sales work in the Government
Division. He is a native of Oil City, Pa.

GEORGE M. WOODS was recently appointed Manager

of the Transportation Section, Industry Engineering De-
partment, Westinghouse Electric Corporation. Mr. Woods
will have the responsibility of coordinating engineering
problems originating in the transportation industry with
various departments of Westinghouse. Following his gradu-

‘ation from Penn State,, Mr. Woods joined the corporation

as an induction motor design engineer.

LESLIE J. WOODS is the new Vice President-Director of
Research and Engineering at the Philco Corporation, Phila-
delphia. Mr. Woods will be assisted by David B. Smith.
Associated with Philco since 1925, Mr. Woods directed the
company’s war work in Washington and was vice president
and general manager of its subsidiary, National Union

- Radio Corporation to aid the expansion necessary to meet

wartime demands of the Army and Navy.
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Loudspeaker Systems
(Continued from page 13)

that very high quality results cannot be
obtained with cross-over points selected
in the mid-frequency range for two-way
systems, but to emphasize the fact that
optimum conditions satisfying all of the
requirements are very difficult to obtain.

With some types of cross-over net-
works, where feedback is taken from
the secondary of the output trans-
former, a sufficiently large reactive
load may be introduced to cause serious
instability in the feedback cirecuits
resulting in oscillation. While this can
be eliminated by careful design of the
feedback circuits, it almost certainly
is an indication of other effects that are
undesirable though not so apparent.
Many commercial cross-over networks
have tone control arrangements, usually
for adjustment of the high frequency
response. In some designs this is a
roll-off control while in others it
introduces a resistive loss that lowers
the drive to the high frequency section.
The roll-off type of control often

“involves networks that present an

undesirable type of load for the
amplifier. The stepped type of control
may be desirable in some installations,
but it is important that the user realize
the characteristics of this system. A
tone control in an amplifier that simply
lifted or lowered an entire section of
the spectrum would be considered en-
tirely unsatisfactory. Such a control
puts a distinet step in the response
curve. Where the control is used to
compensate for differences in efficiency
between the high and low frequency
sections of a system, it may be of real
advantage but it should not be con-
sidered or used as a conventional tone
control.

The efficiency of loudspeaker systems
is a consideration of greater importance
than is always recognized. It is all too
common a concept that electrical power
is cheap and that for this reason the
efficiency of a loudspeaker system is
not of first order importance. Electrical
power within distortion limits satis-
factory for high quality reproduction
is by no means so inexpensive that it is
of no importance. It is also true that
the characteristics of power amplifiers
are such that power output is increased
in fairly substantial steps, and in-
between ratings are not practical. Thus,
10 watts, 15 watts, 30 watts, etc., are
relatively common ratings. If 15 watts
is ‘'not quite enough to allow adequate
reserve power for peak passages, it
generally means going to 30 watts.
Note that increasing the electrical drive
to a single speaker from fifteen to thirty
watts amounts to only approximately 3
decibels. Under normal listening con-
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ditions this will be observed as only a
small increase in loudness. Usually it
will be found that two fifteen watt
amplifiers driving separate loudspeakers
will result in greater efficiency and a
larger increase in apparent loudness.
- With this in mind it becomes important
that a dividing network introduce a
minimum of loss. The insertion loss of
practical systems may be kept to one
decibel without great difficulty, and it is
well worthwhile to reduce it to the
practical limit of half a decibel in most
systems. One decibel sounds deceptively
small, but when it is translated into
actual watts it will be noted that it
makes a large difference in the power
required from the amplifier. @
Audio Reproduction
(Continued from page 10)

The phase angle can be obtained in
terms of a voltage by use of the method
shown in Fig. 6. The two voltages are
applied to the two inputs of a simple
pushpull phase detector. This circuit
obtains and evaluates their vector sum
and difference. The output voltage is
shown in Fig. 4. The two voltages are
a function of phase angle.

(f) Wow and Flutter—Measurement
of the wow or flutter introduced by a
mechanical recording system (such as
phonograph turntables, magnetic re-
corders, motion picture projectors, ete.)
consists essentially of measuring the
amount of frequency modulation of a
steady tone when it is reproduced by the
system. See Fig. 7.

A signal of constant frequency is
applied to the input of the reproducing
system, and the reproduced output ob-
tained in the form of an electrical sig-
nal. (In motion picture work, a fre-
quency of 3000 c.p.s. has been chosen as
standard for this test signal. This
might be a reasonable standard to use
for other types of mechanical reproduc-
tion, as well.) The reproduced signal
is then passed through a bandpass filter
which passes only the test frequency
and its possible variations, removing
any noise and hum which may be pres-

M Fig. 6. Determination of a phase angle1
=~ from lissajous pattern on an oscilloscope.

Fig. 7. Block diagram of

iy wow meter for measuring

REPR?DOU%IN g PO frequency variation in the

SYSTEM FERIEES electromechanical repro-

Mm— duction of a steady tone.
EEEEET T e TR LS e PR
T ik s R Cipniaeneiy iRy
:3:?F§+s;: - DISCRIMINATOR CMRNG
il ;zﬁ@ﬁ% : BRIt TEGOAPES

ent. This signal may then be amplified
if necessary, and passed through a
limiter. The amount of frequency varia-
tion is then measured directly by a dis-
criminator, which gives the frequency
change as a voltage which may be meas-
ured by a low-frequency voltmeter cal-
ibrated in percentage frequency change.
The output of the discriminator may
also be amplified so that a direct-inking
recorder may be used to record the actual
frequency changes to permit a more
complete analysis of speed variations.

The amount of flutter can be evaluated
quantitatively from the information ob-
tained by a measurement performed in
this way, and certain quantities can be
defined which will permit a quantitative
comparison and representation of the
flutter present in the reproduction. The
per-cent flutter is the ratio (in per-
cent) of the r.m.s. frequency deviation
to the average frequency. The flutter
rate is the number of complete cycles
of frequency deviation per second. The

%

Fig. 8. Push-pull phase detector.

flutter index, I, may be expressed as:
I = (fo/r) AF

where Af is the r.m.s. frequency devia-
tion in eycles, f is the tone frequency,
and r the flutter rate. For flutter rates
greater than 5 per second x =1, for
rates from 1 to 5 per second z = /5,
and for rates less than 1 per second
x = r*/b. (To be continued)

WHEN IT'S A

PRECISION BOBBIN

YOU

DON’T

NEED
INSULATION
STRIPS . ...

Precision gives you built-in insulation—other direct advantages: stronger
magnetic fields, closer windings, more room for larger gauge, or more
wire of the same gauge on the same size coil base.

Precision Bobbins are heat treated for greater strength and less weight
——have swaged tube ends—and entire Bobbin impregnated for better
electrical characteristics. Impregnation also permits attachment of ter-
minal lugs to flanges for acceptance with underwriters requirements.

Precision Bobbins make a lighter, stronger coil—at @ definite economy
and are available in any shape, any size, round, square, rectangular;
in dielectric Kraft, Fish Paper, Cellulose Acetate or combinations,

Write for Sample Today

PRECISION PAPER TUBE CO.

2063 W. Charleston St.
Plant No. 2 . . .

Chicago 47, Ill.

79 Chapel St., Hartford, Conn.
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Magnetie Amplifier
(Continued from page 18)

Solving for the flux g:

1
g = —f(E—IR) dt = [ (Bdt —
IRdt) . . . (11)
Let us admit the p0551b111ty of a direct
current component in the output cur-
rent so that I = I,.. 4 I,.., then:

p =—Lf[ (Edt) — (I..R)dt— (L.R)dt)]

(12)
Smce the first two terms of eq (12)
are sinusoidal and their contribution
to the change in the average flux is nil,
it is now seen that as long as Is flows,
there will be a continual change in the
average flux, or:

_ 1
P = — Tjﬁ“Rdt (13)

Eqt. (13) indicates that an infinite
flux must accumulate in order to sup-
port a direct current component in the
output current. This cannot occur, of
course, and the average flux in the cir-
cuit always changes so that the direct
current component of the output current
goes to zero. This average value of flux
is in general different from the quies-
cent value of flux introduced by input
current flow, in the same way that the
dynamic and static operating points in
a vacuum tube circuit are not alike.
The distinction is important since it is
a determining factor in analyses where
the current and flux excursions are
large.

The Idealized Magnetization Curve

As pointed out previously, new mag-
netic materials are being developed
which possess very sharp breaks in their
magnetization curves. Such curves
tend to approach a magnetization curve
consisting of two straight line regions,
with a discontinuity connecting the two
regions. If we assume that the slope
of the curve in the saturated region is
very small compared to that in the un-
saturated region and neglect hysteresis,
the resultant curve can be termed an
idealized magnetization curve. ( Fig.
10A). This is the same as saying that
the permeability of the magnetic ma-
terial is very large compared to that of
air in the unsaturated region, but is the
same as air in the saturated region.

Analysis by Ideal Magnetization Curves

An analysis can be made of the mag-
netic amplifier based on an idealized
magnetization curve according to the
following premises:

The operation of the amplifier will
be a switching operation from one re-
gion of the curve to the other, with no
transients being generated at the point
of transfer.

When operation is in the saturated
region, the voltage across the output
winding will approach zero since the
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slope of the magnetization curve and
hence the rate of change of flux with
current will approach zero. The output
current will then simply be given by the
ratio E/R.

When operation is in the unsaturated
region, the output current flow will ap-
proach zero and the IR drop will be
negligible. The circuit equation is, then:

EN,Z’Z........(M)

=T1fEdt. e T
1
which indicates that when operation is

in this region an incremental flux will
be generated which is proportional to
the time integral of the applied source
voltage E. This change of flux will also
be proportional to the area underneath
the voltage wave. Note the analogy to
the charging of a condenser:

idt . . . . . . . (16)

The flux in Eqt. (15) might then be
called a flux charge, and in a sense this
is the purpose of the output winding: to

€ = —

i

N,e OUTPUT WINDING
Nes INPUT WINDING

D.C. SOURCE

(caNTHELY ]

Fig. 17. An application of cascaded
magnetic amplifiers to theater light-
ing control. A double-ended self-
saturating amplifier feeds a series-
connected double-ended amplifier.
which conitrols the lighting lamps.

store up flux in the magnetic amplifier
core during part of the cycle for dis-
charge later in the cycle in such a way
as to control the current flow.

Analysis of a Self-Saturating Magnetic
Amplifier Circuit

Fig. 3B shows a magnetic amplifier
circuit known as a self-saturating mag-
netic amplifier. The significant addition
is that of a single-element rectifier in
the output circuit. It is clear that our
previous ideas of sinusoidal approxi-
mations will no longer serve and we
should expect highly distorted fluxes
and currents.

However, we can apply an analysis
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based on the idealized magnetization
curve. The input current is assumed to
place a quiescent flux g, in the core
which depresses the magnetization
curve downwards (Fig. 10B). The
curve is also shifted slightly to the
left, although the effect of this shift
will be neglected.

The operation can be traced step-by-
step along the magnetization curve, as
indicated by the dashed line of Fig.
10B. The corresponding output circuit
current and voltage relationships are
indicated in Fig. 15. The voltage is
plotted against time while the current
is plotted against radians.

From point 0 to point 1 (see Fig. 10B
and 15) the flow of current is negligibly
small. (Assume the direction of recti-
fier conduction to be positive.) Accord-
ing to the principles just enumerated,
a flux will be generated equal to (g, —
@:). This change in flux must also be
proportional to the area A under the
voltage wave, Fig. 15A. The output
current, then, will be negligibly small
during this period, which is for the
angle g; on the current wave, Fig. 15B.

From point 1 to point 2, operation is
in the saturation region of the mag-
netization curve and a sinusoidal cur-
rent flows equal to E/R. Note the sud-
den change of current at point 1. The
flux is constant at the value (g,—g:)
during the period and: the voltage
across N, is zero. The current flows
for the angle 6.

At point 2, operation moves back into
the unsaturated region and a flux change
begins to be generated which even-
tually moves the operating point back
to the origin of the magnetization
curve, the origin being the shifted ori-
gin as represented in Fig. 10B. This
flux change is proportional to area B
underneath the voltage wave, Fig. 15A,
and it is evident that area B must equal
area A, because otherwise we should
have a net flux accumulation during
each cycle. The current flow in this re-
gion is negligible and is so indicated
on the current wave, Fig. 15B.

At point 3 the output current is zero
(considered from a flux change view-
point). Since the voltage is still nega-
tive, the flux tries to go negative, but
cannot since this would mean negative
current flow which the rectifier will not
permit. Thus, during this period the
applied voltage is expended entirely
across the rectifier. At point 4, the
cycle of operation repeats.

When g, is zero, there will no signifi-
cant output current flow.* When ¢, = 4.,
the maximum output current flow will
be obtained. Thus, the output current
flow will be a function of an input fac-
tor defined as g:/d.. A plot of the

*This assumes that the circuit is so adjusted
that the flux excursion iz entirely in the un-
saturated region at zero input current.
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angle 6., the angle of current flow, Fig.
158, versus this input factor is given
in Fig. 12.

It is interesting to note that the
shape of the resulting output current
waveform is much like that of a grid-
controlled gas-tube rectifier. Photo-
graphs of the output current observed
on an oscillograph for an experimental
magnetic amplifier are shown in Figs.
1 and 2. Note that the pulse of current
flow is negative rather than positive
as indicated on Fig. 15B.

Plots of the relative output versus
the relative input factor are given in
Fig. 11. These plots neglect the flow of
current in the unsaturated region.
Curve A gives the r.m.s. current out-
put and curve B the average current
output. Note that unity relative output
is that obtained when the entire source
voltage is applied to the load resist-
ance. The dashed lines in Fig. 11 give
experimental curves to indicate the de-
gree of experimental correlation pos-
sible with this analysis.

This type of circuit has greatly in-
creased sensitivity compared to the or-
dinary magnetic amplifier circuit. One
way of explaining this is that the direct
current component in the output cur-
rent (due to the rectifier) supplies part
of the saturating current needed to ob-
tain control. (Hence, the designation:
self-saturating). Another viewpoint is
that for this amplifier the center of
operations is on the vertical portion of
the magnetization curve and control is
obtained by introducing quiescent fluxes
in the unsaturated region of the curve.
For the ordinary amplifier, the input
current must move the center of opera-
tions into the saturated region before
output current will flow (otherwise the
principle of non-rectification would be
violated). It can be shown that in gen-
eral, for a non-saturating amplifier
with an idealized magnetization curve,
the input current necessary for maxi-
mum output current flow is:

N, 27E

I, = N, B 17)

whereas, in the self-saturating circuit
the input current need only generate a
flux equal to g, in order to obtain max-
imum output current flow.

ADVANCED CIRCUITS
Double-Ended Amplifiers

In the preceding discussion on ele-
mentary circuits, the need for an iso-
lating impedance in the input circuit
was indicated so that the low impedance
of the direct current source in the input
circuit would not act as a short circuit
to the output winding. This impedance
can be eliminated by interconnecting
two reactors in what might be termed a
double-ended amplifier. Fig. 14B shows
such a circuit where the fundamental
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voltage induced in the input windings
of the two reactors is in such a direc-
tion as to cancel, thereby eliminating
loading effects on the output windings.

The cancellation of the induced volt-
ages between the two reactors would
be perfect if the voltages were sinu-
soidal. Since they are not, there will be
some circulating currents in the input
windings, mostly even harmonics of the
fundamental frequency.

The double-ended connection does not
change control characteristics as much
as it influences transient response. A
qualitative appreciation can be gained
of this by noting that a change of input
current would induce circulating cur-
rents between the two output windings.
Since the output windings have low re-
sistance, the net result would be a long
time constant circuit in so far as the
establishment of a change of input cur-
rent was concerned. This sluggishness
must be considered when the magnetic
amplifier is used in applications requir-
ing quick transient response.

The circuit of Fig. 14B is considered a
parallel-connected double-ended ampli-
filer. A so-called series-connected ampli-
fier is shown in Fig. 14A. This circuit
has a better transient response than
the parallel-connected amplifier, but
achieves the same effect of cancellation
of voltage induced in the input wind-

ings of the amplifier. The better tran-
sient response arises because of the
higher impedance of the output circuits
when the output coils are in series.

Three-Phase Circuit

Fig. 16 shows a three-phase self-sat-
urating magnetic amplifier circuit. Can-
cellation is obtained in the input wind-
ings of the three reactors for the funda-
mental frequency. This circuit gives a
direct current output to the load.

Cascade-Connection of
Magnetic Amplifiers

It is possible to connect magnetic
amplifier circuits in cascade. An exam-
ple of a two-stage magnetic amplifier is
given for a theatre lighting control ap-
plication in Fig. 17. A self-saturating
double-ended amplifier drives a series-
connected double-ended amplifier (non-
self-saturating). The power gain ob-
tained is very high and the control cir-
cuits for presetting, fading, mastering,
etc. may be made very small compared
to the power controlled.

Two-Phase Motor
Servomechanism Application

Fig. 13 is a simplified diagram of a
magnetic amplifier designed to control
the quadrature phase of a two-phase
control motor used for servomechanism
applications. A quadrature voltage is
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obtained by center-tapping the input
winding of the input transformer, which
is supplied by phase AB of the three-
phase supply, so that the voltage MN
into the servo-mgtor is the sum of the
voltage BC plus one-half of the voltage
AB. This gives a voltage MN which is
90° out of phase with voltage AB. The
magnetic amplifier consists of a cirenit
usually referred to as a push-pull mag-
netic amplifier and is so connected that
it has an output which is a voltage
either in phase with the voltage AB or
a voltage which is 180° out of phase
with AB.

In order to accomplish the change in
voltage polarity, the amplifier is so de-
signed that a bias supply (see bias
windings on magnetic circuits) places a
bias in the magnetic cireuits which bal-
ances the quiescent signal supplied by
the preamplifier. If the signal should
increase above this value, the output of
the right-hand amplifier ecireuit in-
creases, while that of the left-hand am-
plifier circuit decreases, developing an
output voltage in phase with AB. Should
the signal fall below the quiescent
value, the output of the left-hand cir-
cuit increases, while that of the right-
hand diminishes, developing an output
voltage 180° out of phase with the sup-
ply voltage AB. Thus, control of the
servo-motor is obtained in accordance
with the sense of the input signal and
the direction of rotation of the motor
will correspond with the polarity of
the input signal.

Design Considerations

There are two primary considera-
tions in the design of the reactor for a
magnetic amplifier: design for correct
flux excursion and design for correct
output current excursion; both excur-
sions are considered at zero input cur-
rent. The two considerations have been
repeatedly specified in the theoretical
analysis: that the flux excursion at zero
input current occupy completely the un-
saturated region of the magnetization
curve and that the flow of output cur-
rent at zero input current be small com-
pared to the maximum output current
obtained when the magnetic amplifier is
completely saturated.

The two conditions can be shown to
resemble those for correct power trans-
former design (as far as the output
winding is concerned). The first condi-
tion simply corresponds to a trans-
former working close to the knee of the
magnetization curve. The second condi-
tion for the transformer is that the
magnetizing current be small compared
to the rated load current of the trans-
former. Thus, the principles of trans-
former design can be applied to a con-
siderable extent in the physical design
of magnetic amplifiers. The output
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winding must be designed to carry the
load current, the core must provide re-
actance enough to develop nearly line
voltage across the output winding, and,
hence, the size of the magnetic amplifier
roughly corresponds to the kva. of the
load it is to control.

The design of the input winding will
have to be considered somewhat differ-
ently. The number of input ampere-
turns for a mon-self-saturating mag-
netic amplifier in order to obtain com-
plete saturation can be obtained from
Eqt. (18):

N.I, = N, 27E
E

(18)
and that for a self-saturating ampli-
fier is:
L

(19)
where:

L =length of magnetic circuit

B; = saturation point flux density

u = permeability
The number of turns for N, the input
winding, it is seen, depends upon the
type of amplifier to be used, the amount
of control voltage available, and the
size of the magnetic circuit.

Conclusions

An analysis of the magnetic amplifier
has been given using dynamic transfer
characteristics similar to the graphical
analysis of vacuum tube networks with
large signals.

A theoretical analysis using an ideal-
ized magnetization curve is developed
which gives excellent agreement with
test.

The waveform of the magnetic am-
plifier for a self-saturating circuit and
an idealized magnetization curve, is
similar to that of a thyratron circuit
operated with alternating voltage and
phase-shift control.

The design characteristics are shown
to depend upon the kva. of the load to
be controlled and the current swing,
with the design considerations for
transformers being applicable.

The ruggedness and stability of the
magnetic amplifier indicates that it
will supersede the electron control tube
in many applications where such quali-
ties are desirable.
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Phase Meter

(Continued from page 8)

tics of transmission lines, filters and
transformers.

The phase meter developed at the
Bureau consists of the two channels of
cascaded amplifiers and limiters fol-
lowed by two types of phase indicating
circuits. The two indicating circuits—
known as the “sum” indicator and the
“trigger” indicator—are based upon
different principles in order to afford a
direct comparison between them.

Effectively, the sum indicator func-
tions by measuring the algebraic sum
of the square waves appearing in the
similar channels. This algebraic sum
is proportional to the phase angle be-
tween the input voltages but is am-
biguous about the 180-degree value,
that is, the same dial reading is ob-
tained for a phase difference of 170°
as for a phase difference of 190°. The
two square waves are each applied to
the grids of separate tubes having a
common plate resistor. The average
current through this resistor is directly
proportional to the phase angle be-
tween the square waves and is there-
fore proportional to the phase angle
between the sinusoidal input voltages.
This average value is obtained, by
means of a diode rectifier and a bal-
anced amplifier, on a milliammeter
which acts as the phase indicator.

In the trigger indicator system, the
square waves are first applied to the
grids of amplifier tubes, and the ampli-
fled square waves are then differen-
tiated in the plate circuits of these
tubes. The resultant voltage spikes,
which oceur at the instant of rise or
fall of the square waves, are applied to
a diode polarity-diseriminator tube,
which suppresses the positive voltage
spikes and passes the negative impulses
to the grids of a modified Eccles-Jordan
trigger circuit. The trigger circuit is
so connected that when a negative im-
pulse is applied to the grid of one of a
pair of tubes, that tube cuts off, simul-
taneously firing the other tube. In turn,
when the second tube receives a nega-
tive pulse, it cuts off, again firing the
first tube. As a result of this process,
the average current flowing in the plate
circuit of the trigger tubes is a measure
of the time interval between voltage
spikes from the two channels of the
phase meter, and this time interval
corresponds to the relative phase of the
sinusoidal input voltage. Both record-
ing and indicating milliammeters are
used with shunts to give three ranges
of phase-angle measurements: 130° to
230°, 80° to 280°, and 0° to 360°. The
phase-angle readings in the trigger in-
dicating circuit are unambiguous, but
the circuit is inherently unstable for
phase angles in the neighborhood of
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0 and 360 degrees, since here the order
of firing of the tubes alternates ir-
regularly. However, exact values may
be obtained for phase angles in this
region by use of the sum indicator.

The new instrument reads and re-
cords phase differences with a sensi-
tivity of 0.5 degree. In a series of tests
at the National Bureau of Standards,
the curve of phase-meter reading ver-
sus phase was found to be linear within
one degree over a range of input fre-
quencies from 100 to 5000 cycles per
second. For very rapid changes in the
amplitudes of input voltages from 1 to
20 volts, the readings showed a phase
change of but 1.0 degree. Observations
were independent of frequency from
100 to 5000 cycles.

Meteorology

(Continued from page T)

@

former primary, with a resultant large
voltage across the secondary sufficient
to fire the thyratron. This energizes
the tapper coils and causes an imprint
on the recorder paper at a position de-
termined by the helix on a rotating
drum as in any conventional type re-
corder. Discharge of a condenser in the
plate circuit of the thyratron drops the
plate potential below the minimum
value required to sustain operation and
the tapper bar is released until the
next surge occurs.

Parachute Sonde

Rather than being sent aloft by bal-
loon as in the preceding case, another
type of equipment is dropped from an
airplane in flight over some remote or
otherwise inaccessible region. During
the course of its fall with parachute,
this radiosonde transmits meteorological
data along the path of fall. This data
is received and recorded either by the
launching plane, or by weather recon-
naissance equipment located at other
points. The use of this equipment en-
ables obtaining data on meteorological
conditions which might not otherwise
be available (Fig. 14).

The over-all dimensions of this “Para-
chute Radiosonde” including parachutes
and batteries are about 10” x 6” x 19”7
and it weighs about 9 pounds. The
meteorological elements are an aneroid
cell, and, unlike the previously described
units, a bimetallic thermometer, and a
hair hygrometer. The modulator is a
mechanical device comprising a 3-volt
permanent magnet d.c. motor driving
what may be described as a sort of
phonograph record, and three pickup
arms which are positioned on a coded
record disc by the pressure, temperature
and humidity elements respectively.
Each modulator is individually cali-
brated. The record is a 6-inch plastic
disec with a couple of hundred grooves.
One 90° sector is offset from the normal
plane of the disc by 1/16 inch. All the
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codes are impressed in this portion.
There are, roughly, 200 two-letter Morse
code groups, one for each of the grooves.

As the record rotates, each of the
pickups contacts only the raised sector.
As the stylii are vibrated by the im-
pressed code groups they cause a make
and break in a relay which keys the
transmitter. The transmitter is a simple
1-tube c.w. oscillator, crystal controlled
for frequency. The pickups are spaced
to provide a definite cycle of pressure,
temperature, and humidity measure-
ments during each revolution of the
record. The operator at each signal
pickup point receives the transmitted
signals and translates the codes into
meteorological conditions at the sonde.

Sferies

Another device is utilized to locate
and track atmospheric static discharges,
also referred to as “sferics.” The in-
formation obtained by this equipment
is useful in plotting the course of light-
ning storms and is of considerable
assistance in forecasting.

Disturbances set up by static dis-
charges occurring in the atmosphere
at distances as great as 2000 miles are
intercepted and their direction from
each sferics station visually indicated
on a cathode ray tube. To determine
the location of the source of the dis-
turbance, two or more simultaneous
observations on the same static dis-
charge are made by stations separated
by several hundred miles. The usual
triangulation method for centering the
storm location is used.

In view of the very brief duration of
the signal resulting from a static dis-
charge, a period of less than 5 milli-
seconds, an instantaneous, non-rotating
type of direction finder must be used.
An example comprises two directional
loop antennas set at right angles to
each other, an amplifier for each loop,
and a cathode ray tube indicator.

Each loop has about 400 turns of
wire inside an aluminum shield and
is wound for electrical symmetry with
respect to ground. The operating fre-
quency covers the band 8-12 kec., since
most atmospheric static discharges set
up electromagnetic waves with max-
imum energy concentration in this fre-
quency band. A split loop type of cir-
cuit is used to facilitate tuning and
electrical symmetry. The loop voltages
are each fed through a cathode follower
stage to two identical amplifiers. These
amplifiers are required to have identical
phase and magnitude characteristics in
order to obtain a proper image on the
C-R tube. The amplifiers don’t have
to have perfect amplification and phase
characteristics in themselves, but the
two amplifiers must be as identical as
possible. A phase correcting adjust-
ment is contained in the tuned amplifier
section.
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Coordination to assure that each of
the sferics stations is taking a bearing
on the same static discharge is accom-
plished by means of two-way communi-
cation equipment between all stations
in the network. Plotting and recording
is performed in the usual manner.

Ceilometer

In connection with airport traffic con-
trol and flying safety it is desirable to
know the height of the cloud ceiling
and its rate of rise or fall. By means
of an optical device the location of the
intersection of a vertical light beam
with the bases of clouds may be deter-
mined, and then the height of the cloud
may be obtained from simple trigon-
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ometric computations. The automatic
ceilometer is a system for measuring
and recording the height of a cloud
ceiling above ground level continuously,
both day and night. Measurement is
made by triangulation of a modulated
light beam projected vertically to the
cloud, with the reflection from the cloud
base picked up at a photoelectric de-
tector located at a known distance from
the projector. Signals of pickup and
angle of elevation at pickup are re-
corded on a chart. Modulation of the
light beam gives it an identifying
characteristic which enables it to be
distinguished from the high intensity
level of daylight.

The projector uses an air cooled high
intensity 25 million candle-power mer-
cury vapor lamp in a parabolic mirror
reflector. When operated from a 60-
cycle source the lamp produces a light
output with about 909% of 120 cycle
modulation. The major part of the
visible light can be filtered out so that
the beam is not seen at night. The
projector includes a device containing
3 spare lamps in addition to the one
in operation. Should the operating
lamp fail, a relay is caused to operate
due to the loss of current in a series
transformer in the lamp circuit. This
automatically causes the next spare
lamp to enter the proper operating posi-
tion. If, after a 20-second delay, this
lamp is not operating the next lamp is
automatically fed into the operating
position. When the fourth lamp fails
a limit switech prevents further opera-
tion of the changer until manually reset.

Among other things, the detector
unit contains a movable drum contain-
ing the phototube and optical system,
and a high gain amplifier (max. volt-
age gain 2 x 108) tuned to the light
modulation frequency of 120 c.p.s. A
preamplifier is located in the drum and
the remaining four stages are located
in the cabinet. The drum is oscillated
by motor drive between 0 and 90° to
the horizontal. A synchro system trans-
mits data on the angle of drum eleva-
tion to the remote chart recorder.

The major problem encountered in
this equipment is to differentiate be-
tween the small signal returned from
the cloud and the high noise level
created by daylight acting on the photo-
tube. Simply modulating the light
source and then trying to amplify the
120-cycle signal is not sufficient in itself
to separate the modulated signal from
the noise, as the noise amplitude may
be many times that of the desired signal
voltage and it passes through the 80-
cycle bandwidth of the amplifier. How-
ever, there is one feature of the noise
which is different from the desired sig-
nal and that is its complete randomness.

Filtered d.c. is used on all tube fila-
ments and the phototube and its pre-
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amplifier are contained in completely
shielded enclosures. The phototube puts
out a signal of about 5 microvolts, a
value sufficiently low to require special
precautions in amplifier design to avoid
false indications from disturbances in
the line or other components. By using
a high load resistance thermal noise is
discriminated against and the passed
signal is composed of the desired 120-
cycle signal plus shot noise. The pre-
amplifier tube operates at only 10 to
20 volts on the plate and with about
30 microamperes of plate current.
The amplifier tubes also operate at
relatively low plate voltage (50 to 125
volts) to assist in obtaining proper
filtering. After amplification a phasing
voltage is combined with the signal volt-
age and this combination when rectified
and integrated provides a d.c. output
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Fig. 14. Parachute radiosonde.

signal proportional to the input signal,
whereas random noise signal is time av-
eraged out in a 4 second time constant
circuit to a zero value.

The resultant signal is transmitted
to a recording meter where the angle
of inclination of the drum is indicated
at the time of detected cloud ceiling
signals.

Aulomatie Weather Station

Another important application of
electronics to the art of meteorology is
in connection with the automatic
weather station. Basically, the auto-
matic weather station is a collection of
more or less standard meteorological
elements which is placed in an isolated
location such as a mountain peak, a
small island or an arctic region and
left unattended. Periodic observations
of the instrument readings are trans-
mitted by radio to a receiving and
recording station which is located in a
more habitable region. Among the
meteorological elements measured are
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surface-wind direction and speed, pres-
sure, temperature, and humidity,
amount of rainfall and amount of sun-
shine. '

The variations in meteorological ele-
ments, as in the case of the radiosonde,
may be converted into a change in
electrical resistance which in turn pro-
duces a change in the rate of keying
a radio carrier wave. Low keying fre-
quencies may be used to enable direct
keying of the transmitter and the use
of simple frequency measuring equip-
ment at the receiver. Other arrange-
ments are also in use.

The instruments used in this type
system may have a relay-operated
clamping bar for clamping the instru-
ment pointer against the contacts of a
wire wound resistor assembly when an
observation from the instrument is de-
sired. The instrument pointer is allowed
to swing freely except at the time of
making an observation. The wind direc-
tion indicator has a number of contact
segments with a different fixed resistor
connected to each segment. These are
placed in the circuit as the weather
vane turns. The windspeed indicator
is a standard type anemometer with
take off contacts, geared up to permit
keying the transmitter directly. The
other instruments have somewhat simi-
lar arrangements (Fig. 12).

As in the case of the radiosonde, an
oscillator circuit with a fairly low fre-
quency, say 1 megacycle, is interrupted
at a rate determined by the time con-
stant of an RC combination in the grid
circuit, with the resistance being de-
termined by the variable instrument
resistor or a standard of reference.
These interruptions are used to operate
a relay control tube to key a relay which
may be placed in the keying circuit of
any of the more common types of radio
transmitters.

The power supply is turned on by
clock control at preset periods of time
shortly before the station is to go on
the air, to permit a warm-up period.
Then after transmitting identifying and
reference frequency signals the various
met-element-modulated frequencies are
transmitted in a predetermined se-
quence actuated by means of a rotary
switch. After a couple of cycles of
such operation, the power is turned off
until the next period.

Among the major problems which
must be solved for any particular in-
stallation are type and size of power
plant to use—that is, whether wind or
engine driven generator or batteries,
frequency and power of radio transmit-
ter in view of location, and fading and
interference phenomena. Since the
equipment is to be located in an iso-
lated location, maintenance and adjust-
ment problems become of primary mag-
nitude.
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Radar

It was known for a long time that
cloud and precipitation areas returned
radar echoes. At first these effects were
considered to have nuisance value only,
but more complete study has led to
practical applications. The reflection
of radar pulses from the rain drops or
precipitation in the atmosphere pro-
vides the meteorological echo on the
radar screen. At a given, distance the
more moisture in the air, the stronger
is the received echo—hence we have a
qualitative factor for determining pres-
ence and severity of clouds and storms.
The radar frequency enters into the
problem, as does the transmitter power
available at the different wavelengths
and atmospheric absorption of the
radiated energy. At the shorter wave-
lengths water vapor and atmospheric
gases cause attenuation. Available
radar sets at, say, 10 cm. wavelength
provide long range detection of storms
and higher frequency equipments pro-
vide greater detail on size and separa-
tion and detect weaker storms. Radar
sets can detect showers, storms, warm
and cold fronts, hurricanes and torna-
does. Fog or light clouds are generally
not detectable. Ranges for storm de-
tection will vary with the storm con-
tent but they have been recorded at
well over 200 miles.

Echoes obtained from meteorological
phenomena are distinguished from those
from solid objects by the manner in
which they constantly change in size,
shape, and intensity. Cloud echoes have
a motion distinguishing them from
large fixed echoes, are irregular in
shape with changing edges and have
a vertical extension unlike ground tar-
gets. Different types of phenomena
may be recognized on the radar screen
from their different characteristics. For
example, cold front precipitation is
usually in the form of a line squall and
is very bright, whereas a warm front
generally produces indistinct echoes
covering a wide, irregular arc on the
screen and changes continuously in
shape. Thunderstorms have a bright
central area with an irregular margin.
Hurricanes and typhoons give an inter-
esting and readily identifiable signal
with whorls and circular shape to the
cloud pattern (Fig. 13).

Among other things, the information
obtained from this data may be used to
provide flying instructions to pilots to
enable flying around bad spots, to find
the best route through a front or large
area of bad weather, and to get advance
warning on storm conditions which may
close (or open) airports. Flight tests
indicate that severe turbulence is fre-
quently encountered within areas of
radar echo. It appears that a plane
flying within a radar echo region will
encounter gust velocities within 100
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miles which if it were flying in a non-
radar echo region would not be en-
countered for about 10,000 miles of
flight. Aerologists can use this data
to predict quite accurately the time of
approach of a storm.

The wind structure of the atmosphere
can be obtained by using practically any
radar set which can provide range,
azimuth, and altitude data. The method
used is to send up a balloon with a
radar reflector on it. One type which
has been used for frequencies of 200
mec. comprises 3 dipoles made from
aluminum foil-wrapped balsa wood.
To eliminate polarization effects due
to swinging of the balloon crossed di-
poles are used rather than a single
radiator. At 3000 mc. a corner reflector
assembly is used (Fig. 15). The corner
reflector possesses the property of re-
turning a signal in the same direction
from which it was received. A multi-
plicity of corners is used to maintain
directivity as the target swings and
turns, and the top corner is designed
to prevent undue drag from slowing
the rate of ascent of the balloon. The
ranges obtained depend upon the capa-
bilities of the particular radar set but
ranges greater than 100,000 yards are
not uncommon. This type data is par-
ticularly valuable to artillery units to
enable making Dballistics corrections.
The fire control radars of the organiza-
tion can be utilized directly for such
reflector target tracking without neces-
sity for adding any additional auxiliary
equipment. For even greater ranges,
it is possible to utilize a receiver-trans-
mitter type equipment on the order of
the wartime beacon or IFF transponder
which will retransmit to the radar set
the received pulse. Due to the larger
output from this type device consider-
ably greater ranges can be obtained.
By combining the use of a radar re-
flector with a radiosonde transmitter
accurate altitude data can be obtained
without reliance on the baroswitch or
estimated free lift rate of the balloon
as is required for the simple radiosonde
equipment previously described.

By data transmitting and radar relay
means, a radar set utilized for met
purposes may be located at a favorable
site and the data sent to a more con-
veniently located meteorological center,
where it may be utilized and further
distributed either by additional radar
relay or by facsimile.

Upper Atmosphere
The meteorologist is continually striv-

PHOTO CREDITS
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Fig. 15. Corner reflector for
use with 3000 megacycle radar.

ing to reach higher and higher into the
atmosphere. In pursuit of knowledge
to altitudes of about 100,000 feet the
meteorological balloon is quite satis-
factory and relatively economical. But
for altitudes beyond this range the
balloon has proved generally unsatis-
factory to date. As a result the meteorol-
ogist is turning to rockets to carry his
instruments to the higher altitudes.
This creates a problem in obtaining
instruments which are accurate at both
high and very low pressures, tempera-
tures and humidities, and which must
have a speed of response to conditions
commensurate with the speed of travel
of the vehicle in which they are con-
tained.

Here again the electronic art is play-
ing a considerable part. Radar equip-
ment on the ground is used to track
and plot the position of the missile.
Measured parameters are telemetered
from the missile to ground stations.
Beacons in the missile assist in tracking.
Fuel cutoff is controlled from the
ground through a special receiver and
control valves. Electronic timers are
used to operate sample bottle valves
to obtain specimens of the atmosphere
at the upper altitudes, to cause the
emission of devices to enable determin-
ing wind velocity and atmospheric tem-
perature, and finally to cause actions
such as nose-cone blow-off or parachute
ejection to enable return of the instru-
ments to ground for study of film rec-
ords obtained during flight.

Continued research, development, and
application of electronic equipment and
methods in the field of meteorology is
expected to result in improved instru-
mentation for weather {forecasting,
widely increased application to military
operations, improved communications,
and corrections for vagaries in the pro-
pagation of sound, light, heat, and
other electromagnetic radiation. -»@-~-
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A MUST Book for

Everyone Interested in

Yy
SAMUEL FREEDMAN
Co‘mrt_lnnder S(E)T, USNR

506 Pages of Facts!
MECHANICS—EQUIPMENT—APPLICATIONS
with studies of actual installations

No radio man’s technical library can be without this
complete text on two-way radio. TWO-WAY RADIO
covers the mechanics and applications of two-way radio
for all forms of fixed, mobile and portable communica-
tion. It is written in non-mathematical form and in
language easily understandable by users or intended users
of this type of equipment. An excellent guide for service-
men and radio amateurs, as well as engineers, executives,
and planners who are interested in a detailed analysis
of the applications and equipment in this field.

Answers all questions

TWO-WAY RADIO gives concrete answers to your practical
questions: How is it used? What are the potentialities of two-way
communication? Is it efficient? Is it economical? What types are
best suited for specific uses? What are the technical requirements?
What are the licensing regulations? Here, in accurate, complete,
and useable form is the data you need for these and a host of
other pertinent questions—the basic technical information which
will enable you to keep pace with the fast-coming developments
in two-way radio communication.

Graphically illustrated

Included in TWO-WAY RADIO are 87 informative illustrations—
charts, diagrams, and photographs of equipment and installa-
tions, carefully chosen by the author to illustrate his twenty
chapters of text material. i

The opening chapters are devoted to planning of two-way radio
and details of equipment, power supply, mobile and fixed stations,
and proper antenna systems. ‘Then follows a detailed analysis of
AM and FM equipment, radio and guided carrier systems, and a
full discussion of microwaves. Latter chapters describe two-way
radio communication as used by railroads and police, fire, highway
and forestry services; also marine and aeronautical applications,
and personal use by radio amateurs and private citizens There is
ample information on maintenance, repair, and trouble shooting, a
full chapter on licenses and regulations, and a description of
typical installations by states, communities and border patrol.

Price $5.00.
with full return privileges

~LIFF-DAVIS PUBLISHING COMPANY

185 North Wabash Avenue, Chicago 1, IIl.

Use convenient coupon
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Fully lustrated!
Charts, Diagrams!
Photographs!

.This Book Tells You—

How two-way radio functions
and basic equipment used

Advantages of microwaves

How two-way radio is used

How to plan for two-way
radio installation

Components and operation
of mobile and fixed stations

in transportation and public
services.

How it may be used in pri-
vate life by amateurs, doc-

tors, farmers, vacationists,

Constructional and equip-

ment details of Frequency etes
Modulation and Amplitude

Agdularion installations

How to maintain and repair
two-way radio equipment.

----------------------q

MAIL THIS COUPON TODAY

h----------------------

ZIFF-DAVIS PUBLISHING COMPANY
185 North Wabash Ave., Chicago 1, Illinois

I am enclosing $5.00 (check or money order) for which
please send me one copy of TWO-WAY RADIO. I under-

stand that I may return book within five days for full
refund if I am not entirely pleased.

REE 849
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SERVICEMEN: WE'LL PROVE YOU'LL SAVE
TIME AND EARN MORE WITH PHOTOFACT-

AT NO COST TO YOU!

e’ll send you absolutely

THIS PHOTOFACT FOLDER

oN THE RCA 630
TELEVISION RECEIVER
OR
A PHOTOFACT FOLDER ON
ANY POST-WAR AM OR
FM SET OF YOUR CHOICE

(as listed in the PHOTOFACT Cumulative Index)

NOW, you can discover for yourself—at our ex-
pense—how PHOTOFACT can make your service
work quicker, easier, and more profitable! Examine
an actual pHoTOFACT Folder. Use it. You'll learn
first-hand why this indispensable service data is
used exclusively by thousands of successful service
technicians. These men-in-the-know subscribe to
PHOTOFACT year after year because it helps them

ice data gives you PHOTOFACT'S outstanding ad-
vantages: completeness, accuracy, uniformity and
ease-of-use. PHOTOFACT and PHOTOFACT alone, is
the only radio service data prepared from labora-
tory analysis of the actual equipment it describes.
Know the facts—get your FREE Folder now.
Examine it—use it—compare it with others—and
you will understand why no modern service shop

every minute of every working day. No other serv-

CURRENT PHOTOFACT BEST-SELLERS

The Recording and Reproduction of SOUND, by Oliver Read. The com-
plete, authoritative treatment of the entire subject of Sound, written

by the editor of Radio & Television News . . .$5.00

Photofact Television Course. The book used by thousands; gives you a
clear understanding of TV principles, operation and practice . $3.00

Television Antennas. Shows you how to select and install the proper
antenna, and how to overcome antenna problems

1948 Record Changer Manual. Covers 45 models made in 1948, including
new LP and dual-speed changers, plus leading wire recorders.
Based on actual analysis of theequipment.................$6.75

Avuto Radio Manual. Complete Photofact service data on more than
100 post-war auto radio models—a time-and-money-saver. .$4.95

HOWARD W. SAMS & €0., INC. inpianaroLIs 1, IMD,

1949

August,

L--—-------

can afford to be without PHOTOFACT.

" MOTE: This FREE  offer is limited fo
Servica Tachnicians. Attach coupen be-
low to your |etterhead and mentian the

‘mamea of yoeur jobber. If you have no
letterhead, send coupon to your jobber.
Expearimeniers and others may cbtain

the Phetofact Foldar by remitling 50c.

HOWARD W. SAMS & CO., INC. i
955 N. Rural St., Indianapolis 1, ind.

I am a Service Technician:

0 Send FREE Photofact Folder on RCA 630 TV
Receiver

[ Send Photofact Folder for set model. .........

¥ am an Experimenter: I
[ Send Photofact RCA 630 Folder. (50c enclosed)

[ Send FREE Photofact Cumulative Index

INAINE. . o oot e eneanaaassonssnssonssnsnnanassss I
AdAress . . v vvveneeneetntstenrarnsssersarasenen I
City . . oo Zone....State........ I

(Offer expires Sept. 30, 1949. Good only in U. 8. A.)
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CHO!CE OF BEAUTIFUL CABINETS best suited to your needs

SERVICE-DEALERS - - -

Be the TV Parts Jobber

and Service Center in your community !
e Beat competition at a profit.

e Stop being undersold—by anybody!

e Enjoy an Exclusive Franchise.

Here's a real opportunity to MAKE MONEY in Television. If

you can qualify, you can become the Transvision Television Center

in your community—and BUY TV and RADIO PARTS AT JOB-
BER PRICES. Practically no investment required. This ofer is open
only to service-dealers in territories where we do not have an
authorized distributor.

Contact Transvision QOutlets listed bellow, or write to New
Rochelle, for details on Transvision's TV Center Plan”. DO
IT TODAY!

TRANSVISION, INC., Dept. RN, NEW ROCHELLE, N. Y.
rl-For FREE 20-page TV BOOKLET and CATALOG SHEETS, SEE YOUR TRANSVISION OUTLET.'\

CALIF: 8572 Santa Monica Blvd., Hollywood N J.. 601 Broad St., Newark

3471 California St., San Francisco

FLA: 42 Southeast Eighth St., Miami

ILL: 1002 So. Michigan Ave., Chicago
MD: 1912 No. Charles St., Baltimore
MASS: 1306 Boylsion 5t., Boston

AND INSTRUM NTS

4Build it in1 Day!

GIANT 160 Sq. In. PICTURE

*Has 16" PICTURE TUBE

(All-Glass Picture Tube, giving bright,
clear, steady picture.)

o KIT COMES SEMI-WIRED and ALIGNED
Can be completed in one day!

e SAVE by installing the set yourself.

- NEW LOW PRICES!

SAVE UP TO V42 on the cost of equivalent
picture-size sets. For NEW LOW PRICES,
see your Transvision Outlet listed below. -

Transvision Television Kits were ordered by the United States
Government for use in Naval Reserve Training Program

. T N. Y.: 14925 Boscobel Ave., The Bronx
DEL: 4 East 15th St., Wilmington 485 Coney Island Ave., Brooklyn
167-01 Hillside Ave., Jamaica PENNA: 235 No. Broad St., Philadelphia
75 Church St., New York City
606 Central Park Ave., Yonkers TEXAS: 700 Commerce St., Dallas
622 No. Salina St., Syracuse

ELIMINATE the VARIAP[ES in TELEVISION
Installation with the TRANSVISION
FIELD STRENGTH METER

Improves Installations! Saves V2 the Work!!

Has numerous features and
advantages, including —
(1) Measures actual pic-
ture signal strength . . .
(9) Permits actual picture
signal measurements with-
out the use of a complete
television set . . . (3) An-
tenna orientation can be
done exactly . .. (4) Meas-
ures losses or gain of vari-
ous antenna and lead-in
combinations . . . (5) Useful
for checking receiver re-
radiation (local oscillator)
.(6)12 CHANNEL SE-
LECTOR . (7) Amplitudes of intertering signals can be checked
.(® We|ghs only 5 lbs. . . . (9) Individually calibrated . . . (10)
Housed in attractive metol corrying case . . . (11) Initial cost oi
this unit is covered after only 3 or 4 installations . . . (12) Operates
on 110V, 60 Cycles, A.C.
Model FSM-1, with tubes . . .

new low price....Net $

All Transvision Prices are fair traded; subject to change
without nofice. Prices 57, higher waest of the Mississippi.

OHIO: Fourth & Plum Sts., Cincinnati
2001 Euclid Ave., Cleveland
53 W. Norwich Ave., Columbus

620 Grant St., Pittsburgh

CANADA: 465 Church St., Toronto, Ont.
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Amazing Sale, Only °19
RADIO DIAGRAMS AND SERVICE DATA ON ALL POPULAR SETS FROM 1926-38 TO 1949
Here Is How You Save Two Ways

Now you can obtain all nine Supreme manuals for only $19, total price.
Here is your complete source of all popular radio diagrams and service data
to help you fix any radio in a matter of minutes. These giant manuals are
easy to use for practical fault finding and quick repair. Supreme most-often-
needed manuals are guaranteed to cut hour-wasting radio repairs to pleasant

moments. Yes, here you have all needed material on all sets from old-timers
to modern 1949 models, and including auto sets. Clearly printed .
circuits, parts lists, alignment data, voltage charts, and service
hints are the facts you need to be more expert in radio servicing.
See these 9 attractive volumes illustrated above.
measures 835x11 inches; average book has 194 pages of dia-
grams; sturdy binding. Send coupon below to receive the com-
plete set of 9 manuals at the special price of only $19, or secure
individual volumes at your radio parts jobber.

day no-risk trial.

Each manual

Compiled by
M. N. Beitman.
radio engineer,
teacher, author,
and serviceman.

Sold on a 10-

TELEVISION & F. M.
New 1949 T-V Manual

Use this new 1949 giant Cyclopedia of
television servicing as your guide to
quick fault finding and repair of any
modern T-V set. Kasy-to-understand
description of circuits, pages of test pat-
terns, response curves, simplified align-
ment facts, waveforms, voltage charts,
service hints, many diagrams in the form
of double-spread blueprints, everything
to bring you up to date and make you ex-
pert in T-V repairs. Faclory data on all
1949 Admiral models, Bendix, DuMont,
Garod Telezoom sets, eight G.E. models,
Hallicrafters, MagnavoXx, Motorola,

Philco, R.C.A. Victor, Sentinel, Stewart-
Warner, all 1949 Zenith wmodels, and
others. Large size manual, 81,x11”, 192

pages plus 9§ giant blueprints, flexible
covers, sturdy binding. Amazing news
Supreme super-value—easily worth 3
three times the price of only........

1948 Television

e
Wi - (R ekt This mammoth volume
1I i presents practical factory

b

LT o, service data on all popu-
e lar 1948 television sets.
Similar to the volume
above. These manuals
are all that you need to
successfully adjust and
repair modern television
« sets. Available at your

1 radio Jobber, or 53

send_coupon, your
special price only

TRAINING MANUALS

Radio Servicing Course-Book

Here is your practical radio course of
22 easy-to-follow lessons. Review funda-
mentals, learn new servicing tricks, all
about signal

tracing, oscilloscopes, re-
cording, P.A., test equip-
ment, and T-V. Just like
a $100.00 correspondence
course. Everything in
radio servicing. With self-
testing questions and in-

dex. Large size: 3250

8%x11”. Price

postpaid, only....

. . . . a

Simplified Radio Servicing

Revolutionary different COMPARISON tech-
nique permits you to do expert work on all radio
sets. Most repairs can be made without test
equipment or with only a volt-ohmmeter. Many
simple, point-to-point, cross-reference, circuit sug-
gestions locate the faults instant-
ly. Plan copyrighted. Covers
every radio sel—new and old
models. This new servicing tech-
nique presented in manual form,
size 8% x11 inches. 84 pages.
Over 1,000 practical service
hints. 26 large, trouble-shooting
blueprints. Charts for circuit

analysis. 114 tests us- S 50
ing a 5¢ resistor. Spe- 1 —
cial price, postpaid. ...

How to Modernize Radios

Cash in by improving and
modernizing all out of date
radio sets and cabinets. Prac-

tical job-sheets with sche-
matics and photographs

1947 T-V and F.M. Manual

Use this manual of factory instructions for
trouble-shooting, repairing, and alignment 1947
popular Television and ¥F.M. scts. Covers every
popular make, including F.M. tuners, AM-FM
combinations, and modern television receivers.
Detail circuit diagrams, theory of operation, test
hints, alignment data. This is the material you
need o fix F.M. or Television sets. Don’t turn
thiy profitable work away for lack of knowledge
and information. Data on 192 large pages,

8% x11 inches. Sturdy, manual-style bind. $
ing. Tremendous Supreme value at only. .
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-8% x11 inches.

make the work easy. $
Size 81%x11 in. Price 1

only ..... ... ..o
NEW Record Changers Manual
Service expertly all modern (1945-1948) rec-
ord changers. Includes every popular make. Just
follow simplified factory instructions to make
needed adjustments and repairs. Hundreds of

photographs and exploded views. Large size:
144 fact-filled pages. 5150

Available at your radio jobber, or
sent postpaid, only. ... ............

You save money by buying the com-
plete set of 9 Supreme Diagram Manuals

for only $19. You will save time from
now on by having on hand factory data
on all popular radio sets of every make.
In each of the nine volumes, covering
1949, 1948, 1947, 1946, 1942, 1941, 1940,
1939, and 1926-38 sets, you have large
schematic diagrams, needed alignment
data, replacement parts lists, voltage
values, and information on stage gain,
location of trimmers, and required dial
stringing pictures. For over 16 years,
Supreme Publications has aided radio serv-
icemen with on-the-job-style service
manuals, always giving biggest values.
Today, when dollars must be waltched,
save again with Supreme.

Used by 128,000 Radio Servicemen

Words can tell a story, advantages and
benefits of Supreme Diagram Manuals can
be stated, but the real proof of the value
and super-usefulness is shown by the
128,000 servicemen who use these manuals
day-in and day-out. They know. Because
every customer gets a 10-day mno-risk
trial, we had to satisfy every one of these
thousands of servicemen. Some of these
were rank beginners and used our manu-
als to help them on their very first repair.
Other radiomen using Supreme manuals
operate the country’s biggest shops. Join
these servicemen to save and earn more
with Supreme Publications—you must be
satisfied or you get your money back.

Index Book Included Free

For a limited time only, you will re-
ceive FREE with every set of nine man-
uals sold at the special price, a 2-in-1
volume containing advanced instructions
on how to use diagrams and a comblete
cross-index to all 9 volumes. This is an
added extra to show you that there is no
need to spend large sums for expensive,
space-wasting manuals of other publish-
ers, or to buy additional drawings every
few weeks; be wise, get the most for yoeur
money in SUPREME Manuals.

10-Day No-Risk Trial Given

Your set of nine diagram manuals or any of
the television or training books described on the
left, are sold on trial, with a guarantee of com-
plete satisfaction or your money back. Any of
these practical, on-the-job manuals pay for them-
selves with time saved on several jobs, after that
you use them FREE for more money-making,
time-saving speedy servicing. Send coupon to-
day, or obtain these manuals at your jobber.

SUPREME PUBLICATIONS

3727 W. 13 ST. CHICAGO 23, ILL.

Gentlemen: [JI want to try the set of 9
Supreme Diagram Manuals at the special
price of only $19. I am to receive FREE

the Index-Manual. You guarantec complete =
satisfaction or will refund my money. E
1 Also ship manuals which I list below: §

H

...................................... »
H

H

...................................... w
H

1 I am enclosing $..... , send postpaid. o

H

1 Send €.0.D. I am enclosing $... deposit. E

H

NAME: o ceerecaanaronaoeannaoessnasenss H
H

AQATESST . ovvviiar s H
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New baby in a proud family ...

'OUND PM
‘DSPEAKER

THERE’S always something new and better in the
G-E Speaker Line—Now it’s the G-E 5” Round
—specifically designed for service replacement!

Naturally it has the quality you expect of a General
Electric Speaker — sturdy all-weld construction,
rock-steady G-E Alnico 5 magnet—plenty of power,
sensitivity, fidelity! Give your customers the best—
that G.E. gives you! See your G-E parts distributor

and stock up today.

Of course it has the famous G-E Aluminum Foil Base Coil!l Not
subject to. warping .resqlling-',fzr'qm high humidity. Provides
- much higher power handling capacity. P. S. All G-E Speakers
have ‘this Metal Base Voice Coil—don’t forget that!

* —with all 4/, 5 and 5V, G-E Speakers!

%a?'r J =
. g 52 pe
1dSSiS
S
g;g% Save time, money and sideways, for simplified mount-
mﬁ materials for the hard- ing of speakers in small working

areas. Less work for you—and a

working serviceman! cleaner job for that important
fellow —your customer. The

Well, now, here’s the story. With  brackets are FREE with every 4",
the serviceman in mind, G. E. 5" and 5%" G-E speaker you get
has cooked up these neat little from your G-E distributor or
mounting kits to save your tem- jobber. General Electric Com-
per and please your customers. pany, Parts Section, Electronics

They’re adjustable—up, down or  Park, Syracuse, New York.

9%%/2(2{/0%42{%266%_
GENERA @9 ELECTRIC
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ARRIER G MMUNI ATIONS

By

.

P. M. OHLINGER

Design Engineer

2

Power

Fig. 1.

P munication

This cfficient and low ecost
system keeps current flowing

to millions of rural homes.

HE REA (Rural Electrification

Administration), a government

financed project, was set up in
1935 to provide electric power service
to every rural farmstead desiring it.
These systems are now in operation in
every state with the exception of two,
Connecticut and Rhode Island.

When we think of supplying power
to every farmstead in rural America,
we begin to realize the magnitude of
this project. Therefore, in order to
allow a better appreciation of the
problems, needs, and advantages of
carrier current communication as ap-
plied in the operation and main-
tenance of power lines, a brief descrip-
tion of a typical REA system is given
along with a schematic (Fig. 6) of the
basic circuit.

Each REA power system is formed
into a Cooperative or Public Power
District composed of from one to six
or more counties in the state. A board

August, 1949

of directors is elected from the local
community, and they secure a man-
ager to operate the system within the
boundaries established by REA in
Washington, D. C.

The first REA construction was
started in 1937. To illustrate its
growth, 458,000 new meters were con-
nected in the year 1948 alone. Projects
which started with a kilowatt-hour
consumption per-month-per-consumer
of 80 have now reached 200 and more
kwh. per-month-per-consumer. Nearly
all existing systems are now being re-
designed and rebuilt to handle loads
of 500 or more kwh. per-month-per-
consumer. Any interruption of service
to loads of this magnitude would ob-
viously have serious repercussions.

As loads grew and the need for un-
interrupted service became more vital,
it was found necessary to speed up
communications between headquarters
and maintenance crews in the field.

Lines

Two views show-
ing “hot stick” method of
coupling mobile unit to the

Szt power line for carrier com-

transmission.

The smallest systems have a mini-
mum of 600 miles of line and four or
more maintenance trucks to serve
1000 consumers while the larger sys-
tems have a network of 4000 or more
miles of line, over 8000 consumers,
and eight or more service trucks.

The telephone which had been used
for communication proved to be un-
reliable, costly, and time-consuming
in this application. Two-way radio
was introduced and its use has recently
become widespread on REA projects.
Two types of communication are being
used at present, space radio and in-
duction (or carrier current) radio.

Signals impressed on the power
lines provide induction or carrier cur-
rent radio communication. Signals
transmitted in this manner travel for
many miles, setting up a strong induc-
tion field so that any mobile unit in
the vicinity of the lines can pick up
the code or voice signals.
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Fig. 2.

Carrier systems are particularly
suitable for dispatching between mo-
bile units or between mobile units and
headquarters. In this application, the
system has several advantages over
other forms of two-way radio.

Advantages

1. Power output requirements are
low.

2. The cost is low for long range
operation.

3. Licensing of stations or operators
by the Federal Communications Com-
mission is generally not required.

4. The keeping of logs is not re-
quired.

5. Interference with other stations
is reduced and is more easily corrected
when it does occur.

6. Its use, of necessity confined to
the immediate vicinity of the power
lines, offers a certain amount of pri-
vacy.

7. Maintenance problems are not as

g

Front view of main station transmitter-receiver unit.

critical and can generally be handled
by a local radio maintenance man.

Types of Equipment

There are two types of -carrier
equipment in use, and they are classi-
fied according to the type of coupling
they employ between the power line
and the mobile unit. One type uses a
portable “hot stick” with a built-in
coupling condenser to couple the mo-
bile transmitter to the power line.
This method of coupling (Fig. 1) will
be referred to as the “hot stick”
method. Because of developments in
the design of coupling condensers and
the close coupling obtainable, the “hot
stick” method is the most efficient and
results in extremely long range com-
munication between mobile units or
the mobile unit and headquarters.
There is, however, a disadvantage in
this method in that the truck must be
stopped and the ‘“hot stick” attached
to the power line before transmitting.

Push-to-talk operation is

Fig. 4. The mobile unit used in this car-
rier system is operated through the con-
trol head mounted on the instrument
panel of the car’s or truck’s dashboard.
customary.

Fig. 3. Main station transmitter-receiver with cover removed.

An alternative to the “hot stick”
method of coupling is the use of per-
manently installed coupling con-
densers at convenient points along the
line.

Another type of equipment makes
use of a permanently installed loop
antenna on top of the service truck.
This permits induction coupling be-
tween the moving vehicle and the
power line. A considerable reduction
in transmission distance results from
this method, however, and a very
marked variation in signal reception
and transmission is apparent at the
mobile units.

At the present time, amplitude mod-
ulated systems predominate but there
are some frequency modulated sys-
tems in use.

Operation

Carrier systems, in general, operate
on a single carrier frequency in the
range of 50 to 150 kc. for both direc-

Fig. 5. The main station transmitter-re-
ceiver is remotely operated by the REA
dispatcher through the office control
unit, Transmitter is linked to office by
means of a single circuit phone line.

. e .
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tions of transmission and are of the
simplex or press-to-talk type. Ampli-
tude modulation is usually employed
and the carrier and both sidebands are
transmitted.

The main station transmitter with
an r.f. output (unmodulated) of ap-
proximately 75 watts, is usually lo-
cated under a three-phase line. The
transmitter is coupled to each phase
by coupling condensers designed to
withstand the 7200 volt potential on
the REA distribution line.

While the main station transmitter
may be operated directly at its loca-
tion, operation is usually from the
headquarters office, possibly several
miles distant from the main station
transmitter.

The main station transmitter mey
be remotely operated by means of the
oflice control unit, a single circuit tele-
phone line serving to connect the two
units.

The mobile unit consists of a com-
plete carrier transmitter and receiver
designed for 6 volt d.c. automobile bat-
tery operation.

The main chassis unit is operated
through a control cable and by means
of a control head mounted on the au-
tomobile dashboard. The telephonea
handset and the loudspeaker are also
connected there.

Power output is generally about 40
watts (unmodulated), but the power
output requirements of mobile units
may vary from 10 to 40 watts depend-
ing on the line coupling efficiency and
the power distribution system itself.
The power requirements of the main
station transmitter may vary from 25
to 75 watts output. The succeeding
paragraphs will bring out some of the
determining factors governing the
power output required.

Range

The following factors will, to a
great extent, determine the range of
the two-way mobile power line carrier
communication system;

1. The attenuation of the signal by
the transmission or distribution net-
work and the degree to which it is cor-
rected.

2. The usable transmitter output.
The total electromagnetic field pro-
duced at any point a distance of
157,000/f(kc.) feet from the appara-
tus shall not exceed 15 microvolts-per-
meter. To exceed this specification
means that the equipment must be li-
censed by the Federal Communications
Commission and the services of a li-
censed operator required. To secure
satisfactory range, “brute force” in the
transmitter output cannot be relied
upon entirely if radiation limits are
not to be exceeded. Signal attenuation
and radiation by the distribution sys-
tem must be counteracted by efficient
equipment installation, power line con-
struction, and the *“choking” and “trap-
ping” employed.

3. The degree of receiver sensitivity
which may be used. Line noise levels
and the signal-to-noise ratio directly
affect the range. Signal attenuation,
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from REA field tests, has proven to be
approximately 2.5 db. per mile in the
carrier current frequency range. Sleet
on conductors and insulators causes
attenuation of carrier signals. In very
dry weather, dust and dirt on power
line insulators will make for higher
noise levels.

4. Methods of coupling the mobile
units to the line. When the “hot stick”
method of coupling is used, ranges of
over 75 miles have been secured be-
tween the main station and the mobile
unit.

A range of approximately 40

miles can be expected when loop cou- '

pling is used from mobile unit to the
main station. The range could be ex-
tended if repeater units were used.
Mobile units may receive signals even
though out of the vicinity of its own
power lines, providing that another
line or fence has a short parallel ex-

Schematic diagram of a typical distribution circuit used by the REA.

posure to the system’s power lines and
allows the induction field necessary for
mobile unit pickup.

It is highly desirable to conserve as
much of the carrier signal energy to
the main line as possible, distributing
it to the taps off the main line in
amounts proportionate to the length
of the line tap so that satisfactory
transmission and reception results out
to the far ends of the longest single
phase taps.

A continuous call signal can be used
by the main station to aid in contact-
ing the mobile unit.

Power systems designed for efficient
carrier current communication provide
higher signal-to-noise ratio, less at-
tenuation and wasteful radiation of
the signal and, therefore, require less
transmitter power output. Some of

(Continued on page 120)

Fig. 7. A typical mobile transmitter-receiver with its various accessories.
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You can work the world with this 80. 40,

20-meter

rig. It is easy to build and relatively inexpensive.

By RICHARD L. PARMENTER, WIJXF .
and C. E. CLARK, WIKLS

“NELLOWS, if you are just getting
on the air and want to give
c.w. a whirl to see what can
be done, here’s a little rig that can
really go places. With a good solid 50
watts output on 80 and 40 meters
and nearly as much on 20 meters you
can still practically work the world.
On 80 meters in the crowded early
evening you can get contact after
contact, and if you want to get up in
the “wee sma’ hours” as the authors
have done, 20 meter c.w. will provide
you with the thrill of DX. On the
other hand 40 meters will give con-
sistent results at any time of the day
since there is always somebody avail-
able on that band. As these three
bands are open for your use with a
Class B ticket, you can be assured of
satisfactory QSO’s whenever your
leisure time permits. If you are like
the authors, you’ll find it difficult to
put the key aside to take care of other
things that need your attention.

In the design of this little outfit, we
have stuck to simplicity as much as
possible, both for economy’s sake and
also to keep the constructional prob-
lems to a minimum. Yet the trans-
mitter presents some features found
usually only in larger rigs. Either
crystal control or an external variable
frequency oscillator may be used to
excite the 807 output tube, and chang-
over is effected by front panel switch-
ing. It has a built-in r.f. indicator for
tuning purposes, eliminating the need
for a relatively expensive meter. A

{

high-voltage indicator lamp is used
for safety’s sake, and this flashes on
and off to act as a constant reminder
that dangerous potentials are present.
Potentials as low as 250 to 300 volts
may be used with good results, and as
high as 750 volts may be used with in-
creased power output. Parallel plate
feed is used in the final, which elim-
inates dangerous potentials from ex-
posed portions such as the coil and
condenser. Since both oscillator and
final are keyed, break-in operation
may be used, and be assured that this
is a big advantage when working
through QRM and for pulling through
a weak station. If you are interested
in traffic handling, you will find that
break-in is practically a “must” for
network operation. Power output is
sufficient for excellent results. (The
authors worked Tasmania from East-
ern Massachusetts, getting a 459 re-
port with an 807 on 14 mec. 60 watts
input.)

Lastly, and this item is not to be
ignored if you want to keep peace
with the lady of the house, the little
transmitter is almost a decorative
piece of furniture. Gray and black
enamels were used for effective con-
trast, and they present a semi-com-
mercial finish. Photographic type
nameplates were used to identify the
components on the front panel as well
as to enhance the appearance.

Circuit Design
The circuit shown in Fig. 1 will be

Fig. 1. Circuit is basically a Pierce oscillator capacitively coupled to an 807 final.
CIyL Vi _@j_
I ecalis T
BZZAXTAL

RF.
OUTPUT

RS

AMVAL

e
||

R4
2 c7 3

i

R6

N

NI

Ve

B+
300 V.
MAX.

P
vi
= 6.3 V.

R—25,000 ohm, V5 w. res.

Ro—10,000 ohm, Y5 w. res.

Ri—300 ohm, 2 w. res.

R—100,000 ohm, 1 w. res.

Rys—15, 000 ohm, 2 w. res.

Rs—50 megohm, Y5 w. res.

C1—.001 pfd. 400 v. cond.

Co, C4—100 ppfd. mica cond.

Cy, Cs, Co—.01 pfd. 400 v. cond.

Cr—.25 ufd. 400 v. cond.

Cg—50 pufd. double spaced var. cond.

Co—.002 ufd. 1000 v. cond.

RFCy, RFCy—2.5 mhy. r.f. ch

L,*—80 meter—32 t. #20, 1‘/2” long, link, 8
t. #20 3

] B+
750 V.
MAX.

40 meter—15 t. #16, 14" long, link, 4 t.
16 .

B8—

20 meter—6 t. 14, 1” long, link, 2 t. #14

ST wo pole—double throw toggle sw.

Nl, No—NE-45 Y4 w. neon lamps

J1—Open circuit jack

J,—Chassis connector

Xtal—T o match same freq. as L,

1—807 tube

1—6C4 tube

#* All links to be placed Vg inch from cold end
of coils. All coils wound 133 inch in dia.

Commercial 75 w. coils made to the above speci-
fications are available.
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recognized as the Pierce oscillator
which is capacitively coupled to the

807 final. This circuit keys well and
is a definite improvement over a
single-tube transmitter since the an-
tenna circuit is pretty well isolated
from the oscillator. By means of
switch 8; the grid circuit of the 807
is shifted from the output of the 6C4
crystal oscillator to external v.f.o.,
and this simultaneously disables the
6C4 by cutting the plate voltage.
Thus the crystal may be left plugged
in at all times and the external v.f.o.
left connected as well. This setup
facilitates network operation when it
is desirable .to work on spot fre-
quencies some of the time and use
v.f.o. at others.

Since parallel plate feed is used in
the 807 stage, any danger of coming
in contact with high voltages is elim-
inated, and hand capacity effects are
reduced to a minimum. The physical
isolation of the input and output cir-
cuits of the 807 seems to eliminate any
tendency toward parasitic oscillations;
consequently, it was not necessary to
use parasitic chokes. Also no r.f.
choke in the grid circuit of the 807 was
found to be necessary.

A one-quarter watt neon bulb (N,),
type NE-45, is used as a high-voltage
indicator. This tube flashes intermit-
tently when the plate voltage is on,

RADIO & TELEVISION NEWS
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Front and rear views of
the home-built rig. By us-
ing gray and black enam-
els, the semi-professional
appearance of the unit
can be easily duplicated.

its operation being that of a relaxa-
tion oscillator. This idea is not original
with the authors, but it is definitely
worth incorporating since a flashing
light is vastly more effective than a

steady glow. Its operation is as fol-
lows: When the high voltage is
thrown on, condenser C: gradually
o«charges up through the resistor, E,, to
a value high enough to fire the tube.
When the tube flashes the condenser is
discharged, and then another brief in-
terval elapses before R« will pass
enough current for the condenser to
again charge up to the firing point of
the bulb. The value of R, for a plate
voltage of 600 volts is approximately
50 megohms. Considerable variance
is permissible here since the firing
voltage range of the bulb is quite
wide. Generally speaking, however,
. if more than 600 volts is used the re-
sistance should be increased and
would be decreased if the converse is
true. The condenser C; should have a
voltage rating of 400 volts, at least.
Another one-quarter-watt neon Bulb
of the same type is used as an r.f in-
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dicator. One side of the' bulb is
grounded to the busbar which runs up
to the tuning condenser. The other side
of the bulb is soldered to a short piece
of stiff wire which is coupled loosely
to the tank coil by bringing it some-
where near it. Experiment here to
determine the best location. The bulb
should not be too bright, as it will be
difficult to determine the point of
maximum brilliance. N

A microphone connector was used
to bring the v.f.o. output to the grid
circuit of the 807. A coax connector
would be preferable here if available.

Construction

Construction of the little transmit-
ter is not difficult. The solid wooden
base is 7 inches square. One rectangle
of masonite, 7x12 inches, may be cut
diagonally for the side pieces, and a
7Y% x12 piece is used for the front
panel. Two % x% inch strips of wood
12 inches long are used as braces to
hold the front panel to the sides, and
assembly is effected by means of 3%
inch flathead wood screws. A piece

of duralumin or aluminum cookie
sheet, 6¥%x6% inches, is used for the
chassis base, and this is mounted on
the side panels by means of small
brackets at a height of 2 inches above
the wood base.

The socket and shield can for the
807 are mounted quite close to the
rear of the chassis, and the socket for
the 6C4 in front of it.- The change-
over switch, S, is mounted beside the
6C4 and is thereby easily accessible by
reaching through the front panel cut-
out. At the top of the front panel,
the socket for the tank coil (5 prong)
is mounted by small angle brackets
»r some standoff insulators. The two
feed-through insulators for the an-
tenna connections are mounted on a
side panel, and these are connected to
the socket link prongs by a short piece
of 150-ohm or 300-ohm Amphenol line.
The tuning condenser, Cs, is mounted
on the upper part of the panel by
means of the front bearing nut, since
there is no r.f. or d.c. voltage present
on the rotor. ’

On the lower front panel the cry-
stal socket (octal), key jack, and the
connector for v.f.o. input may be
mounted in the approximate positions
shown. This makes for fairly short
leads.

Power connections are brought up
to the transmitter in a five-wire cable.
Since a wide variation is permissible
in the power supply, no specfications
are given. A transformer and choke
of at least 125 milliamperes should be
used, however, so as to have reason-
ably good regulation. We used a tap
on the bleeder to provide the approxi-
mate 250 volts for the 6C4.

The antenna coupler which should
be used with this transmitter will de-
pend upon the type of antenna avail-
able. For this item the reader is re-
ferred to any of the various handbooks
available which give excellent data for
this rather wide subject. We used a
parallel coil condenser combination
and a random length of wire with
good results and also used an 80-meter
doublet.

Operation

After wiring is completed and
thoroughly checked, the transmitter
may be fired up. With the connections
made to the power supply, the key in-
serted in its jack and a crystal in its
socket, key intermittently, mean-
while tuning the tank condenser. Res-
onance will be indicated by the de-
gree of brilliance of the neon indica-
tor. If desired a 0-150 ma. meter might
be inserted in the high-voltage lead to
the 807 plate, and then tuning would
be for minimum milliamperes as in-
dicated on the meter. It will be found
that this reading and the brightest
point of the bulb will very nearly coin-
cide, almost enough for ordinary pur-
poses.

The quality of keying should be
checked on the station receiver with
the r.f. gain reduced. The note should
be clean-cut and musical without
chirp or weepiness. If these charac-

(Continued on page 93)
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good results in marginal areas.

' This combination of a folded dipole,

3 directors and a reflector gives

Directional Are

The completed array
mounted atop the roof.
It will have maximum
usefulness only for the

HE antenna to be described
I herein is highly satisfactory for
marginal TV reception and has
proved superior in performance to
stacked arrays costing several times
as much money. Its directional char-
acteristics and high forward gain
make it particularly desirable for
eliminating ghosts and interference
between two stations operating on the
same channel. Construction of the
array is not difficult, and if the indi-
cated dimensions are carefully fol-
lowed, the average builder should be
able to assemble it with a minimum
of effort.
Such a highly directional array with

specific channel for
which it is designed.

parasitic elements is good primarily
to receive the frequency for which it
is cut. It is possible, however, to se-
cure satisfactory reception on adja-
cent channels if the signal strength is
high enough. If the array is cut to
favor a distant weak station, it will
still be possible to pull in the strong
locals, although if more than one
channel is to be received, it would be
more satisfactory to construct a sep-
arate array for each frequency.

These separate arrays may be
mounted independently, or stacked
one above the other; they should be
separated by at least half a wave-
length. For best results they should

Fig. 1. Length and spacing of the various elements of the antenna.

T0
TRANSMITTER-
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(Marginal TV Ree

By
LYRMAN E. GREEXNLEE

not be coupled to the same transmis-
sion line. Run separate 300-ohm lines,
and use a switch at the TV receiver
to change from one array to the other.
If more than one station is to be re-
ceived on a channel, some method of
rotation will be necessary. Since the
array is very light in weight, rotation
presents no problem, and either a
war-surplus motor or a regular stock
antenna rotor will be satisfactory for
the purpose. If a war-surplus motor
is used, be sure it is not free to turn
with the current off, as this would al-
low the array to rotate with the wind.
Fig. 1 shows the dimensions of the
various elements, so that actual
lengths may be determined by refer-
ring to Table 1. These dimensions are
correct only if the constructor uses
the same materials and the method of
assembly shown in the photograph
and sketches. Note that the folded
dipole element is made very narrow
and is mounted in a horizontal plane.
It is not connected to the tube sup-
porting the reflector and directors.
The main support and mast should be
grounded with #4 copper wire for
protection against lightning surges.
Dimensions are given in Table 1 for
each channel, also a separate set of
dimensions for the middle of the low
channels (2 to 6) and the middle of
the high-frequency group (7 to 13).
These two arrays may be combined
and stacked on the same mast to
cover all channels. They should be
kept about 8% feet apart, and it is
best=to run two separate lines to the
receiver. Gain will not be uniform
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over the various channels, so it is usu-
ally best to cut the arrays to favor
the stations most wanted. Positioning
should be done experimentally, and if
a motor is not used, it is a good plan
to check with a map and compass
since it is often difficult to determine
the point of maximum signal by ob-
servation. '

Construction Details

Use 1%” round or square aluminum
tubing for the center support. The
length of this support is given in col-
umn “C” of the Table. Mark off the
tubing to space the various elements
and drill 1%.," holes to receive the di-
rectors, dipole, and reflector. A sim-
ple jig should be made to keep these
holes in line. This jig consists of a
board to which the tubing can be at-
tached with a couple of lag screws.
Dri}l one hole and fasten the tubing
to the board at one end. Drill a sec-
ond hole at the other end of the tub-
ing and fasten to the board. The bal-
ance of the holes may now be drilled
by hand or in a drill press, and it will
be easy to keep them in line so all the
elements of the array will be in the
same plane. A little care at this point
will avoid spoiling the whole job.

Using a small drill, make a hole for
a self-tapping screw above each direc-
tor and the reflector and dipole. Use
screws long enough to penetrate the
elements. Tighten these screws when
the array is finally assembled, and all
the elements will be firmly anchored
in place. The screws fastening the
dipole insulators in place must be
tightened with extreme care to avoid
cracking the polystyrene. To prevent
collection of moisture, it is a good idea
to close the open ends of all the pieces
of tubing with bottle corks which can
then be painted with a couple of coats
of coil dope. It is also a good idea to
paint each joint of the array with
polystyrene dope to prevent the en-
trance of moisture.

Reflectors and directors are made
from %" OD aluminum tubing and
require no processing except to cut
them to length and to dress off any
burrs at the ends with a file. Solid
ends may be made from dural rod and
fitted into the aluminum tubing if the
constructor cares to go to the extra
trouble. This type of construction will
produce a better looking job, and it
will also make the material cut to
better advantage on the lower chan-
nels, since these solid rods can also be
used to extend the length of reflector
and director elements.

The dipole element is formed from
3” OD hard brass tubing with .025
wall thickness. This element should
be plated with chrome on a silver
base. Plating is important to add to
the gain and prevent corrosion of the
metal, and a chrome overlay will pre-
vent the silver from tarnishing. De-
tails of the construction of the folded
dipole are given in Fig. 2. Pieces of
14" OD polystyrene tubing are used to
insulate the dipole from its support.
This method of mounting is simple.
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Cth N Range gidoo S}?und Spacing Reflector | Dipole Directors Sup-
anne in req. req. |~ . | port
0. Mec. Mec. Mec. A B 1. 2 3 4&S8 C
2 54-60 55.25 59.75 | 3034 20 ‘(. 103 98 93 92 y. 933
3 60-66 61.25 65.75 | 2774¢ | 18546 921 88 831, | 8234 85
L 4 66-72 67.25 71.75 | 25 1634 84 80 76 75, | 787,
ower
Band 54-88 251 17 84 80 76 5 9}
] 76-82 77.25 81.75 | 217% 14% 73‘7 70 661 6534 683
6 82-88 83.25 87.75 ZO?ﬁ 13% 681, 65 613 | 61 64Y,
7 174-180| 175.25 | 179.75 | 9% 61, 33 31‘{& 30 295/5 321,
8 180-186] 181.25 | 185.75 | 9% 6546 32 301, 29 2811461 3176
9 | 186-192 187.25 | 191.75 | 9% 6 31 2915 28 27% 30V
U10 | 182-198; 193.25 | 197.75 | 8% S§154¢ 30, 29 27 | 21% 291146
pper
Band 174.216 815/¢ 6 30 281, 27 2634
11 198-204! 199.25 | 203.75 | 8%4¢ | 5% 287, 2715 | 26% | 257 | 281346
12 204-210, 205.25 | 209.75 | 854¢