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This new U T C unit is the ideal, simple device for any application requiring
frequency response correction, Designed to be connected between two triode
audio stages or to match a high impedance (5000 to 30000 ohms) source to grid.

The CGE-1 equalizer is not a simple R-C tone control, but employs resonant
circults to permit low or high end equalization without affecting mid-frequen-
cles. With controls in center, no equalization is effected. Moving one control to
left increases bass; to right, drops bass. Moving other control to left increases
highs; to right drops highs. Controls are independent so that bass may be raised
and highs dropped simultaneously, etc. Amount of equalization is continuously
adjustable, up to 15 DB, panel calibrated in DB. The insertion loss effected is
equal to the combined low frequency and high frequency settings plus 6 DB.
Unless existent gain of equipment to which CGE-1 is added is high, an addi-
tional audio stage may be required.

This unit comes complete so that controls with etched panel may be mounted
on a chassis (24 inch minimum) or a panel with case containing the electrical
elements held by etched panel screws.

CGE-1 Panel Dim. 23 x 4. Wt. 2 lbs. List Price $25.00
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The three basic UTC items described below cover all medium power multiple
photo flash applications using trigger type or non trigger type tubes. PF-1 is

f p 1 H for AC line units . . . PF-2 is for portable units ... PF-3 is used for tubes employ-
New; deSlgns and products fng trigger electrode.

are in cOnﬁnuous‘ develop_ PF-1 Primary for 115 volts, 50/60 cycles. Secondarles for power supply deliver-
i J Ing 2200 volts DC to condenser up to 100 Mfd. (30 Mfd. charges in 8 Sec.)

: ‘ E J Compound sealed in G-3 case 24 x 2% x 2/, inches high. Weight 2 Lbs.

ment at the U.T.C. Research Lisr price . . . $10.00 it 8 - 4
l.uborutory. While most Of PF-2 For portable photofiash service. Primary tapped for 4 volt or 6 volt battery

{full wave vibrator). Secondary for power supply delivering 2200 volts DC to
h . . condenser up to 60 Mfd. (30 Mfd. charges in 20 Sec. with & volts or 28 Sec.
these items are SPeﬂﬁt to with 4 volts). Compound sealed in G-3 case. Weight 2 Lbs. List Price ... $10.00

PF-3 Trigger Transformer 15 KV peak................ List Price ... $4.50

customer’s unusual require-
p For further circuit detalls, write for sheet §PF.

ments, units having general
application are added to the For Full Listings of UTC Items, Write for Catalogue PS-407

New U.T.C. catalogue.

150 VARICK STREET - NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"
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Electronic balancer enables operator to measure and correct dynamic balance of gyro rotor in two minutes
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Each adaptable to many coil
and contact arrangements to
fit your individual needs.
Write for Data Bulletin
on any type

STRUTHERS-DUNN, INC.—146-150 N. 13th Street, Philadelphia 7, Pa.

STRUTHERY-DUNN

ATLANTA ¢« BALTIMORE + BOSTON « BUFFALO « CHICAGO ¢« CINCINNAT! « CLEVELAND « DALLAS
DENVER « DETROIT « HARTFORD « INDIANAPOLIS « LOS ANGELES « MINNEAPOLIS « MONTREAL

NEW YORK ¢« PITTSBURGH « ST, LOUIS « SAN FRANCISCO ¢« SEATTLE « SYRACUSE «» TORONTO
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® The habit of accuracy is so strong in engineers that drawings which are

’ clear and legible are not enough. Creative men want their drawings to oo

‘ professional, not only in essentials, but in details. K & E has equipment that can

help you inboth endeavors. .. drawing instruments and materials so well conceived

N PRSI R and precisely made that many engineers and draftsmen regard them as valued
radio networks partners throughout their professional careers.

For 78 years K & E products have been helping in this way to bridge the gap

between thinking and, doing, helping to make possible the tools, machines,

appliances, construction projects, that mark cur civilization. So widely is this true,

it is self-evident that every engineering project of any magnitude has been
... most efficient completed with the help of K & E. Could you wish any surer guidance than this in
office buildings the selection of your own “partners in creating’?

Fs 5 For faster, better lettering you will find a

LEROYt Lettering Set a fremendous help.

pa rtners In creatl ng With it you can produce a wide range of
lettering styles and symbols with complete

uniformity. Precision lettering need no longer be tedious. For full information

U ='l|'= e write to your nearest K & E Distributor or to Keuffel & Esser Co., Hoboken, N. J.
h C tReg. U. 8. Pat. Of.

Drafting, Reproduction,
Survering Equipment
and Materials,
Slide Rules,
Measuring Tapes.

' KEUFFEL & ESSER CO.

EST. 1867
NEW YORK * HOBOKEN, N. J.

CHICAGO ¢ ST. LOUIS * DETROIT . SAN FRANCISCO
L LOS ANGELES * MONTREAL
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Westernn Eleciric anmounces a complete

754A—12" direct radiator.
728B—12" direct radiator. 756A—10" diract radiator 755A—8" direct radiator. 754B(notshown)12" direct
r:diu'or for outdoor use.

713B & C—High frequency KS-12024—Sectoral high frequency K® - 12027 — Sectoral high fre- KS-12025—Sectoral high frequency
receivers horn. 50° coverage angle. quency horn. 90° coverage angle. horn. 80° coverage angle.

COMBINATIONS ...

757 A—dual unit
system.

- QUALITY COUNTS-

September, 1947 — ELECTRONICS




line of High Quality, wide range loudspeakers

Sizes and combinations to meet every sound radiation problem.

e Power capacities from 8 to 120 watts . ..

Frequency ranges as wide as 60-15,000 cycles. ..

o All units designed by Bell Telephone Laboratories .. .

IT’S a thrilling, satisfying experience to listen Whatever your loudspeaker needs, there’s a
to reproduced sound that is truly high quality. Western Electric loudspeaker to meet them. . . to
The new line of wide range Western Electric loud- provide you with sound that’s based on a whole
speakers was designed to muake that experience new concept of high quality reproduction. Ex-
available to all . . . to provide a complete line amine the following table to see how your require-
of loudspeakers with the ability to reproduce ments are met, or mail the coupon below for
sound of unmatched brilliance and tone. literature describing this new line of equipment.

HERE'S HOW YOUR QUALITY REQUIREMENTS ARE MET

RECOMMENDED
POWER FREQUENCY EFFICIENCY CABINET

TYPE HANDLING RESPONSE INPUT COVERAGE (Sound Level of 30 SPEAKER ENCLOSURE DIMENSIONS
CAPACITY (cycles) IMPEDANCE ANGLE on Axls) WEIGHT DIMENSIONS REQUIRED {Sloping front}
755A 8 waotts 70-13,000 4 ohms 70° 81.5 db above 10°'® | Speoker—4% lbs.| Dla.—8%" 2 cu. f1. Width—16"
8" direct walts per sq. cm. Depth—3%" Height— 21 i
radiator ot 8 watts input Baffle Hole Dia.—7" Top Depth—9%
Bottom Depth—12"
756A 20 warts 6510,000 4 ohms 60° 89.5 db above 10 | Speaker—10 ibs. | Dia.—10%" 2% co. ft. | Width—19"
10 direct watts per sq. cm. Depth—3%" Height—22
radiator at 20 wats input BafflsHolsDio.—813/16" Top Dept 5
Bottom Depth—1113/ 14
7288 30 wotts 60-10,000 4 ohms 50° 93.5 db obove 10°** | Speaker—17 Ibe. | Dia.—1211/52" 3 cu. f1. Width—21"
12 direct watts per 3q. cm. Depth— 328/32" Height—23%"
radiater at 30 watts input Baffls Hols Dia.—11" Top Depth—9%”
Bottom Depth—12%"
754A 15 watts 60-10,000 4 ohms 50° 94 db above 10°'* Spsaker—17 Ibs. | Dia.—1234/32" 3 v H. -
12 direct wotts per 3q. ¢m. Depth—3%"
rodiator ot 15 watts input Baffle Hole Dia.— 11"
7548 50 wotts £0-10,000 4 obms 50° 94 db above 1071 Speaker—17 ibs. [ Dla.—1211/52" 2% cu. f1. —
12" direct radiator ‘watts par 3q. em, Depth— 3%"
{ovtdoor type) at 50 watts input Baftle Hole Dia.— 11"
757A 30 watts £0-15,000 4 ohms 90° 93 db above 10°1* 22 1bs. Compased of 1-7288 Enclosurs furnished | Width—30%
2 unit system Wolts par 5q. <m. i ing cobinet | low treq y unit and | with system Height—20"
at 30 watts input 1-713C high frequency Top Depth—11%"
raceiver with K5-12027 Battom Depth—13%"
horn
7138 25 watts | With berns | 4 ohme (Sew specificatiane | With [ Dia.— 4%/, = —
high frequency s for horns) KS-12024—100 db Depth—4%°
receiver 8002100 KS-12025— 98 db
KS$-12027 — 97 db
713C 25 watts With horns 4 ohms (See spacificotions | With 8 Ibs. Dio.—4%/4¢"
high frequancy KS-12024-5-7 for horns) KS$-12024—97 db Depth—4%"
recelver 800-15,000 Ks$-12025—95 db
X5-12027 —94 db e — s i
Ks'12°27« - With 713C — 90° horizonfal - 10 Ibs. Length—13%" — 2
high fraquency Receiver 90° vertical Width—19%/,"
horn 800-15,000 - i Height—2%/44°
KS-12024 = With 713C - 50° horizontal — 7 Ibe. Length—16%" — =
high fraquency Receiver 40° vartical Width—13%/1¢"
horn 800-15,000 Height— 6%
KS-12025 = With 713C — 80° horizontol - 12 Ibs. Longth—19 —
high frequency Recaiver 40° vertical Width—2321 /32"
oy 800-15,000 Height-—6%"
High Level Range from 30| 60-10,000 e o Range from Dopends on Range from | Systeme composed of | Enciosores furnished Range from
Speaker Systems| 10120 wane Companants 50° 1o 100° Componants 140—380 Ibs. | 754A or 7548 low fre- | with systems. Includs| 50" x 26 x 48
{For indoor or in singls units quancy units, 7138 high | low fraquency horns 1o .
utdoor use} fraquency receivers, and 78" x 52" x 48
K5.12024 or KS-12025
horns
Graybar Eleciric Co. 111

SEND Fo 420 Lexington Ave., New York 17, N. Y.
Gentlemen: Please send me literature describing the

new line of Western Electric loudspeakers.

COMPLETE INFORMATION mm) clsiroe S

Address
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. Bakelite Resinoid Ends. Lead wire can-

. Non-Inductive.

. Excellent Temperature Coefficient.
. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.

. Extremely moisture proof.
. Heat-proof.

lllll

FEATURES

not pull out, even under hot conditions.

From 150 volts to 600 volts.

PAT.
PENDING

CARRYING
RADIOS

AUTOD RADIOS

SAMPLES AND PRICE LIST ON REQUEST
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Change-orders from the engineer-
ing department usually cause plenty
of headaches in pro uction ... par
ticularly where die piercing opera
tions are involved.

But...if you're using Whistler Ad
justable Dies, there is no lost tim2
—no waiting—no extra die expense.
The same dies are easy to rearrange
to the new design. Add units from
stock, or delete sizes and shapes po
longer required. Arrange the new
set-up right on the press.

PERFORATING .4 f Consider the savings in production
time alone. Then think how contin-
2 = ued re-use of the sameé dies in sub-
DIES 7 ; sequent jobs writes off first cost.
Whistler Dies can be used in pric-
tically any press. All parts are inter-
o changeable. Precision is assured on
4 kl d 'l LD long or short runs. Closer centers
qUK y ﬂ“ euSI y i permit fewer press operations.
Deliveries are quick...little or no
reurru“ged waiting. Standard round unches
24 and dies up to 3" are available from,
stock. Ovals, squares, rectangles and
special shapes can be made up in a
few days. Write for the
Whistler Catalogs today
and get all the facts.

ELECTRONICS — September, 1947



An HQ-129-X receiver, the choice
of thousands of well-satisfied
owners. And a Four-20 Trans-
mitter with its companion Four-11
Modulator, a combination that is
getting out all over the world.
R9+ reports from China, Argen-

tina, Hawaii, Australia ... coming
in to the many amateurs now using
the Four-20 on the air.

You, too, can be in this picture
... Equip yourself with a complete
Hammarlund station.

There will be no new Hammarlund receiver in the price range

of the HQ-129-X until the spring of 1948 at the earliest.

\G‘ oF

L) 004
| ~ M (’
x -t
[ <

ESTABUSHMED 1910

HAMIMAR{ININD

THE HAMMARLUND MFG. CO., INC., 460 W. 34™ ST, NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
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We know that our brazing techniques are as
good as can be . .. but we also know that
you can't always be sure of perfect heat

conduction through the brazed metals.

For that recson, we've developed a method of
cutting our rndiaf_ors for the 8002-R out of

a solid chunk of metal; giving us a perfect
heat conducting path between the core and its
fins. This prevents ‘‘spot heating”’

of the tube’s copper anode.

lt's quite a trick to slice those cooling fins
so that they radiate equally from the center

and do not vary in thickness. But we mastered itt

And we have hundreds of other

“little differences’’ in the design and
construction of the many, many types of
transmitting, rectifying and special purpose

tubes that comprise the extensive Amperex line.

It's these little differences that combine to

make the BIG difference when you

re-tube with Amperex

AMPEREX (b
ELECTRONIC  \W)

CORPORATION &=

25 WASHINGTON STREET, BROOKLYN 1, M. Y.
In Canada and Newfoundland: Kogers Majestic Limited
11-19 Brentcliffe Road, Leaside, Toronto, Cntaric, Canada



rue HIGH STANDARD of Your nNameE

IS ASSURED WHEN YOU BUILD IN

@ For Uniform Repetitive Accuracy In Transit Time
And For High Surge Current, The Triumph Speed
Flash Unit Depends On A Specially Designed Potter
& Brumfield Relay.

Here is another example of Potter & Brumfield per-
formance engineering to meet inflexible requirements
upon which the satisfactory operation of the end prod-
uct is dependent.

This product is a high voltage actuated xenon gas
ultra-high speed photo-flashlight unit. For acceptable
performance, the relay must be even more uniformly
repetitive than the precision shutter of a fine camera.
When energized by a manual switch on the “*flash gun™
the relay discharges 2,500 volts from a saturated con-
denser in 1/10,000 second in synchronization with the
shutter of the camera (approximately 48.6 watt sec-
onds energy). Unfailingly positive contact is vital to

synchronization and uniformity of color temperature.
Contacts developed specially for this application carry
this high surge current without sticking, burning or pit-
ting. This relay has capably proven its ability in the
field to take wide ranges of temperature, humidity and
shock, in its stride. It is being supplied well within the
customer’s cost allowance.

POTTER & BRUMFIELD engineers are always avail-
able to design special relays to the performance re-
quirements of your new or unusual applications—for
low production cost. Your inquiries are solicited and
assured of prompt attention.

POTTER & BRUMFIELD also offers a complete line
of stock relays in power, midget, latching, leaf, plate-
circuit, telephone, shock-proof and motor-starting
types. Complete data on these standard assemblies is
available in the comprehensive, illustrated P&B cata-
log. Write for your copy.

POTTER & BRUMFIELD SALES COMPANY

549 W, WASHI‘NGTON BLVD., CHICAGO 6, ILLINOIS + FACTORY AT PRINCETON, INDIANA
Export: 2020 Engineering By_)'lding,.C'hicogo 6, Illinois
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rease FROBUIMS like these-

e
o e en e, o

“PAINTED"

DRY-FILM
INSTRUMENT
LUBRICATION

SHIELDING :

LAYERS

DIAMOND-DIE
WEAR AND WIRE
BREAKAGE

You can easily eliminate these annoying and costly
problems in your industry if you will call on**dag??
for help.

Many years of experience in the development of
new uses for **dag?’’ colloidal graphite have given
Acheson Colloids Corporation the knowledge and
skill to help you solve these and many other trouble-
some problems. There are 18 different dispersions
of **dag?’ colloidal graphite, one or more of which

BLEEDINC
STATIC
CHARGES

LIGHT-SENSITIVE
CELL
ELECTRODES

B e L

will surely be useful to you. The properties of
‘‘dag? colloidal graphite are perfectly suited for
forming electrically conductive films, for coating
and impregnation, for conduction of heat and elec-
tricity, for resistance to high temperature, and for
many other purposes.

Why not send in the coupon below for these fact-
filled booklets and discover for yourself what ver-
satile **dag?? colloidal graphite can do for you?

H
4
3
3
G
o

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan

[ = e mm o e o SR e S A e G M e e S e M e e S SER M e et e e e e G S S SR R e —

This new literature on

| yours for the asking:

.

I 460 | A dota and reference booklet regarding ‘“dag’’

tions. 16 pages profusely illustrated.

)
[422]
[423]

Ymcu pida

FACE COATINGS.

: 432

b e

OF ELECTRONICS.
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“dag’ colloidal graphite is

Facts about **dag?’ colloidal graphite
as a PARTING COMPOUND. D

Facts about *‘dag’® colloidal gra-
4371 | phite for IMPREGNATION AND SUR- D

Facts about **dag colloidal graphite in the FIELD D

ACHESON COLLOIDS CORPORATION
PORT HURON, MICHIGAN DEPT. J-5

colloidal graphite dispersions and their uppllcu-

NAME E— -

Facts about *‘dag?® colloidal graphite
for ASSEMBLING AND RUNNING-IN
ENGINES AND MACHINERY.

POSITION
FIRM

ADDRESS

Facts abcut **dag’’ colloidal graphite
as a HIGH TEMPERATURE LUBRICANT.

ZONE No CTATE

OUR PRESENT OIL SUPPLIER 1S

Piease send me without obligation, a copy of each of the bulletins checked:

(Lubricants containing **dag*® colloidal graphite are
available from major oil companies.)

JMLcoA-C-1t



PROFESSIONAL PERFORMANCE —that keeps the original sound alive!

Remember this: When a listener becomes dissatisfied with
the quality of your programs, he simply twists a dial. And in
doing so, he also tunes out his pocketbook. So why jeopardize
what is probably your best source of revenue —your recorded
programs!

Professional recording and playback should be, and can be,
‘WOW’-free. How? With the time-tested Fairchild direct-
from-the-center turntable drive, shown above. It eliminates all variations in turn-
table speed. Evenness of speed is obtained by a carefully calculated loading of
the drive mechanism to keep the motor pulling constantly; by careful precision
control of all drive alignments that might cause intermittent grab and release; by Transeription Turntables
carefully maintained .0002"" tolerances in all critical moving parts.

Further aid to ‘WOW’-free performance is provided by a perfectly balanced
turntable with extra weight in the rim and a turntable clutch that permits smooth Magnetie Cutterheads
starting, stopping and shifting from 33.3 to 78 rpm in operation.

Fairchild’s ‘WOW’-free performance is available on professional Transcription
Turntables, Studio Recorders and Portable Recorders. For complete information Lateral Dynamic Pickuaps
—and prompt delivery—address: 88-06 Van Wyck Blvd., Jamaica 1, New York. Initized Amplifior Systeus

Studio Recorders

Portable Recorders

CAMERA
AND INSTRUMENT CORPORATION

12 September, 1947 — ELECTRONICS




This Single Instrument...!

SAVES EXPENSIVE ENGINEERING TIME, INCREASES
ACCURACY, ELIMINATES EXTRA EQUIPMENT

MAKE THESE MEASUREMENTS
WITHOUT EXTRA APPARATUS

Frequency Response
Here’s the compact precision instrument that gives you the measuring 'y
capacities and scope of 6 individual instruments, yet occupies bench space of Avudio Gain

but one! This famous -bp- 205AG provides typical -bp- accuracy and ease of .
Filter Transmission

operation (no zero-set, for example) for almost any test job from 20 cps to
Characteristics

20 kc. It delivers 5 watts power with less than 1.0% distortion at the commonly-

used impedance levels of 50, 200, 600, and 5000 ohms. Meter calibration, in . ° .

. . Avudio Frequencies
volts and db, is based on a 600 ohin level, to conform with RMA standards. -
The instrument’s output voltage ranges from 150 volts to 50 microvolts. Voltage Measurements
Where input vacuum tube voltmeter is not required, the -hp- 205A is available. 5

This instrument is identical in other characteristics to the 205AG. And, for
supersonic measurements, the -bp- 205AH is provided. This instrument covers

Speaker Tests (No
amplifiers needed)

a frequency range of 1 kc to 100 kc and is similar to the -hp- 205A. For full or
details of any of these rugged, long-lasting -b p- instruments, write or wire today. Drive Electro-Mechanical
Equipment

Hewlett- Packard Company « 1452A Page Mill Road -« Palo Alto, Calif.

1452

e

QUR EXHIBIT

‘7 MISS
. DON at -the os Trade Show
4 \ onl
srd Annual Electr opt. 26, 27: 22

San Francisco® —

THESE -hp- REPRESENTATIVES ARE AT YOUR SERVICE
CHICAGO 6, ILL.: Alfred Crossley, 549 W. Randolph St., State 7444 « HOLLYWOOD 46, CALIF.: Norman B. Neely Enterprises, 7422 Melrose Ave., Whitney 1147
HIGH POINT, N. C.: Bivins & Caldwell, 134 W. Commerce St., High Point 3672 « NEW YORK 7,N.Y.:Burlingome Associates Ltd., 11 Park Place, Worth 2-2171
DENVER 10, COLO.: Ronald G. Bowen, 1886 S. Humboldt St., Spruce 9368 « TORONTO 1, CANADA: Atlas Radio Corp. Ltd., 560 King St. West, Waverley 4761
DALLAS 5, TEXAS: Eorl W. Lipscomb, 4433 Stanford Street, Logan 6-5097
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Centralab reports to

1. Single “M” Radiohm with solid shaft.

Take a look at the many variations you can have from Centralab’s .. helps keep down inventory, step-up production of electronic
single, model "M" Radiohm. Can be "twinned” or “tripled"”, equipment, Guaranteed munimum life test of 10,000 cycles (con-
with or without line switch. Your choice of solid, detachable trol resistance). Available with shaft and bushing lengths to
and dual shafts gives you new versatility, maximum convenience meet your needs. Send for bulletin 697-A.

Like all Centralab Radiohms, the Here’s Centralab’s newest control for CRL'’s revolutionary new Lever Suwitch fea-
model “M" combines the finest miniature receivers, amplifiers. No big- tures exclusive coil spring design with cam

and roller, guaranteed minimum life of
25,000 cycles. Write for bulletin 970.

ger than a dime, high quality perform-

in engineering and research . . . )
ance is assured.

100% tested and inspected.
14 September, 1947 — ELECTRONICS



Electronic Industry

Cutaway view shows
integral ceramic construction

Solid brass termi-
nals, soldered direct-
ly to electrodes.

Metallic silver elec-
trodes fired directly
to high dielectric
constant Ceramic-X.

Low loss, mineral
filled phenolic resin.

Three terminal types
for strong, fast con-
nections.

CRL Hi-Vo-Kaps combine high voltage Centralab’'s new Slide Switch promises improved AM and FM performance! Flat
and small size for television applications. horizontal design saves valuable space, allows short leads, convenient location to coils,
For use as filter and by-pass capacitors reduced lead inductances for increased efficiency in low and high frequencies. De-
in video amplifiers. Write for bul. 946. signed for maximum reliability and long service life. Write for bulletin 953.

NOW SEE HOW
4THIS REPLACES THIS»

€1 — Coupling Capacitor, .01
mfd is standard

C2— Plate R.F. By-Pass Ca
pacitor, 250 mmf * 20% is
standard

R—Plate Load Resistor, 250 -
000 Ohms + 209% 1/5 watt
is standard

R>— Grid Resistor, 500,000
Ohms = 209 1/5 watt is
standard

Other Values Arvailable

First commercial application of the “printed circuit”, CRL’s new Cozplate offers a CRL Hi-Kaps, miniature ceramic dis¢
complete interstage coupling circuit consisting of an integral assembly of Hi-Kap capacitors, offer utmost reliability in
capacitors and resistors closely bonded to a steatite ceramic plate, and mutually con- small physical size and low mass
nected by metallic silver paths “printed” on the base plate. weight. Write for bulletin 933,

Look to Centralab in 1947 First in component research that means lower
costs for electronic industry. If you’re planning new equipment, let Centralab’s

sales and engineering service work with you. Get in touch with Centralab!

Cen

DIVISION OF GLOBE-UNION INC., MILWAUKEE, WIS.

ELECTRONICS — September, 1947 15
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Sangamo Type G Mica Capaci-
tors are built to rigid Sangamo
specifications, of the best mate-
rials obtainable and with the most
precise production methods. They
are correctly engineered to assure
high current-carrying ability, to
hold losses to a minimum, and
to provide maximumsafety. Every
Type G capacitor is individually
tested for temperature rise at
maximum R. F. current in order
to insure the high standard of
Sangamo Quality inherent in all

Sangamo Capacitors.

Designed for service where high-
est voltage and R. F. current
ratings are required, such as in
commercial transmitting, aircraft
control, induction heating and

X-ray equipment applications;

N
g
e
=
i

.

G
S

=

SPRINGFIELD - ILLINOIS

sl
-

R-F Tested...

Checking Type G capacitors for
current-carrying ability on high
frequency.

supplied upon request.

=
A

- i
-
&

S

=
s

war electronic capacitor needs.

----m--mnum--------_u7

P

Correctly Designed
Precision-Builf

Sangamo Type G Capacitors can

provide the answer to your post-

Detailed information and current

ratings of these capacitors will be

September, 1947 — ELECTRONICS
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THE WASHER IS

ON BY THE ROLLED

THREAD AND IS
TO ROTATE!

sen” bl

v\

HELD

FREE

TWO PARTS PRE-ASSEMBLED; ONLY ONE DRIVING IS EASIER, FASTER. SEMS ARE NO DROPPED OR WASTED WASHERS.

UNIT TO ORDER, STOCK AND HANDLE. PERFECT FOR HARD TO REACH PLACES. ASSEMBLY MOVES SMOOTHLY.

e e p— g (25— e iy —

ANY OF THESE MANUFACTURERS WILL SEND YOU THE.ISEMS DATA BOOK, FREE!

Eaton Manufacturing Co. New England Screw Co. Shakeproof Inc. : Central Screw Co.
Reliance Division Keene, N. H. ~ Division of Iitinois Tool Works Chicago, Il
Massitton, Ohio Pheoll Munufec‘tur'ing Co. Chicago, Illinois ) Chandler Products Corp.

The Lamson & Sessions Co. Chicago, lllinois Steel Co. of Canada, Ltd. Cleveland, Ohio
Cleveland, Ohio Russell, Burdsall & Ward Hamilton, Ont., Can. ;
) , Bolt & Nut Co. Stronghold Continental Screw Co.
National Lock Co. Port Chester, N. Y. Screw Products Inc. New Bedford, Mass.
Fook s NI Scovill Manufacturing Co. Chicago, Il Corbin Screw Division
The National Screw & Mfg. Co. Waterville Division American Screw Co. The American Hardware Corp.
Cleveland, Ohio Waterville, Conn. Providence, R. 1. New Britain, Conn.

ILLINOIS TOOL WORKS + CHICAGO + Licensor of machines and methods for the manufacture of sems
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a TURN OPENS OR LOCKS

Q- FASTENERS

Shakeproof Q-Fasteners have been developed around
the cam locking principle to combine secure locking of
cover plates and panels with the easiest possible access
to the housed units. These special fasteners eliminate
the possibility of accidental opening or loosening . . .
eliminate rattles and provide a clean smooth appearance
since only the stud head 1s visible on the exposed surface.

Q-1 Fasteners, illustrated at right, are designed for
use where extreme loads are encountered. Their design
provides a powerful lock which when assembled also has
great structural strength. Installation is casy as there arc
only 3 parts—stud, cross pin and spring receptacle.

Q-2 Fasteners are similar in action to the Q-1 but the
design has been simplified to speed up assembly and re-
duce costs. Where loads are not extreme the Q-2 provides
fast locking and unlocking with long dependable per-
formance assured.

Add the convenience of fast operation to the panels,
doors and covers of your product. Write for Shakeproof

Engineering Data Bulletin No. S-75 today!

SHAKEPROOF inc.

Division of ILLINOIS TOOL WORKS
2501 North Keeler Avenue, Chicago 39, Hlinois
Offices in Principal Cities

Plants at Chicago and Elgin, lllinois ¢ In Canada:
Canada Illinois Tool, Ltd., Toronto, Ontario

G

1. Stud and cam type receptacle of
Q Fastener assembled to sheets.

el Ll L Ll L L L L7 702 2
SN NN S S SN SISSSSSSS

2. stud inserted into receptacle with
lugs ready to engage cams.

OIS IIITIITIIIITIIIDL s
SO NSO NN UNSINNNANNAINNNN

3. Stud in locked position after quar-
ter turn with lugs resting against stops
and holding sheets firmly together.

SHAKEPROOF Q-ONE

_Jd-—_-
O 5o
-

j )
SHAKEPROOF Q-TWO



TYPE GL-5545
« .'« for awfiiéiture control, involv-
ing low inductive loads. New gas-

-

filled fhyrairc;n.

TYPE GL-3C23
«« . for field control, where
inductive loads are hegavy. A gas-
undﬁmercury-vupor tube.

...THE

Typical of General Electric's extensive and complete line of
thyratrons are the two tubes shown here—each designed for a
specific socket in a motor-control panel, and built to perform its
assigned task better and more dependably than another type.

Why is mercury vapor also needed in a field-controi thyratron
with inert-gas content for quick heating? . .. Because, due to the
high inductive field load, current momentarily flows through the
tube after the anode voltage has gone negative. Consequently, at
the time the current stops,negative

for every motor-control application!

RIGHT G-E THYRATRON

fore, a quick-heating thyratron such as the GL-5545, with inert-
gas content only, is more efficiently employed for this service
than other tubes of similar ratings, by reason of greater compact-
ness of design and smaller over-all dimensions.

Every requirement of motor-control circuits now on your draw-
ing-boards, is met by a G-E tube with the correct design and
ratings. Nor is this “tailored-to-measure” selection confined to
thyratrons! General Electric also builds and supplies the receiv-

ing-type tubes needed for your

voltage across the thyratron causes — = = = " control panels—for example, the
bombardment of the metal tube ‘ RATINGS 6SN7-GT and 6AQ7-GT for use
parts by positive gas ions left in as d-c amplifiers.
the tube. This results in gradual GL-3C23  GL-5545 . .,
abscrption of the gas. To compen- Filament voltage 2.5 v 2.5 v G-dE '“bee e‘:‘i%';‘:‘:";’ :':‘ie"ze" :“
te, mercury vapor i ] aiding eq signers to
st Mo vapeipaliilde corent 7om 2o | SRS SR e iiPperior
a supply that constantly is being heating time hed 0% 1) best and most economically in
replenished from free mercury Anode peak voltage, forward 1,250 v 1,500 v | mo;or-_comrol anfi qther circuits.
within the envelope. ST, This friendly service is available to
K current 6 am 80 am you on request! Phone or write your
The lower inductive load in arma- peak ¢ P P nearest G-E electronics office, or
ture-control work ordinarilly causes avg current 1.5amp 6.4 amp | Electronics Dept., General Electric
— —_ Company, Schenectady 5, N. Y.

minimum gas absorption... there-

162-F4-8850°

GENERAL ELECTRIC “

FIRST AND GREATEST

ELECTRONICS — September, 1947
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MIRAGLAS
STANDARD GRADE for maximum flexibility, has

little varnish and is recommended for high tempera-

{FIBERGLAS)

tures where dielectric strength is not a factor

DOUBLE SATURATED has all qualities of the
Standard Grade but with additional coats of varnish

to bring the dielectric rating up to 1500 volts.

TRIPLE STRENGTH is built up with coats of espe-

cially flexible insulation varnish for dielectric rat-

VARNISHED TUBINGS ARE MADE

IN FOUR GRADES:

ings up to 2500 volts and is particularly suited
where assembly operations include the possibility

of rough handling.

IMPREGNATED is the Optimum in Superiority for
high gloss, non-hydroscopic, resistance to high tem-
peratures, oils, acids, etc. IMPREGNATED has a
dielectric rating beyond 7000 volts and is un-
equalled for Long Life Under Most Severe Condi-

tions. Write For Samples.

FOR USERS OF COTTON YARN VARNISHED TUBINGS The Mitchell-Rand MIRAC and HYGRADE
Varnished Tubings of long staple fiber yarn are comparable to Fiberglas Tubings in dielectric ratings,
tensile strength, flexibility and long life. Write For Samples.

Write today for your free copy of the M-R WALL CHART with its engineer-

ing tables, electrical symbols, carrying capacities of conductors, dielectric

averages, thicknesses of insulating materials, tubing sizes, tap drills, ete.

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH * INSULATING PAPERS
AND TWINES - CABLE FILLING AND POTHEAD COMPOUNDS - FRICTION TAPE AND SPULICE - TRANSFORMER COM-
POUNDS - FIBERGLAS SATURATED SLEEVING « ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND
TAPE - MICA PLATE, TAPE, PAPER, CLOTH, TUBING » FIBERGLAS BRAIDED SLEEVING * COTTON TAPES, WEBBINGS AND
SLEEVINGS + IMPREGNATED VARNISH TUBING « INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

September, 1947 — ELECTRONICS




%
PROGAR i1s a new instrument. .. Not just a Limiting or Governing amplifier,
but a new device incorporating a Guardian Memory circuit (Level Restoring Action)

with improved PEAK LIMITING.

Dynamie expression is preserved in the
PROGAR by the Memory (time delay) circuit in
the Guardian. When the program level decreases
this Memory Portion holds the gain constant for
a predetermined adjustable period of time and
then lets the Guardian slowly act to restore the

program level 1o its original value.

The Guardian in the PROGAR precedes the
Peak Limiting . . . therefore a regulated signal
is fed into the limiter...maintaining consistent,
pre-set peak limiter action and assuring a higher
percentage of modulation than ean be obtained
with a limiter alone.

*Reg. U. S. Pat. Off.

For Complete PROGAR informalion write for Bulletin #1011
Shipments are being made norr.

e pmm
»

ss‘:ﬁw»f‘

;zs ngevm Hlanufacturing Corporatmn

37 WEST 65™ STREET, NEW YORK 23, N. Y.
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If you get PWC products when you buy cord sets,
flexible cords, buildingwire, power cables, telephone
wire, control cables or any other of the many PWC
products, you get all the important
advantages of electrical insulation.
Leading engineers specify PWC for
all applications. Immunity to most
hazards and uniform high quality of workmanship
means greater dependability, uninterrupted service,

longerlife,lower maintenance and replacement costs.

i ::z&i«‘s _:,lalew‘l&v e i ;sx‘&v - »w‘}w“:‘s SRR o I

%;;s‘gjﬁ’” X 3 ,,_.,_if;;i T 5“_ R by u.."&,ai i s:,,ej, s e
Plastic Wire & Cable Corporation is the world's
leading exclusive manufacturer of plastic insulated
wire and cable, a pioneer in development of

plastic insulations for dozens of
_— new applications.

e &

o e i i w.'@@&'&%; E.-.I.‘i

P R

1 S Our technical bulletin, packed with
3 facts and figures on the advantages
of plastic insulated wire and cable, is yours for the
asking. Or send us your requirements and let our
engineers show you how well PWC products will

meet your needs. Write Plastic Wire & Cable Corp.,
408 East Main St., Jewett City, Conn.

Puastic
L7 Wike & Casie

i : - [}7 CORPo

Jewett City, Conn.

@

e
e

World's leading exclusive
manufacturer of plastic
insulated wire and cable -

_ (Q
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MEANS
10 WAYS BETTER

-
Superior dielectric
strength.
Can't fray, crack or rot.
Low moisture absorption.

Greater mechanical
strength.

Higher abrasion
- resistance.

Flexible over wide
temperature range.

High chemical
resistance.

Wide range of perma-
nent, gem-like colors.

Non-combustible.

Lasting appearance.

ULTRA HIGH FR{QUENCY CABLES

RADIO HOOK-UP WIRE

21
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Stamped wiring deck, with tubes, transformers capacitors
and resistors, ready for assembly in metal chassis. This is a
development of the Franklin Airloop Corp., New York City.

Once again,
REVERE says-

S e s T

i

Stamped wir-
ing chassis, with

Aérloop, ready for
insertion in cabinet.

“’Copper is the Metal of INVENTION*

TAMPED wiring offers new proof of the complete
adaptability of copper to the development of new
ideas. In this type of wiring, copper strips are stamped
into both sides of an insulating sheet, the strips on
one side running at right angles to those on the other.
Connections between the two sides can be made by
eyelets, pins, or other simple methods. It is estimated
that with this system it should be possible to stamp
about 90% of the wiring in the average radio or other
electronic device. Thus many operations such as cut-
ting, skinning, cabling and soldering wires should be
almost completely eliminated. This new idea, though
still in the development stages, will also make possible
large economies in the telephone and communications
fields, and for measuring instrument panelboards of
airplanes, ships, and automobiles. The copper used
is Revere OFHC.

Revere produces many metals, and is glad to collab-
orate with the electronic industry in such matters as

22

selection and fabrication. These metals are available
in mill products, as follows: Copper and Copper Alloys:
Sheet and Plate, Roll and Strip, Rod and Bar, Tube
and Pipe, Extruded Shapes, Forgings; Aluminum
Allsys: Tube, Extruded Shapes, Forgings; Magnesium
Alloys: Sheet and Plate, Rod and Bar, Tube, Extruded
Shapes, Forgings; Steel: Flectric Welded Steel Tube.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, I1l.; Detroit, Mich.; New Bedford,
Mass.; Rome, N.Y.—Sales Offices in Principal Cities, Distributors
Everywhere.
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DUAL PREHEATERS

Get These Three Plus Values

with
FEDERAL’S 7C25
Power Triode 68

o

’ Extra Reserve Power. The inherent stam-
ina and overload capacity of the 7C25 tube—con-
servatively rated in the equipment—cgives a wide

margin of reserve power for temporary overloads.

2 Longer Life. The 7¢25 tube, oscillating
heart of the equipment, is designed to take a
beating—to last longer under the stress and strain
of heavy duty service.

3 Smaller Size. The 2.5 KW Dual Preheater
measures only 18x22x 36" —small enough to lo-

cate almost anywhere in crowded molding plants.

On today’s hard-hitting production lines, electronic equip-
ment — like this Airtronics dielectric heating unit— has
to take plenty of abuse. The terrific strains of sudden load
changes, mechanical shock and vibration are just part of
the day’s work—a hard life for any electronic tube. But
the 7C25, like all Federal industrial tubes, is built for just
this kind of service—to give high-frequency power, plus
an ample margin of emergency overload capacity.

Internal elements are widely spaced and ruggedly con-
structed to fortify against vibration. Flexible leads sim-
plify installation—and very little unshielded glass is used,
minimizing possibility of breakage. Every tube is thor-
oughly checked for perfection of performance and con-
struction — including three X-ray tests to seek out
hidden flaws. These exactihg requirements assure longer
tube life on the production line— fewer replacements—
lower up-keep costs.

For complete information
and prices, write Federal
today — Dept. L713.

N

Model DH, 2.5-Kw, 27.4-
megacycle .dielectric pre-
heater, made by the Air-
tronics Manufacturing Co.,
of N. Y., Chicago and Llos
Angeles. Enlarged view
shows 7C25tube in ground-
ed-anode oscillator. Air-
tronics Dual Preheaters are
also available in 5 Kw
rating, Model EK, using two
7C25's in parallel.

}<_—35"———>[
DATA FOR 7C25 TUBE

Filament voltage . ... . . . . . . . . 11.0 volts
Filament current . . . . . . . . . . . 27.5 amp.

Maximum Ratings for Maximum Frequency of 50 Mc¢

DC Plate voltage . . . . . . . . . . 4500 volts
DC Plate current . . . . . . . . .. . 1.25 amp.
Plate dissipation . . . . . . . . . .. 2500 watts
Type ofcooling . . . . . . . . . . . Forced air

Bl |\l Fooeral Jelephone and Kadio Corporalion

research and engineering organization, of which the Federal

KEEPING FEDERAL YEARS AHEAD...is |T&T's world-wide
Telecommunication Laboratories, Nutley, N. J., is a unit.

ELECTRONICS — September, 1947

100 KINGSLAND ROAD CLIFTON, NEW JERSEY

In Canada: — Federal Electric Manufacturing Company, Ltd., Montreal.
Export Distributors: = International Standard Electric Corp., 67 Broad St., N.Y.C.
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SPACE-SAVING

SOLITE* SELF-HEALING

CAPACITORS

SOLITE metallized paper capacitors are the

most impertant capacitor development in years

FOIL-PAPER
D

ot SOLITE B =

1920009495950 % % % ]

AT
%

0.1 mf—200 WVDC

These truly tiny capacitors,
FOIL-PAPER

with their unique self-healing properties,

2o 5‘_{’&(-'

are the answer to many problems St

facing designers of modern

electronic equipment.

|~ "W . . oL
Iheir small size, long life, %ﬁ;ﬁfﬁfwm s
and excellent r-f characteristics SRR
f— =;E;"¢:3y;<<,‘ S & R ) — )
are unequalled by comparable SRreniatdtes SOLITE. ==
SBSSERRERoRE J

conventional foil-paper capacitors.
SOLITE Capacitors are now being

1.0 mf —200 WVDC

FOILPAPER
shipped in ever increasing quantities. e 2 S R
For full details write today = =“§<j = =
for Bulletin SPD-110 to :i“:‘;@'j o =

5 |

Solar Manufacturing Corporation

1445 Hudson Blvd., North Bergen, M. J.

1.0 mf — 400 WVDC

WHEN SPACE IS TIGHT, USE SOLITE

*Trade Mark Solite Capacitors are fully protected by U. 5. letters potent and potents pending.

OlAB
SOLAR CAPACITORS

“Quality Above All”

24 Septeraber, 1947 — ELECTRONICS



Centralab Announces a New and Revolutionary

LEVER SWITCH

With a Minimum Life Test of 25,000 Cycles!

8 Basic Combinations of

Indexing Available!

COMPARE the outstanding features of Centralab’s
new lever switch, and you'll see why it’s the finest
product of its kind available today!

New, exclusive coil spring design with cam and
roller offers you new dependability, long life and re-
sistance to hard service for inter-com and test equip-

=

NEW COIL SPRING DESIGN
FEATURES SMOOTHER ACTION,
MORE POSITIVE INDEXING!

See how easily this coil spring

can be replaced without remov-

ing switch from chassis. Note

simplicity of engineering and

rugged construction to give you
long life and dependability.

ment use. Guaranteed minimum life of 25,000 cycles.

Combinations of spring return and positive index-
ing provide a flexibility which makes it adaptable to
almost any circuit requirements. Available with
shorting or non-shorting contacts, or combination of
both. Low capacity. 30 degree indexing. Rated at 6
watts. Brass silver-plated clips and contacts. All
other metal parts cadmium-plated steel.

Send today for complete information and bulletin
number 970,

Ceramic Trimmers
Bulletin 630

Variable Resistors Ceramic Capacitors

Selector Switches
Bulletin 722

Ceramics

Bulletin 720 Bulletin 697 Bulletin 630
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ITS THIS EASY TO INSTALL A

MERELY CHOOSE THE
COUNTER MEETING YOUR
' REQUIREMENTS OF SPEED AND
TOTAL COUNT

To Count Small Objects of Varying
Size, Shape and Opacity—

Potter photoelectric count detectors are
available in two types. Model 600, high
resolution type illustrated counts small objects
of any shape including 10 mill jewelers
screws. |t responds to changes in light as
small as 20 percent therefore complete sepa-
ration of articles to be counted is not re-
quired. Mgqdel 602 (not shown) counts large
objects—cartons, bottles, etc.

For High Speed Counting of Stacked
Paper or Other Sheet Material

The stylus count detector consists of detector
head ond stylus point. By running the point
over the side of a stack of cards, paper,
envelopes, etc., an accurate count is rapidly
obtained. This method con also be used to
check the surface quality of materials.

X
g
%?

.

PRETERRINGD

LLECTAENIC COURTE?

o
-
-

HIGH SPED
POTTER

PREDETERMINED ELECTRONIC

COUNTER

Potter Predetermined Electronic Counters extend the
field of automatic counting and control far beyond the
scope and capabilities of existing mechanical devices.
Completely electronic in operation they eliminate
errors usually caused by wear, slippage and inertia.
Counting rates are in excess of 20,000 per second,
control speeds up to 15,000 per minute. Accuracy is
absolute. Potter counters are available in many types
and sizes all designed for many years of service.

To Count Shaft Rotation, Coil Turns
or for Linear Measurement as a
Function of Rotation—

The electro - magnetic
pick-up coil is readily
arranged to count shaft
rotation. A steel slug
is mounted on the
shaft. This slug In-
tercepts the airgap of
the pick-up coil once
per revolution and in-
jects a pulse into the
counter. Higher defi-
nition of fast rotation
can be obtained by
mounting several slugs
on the shaft to provide
multiple counts per rev-
olution.

What Is Your Problem?
Potter Equipment Counts Anything—

O

These detectors, and
many other types avaijl-
able, make it possible
to count any moving
object irrespective of
size, shape, material
or speed. It is olso
possible to measure the
velocity or magnitude
of any motion—recip-
rocating, rotary or line-
ar. Accuracy is abso-
lute. It is a simple
motter, with Potter
equipment, to convert
these counts and meas-
urements into automatic
control action.

For consultation on any high speed counting

timing or control problem, address Dept. 6.D

POTTER INSTRUMENT CO.

136-56 ROOSEVELT AVENUE . FLUSHING . NEW YORK

26

For Counting or Measuring Velocity
of Fast Moving Objects Such as
Bullets or Projectiles—

.4 These photoelectric
§ screens are widely used
to measure small arms
projectile velocities.
The light source, a lu-
miline lamp is built
into the top. The bot-
tom houses a photo-
electric cell, amplifier
and power supply. A
missile passing through
any portion of the
screen generates a
count pulse for the
Potter Timer or Counter.

Write for these Informative
Data-Catalog Sheets—

They give complete in-
formation on  Potter
Predetermined Count-
ing, Scaling, and Tim-
ing equipment. Your
sheets will be sent
promptly on request
on company letterhead.

PERCIMAL (OUNTING s’

SCALING INNTREMENTN

pn

OM?P“
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WILCOX AIRBORNE
COMMUNICATION
EQUIPMENT

Pstoctoal anaisidt
AeosTewctlive Dibvdtion
M W @ @ Thorough engineering characterizes this Wil-
D . i .
cox Airborne Communications unit. Customers
; ' like its unit construction ... provision for quick,
VIBR AT'O" easy removal of individual units for servicing

... the positive protection of vital parts obtained

c o " T R o L s Y s T E M by its Lord Vibration Control System.

Like other progressive manufacturers, Wilcox

Electric Co., Inc. considers vibration control an
essential part of good design. Delicatc parts last
longer . . . require less maintenance and adjust-
ment . . . operating characteristics are stabilized
. . . all these features contributing to lasting
customer satisfaction.

Whether you make clectronic equipment or
any other product, you can increase your sales
by eliminating costly, destructive vibration. It
will pay you to consult Lord . .. make us your
headquarters for product improvement through
Vibration Control.

Upper illustration shows
complete three-unit as-

sembly of Wilcox Type € sy -
361 A-VHF Airborne . ; -
Communications equip- "5 \
ment. L ¥y
el : \ —
i 2 Pl g e

" —

N

Get positive protection from vibration
in communication-radio equipment and
instruments with LORD Mountings.

Lower illustration ‘4 ; The Lord line of mountings covers a complete

shows the chassis,
with two of the four

Lord Holder Type W, € range of styles, shapes, and sizes to fill your
Mountings visible be- S o g 3 o .
low rear and front » mounting requirements. Literature and informa-
corners. - . . .

tion available on request. Or contact your Lord

Field Engineer—he’ll assist in selecting mount-

ings for your product.

MAKE GOOD PRODUCTS BETTER

vith Gebvaleon Cordiolt

LORD MANUFACTURING CO. - ERIE, PA.

Field Offices: Detroit * Chicago ° New York * Washington, D.C.
Providence, R. 1. ¢ Burbank, Cal. * Philodelphia, Pa.

Canadian Representative : Railway & Power Engineering Corp., Ltd.



DIMENSIONS

Height ...

ALLIED UA and UB
Versatile Power Relays

With these versatile relays you can
eliminate the trouble and expense of
applying many different relays on
equipment where one basic type can
be used. The Allied UA with light
arm contacts, and the Allied UB with
heavy arm contacts and higher diclec-
tric strength and creepage distances,
make standardization practical and
inexpensive.

Accurately machined iron-to-iron
hinge piece mecans lower magnetic
loss and machine-ground pole-piece
provides perfect armature scating‘

Other features of these versatile Allied

power relays:

e Fine silver contacts that handle any
load from 3 to 15 amperes ac 24
volts D.C. or 110 volts A.C. (non-
inductive).

Opcrating coil voltages up to 220
volts A.C. and 120 volts D.C.
Varicty of contact arrangements . . .
from single-pole to four-pole dou-
ble-throw.

Either horizontal or vertical mount-
ing-frame for maximum ndzlpt-
ability.

Write for detailed information.

ALLIED CONTROL COMPANY, INC.

Dept. B, 2 East End Avenue ® New York 21, N. Y.
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Quality

Hovu sings

Send Your Blueprints to Karp

When manufacturers of electronic, radio and
electrical apparatus, situated as far as 2000 mile:
and more from our plant,insist on Karp sheet metal
craftsmanship, there must be good and profitable
reasons.

One important reason is that Karp-constructed
cabinets, enclosures, housings and chassis are
custom-built to individual requirements; so precisely
and uniformly made that time and money are saved
on your assembly line. Another reason is that Karp
builds good looks and streamlined styling into
the product, giving you added sales and profit
advantages.

Remember the Karp blueprint man symbolizes blue
ribbon quality in cabinets, housings, enclosures and
chassis. Tell us your needs. Get our quotations.

® Any metal

® Any gauge
® Any size

® Any quantity
e Any finish

AFTEEARE =

1 gwg h L i1
Gl TN W .
&f& ~'£::?":‘.":'.I.v'r g

KARP METAL PRODUCTS CO., INC.

124 - 30th STREET, BROOKLYN 32, NEW YORK

‘Creslon (ng,f«r’ somen trne Feol Mebed
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FOR SPECIALIZED APPLICATIONS...

ITS NEW
SUPPLEMENTARY
HIGH-VOLTAGE
POWER SUPPLY

THE
NEW BASIC
CATHODE-RAY
INDICATOR

o

- g o
Type 281 as an independent unit Type 286 as an independent unit
® A basic instrument for needs too specialized or ; e Exceptionally safe for operator.
advanced for equipment hitherto available. ¢ Output potential continuously variable between
¢ Choice of 4 kv or 8 kv accelerating potential; + 18 kv and + 25 kv.

selfleqgtainedipoyersupplics. ¢ Regulation within 5% for = 10% line voltage

® Recordable writing rates of single transients ex- change or 0 to 500 ma. load variation,

ceed 4 in./ps. -
¢ Direct-reading output voltmeter accurate within

® No gmplifiers or .Iime base, but coupling to all + 2% of full scale.
deflection plates, grid and cathode on front panel;
direct connection to deflection plates on top of in- ¢ Used in standard relay-rack or own dust-proof

strument cabinet.
¢ Relay-rack or cabinet mounted. ¢ May be fastened to Du Mont Type 281.

When combined

¢ FULL capabilities of the high-voltage Type SRP-A
Cathode-Ray Tube are realized.

® Excells the cold-cathode continuously-evacuated
type tubes for photographic recording.

® Writing rate for the Type S5RP-A Tube now exceeds
400 in./ps.! Note unretouched photo of single transient |
confaining writing rates of 400 in./us. at right. (o) 1 2}JS

‘ Details on request

° ALLEN B. DU MONT LABORATORIES, INC,
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MILLIONTH OF
A secovo ./

From 4000 to 23,000 accelerating
volts applied by means of the new
special-application indicator com-
bination—Type 281 Indicator and
Ty pe 286 High-Voltage Power Sup-
ply—shown below.

A spot moving at this speed may
now be photographed with the

DU MONT Type 5 RP-A
CATHODE-RAY TUBE

Du Mont Type SRP-A, the very latest thing in high-voltage
cathode-ray tubes, may now be exploited to its fullest capabili-
ties for a performance that equals or even excels the cold-cath
ode, continuously-evacuated, bulky and costly cathode-ray tube.
This means that writing rates of 400 in./us. may now be re
corded. A special indicator combination of the Du Mont Type
281 Cathode-ray Indicator and the Type 286 High-Voltage Power
Supply provides accelerating potentials up to 29 kv. Thus the
Du Mont Type SRP-A tube now extends the range of cathode-ray
oscillography into an unlimited field of advanced applications.

’ Details on request

ELECTRONICS — September, 1947 3
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Typical diagram for radio receivers with
the new General Electric selenium recti-

fier. A ballast resistor “R"” is usually
provided, to limit the output voltage of
the rectifier to that required by the par-

ticular circuit. The value of “R" is usually
between 25 and 50 ohms, but may be

GENERAL ELECTRIC === mais
SELENIUM RECTIFIER

<
is @

cost saver s a time saver

Here's important news for designers and manufacturers of small radio %

sets. Now your problems of designing assemblies for small cabinets Other Important Features

can be simplified with this new General Electric selenium rectifier.
Ample Current Capacity — Will safely with-
It takes up less than one cubic inch of space, and can be used in stand the inverse peak voltages obtained when
rectifying (half-wave) 110-125 volts, rms, and
feeding a capacitor as required in various radio
It requires no socket or filament circuits. Only two soldering opera- GIEGUILS.
tions and a minimum of mounting hardware are required, and the job ~ Withstands Ambient Temperatures of 50 C to
60 C — Ratings are based on the ambient tem-

peratures usually encountered in the cabinets
of small radio receivers.

cramped quarters where sockets and tubes just won't fir.

is done at a fraction of the usual installation cost.

It is compact, to permit the design of smaller assemblies and smaller

Moisture - resistant — Each complete rectifier

assembly is coated with a moisture-resistant

it is available to you now. varnish, to provide protection from humidity
and condensation.

cabinets, and to provide more room for other parts. And, best of all,

These new Gencral Electric selenium rectifiers are made in two small

. Ti ited f . di . di | | . Strongly Built for Reliable Service — Con-
sizes. They are suited for use in radio receivers and in other clectronic structed to provide constant and uniform
equipment. If you wish more information on the application of these spring-contact pressure on the cells, regardless

of temperature variations, General Electric
selenium rectifiers will give long, dependable
data, write to Section A91-931, General Electric Company, Bridgeport performance.

rectifiers to your designs, or if you would like additional specification

2. Connecticut. A,

GENERAL @ ELECTRIC
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Advertisement

A Statement of Facts
re “Permanent’ Points

By MAXIMILIANWEIL

he term “permanent”, as ap-

plied to a reproducing needle,
has always seemed to me unfor-
tunate. The fact that there is no
such thing as a “permanent”
point makes the question of
whether or not a reproducer has
a replaceable stylus point vastly
important.

The idea of not having to make
needle changes, or of making
such changes as seldom as possi-
ble, has always had a strong ap-
peal; but the very nature of a
stylus and a record surface—and
their inevitable reaction, one
upon the other—preclude indefi-
nite plays without changing—
that is, if any semblance of high
grade reproduction and the rec-
ords themselves are to be pre-
served.

You know what would happen
to a stylus if it were held in con-
tact with a grindstone for, say,
an hour or so (which represents
just about one dozen 12-inch disc
plays).

That is just about what hap-
pens when a jewel point is played
again and again and again! Dur-

ing the first few dozen plays, the
physical shape of the stylus
point is altered by the abrasive
content of the record. From then
on, the story gradually reverses
and the stylus begins to take re-
venge on the record, by cutting
down and eroding the glazed sur-
face.

Thus, the longer one stylus be
used—the more rapid the de-
struction of the disc.

A genuine Sapphire jewel
point is the best stylus known,
where any degree of permanency
is desired. Such a point can
bravely maintain its shape up to
perhaps two hundred and fifty
plays of commercial records. (Of
course, this condition is much
more favorable with acetate and
better transcription records.)

The use of Diamond instead of
Sapphire means only that it
takes somewhat longer to grind
a eutting edge on the stylus—
then, being harder than Sap-
phire, the Diamond will erode
record grooves at a faster rate.
True, records can be and are be-

ing played, on and on, far be-
yond two hundred and fifty plays
with the same stylus. How-
ever, by this slow and inexorable
process, discs are progressively
eroded by each play—till, finally,
the greatly increased surface
noise and distortion become all
too evident—Dby which time it is
too late to do anything about the
damage to several hundred discs.

The foregoing assumes the use
of a pick-up possessing the es-
sentials demanded by modern
records. Old type pick-ups would
erode the discs much more ran-
idly.

A genuine jewel, then, is the
best stylus, but, like everything
else, has recognized limitations.
By observing this fact, and peri-
odically replacing the stylus
about every four months, or
whatever time it takes to play
two hundred and fifty 12-inch
discs in any given case—records
can be preserved indefinitely.
This, obviously, calls for a repro-
ducing unit designed with a
stylus easily replaceable by the
user.

AUDAX engineers have worked on this problem for years.

We now offer you

TUNED-RIBBON, a reproducer that can, in every way, give you the performance
expected from modern discs, and which, in addition, is equipped with a jewel point
READILY REPLACEABLE BY THE OWNER. TUNED-RIBBON lets you change sty-
lus, after the proper number of plays have been performed, without sending the unit back

to us.

Specifications: — adequate output without pre-amplification—near-zero mass—

linear response to over 10 k. c.—point-pressure 24 grams, and less—no torsional action

—exceptionally clean-cut facsimile performance.

system.

Investigate this revolutionary new

A Model For Every Purpose ... .. Listing at $33 to $195

AUDAK COMPANY

300 Fifth Ave.,

New York 18

CREATORS OF FINE ELECTRO-ACOUSTICAL APPARATUS SINCE 1915

ELECTRONICS — September, 1947



lightweight - compact - built-in power=-unit

v.H.F. TRANSMITTER

—RECEIVER

Employing

MINIATURE COMPONENTS
and

MINIATURE
TECHNIQUE

@@ A lightweight, high performance transmitter/
receiver with twelve *switch-and- talk’
channels.

WEIGHT : 20 Ib.

TOTAL INPUT : Transmit-165W
Receive - 123 W|l at 26.5V.

FREQUENCIES : 12 Spot frequencies (12 send
—12 receive), remotely selected in the band
118-132 Mc/s.

SERVICE : Telephony & M.C.W.

Srandord Telephores and Cables Limired « TELECOMMUNICATION

ENGINEERS o« OAKLEIGH RMM@@.

328 September, 1947 — ELECTRONICS




Problems solved by Richardson...in Plastics

2 -DESIGN OF A PLASTIC AIRCRAFT GEAR

O

PRobLEM:MIGNEfo GEAR AS ORIG/NALLY DESIGNED
was a4 prsk oF TNSUROK. LAMINATED MATERIAL
BoRED f THREADED ON JTHE INSIDE DIAMETER, & SCREWED
ONJO A METJAL SPIDER . AFTER wWHICH, HOLES WERE
DRILLED JHROUGH JTHREADED SECTIONS, INTO WHICH METAL
PINS WERE DRIVEN & RIVEJED. JFHIS MEJHOD OF ASSEMBLY
PROVED INEFFICIENT DUE JO JHE STRENUOUS STRESSES
REQUIRED FOR AIRCRAFT, # DISKS HAD JENDENCY To
LOOSEN. JHUS JHE PROBLEM WAS JO SECURE A PERMANENT
MOUNTING WHICH CouvLpn'] BE LooSENED LROM THE
SPIDER .

O

SOLUTIOMNIR 1cvarosonPLASTICIANS R ECOMMENDED
ADOPTION OF MOLDED PROCEDURE . INSTEAD OF
JHREADING JHE SPIDER, THIS SECTION WS DEEPLY
KNURLED F A CENJRAL GROOVED RECESS WASCUT
AETER ANURLING.JHE SPIRPER WAS MOUNTED IN A
SUITABLE MOLD F DISKS OF SATURATED MArERIALS
WERE MOLDED INJO PLACE . MATER /AL FrLLED RECESS
I KNUR LED PORTIONS JOo GIVE PERFEC) BONIING.

WHEN ELECTRICHL FLASH-OVERS OCCURRED A) LATER
DAJE, MOLD WAS CHANGED JO PER M) INCLUS/ION
OF SAJURATED D/ISKS JO COVER MEJAL WHERE FLASH-
OVERS OCCURRED.JH!IS PES/IGN CHANGE ELIMINATED
RLL PREVIOUS PIEFICULTIES,

INSUROK Precision Plastics

INSUROK is the family name of a great variety of laminated and molded plastic products produced
by Richardson. Laminated INSUROK is available in sheets, rods, tubes, punched and machined
parts, made with paper, fabric, glass, etc. Molded INSUROK products are made from Beetle,

Bakelite, Plaskon, Tenite, Styron, Durez, Lucite, etc., by compression, injection and transfer molding. F
“4he RICHARDSON COMPANY
Sales Headquarters: MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO
NEW YORK 6, 75 WEST STREET Sales Offices ROCHESTER 4, N. Y., 1031 SIBLEY TOWER BLDG.
MILWAUKEE 3, WIS., 743 NO. FOURTH STREET

PHILADELPHIA 40, PA,, 3728 NO. BROAD STREET

CLEVELAND 15, OHIO, 326-7 PLYMOUTH BLDG. + DETROIT 2, MICH,, 6-252 G. M. BLDG. + ST.LOUIS 12, MO., 5579 PERSHING AVENUE

Foctories: MELROSE PARK, ILL. » NEW BRUNSWICK, N.J. + INDIANAPOLIS, IND.
RICHARDSON MEANS W IN PLASTICS
»ﬁ s :ﬁ‘* e Yo Aut L the i C R & ‘;‘,""”:, T . ‘ L M%»%’ o o :
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A PERMANENT MAGNET OF

\!,

[ 3 &

INDALLOY MAY DO IT BETTER

Indalloy!

"'H@W@St SINTERED "PACKAGED ENERGY”

MATERIAL PRODUCED BY THE |

%* Newest of the most modern
magnetic materials—
including the Alnicos, Cunico,
Cunife, Vectolite and Silmanal—
is INDALLOY,

a sintered alloy of different

permanent magnet components.

STE

P

NDIANA

Powdered metallurgy involved in the pro-
duction of INDALLOY permits low-cost
mass production of small magnets to com-
paratively close tolerances.

INDALLOY is another step forward.
Today’s frontiers in the field of magnetism
are fast expanding as engineers and
physicists are becoming aware of the
potential of new materials like INDALLOY
... which, because of their versatile struc-
ture, are now making possible functional
new designs formerly too costly or me-
chanically impractical.

EL PRODUCTS COMPANY

—

INDALLOY may do some job or process
better in your industry. Our engineering
staff welcomes your investigation into the
use of modern magnetic materials. As
evidence of our faith in the future appli-
cations, our Chauncey, N. Y. plant, new-
est of its kind in the world today, is de-
voted to the exclusive production of these
new magnet materials. Magnets of the
future are today being fashioned from
“Packaged Energy” materials.

For complete details on INDALLOY and the
famous family of new, functional permanent
magnet materials, please write for our new,
free ENGINEERING BULLETIN EBM-102.

» THE INDIANA STEEL PRODUCTS COMPANY ~*

PRODUCERS OF "PACKAGED ENERGY”
& NORTH MICHIGAN AVENUE * CHICAGO 2, ILL.

SPECIALISTS IN PERMANENT MAGNETS SINCE 1910

VALPARAISO, INDIANA
PLANTS { CHAUNCEY, WESTCHESTER COUNTY, N. Y,

%©1946 The Indiana Steel Products Co
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Avudio Devices is continually receiving letters from broad-
casting stations and recording studios giving unsolicited com-
mendations on Audiodiscs. These come from all sizes of
studios and from all climates in the United States and abroad.
A few excerpts from typical letters recently received follow:

"AUDIODISCS have proven their worth at our station. We
are for them one bundred percent.” ... A 5000 WATTER

“It may be of interest to you to know that for a long time we
tried all makes of transcription blanks and long ago decided to
use nothing but AUDIODISCS. W e find them most satisfactory.”

-..A 1,000 WATTER

“It will interest you to know that we use only AUDIODISCS.”
...A 10,000 WATTER

“We use AUDIODISCS exclusively and find them everything
your research engineers have claimed.” |, . A RECORDING STUDIO

“We have found AUDIODISCS superior to any other disc
tested, and consequently we have been using AUDIODISCS
exclusively for quite some time.” ... A 5,000 WATTER

"We bave been users of AUDIODISCS since they were first
produced by your company and have always found them
satisfactory.” «<.A 50,000 WATTER

"We use AUDIODISCS exclusively when they are available.
It is our experience that there is less drying effect in this climate,
as well as less static trouble withk AUDIODISCS than with other

”
brands. ..A 5,000 WATTER

“In passing, I might say that we use Audio Red Label ex-
clusively. AUDIODISCS are ozur favorite. We have found them
to be uniformly satisfactory.” L. A 1,000 WATTER

“Of all discs we bhave tried, AUDIODISCS are our standard
and whenever supreme quality of reproduction of instantaneous
recording is desired, it's AUDIQDISCS for us.”

... A RECORDING STUDIO
"We use AUDIODISCS exclusively and bave been doing so

for many years. After exhaustive tests we have found them bard
to beat and we are pleased to mention this fact at this time.”

-..A 5,000 WATTER
"Our station bas used AUDIODISCS practically exclusively

since their introduction about ten years ago. Our recording
engineers appreciate their bigh uniform quality.”

<.+ A 50,000 WATTER

"We have never used any orber than AUDIODISCS except
for a few times during the war when AUDIODISCS were not
available.” es A 250 WATTER

AUDIO DEVICES, INC., 444 Madison Avenue, New York 22, N. Y.

Export Department: Rocke International Corp., 13 E. 40th Street, New York 16, N.Y.

# REG.U.S.PAT.OFF.

Aundiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S.A.R.L., Paris

ELECTRONICS — September, 1947
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wevasse ALLEN-BRADL
FIXED COMPOSITION RESISTORS

TYPE W 20 WAIT

e Barvie- R 0

st AaTen 1 1O anl. €D WKTT 54 (000 VHLTE
Fars
ATE0 Y ALLEN-ORADLEY
a5 iNDIC: X

Urs aND TOLERANCES

rapaRD e THE i wEMSTANCE VALUEL AND TOLICERGrEmy m a8t A

o e S

SEND FOR THIS HANDY RESISTOR CHART

Type J Bradleyometer
provides any
Resistance-Rotation Curve

The resistor of the Type J Brod-
teyometer is o solid molded ring.
During monufacture the resistor
material is varied throughout the
circumference of the molded ring
to provide any desired resistance-
rototion curve,

The resistor unit is molded as o
one-piece ring with terminals, face
plate, and threaded bushing im-
bedded in the ring. The contoct
between brush and resistor unit
improves with age.

34

TANDARD DML

' RESISTORS

for INDUSTRIAL
ELECTRONIC APPLICATIONS

FIXED RESISTORS—Available in Y2-watt,
1-watt, and 2-watt ratings from 10 ohms to 22
megohms in all RMA standard values. Will
sustain an overload of ten times roting for
several minutes without failing. The leads, tem-
pered near the unit to prevent sharp bends,
are easily soldered. Conveniently packed in
honeycomb cartons that speed up your as-
sembly line operations.

ADJUSTABLE RESISTORS—The Type J Bradleyometers are the
only continuously adjustable composition resistors with a 2-watt
rating and high safety factor. Solid molded element—not a film,
paint, or spray type. A high-quality adjustable resistor that is
ideal for important industrial, radar, and other electronic equip-
ment. Stands up in severe service. Unaffected by heat, cold,
moisture, cr age.

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis.

ALLEN-BRADLEY
SOLID MOLDED
FIXED
RESISTORS

_BR

DLEY

---RELAYS--

ALLE

------RESISTORS-
= QUALITY ="
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The Collins 51M-2
VHF Receiver

Remote Operation

The many inherent advantages of very high
frequency radio communication between con-
trol towers and aircraft can be realized with
Collins equipment. The Collins 51M-2 VHF
radio receiver for ground stations provides con-
tinuous, reliable reception on any one frequency
between 118 megacycles and 136 megacycles. It
can be installed in a remote location and left un-
attended, with all necessary control circuits and
audio output connected by telephone line to
the operator’s position.

Million-to-One AVC Range

A carrier operated audio muting circuit is pro-
vided; thus background noises can be greatly

IN RADIO COMMUNICATIONS, IT'S . . . “

jﬂ..l.llllllll
e ]

reduced during the absence of radio signals.
The muting threshold is adjustable. Automatic
volume control maintains an essentially con-
stant audio output even though the strength of
the r-f input signal varies over a million-to-one
ratio.

No Spurious Responses

High sensitivity, signal to noise ratio, and rejec-
tion of spurious signals contribute to the supe-
rior performance. Use a 51M-2 for each fre-
quency you wish to monitor. You can mount
them all in a single cabinet and utilize a single

* antenna without interaction.

Let us send you an illustrated bulletin giving
detailed specifications of this new receiver.

I

7
[COLLIN:
e i

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 W. 42nd Street, New York 18, N. Y.

458 South Spring Street, Los Angeles 13, Calif.

ELECTRONICS — September, 1947
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KENYON T-LINE ADDITIONS

For Amateur and Industrial Use!

-

My
®
o KEN-O-TAP UNIVERSAL DRIVER TRANSFORMERS o
e 500 Ohm Line to any Class B Grids Primary to Secondary Ratio Variable from 1:13.3to 1:.7  ®

S I L

¢ Type Power Rating Case No. Weight List Price °
° T-261 7 Watts 3A 2% lbs. $ 9.70 .
° T-262 18 Watts 4A 5% Ibs. 13.20 .
[ J
®  Any Line or Single or Push Pull Plates to Class B Grids  Primary to ¥z Secondary Ratio Variable from 7.0:1 to 1:9.0 °
® ®
° Type Avdio Rating Case M Size N hi\fx. P_ri. D;g. L Mox._Sef.._D.C. We_ight __I.is! Price_ PY
° T-264 7 Watts 3A IOO__Aﬂ _l O_O MA 2% |bs. $ 9.95 .
. 1263 18 Watts 4A 200 MA 200 MA 5% lbs. 15.25
L J [ ]
o FILAMENT TRANSFORMERS *
® Primary 115 Volts, 50 to 60 Cycles °
[ J . L
° Type Sec. Rating Insul. Iest Case No. _Weigllt ~ | __I.ist Price PS
. 1393 5/5.1/5.25 V.— 26 ACT 2000 V. 5A 9% lbs. $17.30 .
o _ T1-394 5/5.1/5.25 V.— 32 ACT 2000 V. 5A 10% Ibs. 18.65 .
A T-395 6.3 V.— 20 ACT 2000 V. 5A 9 lbs. 15.30 °
A T-396 6.3 V.— 30 ACT 2000 V. 5%hA 12 ibs. 21.00 .
A T1-397 6.3 V.— 12 ACT 2000 V. 4A 5% lbs. 10.90 °
e [ ]
. PLATE TRANSFORMERS o
® Primary 11‘5 Volt, 50 to 60 Cycles °
[ J L J
PS Secondary Volts ] PY
o Type Primary Conn. D.C. A.C. M.A. D.C. Case No. Weight __I.ist Price ~
o T-673 High 3000 3400-0-3400 400 10A 82 Ibs. $110.00 o
o Low 2500 2840-0-2840 500 R
o T-674 High 3000 3400-0-3400 800 Special 135 ibs. 155.00 o
o Low 2500 2840-0-2840 1000 End Castings o
. These Units are designed for Continuous Duty on low Voltage Taps at 85% of D.C. Current Rating.

L J
. °
. REACTORS o
o Inductance At Rated D.C. o
° Type Rated D.C. D.C. MA. Resistance Insul. Test Case No. Weight List Price °
A T-180 10 500 MA. 60 7000 V. 8A 26£b_s. 543.0_0_ °
A T-181 5 1000 MA. 18 7000 V. 9A 50 Ibs. i 63.00 .
o _ T-530 6/20 500/50 MA. 60 7000 V. BA_ | 26% lbs. |  43.00 s
. T-531 3/10 1000/100 MA. 18 7000 V. 9A I 50 Ibs. 63.00 °
[ J [ ]
. KEN-O-TAP MODULATION TRANSFORMERS .

°
° Avdio |Class C Max. Max. Max. D.C. Primary Sec. Case
i Type | 'W.Pri. [W. Sec. Pri. D.C. Sec. D.C. Voltage Range Ohms Range Ohms No. Weight List Price ®
L4 T-441 | 125 250 | 250 MA. | 250 MA. 1502 2000-20000 200-2%)90 6A |15V, 1bs. 525.23 B d
i T-442 | 600 [ 1200 | 400 MA. | 400 MA.| 3000 500-18000 | 200-19000| 9A |45 Ibs. 67.50 ®
° o
° YOUR INQUIRIES ARE INVITED. WRITE TODAY FOR FURTHER DETAILS. .
° o

KENYON TRANSFORMER CO., Inc. wev von s, ..
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I make a bond that’s strong and fast
A metal joint that’s bound to last

With many laboratory checks
And strict control I'm held to specs

With each re-order, pound or ton
My composition varies none

ELECTRONICS — September, 1947

Just this... 'm a Federated solder...and that means my com-
position is identical whether I am shipped from San Francisco in
June or from Chicago in December. Uniformity in the solder you
use saves production headaches.

Federated can supply you promptly with the best in solders — acid
core, rosin core, solid wire, bar, and hody. For unusual applications
ary solder can be alloyed to your specific requirements. When you
need him the friendly Federated service man is ready to answer
your solder questions, or help you with any non-ferrous problem.
Federated Metals Division, American Smelting and Refining Company,
120 Broadway, New York 5, New York. -

?W METALS DIVISION

AMERICAN SMELTING AND REFINING COMPANY
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Cost-Controlling

and “See-Worthy”

oo that’s why Outboard Motor
Builders and Owners ‘'go Overboard’’
for AMERICAN PHILLIPS SCREWS

e L A L R R TR R .o I e f[e] il - - Assembly speeds skyrocket

with fumble-proof, slip-proof, burr-proof aad damage-proof American Phillips
Screws — they’re automatically straight to drive. Makers of motors, boats, planes,
appliances, furniture, radios and other products who have set their sights for
volume production and lower costs earn time-savings UP TO 50%.

U Vel - T -To)A"Vi1- 30 (o IR (o IVANI Y J:- Lo ' Ted {[«]'Bl — In the showroom, American

' Phillips Screw-Fastened products have z sturdy, ship-shape, modern look.

IVER CAN'T SUIP OU'  Everywhere the decorative, straight set neads of American Phillips Screws

4-WINGED D‘; Y A““D RECESS tell a sales story to the customer of quality workmanship and fastening that

OF PHILLIPS e stays put! Is your product collecting on this money-saving and money-making
combination of advantages? Write American for complete details.

AMERICAN SCREW COMPANY, PROVIDENCE 7, RHODE ISLAND
Chicago 11: 389 E. Illinois St. Detroit 2: 502 Stephenson Building

ALL METALS: Steel,
Brass, Bronize, Stain-
less Steel, Aluminum,
Monel, Everdur (sili-
con bronze)
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A GUARANTEE OF
QUALITY PERFORMANCE
FOR OVER HALF A CENTURY!

For over fifty years Thordarson has led the field in
the development of fine transformer equipment.
The first to build transformers for specific indus-
trial applications, this company has also pioneered
many improvements in manufacture, among them
the superior coil and core materials used through-
out its entire line. Thordarson's vigorous policy of
research and development, together with an unusu-
ally high production standard, has made its name
a guarantee of quality ...an assurance of trouble-
free performance among engineers everywhere.

-

g

>

Our technical staff is available to assist you with your trans-
former problems. We are especially equipped to handle those
transformers which require a high degree of engineering
<kill and which must be manufactured to very rigid specifi-

cations. Send us full details as to yaur requirements taday.

ELECTRONIC DISTRIBUTOR AND
INDUSTRIAL SALES DEPARTMENT

-~

MAGUIRE INDUSTRIES, INCORPORATED

936 NORTH MICHIGAN AVE,.,

EXPORT ADDRESS < §
4237 NORTH LINCOLN
C

ELECTRONICS — September, 1947

CHICAGO 193, 1LLINOIS

INTERNATIONAL, INC.
CHICAGO 18, tLLINOIS
HARSCHEEL
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"RAISED-LAY ™"

The NEW material for
Electrical Bar Contacts

This new material consists of one or more strips of precious metal
bonded to the base metal in the form of a ridge or bar.

This new method of lamination provides a great advantage to
manufacturers of many contact assemblies, in that an arm or leaf
can be blanked out with the contact already attached. The precious-
metal ridge constitutes a bar-shaped contact.

By specifying the width and height of the precious-metal strip,
any electrical current requirements can be met. Costly assembly
operations are reduced to blanking costs. The precious metal that
was wasted in the shank of a rivet can be saved.

We have standardized on a number of strip widths and thick-
nesses for both single, double and double-double combinations in
“Raised-Lay.” We are also prepared to furnish contact material in
the form of “Inlay,” “Edgelay,” and “Overlay.” In addition to
supplying these materials, we offer a blanking service to your
specifications.

Your inquiries are cordially invited.

*Patents applied for covering both the
material and the method of manufacture.

D. E. MAKEPEACE COMPANY

Main Office and Plant, ATTLEBORO, MASSACHUSETTS
New York Office, 30 Church st. Chicago Office, 55 East Washington St.

LAMINATED PRECIOUS METALS
SHEET + WIRE ¢ TUBING
FABRICATED PARTS AND ASSEMBLIES
BAR CONTACT MATERIAL
PRECIOUS METAL SOLDERS
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Torque

Switching range

MNow available, these Hunter designed
and built Spring Load Testers {5# max.
cap.) Supply limited to Hunter customers
at present. Details of sales arrangement
on request,

There’s More to Spring Design
than Spring Designing

Example: Une of the bugaboos of capacitor
motor design is 1o switch out the starting
winding at the right time. ..ot teo soon else
the motor will jockey between starting and
running windings. . . not too late or the starting
winding may burn out.

Ordinarily, a tendency to switch out at the
wrong speeil is not apprehended before the mo-
1or is tested, and at that stage can be costly in
terms of assembly time. If you are a motor
manufacturer you can eliminate the possibility
of trouble by using Hunter springs, quality-
controlled and color-caded to match variations
in your centrifusal mechanisms.

The centrifugal mechanism is not merely a
riddle in spring design. It i more accurately a
matter of engineering straiegy. Itunter, has, in
addition to its spring designers, a separate
complement of electrical and mechanical engi-
neers. These men can be maneuvered quickly
into position to aid spring designers. Ilunter
also brings to bear on your problem the only
testing equipment of its kind, especially de-
vised by the Hunter Special Apparatus Divi-
sion for attaining your objective.

More information about this special service
for motor makers (or anvone with a similar
centrifugal application) i3 yours on request.

ad

HUNTER PRESSED STEEL COMPANY

LANSDALE, PENNSYLVANIA

Springs, Metal Stampings, Wire Forms, Mechanical and Electrical Assemblies



" W didit know you
¢ould do that with
o

63“. b@g an

CALLITE'S ““M" SHAPED FILAMENTS for high-
power projection lamps. Employing a
tungsten wire of .010” diameter wound on
a 035 molybdenum mandrel for 55 turns
per inch, its faster crystal growth produces
interlacing crystals whose structure main-
tains the siability and non-warping prop-
erty of the coil, thus withstanding elevated
temperatures. Used for vacuam and in-
O\ candescent lamps of high wattage and beat
O, dissipation,

S

CALLITE'S CONE-SHAPED TUNGSTEN FILAMENT,
This heater wire, .020” in diameter, it
specially designed to produce lamp fila-
ments that will maintain a constant lumen
output because it permits very little dis-
tortion of the coils (despite their unusual
pattern) during the life of the lamp. Used
for special types of incandescent and gas
filled lamps.

-

o ~.
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,

CALLITE'S COILED.COIL HEATER. Employs a
375 milligram tungsten wire heater wound
on a 004 molybdenum mandrel for 800
turns per inch. The coil is then rewound
on a 030 steel mandrel and skip turned
every 68 t.p.i. Result: a highly efficient
coiled-coil bheater for miniature electron
tubes with high emission properties equal /
in performance to larger envelope tubes. /.

CALLITE’S MINIATURE DOUBLE HELICAL HEATER
for radar and microwave transmisting tubes.
This molybdenum-tungsten alloy filamen:,
0048” in diameter and 133 mm. in length,
is coated with aluminum. Evenly wound,
of high tensile strength, good ductility and
uniform resistance, this filament is particu-
larly adaptable for bigh and ultra-high fre. £,
O\ quencies in restricted spaces. AL/

THE CALLITE COMPONENTS featured above indicate the ki‘d%ﬁggi_peering in&g%wé a’r’i/d/ production
proficiency with which Callite serves the lamp and tube industry. For 26 years Callitehas supplied standard and
special shapes in every industry where lamp and tube components are used, The same ingenuity and flexibility
of the Callite organization is at your command for any component problem requiring quick, efficient solution.
Callite Tungsten Corporation, 544 Thirty-ninth St., Union City, N. J. Branch Offices: Chicago, Cleveland.
—

Hard gloss leads, welds, fungsten ond molybdenum
wire, rod aond sheet, formed ports ond other com.
ponents for electron tubes and incandescen! lamps,

write for
Cotalog #156.

TUBE & LAMP COMPONENTS °

OVER 26 YEARS OQOF PIONEERING IN TUNGSTEN METALLURGY
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this is the house
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Size is not necessarily a sign of greatness. But when size is the result
of consistently steady growth, based on an ever-widening demand
for a product, then it is truly indicative of outstanding quality.

Year after year, in more and more instances, El-Menco Capacitors
become first choice with manufacturers who are proud of their
products.

Send for samples and complete specifications,

Foreign Radio and Electronic Manufacturers communicate
direct with our Export Department at Willimantic, Conn., for
information.

THE ELECTRO MOTIVE MFG. CO., Inc., Willimantic, Conn.

ite on firm letterhead

kolLixD MlCAEl mencu MICA TRIMMER
CA

PACITORS
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with these NEW G-E
DISCHARGE CAPACITORS

If you are trying to squeeze a lot of energy-storage capacity into a
small space to reduce the size or weight of your equipment, General
Electric’s new Pyranolt discharge capacitors may be your answer.
These new, smaller, lighter units give economical energy storage, fast
discharge and service reliability.

Ambient temperature operating limits, at rated voltage, range from
0 to 50 C and the capacitance tolerances, measured at 25 C, are = 10
per cent. The performance of these compact units has been thoroughly
proved by several years of laboratory tests and actual operating experi-
ence in the field.

G-E light-duty energy-storage capacitors are particularly applicable
to light-metal welding equipment and flash photography apparatus.
Check the table below for ratings and dimensions of G-E discharge
capacitors to fit your application . . . or mark Bulletin GEA-4646 on
the coupon for more details. tPyranol is G.E.’s noninflammable liquid dielectric.

PREFERRED RATINGS

N Height Base Dimensions A_pprox-
D-C over Case imate
e s::::;s B:s‘h- ::'.::,:: Ter- | Height | 34 |1, w:2h'
ating ings :quls" *=37 In. —35 In] 32°™ in
16 Pounds
2000 | 25 50 *2 25F903 | 55% 413 33 | 4% 5.2
2000 | 28 56 *2 25F939| 517 434 3% | 4% 5.3
2000 | 40 80 1 25F910| 814 7 3% | 4% 7.8
2500 | 25.5 |80 1 25F911| 814 7 3% | 4% 7.8
3000 | 60 270 2 14F312| 1515 | 1315 | 4 8 26
3350 | 17.8 100 1 25F912| 814 7 334 | 4% 7.8
4000 | 25 /50 [200/400 3 14F309| 1515 | 1315 | 4 8 26
4000 | 100 800 2 14F311| 1514 1274 5% 1315 56
4000 | 12.5 100 1 26F906| 634 515 334 42 6
5000 | 25/50 [313/625| 3 14F305| 151§ 1315 | 4% | 1314 46
6000 | 55 990 2 14F313| 165 1274 54 1215 56
6000 | 25 450 2 14F314| 165 1314 | 4 8 26

* Cup-type bushings with solder lug terminals.

TWO NEW MOUNTINGS

FOR GENERAL-PURPOSE RELAY
Two new mounting arrange-
ments, this “plug-in” design and a
“back-connected” design, have
been added to General Electric’s
line of CR2790-E magnetic relays.
These two new forms, plus the
open and enclosed forms, make
this general-purpose 10-amp relay
useful in a wide variety of electronic
applications.

Three contact arrangements—
single-pole, single-throw; double-
pole, single-throw; double-pole,
double-throw—provide further de-
sign flexibility. Heavy silver con-
tacts are rated 10 amps continuous
at 115/230 volts, 60 cycles, and
will safely close on 45 amps and
open on 20 amps maximum, Check
Bulletin GEA-4668 below for
further details.

REMOTE POSITIONS
THAT ARE ACCURATE

Here’s a war baby that you can use.
Ir's General Electric’s d-c selsyn
position-indicating equipment per-
fected for use in military aircraft.
Transmitters will operate in am-
bient temperatures from —85 F to
158 F and are weather resistant.
Indicators are available in two
standard sizes: 174-inch dial with
1 or 2 pointers, and 234-inch dial
with 1, 2, 3 or 4 pointers. Dial
markings to meet your needs

September, 1947 — ELECTRONICS



A single d-c selsyn indicating
system consumes about 2 watts at
either 12 or 24 volts. Any reason-
able lead length may be used. Two
indicating instruments can be op-
erated from the same transmitter.
Bulletin GET-1304 is a compre-
hensive application manual you’ll
find extremely helpful. Check it on
the coupon.

COILS TESTED FAST
« « « INDUCTIVELY

High-speed production testing of
small coils is possible with this
General Electric low-voltage tester
which shows the presence of short-
circuited turns in unmounted coils
and gives an approximate indica-
tion of the number of short-cir-
cuited turns. The coil to be tested
is simply slipped over the core
which projects from the top of the
case; the coil’s leads need not be
connected.

This tester was designed for
manufacturers who want accurate
tests of coils before assembly in

ELECTRONICS — Sepfember, 1947

small motors, relays, radios, trans-
formers, instruments and other
equipment. It is simple to operate,
and connects to any 115-volt, 60-
cycle supply. More information on
this and another equipment for
high-potential coil testing is in-
cluded in Bulletin GEA-4539 . .
check it on the coupon below.

PRECISION RECTIFIER
IN A SMALL PACKAGE

These new, small a-c to d-c power
supplies are specially built for pre-
cision work with cathode-ray tubes,
television camera tubes, radar indi-
cator scopes, electron microscopes
... or any job where good regula-
tion, light weight and small size
are primary considerations. These
hermetically sealed, oil-filled power
supplies will furnish up to 7 kv at
0.1 ma. They have a regulation of
3.59, per 0.1 ma d-c output, or
better.

They easily meet Army and Navy
specifications both in design and
ability to withstand mechanical
shock and operate continuously for
long periods of time. Designed to

O G-E COMPONENTS

SE— T i

® & 060 0 0 0O

operate in ambient temperatures
from —40 Cto -+60 C. For quota-
tion and further data, write General
Electric Co., Section 642-15, Sche-
nectady 5, N. Y., giving complete
information on application pro-
posed and specifications required.

25 G‘s WON'T BOTHER
THIS SWITCHETTE

Shock, vibration, humidity and
heat are all taken in stride by Gen-
eral Electric’s tiny, light-weight
Switchette. It is built to operate in
ambient temperatures from 200 F
to —70 F, and is tested at 959
relative humidity. Low-inertia mov-
ing parts, high contact force, and

double-break contact structure
make it unusually resistant to vibra-
tion. Phenolic-resin operating but-
ton assures safety from live parts
during operation.

The snap-action contact construce
tion gives the Switchette a high
current rating. Because of negligi-
ble contact bounce and lightness of
moving parts, it is particularly well
suited to application on electronic
equipment. Bulletins GEA-3818
and GEA-4259 give electrical and
mechanical details; check coupon
below.

r GENERAL ELECTRIC COMPANY, Sec. D 642-15
Apparatus Department, Schenectady 5, N. Y,

Plecse send me:

GEA-4646
...GEA-4668
GEA-4539

{Discharge capacitors)
(Magnetic relays)
(Coil testers)

Name. ..

NOTE: More data available in Sweets’ File for Product Designers

(Position indicators)

............ GET-1304
o } (Switchettes)

GEA-3818
GEA-4259

Company

Address.

City

]

State

rN
(4]



F or true to life recording there has never been
anything better than Presto Green Label Discs.

‘l{/ ' E @W
{, RECORDING CORPORATION - 242 WEST 55TH STREET - NEW YORK 19, N. Y.

Walter P. Downs, Ltd., in Canada

World's Largest Manufacturer of Instantaneous Sound Recording Equipment & Discs
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— A General Chemical Research Development -}

SULFUR HEXAFLUORIDE

Formula: SFg

Molecular Weights 146.06

Melting Point: —50.8°C

Sublimation Temperature: —63.8°C
Critical Temperature: 45.6°C
Critical Pressure: 540 p.s.i.a.
Yapor Pressure:

Temp. (°C) Pressure (p.s.l.aj
—80 5
—50 k7]
—20 102
+10 240
+40 481

FOR AMERICAN INDUSTRY

ELECTRONICS — September, 1947

In Sulfur Hexafluoride, General Chemical
Research makes another important con-
tribution to fluorine chemistry. This
stable dielectric gas is the first commer-
cial chemical produced from elemental
fluorine to be offered Industry . . . and
fore-runner of many similarly-made flu-
orine compounds awaiting introduction.

Sulfur Hexafluoride was discovered by
Moissan and Lebeau in 1900 as the
product of combustion of sulfur in flu-

" orine. It has been found to be remark-

ably inert and to possess exceptional
thermal stability. These characteristics,

together with its splendid electrical
properties, have led to its. present use
as a gaseous dielectric in high-voltage
equipment.

The physical data presented here may
suggest cther applications worthy of
prompt investigation for your products
and processes. For commercial quan-
tities, experimental samples, or more
detailed technical information, contact
General Chemical Company, Research
& Development Division, 40 Rector
Street, New York 6, N. Y. Please use
business letterhead when writing.

GENERAL CHEMICAL COMPANY
40 Rector Street, New York 5, N. Y.

Sales and Technical Service Offices Serving Industry from Coast to Coast
In Canada: The Nichcis Chemical Company, Limited, Sun Life Building, Montreal, Quebec
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~ Siamese Twin Kesistor
W SAVES 40% f

; IN TELEVISION SET ASSEMBLY COST

R

WARD LEONARD

“Whee Garie Devigns in Eldtue Cotnoly




In-a television receiver circuit, two power wound resistors ‘were
needed, but the space for mounting them was hard to find.

So Ward Leonard suggested: instead of two separate resistors, each
requiring individual mounting and installation, let’s make a single
Vitrohm unit with two electrically independent resistance windings.

This unit is mounted just like any single resistor.

RESULT: less space needed . .

As this case shows, it often happens
that by a slight modification of a
basic design or by use cf a certain
manufacturing method, Ward
Leonard can give you the exact re-
sult you neced—without the extra
cost of a special design.

Blue means ‘‘Result - Engineering”
in resistors, rheostats, relays and
other electric controls. The distinc-
tive blue identifies Ward Leonard
“Result - Engineering”’

FREE BULLETINS on ‘“Result-
Engineered’”” Resistors. (Please re-
quest on business letterhead, mention-
ing your title.) WARD LEONARD
ELECTRIC CO., Mount Vernon, New

York. Offices in principal cities of

U. S. and Canada.

kESISTORS -
KELAYS - CONTROL

. assembly cost cut 40%!

FOR YOUR PRODUCT'S
FASTER ASSEMBLY...
OR BETTER PERFORMANCE—
PUT THE PROBLEM THROUGH

Before you decide to ‘‘make the best”
of a “standard’’ component, or pay a
premium for a ‘“‘special”’, submit the
problem to Ward Leonard. At no
obligation, see if ‘‘Result-Engineer-
ing” can’t work out the solution
for you.

RHEGSTATS

BEVICES

I R A SO Al




160 COIT STREET

'KEEPING X-RAYS WHERE THEY BELONG

\
X-ray apparatus is afforded a maximum of
safety and flexibility with this ray-proof
plastic housing molded by Shaw. It consists
of three molded pieces, integrated to form
a structure of great strength and durability.
The plastic used was Bakelite XM-7436, a
material which combines opacity to X-rays
and high voltage insulation properties.

On all plastics applications involving

- SHAW INSULATOR COMPANY

QUALITY MARK ON

MOLDED PLASTICS

MOLDERS SINCE 1892

IRVINGTON 11, N. 1.

special functional problems, Shaw’s experi-
ence assures you of the right selection of
materials and correct molding methods.
With Shaw, you have behind you a skilled
technical staff and a plant equipped to cope
intelligently and imaginatively with the
most complicated plastics assignments. This
means top performance for your product

and a maximum of economy in making it

PLASTICS LITERATURE AVAILABLE

Shaw engineers have prepared a variety of literature,
study of which might help you to a decision. Simply
write a note about what phases of plastics especially
interest you.

Or, you may prefer at once to call in a Shaw engi-
neer, and present your problems for his study. This
company’s fifty-five years of plastics experience gives
him a rich background from which you can draw.

Between the resources of Shaw and the Plax Cor-

poration, Hartford 5, Conn., you can obtain assist-

ance in almost all plastics methods and materials. J
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REGAL BUT ECONOMICAL PACKAGING

Products packaged in Plax Polyflex* Sheet
are displayed in a setting that can’t be
matched for smart, crisp, distinctive sim-
l plicity—and for low cost.

Plax Polyflex Sheet can be adapted to
standard packaging methods, and it is
ideally suited to display. Free of discolora-
tion, its natural brilliance is not affected

by exposure to light or temperature change.

WRITE FOR THIS POLYSTYRENE DATA

How to Machine Plax Polystyrene Products.

How to Use Coolants with Plax Polystyrene Products.

How to Cement Plax Polystyrene Products. :

How to Polish Plax Polystyrene Products.

Notes on Design and Assembly of Plax Polystyrene
Products. -

Die-cut Parts from Plax Polystyrene.

How to Form Plax Polystyrene Rod.

AND THIS PRODUCT INFORMATION

Data Sheets on Plax Cellulose Acetate, Cellulose Ace-
tate Butyrate, Methacrylate, Polyethylene, Polysty-
rene and Ethyl Cellulose Products.

Article on Plax’s Bilown Products.

New special plastic shapes by Plax.

ELECTRONICS — September, 1947

Inherently surng and flexible, it retains
its freshn=ss ander normal handling and
storage conditions.

Here is a versatility tkat package de-

signers car. use to good advantage, in pro-

tecting, presenting and displaying products..

Here is packaging material that makes 2
product gleam in the customer’s eye.

Write Plxx for completz details.

*=_ A. REG. U.S. PAT. OFF.

=z <>
&0

133 WALMLT STREET *

PRTFORD 5, CONNECTICUT /

4
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GLASS—FLAME~—SEAL

Glags — flame — seal. Sounds easy Justslip a glass bulb down
over the mount assembly. Then by cleverly directed gas flames
seal bulb and stem flare together.

Yes, there is a catch in it. A directed flame applied to glass may
cause severe thermal shock. Local expansion and contraction then
result in strain or fracture. Such thermal shock must be avoided
by gradually raising the temperatures of both bulb and stem be-
fore hitting them with intensely hot flames. Without scientific
control, permanent strains would be set up which might cause
cracks — immediately or at some future time. The finished tube
would become an “‘air leaker’’ and useless.

As this multihead rotary sealing machine indexes, fingers of gas
flame — mixed with air delicately proportioned to achieve the
proper temperature — warm, shape, and seal bulb to flare. Be-
cause it is shielded from the flames by the bulb, the stem is pre-
heated before loading. This preheat temperature is maintained
throughout sealing by hot air blown up under the flare. The con-
tinual stream of hot air also shapes the seal. Concentrated flames
cut off the bulb cullet. In high speed operations, the sealing and
subsequent exhaust operations are performed on the same machine.

A precision machine carefully controlled by the glass expert
makes this working with glass easy. Gives you a combination
which assures you once again of trouble-free performance from
your Hytron tubes.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

MASSACHUSETTS

MAIN OFFICE:

SALEM,

BTSN

o : = s
Sealed-in  awamt ready
for exhavst. Cullet (F)

~ cul off by ges Alames §s
e

- discardec. )
YTRO
BADWD TUEE

September, 1947 — ELECTRONICS



CONSTANT CAPACITANCE
GAS-FILLED CONDENSERS...

As casy 1o tune as your home receiver, and once set, this gas-filled Lapp

““warm up”’

Condenser holds its capacitance under all conditions. No
required, no change in capacitance with change in temperature. As lump
capacitance for service at high voltage and high currents, these gas-filled
units save space, save power, and save trouble. Available in variable, ad-
justable, and fixed capacitance units. Condensers now in service range up
to 60,000 mmf. (fixed), 16,000 mmf. (variable and adjustable). Current

ratings to 500 amperes R.M.S., and voltage ratings to 60 Kv peak.

LAPP INSULATOR COMPANY, INC,, LE ROY, NEW YORK
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Graphite Tube Anodes Handle

The faster a tube dissipates the heat of operation,

the more power it can handle. That's why
Speer GRAPHITE Anodes are finding their way into more and
more osclllator, amplifier, doubler, modulator, and rectifier

tubes. For Speer GRAPHITE Anodes radiate heat faster, handle

200 to 300% more power than anodes made of popular metals.

The cooler operation of Speer GRAPHITE Anodes

means less heating and longer life for assoclated tube

parts, too—reduced grid emissivity. Low frequency-drift comes

along as another advantage still: non-warping graphite lOOI( to Speer Gruph‘
anodes maintain their characteristics, assure stability R ’
ite Anodes when

you're looking for
better tubes.

of Inter-electrode capacitances In the tube.

brushes - contacts - welding electrodes - graphite anodes - rheostat discs - packing rings- carbon parts
LA AL LEY CHICAGO - CLEVELAND - DETROIT - MILWAUKEE - NEW YORK - PITTSBURGH
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Here’s wonderful news! A wide variety of standard
ratings of Westinghouse panel instruments .
now available for immediate delivery . . . all you
need when you want them!

There’s a complete selection . . . 213", 315"
and 414" sizes . . . rectangular and round cases,
both with flush or projection-type mountings . ..
for d-c, power frequency, audio frequency and
radio frequency measurements.

Westinghouse panel instruments meet the
highest standards of performance in every field
of application. They have been proved in every
industry and military requirement—on land, sea
and in the air. You don’t need to experiment.

@ Westinghouse

OFFICES EVERYWHERE

The chassis design of Westinghouse instru-
ments permits the final assembly of stocked and
pretested subassemblies . . . to meet your re-
quirements without delay. Every instrument is
“‘accuracy checked” the day of shipment.

Whether you need thousands of electrical in-
struments or just one, Westinghouse has the
production facilities and a nationwide service
organization to follow through. Consult a West-
inghouse instrument specialist. Call your nearess
Westinghouse office or write Westinghouse Elec-
tric Corp., P. O. Box 868, Piusburgh 30, Pa.

Send for the Westinghouse Instrument Booklet,

B-3013-E9. )-40359

INSTRUMENTS

Budtofpr Cofcing Fopbomanco



molds had
the molding cycle. ™A
over for terminal blocks in d

All three parts were transfer mote
four-cavity semi-automatic molds, Because I
cated shape of the pieces could not be adapted
straight molding, two sets of removable cavities were
constructed for each mold so that one could be used
for molding while the other was being dismantled in
specially designed disassembly jigs. Thus a continuous
production cycle was maintained.

To meet the need for a free-flowing phenolic with
good electrical properties, heat resistance and impact
strength, our laboratory compounded a new material

Terminal blocks

that in qctucl tests has surpassed all previously used pictured here-
commercial compounds, with were mold-

So, whether your new problem in plastics be simple ed of X-208F for
or three-fold, you can rely on Consolidated experience the Internation-

and know-how together with the complete facilities at al Business Ma-
our disposal to bring you a sound and ready answer.
Inquiries invited.

chines Corp.

4 309 CHERRY STREET, SCRANTON 2, PA.

-
PRODUCT DEVELUCPRENT « MOID DESIEN « MOLD CONSIRUCTION ¢ PLUNGER MOLDING + TRANSFER MOLODING ¢ INJECTION MOLDING o COMPRESSION MOLBING

Branches: NEW YORK, 1790 Broadway ¢ CHICAGO, 549 W, Randolph $t. ¢ DETROIT, 550 Maccabees Bidg. « CLEVELAND, 4614 Prospect Av. * BRIDGEPORT, 21I State Street
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The Power and Impedance Monitor

B IT’S NEW ceeo
IT'S EXCLUSIVE!
IT'S ONLY IN

Western ElecIric

FM TRANSMITTERS

It gives you for the first time...

v Accurate, direct measurement of the actual RF power fed into antenna system

Q/ A simple method of measuring standing wave ratio under full power output

The new Power and Impedance Monitor designed by Bell The new Monitor is supplied as standard equipment with
Telephone Laboratories is another exclusive “plus” for users Western Electric FM transmitters of 3 kw and higher powers.
of Western Electric FM transmitters. It tells at a glance
transmitter output power or reflected power in kilowatts

...gives a constant check on standing wave ratio while on the Write for literature describing
air...automatically protects your equipment from excessive in detail the operation of the
standing wave ratio. Here are the vital functions performed new Power and Impedance
by this new dcvice: Monitor. Address your request
The MONITOR (B), located within the transmitter, registers on to Graybar Electric Co., 420
front panel meter the power in kilowans actually going into the Lexington Ave., New York 17,
transmission liue at any time, no matter what the standing warve N.Y.,or see your local Graybar
ratio on the line. ‘Broadcast Representative.

The FRONT PANEL METER (A), connected to the Monitor, pro-
vides direct readings of output power and reflected power in
kilowatts. Also gives a simple means for determining standing

wave ratio at any time, while the transmitter is in operation. L QUA'-'TY COUNTS —

A . :
DIRECT READING IS ANTENNA

RF QUTPUT
WATTMETER

B i
POWER AND IMPEDANCE MONITOR
[LOCATED IN TRAMSMITTER)

W. E. FM TRANSMITTER
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This unit, 40 inches high,
delivers 70 kv., d-c. Con-
sists of two basic Kenotron-
tuhe rectifier units.

New, within the last year, is this small
cascade-type rectifier for gencrating
smooth high d-c voltages. Suitable for
laboratory and factory for testing and
as power supply. Fecatures: versa-
tility, reliability, rcasonably priced and
long tube life with much lower cost of
replacement tubes. Operatces from 115-
volt, single-phase, 60-cycle power
supply.

Basic unit is a 35-kv, 30-ma (contin-
uous) rectificr, with necessary trans-
formers mounted in an oil-filled stecl
tank. Basic unit is 32" wide, 18" decp
and 20" high. Up to five units can bc
stacked, giving d-¢ voltages up to 165

SMALL RECTIFIERS
FOR D-C VOLTAGES

kv. Output voltage ripple, peak to
pecak, will not excecd 0.19, per milli-
ampere.

Control Panel Optional. This unit can be
supplicd with a control panel which
will provide smooth output voltage
control over the complete range from
zero to maximum. Accuracy of output
voltage, with this panel, is = 5 per
cent of full scale; accuracy of current
indication, == 2 pcr cent. Overcurrent
protection is included.

Suitable for integral mounting. Becauseof
its small size, this rectifier can often be
mounted within the enclosure housing

up o (65 KV

your own product. Such integral
mounting is usually preferable from
all standpoints—lowers cost, saves
space, and improves appearance of the
entire assembly.

Standard units, in regular production.
These cascade rectifiers are built up of
standard units that are in regular pro-
duction. They can be shipped on
shorter schedules than are normal for
this general class of equipment.

For prices and specific information,
address inquiries to our nearest office,
or to Apparatus Dept., Section B 401-49,
General Electric Co., Schenectady 5, N.Y .

GENERAL ¢ ELECTRIC

401-49
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MODEL VH-91

/IEL SPEECHMASTER

Delivering good quality, intelligible speech with maximum “punch” to
overrice high noise levels, the Model VH-91 Speechmaster is recom-
mended for paging and intercommunication applications. Hypex homn
formula gives useful output over a 100° angle.
Espacidlly efficieat for voice, the VH-91 has a frequency range of 400-
5,000 cycles. Power handling capacity: 15 watts maximum speech signal
irput. Dasigned for both inside and out-of-door use, VH-91 will withstand
extreme weathsr condit ons, including exposure to salt spray. Nominal
oice coil impeda=ce 8 ohms. Transformer number Z-3345, with %" x %"
czre available fcr 45-ohm use. Bell diameter, 8% inches; height, 9-1/16
inches; weight, 44 pounds.
Universal mounting bracket adjusts projector to any direction, locks
securely in position by a single wing nut, has facilities for mounting
transformer.

Jensen VH-91 Speechmaster Projector (ST-171 W« oo cncenad $32.50

*Trade mark registered

JENSEN MANUFACTURING COMPANY

6607 S. LARAMIE AVE., CHICAGO 38, U.S. A,
In Canada: Copper Wire Products, ltd., 11 King St., W, Toronto 1
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Ptoved in

ny difficult installations,
many difficult Hations,

Ansonia Ankoseal insulated wires

and cables retain their flexibility

though subject to a wide range of

temperatures, hard usage

and frequent bending

and twisting,

Ansonia not only offers Ankosecal to meet 2
variety of insulating problems but oug
engineering staff has designed many
cables for specific purposes,
You are invited to consult us regarding
your wire or cable problems.

IA ELECTRICAL DIVISION
ANSONIA, NECTICUT of
NOMA ELECTRIC CORPORATION, NEW YORK, N. Y.

DN 4 4  —
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COTCH S .t CocouiingTRPE

OFFERING HOME AND PROFESSIONAL RECORDERS A NEW
STANDARD OF TONE FIDELITY AND EASE OF HANDLING

Developed in the research laboratories of the 3M Company . . . the world’s largest
manufacturers of pressure-sensitive adhesive tapes . . . "SCOTCH” Sound Recording
TAPE is now dvailable in quantity for immediate delivery. No other magnetic recording
medium can offer all these advantages:

L

Made in U.S. A. by MINN

Better frequency response at slow recording
speeds—due to “SCOTCH” Sound Recording
Tape’s extremely thin, uniform magnetic coat-
ing.

Low noise level because of uniform dispersion
of particles and mirror-like surface.

Higher Coercive Force—350 oersteds—insures
higher frequency response and greater signal
strength.

Flat surface and large area provide positive con-
tact with the pick-up and give greater dynamic
range.

Uniform width control in manufacture insures
even, constant tracking.

Adequate space on 1} inch width for multiple
sound tracks.

7.

8.
9.

12,

The non-magnetic tape backing between the
layers of magnetic coatings in the roll prevents
“cross-talk.”

Easy to handle. No snarls, backlashes, or kinks.

Freedom from breakage. Resin treated backing
provides a tensile strength of 8 to 10 pounds.

Can be marked on back to indicate start and
stop of different sound sequences in the same
roll.,

Easily edited by snipping out unwanted por-
tions and then taping together with “SCOTCH”
transparent Tape.

Perfect reproduction for several thousand play-
backs. Erases clean with low power—no special
erase head required.

VOLTAGE OUTPUT IN db
RELATIVE TO 1 MV

L L
50 100 200 500

1000 2000
FREQUENCY IN CYCLES/SEC

5000 10000 MAX. RECORD CURRENT

TAPE SPEED B8 IN/SEC

RECORD CURRENT 0.5 m.a.
IN BRUSH BK 919 HEAD,
WITH 2 m.a. 30KC BIAS

PLAYBACK [N SAME TYPE
‘HEAD

ERASE CURRENT 20 m.a. 30KC
USING BRUSH BK 915 HEAD

Licensee of Armour
Research Foundation

APPROX. 1.2 m.a.

ELECTRONICS — September, 1947

esoTA MINING & MFG. Co
mTHE <3 M COMPANY

« Saint Pavul 6, Minn.
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For Antenna Current Measurements

at Television and FM frequencies!

== NS PR

WESTON

 Ttromitin

AMPERES
R.F.

WESTON

WESTON thermo ammeters are particularly de-
signed for more accurate measurements of very
high frequency antenna current in present FM
and Television installations.

The thin-walled tubular heater*, an exclusive
WESTON development, substantially reduces

skin effect, thus providing vastly improved ac-
curacy at the higher frequencies. Meeting FCC
requirements, these instruments are available in
sizes and ranges for all needs. Also vacuum-type
thermocouple instruments for milliampere ranges.

Ask your local WESTON representative, or write

Weston Electrical Instrument Corporation, 618 CZZWW%

Frelinghuysen Avenue, Newark 5, New Jersey.
Patent %2,100,260

ALBANY - ATLANTA - BOSTON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATI - CLEVELAND - DALLAS - DENVER - DETROIT - JACKSONYILLE - KNOXVILLE - LITTLE ROCK - LOS ANGELES - MERIDEN - MINNEAPOLIS - NEWARK
NEW ORLEANS - NEW YORK - PHILADELPHIA - PHOENIX - PITTSBURGH - ROCHESTER - SAN FRANCISCO - SEATTLE . ST. LOUIS - SYRACUSE - IN CANADA, NORTHERN ELECTRIC CO., LTO., POWERLITE DE¥ICES, LTD.
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Nielsen Audimeter Uses

CLARE SEALED TYPE "K" RELAY

for Radio Audience Research

Pencil points to Clare "'SK"
Relay in Nielsen Audimeter

® One of the most interesting developments in radio
listening research is the Audimeter, designed by A. C.
Nielsen Company, Chicago marketing research organ-
jzation, to provide information hitherto unobtainable.
Attached to home radio receivers, scientifically selected
on a nation-wide basis, this device keeps an accurate
24 hour a day record of when each receiver is operated
and the stations to which it is tuned.

Clare Sealed Type “K’ Relays were chosen for use in
the Audimeter because of their extreme reliability, ca-
pacity for precise, sensitive adjustment, and the fact that
they are sealed so that dirt and handling cannot affect
their operation.

In the Audimeter, the unusually sensitive Clare Sealed
Type “K” Relay operates under the control of a vacuum
tube to stop the recording stylus at the correct spot to
identify station choice on the calibrated record tape.

CLARE RELAYS

Clare Sealed Type “K” Relays, sealed in nitrogen ina
metal cover, are immune to conditions imposed by high
altitndes, dust, moisture or combustible gases. They func-
tion at maximum precision under extreme conditions.
Like all Clare “Custom-Built” Relays they are available
in a wide range of contact ratings and contact forms,
flat or hemispherical contacts of rare metals or special
alloys and with coil windings ta match the circuit and
application.

Clare “custom-building” makes it possible:: . with the
utmost economy . ..to secure a relay exactly suited to
specific requirements. Clare sales engineers are located
in principal cities to help you secure just the relay you
need. Write to C. P. Clare & Co., 4719 West Sunnyside
Avenue, Chicago 30, Illinois. In Canada: Canadian Line
Materials Ltd., Toronto 13, Ontario, Canada,

“Custom-Built” Multiple Contact Relays for Electrical and Industrial Use
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Ordinary insulation wouldn’t do! When

Lindemann and Hoverson designed the Shelby
L & H Electric Range, they required an insulation
to withstand severe bending. Each time the well-
type deep fryer is removed and the heating element

satisfactory in every way. It withstands the frequent
bending without splitting or cracking. It does not
react to the heat—either conducted through the
wirc or from the oven itself. The great flexibility
and non-fraying qualities have aided considerably

raised . . . each time the oven element is raised for
cleaning, the lead wires are subjcct to excessive wear.

After using Bentley, Harris Extra Flexible
Fiberglas Sleeving in this application for over a

year, here is what they reported:

“BH Fiberglas Sleeving has pr

in speeding production.”

Try BH Fiberglas Sleeving in your plant, in
your own product. Learn why more and more
nanufacturers specify BH Fiberglas Sleeving for

W products or to improve present models.

TLEY, HARRIS MFG. Co., CONSHOHOCKEN, PA.

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, tHarris process (U. S. Pat. No. 2393530). “'Fiberglas™ is Reg. TM of Owens:Corning Fiberglas Corp.

———————————————————————— USE COUPON NOW-———=——="

Bentley, Harris Mfg. Co., Dept. E-14, Conshohocken, Pa.

I am interested in BH Non-Fraying Fiberglas Sleeving for.

(product)
operating at temperatures of °F. at volts. Send samples so 1 can see for myself how
BH Non-Fraying Fiberglas Slecving stays flexible as string, will not crack or split when bent.

NAME

COMPANY s

ADDRESS

b4

Send samples, pamphlet and prices
on other BH Products as follows:
[0 Cotton-base Sleeving and Tubing

[0 Ben-Har Special Treated Fiberglas
Tubing
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For Versatility of Application |

PLATE YOLTAGE

POWER OUTPUT

[/

MORE FOR YOUR

Conservatively rated at 65
watts plate-dissipation, the
4.65A is physically small
and radiation cooled.

°
Instant heating thoriated
tungsten 6.0 volt filament
makes the 4-65A ideally
suited for mobile applica-
tion.

°
Self-supported internal ele-

ments. No troublesome in-
sulators.

°
Direct electron beaming

without the use of deflect-
ing hardware.

)
Low interelectrode capaci-
tances. (Average) Grid-Plate
.08 puf, Input 8.0 puf, Out-
put 2.1 suf.

°
Unique design shields input
output  circuits, simplifies
neutralization.

°
Non - emitting processed
grid provides stability famil-
iar to all Eimac tetrodes.
°

" ACTUAL sIZE

Follow the Leaders to

L]

ABE The Power for R-F

hressessmsemmsmn EXPORT AGENTS: FRAZAR & HANSEN. 30t CLAY ST . SAN FRANCISCO 1.

Write today for additional data.

ELECTRONICS — September, 1947
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\
4-65A

: tub DOLLAR

Versatile operation . . . the
4.65A has excellent power
characteristics over a plate
voltage range from 400 to
3000 volts, as indicated in
the above chart.

°
Base pins fit available com-
mercial sockets.

®
Low inductance and short
direct leads enable opera-
tion above 200 mc.

°
Processed metal plate as-
sures long tube life and can
really ""take it” during mo-
mentary overloads.

°
Hard glass envelope provides
resistance to thermal shock
and permits high tempera-
ture operation.

°
Proven design, the 4-65A is
a physically smaller version
of the 4-125A.

®
In the 4-65A you get truly
"more for your vacuum tube
dollar”

PRICE $14.50

°

EITEL-McCULLOUGH, Inc.
179 San Mateo Ave.,

San Bryno, California
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SOUND RECORDING

MOTORS FOR

MUST HAVE
LOW NOISE LEVEL

MINIMUM VIBRATION
CONSTANT SPEED

CONTACT THESE
EADD
REPRESENTATIVES

JOE DAVIDSON & ASSOCIATES

P. O. Box 108
South Gate, Calif.
Tel: Kimball 7244

ALLEN |. WILLIAMS, JR.

230 Cooper Building

Denver 2, Col.

Tel: Ma. 0343
.

FRANK W. YARLINE & CO.
20 No. Wacker Drive

Chicago 6, lil.
Tel: State 0347

L]
HARRIS-HANSON CO.
427 No. Euclid Ave,

St. Lovis 8, Mo.
Tel: Forest 5841

*

ENGINEERING SALES CO.
124 No. Montgomery St.
Trenton 8, N. J.
Tel: Trenton 9885

*

HOLLIDAY-HATHAWAY
SALES CO.
238 Main Street
Cambridge 42, Mass.
Tel: Eliot 1751

GEORGE T. WRIGHT
19859 Beach Cliff Blvd.
Cleveland 16, Ohio
Tel: Boulevard 9554

L ]

WILLIAM J. COTTRELL CO.
309 S. W. Third Avenue
Portland 4, Oregon
Tel: Broadway 3120

L
AIRPARK CORPORATION
412—5th Street, N.W,
Suite 501
Washington, D. C.
Tel: National 4642
L

STANDARD PARTS &
EQUIPMENT CORP.
904 North Main

Forth Worth, Texas
Phone 2-4459

—ﬂf——/

S @/mﬂﬁ/ g.d’zwm

EASTERN AIR DEVICES

SYNCHRONOUS SOUND RECORDER MOTORS

Give Smooth, Flawless Performance
ON ANY TYPE OF DISC, WIRE, TAPE
or FILM RECORDER

1. NO NOISE

2. NO VIBRATION
3. HUNT ani "WOW" ELIMINATED

These Motors Now in Production

TYPE H.P. SPEED
LH73NCJ 1/50 1800 R.P.M.
LH73QCJ 1/100 1800 R.P.M.

WRITE FOR SAMPLES

Similar Motors are Available For:
CAMERAS « PROJECTORS ¢ FACSIMILE

EASTERN AIR DEVICES, INC.

585 DEAN STREET °

BROOKLYN 17, N. Y.

N

=
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A From 750 mc £

To 10,000 mc™

HORIZONS UNLIMITED

Today there’s no mystery about the Klystron tube.
It’s being used in a lot of things you see and read
about every day . . . vadar, television, communica-
tions and even medicine.

Radar with Klystrons gnides merchant ships and
sky giants through fog, smoke, clouds. You’ll find
1t m television relays...m medical diathermy. ..
in dielectric heating . . . 1n tele-
phone, telegraph, aircraft radio
and broadcast racho relays.

We’re anxious to put the

Klystron to work even harder. NEW YORK

ELECTRONICS — Sepfember, 1947

CLEVELAND

We know there must be many undeveloped appli-
cations that will muke your products better or
help you make new products. The Klystron 1is
adaptable 1n both local oscillator and high power
applications.

Sperry engmeers will gladly cooperate with
manufacturers in adapting Klystron to new fields.

Sperry Gyroscope Company, Inc.

EXECUTIVE OFFICES: GREAT NECK, NEW YORK

DIVISION OF THE SPERRY CORPORATION

NEW CORLEANS LOS ANGELES SAN FRANCISCO SEATTLE
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KFIZ Fond du Lac, Wis. WSYR-FM Syracuse, N. Y. WFJS Freeport, IIl.

'For the past four months we have had the “For on-the-air reliability we've found that “We have been using the G-E consolette for
G-I consolette in constant operation and are the G-E 3 kw. FM transmitter fully meets our six months, and are¢ more than happy with
thoroughly sold on it, because it is adaptable performance specifications. It was casy o its design and flexibiliry.”
p aratl S el p 1 all— o A 4 7 oy B L
to alm.0§(' any operation. .lts \er;xatlllry .mg 1r}stall easy to maintain, We ha\c. no wor Tnowmas C. MOERs, Sta. Mgr.
accessibility make it ‘tops’ in studio control. ries about this transmitter ever failing us.
LyNN N. FAIRBANKS, Gen'! Mgr. A. G. BELLE ISLE, C/if. Eng.

v
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Station after station
tells the story

Q-S we go to press, 155 General

Elcctric FM transmitters are on

the air or being installed in broad-

casting stations. Each weck more and
more G-E FM equipment is being

. 3 shipped to buyers everywhere.
WEAW Evanston, Il

“General Electriz quality ¢quipment and prompt
service are impor ant when a small stat.c n undertakes
independent com mercial ope-ation, zrd both have
proved of value t7 Ls.”

Pioneer in FM, General Electric is

the leader in extending this finer sys-

EpwarRD A. WHEELER, Pres.

;

tem of broadcasting to all America.
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General Electric FM cquipment is

P ———

WMLN mi. Clemens, Mich.

“The outstanding flexibility of the General
Eleciric consolette provides us with finger-
tip control of all broadcasting features plus
monitoring, auditioning, and extra program
amplifier in one compact unit.”

W. A. SCHATTLER, Cif. Eng.

available for every need.

all out for G-E equipment. Read
what they say. Then call your near-
est G-E radio sales engineer, or write

Electronics Department, General Electric

Station owners and engineers go

Company, Syracuse 1, N. Y.

WTRI Troy, N. Y.

“General Electric’s 250 watt FM transmiter obviously »
was built with an eye on economy to the user. Its com-
ponents are all assembled in logical order for insunt
instalfation and easy maintenance. Per hour of operation,

we find the cost is far below our expectations.”

ALBERT H. CHISMARK, Chf. Eng.

KOCS Ontario, Cal.

“KOCS is designed and built for maximum
efficiency and performance in every detail.
We are delighted in that respect with our
G-E FM transmitter. It's a top performer.”

JERENE APPLEBY HARNISH, Pres.

WEBC Duluth, Minn.

“The G-E FM transmitter was very casy (0
place in operation. The radio frequency
stages tune up properly, and there are no
trick adjustments to make in order to keep
the transmitter functioning properly.”

W. H. LOUNSBERRY, C/if. Eng.

= =

GENERAL )

LEADER IN RADIO, TELEVISION AND ELECTRONICS
R — -

ELECTRIC

160-F7-6014
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Driving the heavier type record changers,
radio phonograph turntables and tuning
devices—powering fans, motion displays,
actuating switches, levers and timing de-
vices—operating business and vending
machines, toys—these are just a few of
the tasks performed by Alliance’s Model
K Powr-Pakt motor.

This basic 2-pole induction type motor
can be mass produced to meet
variations in design. It will adapt
to any standard AC voltage and
frequency, and will develop up to
1/100th h. p. For intermittent duty or
where forced ventilation is provided even
greater output can be obtained. Model
K is used in all 25-cycle and in some
50 and 60-cycle Alliance phonomotors,

WHEN YOU DESIGN—KEEP

ALLIANCE MANUFACTURING

MODEL K

COMPANY

The trend is to make things move!

Designs will call for more action— movement!
Flexible product performance needs power sources
which are compact, light weight! Alliance Powr-Pakt
Motors rated from less than 1-400th on up to 1-20th

h.p. will fit those “point-of-action”
places! Alliance Motors are
mass produced at low cost —en-

gineered for small load jobs!

For vital component power
links to actuate controls...

to make things move...

plan to use them!

MOTORS IN MIND

. ALLIANCE, OHIO

EXPORT DEPARTMENT: 401 BROADWAY, NEW YORK 13, NEW YORK, U. S. A.

70
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nickel-chrome alloy wires—Nichrome*-—

Resistance Control Problems

Bt )

Note how three sectiamal winding:
oF Driver-Harris nickel-chrome al-
oys: (1] No. 93, &3 Advame.
and (3) N'chrome, are employed to
oktain fina resistcnce shnding.

When Rheostats are Sectionally Wound with

'DRIVER-HARRIS Alloys

To provide more uniform current contrcl—
and a rheostat of proportionately smaller size—
the Ohmite Manufacturing Co. advocates tapered
windings, involving the use of two or more sec-
tions of diminishirg wire sizes. This construction
is practical because only the first turn’ of any
rheostat winding carries the maximum current.
All succeeding turns carry conétantly decreasing
amounts.

In the 3-section, 500 watt Ohmite Model
R Rheostat illustrated, three Driver-Harris

Advance*—and No. 95 are employed to gbtain
the fine shading of resistance desired. For other
resistance combinations, there are more than 80
Driver-Harris electrical resistance allays spe-
cifically designed to fill the numerous require-
ments of the Electrical and Electronic Industries.

Backed by 46 years of specialized resistance-
research experience, the Driver-Harris engineering
staffisready at all times to help you solve your elec-
trical resistance problems. Why not get in
touch with them for expert advice—or write
for 71-page Resistance Handbook, R46.

Driver-Havris
COMPANY

BRANCHES: Chicago @ Detroit o Cleveland

Los Angeles o San Francisco ¢ Seattle

The B. GREENING WIRE COMPANY, LTC., Hamilton, Ontario, ¢unadu

*Trade Mark Reqg. U. S. Pat. Off.



SPRAGUE
{OOLOHM

(T. M. Reg. U, S, Pat. Off,)

WIRE-WOUND
RESISTORS

5 TO 120 WATTS

410-WATT UNIT
(Actual Size)

Resistance range :
1 ohm 1o 70,000 ohms.

Clip Yourself these

RESISTOR DIVIDENDS!

SAFE FOR USE AT FULL WATTAGE RATINGS—FOR
ALL RESISTANCE VALUES—Koolohm ceramic wire
insulation is ideal for rapid heat dissipation.

QUICKER, MORE ECONOMICAL MOUNTING —
Koolohms are doubly protected—first by the heat-
proof, moisture-resistant ceramic wire insulation;
second, by an outer ceramic shell. Mount them in
any position—anywhere —in enclosed places—even
directly on grounded parts.

NO SHORTED TURNS-——NO CHANGED RESISTANCE
VALUES — 5%, accuracy or better is guaranteed.
Koolohm windings touch, but do not short. The flex-
ible ceramic wire insulation has a dielectric strength
of 350 volts per mil at 400° C.

OTHER SPRAGUE

e { Koolohm Precision
Meter Multiplier
Resistors

] Koolohm Voltage Divider

SPRAGUE ELECTRIC COMPANY

NORTH ADAMS,

RESISTOR DLIVISION,

=

SMALLER PHYSICAL SIZES—Space winding is un-
necessary. Where required, windings can be made
in layers or interleaved for maximum rating in
minimum space,

ALL-WEATHER PROTECTION—One Sprague Kool-
ohm type—the standard type at standard prices—
gives adequate protection under any climatic con-
dition, anywhere in the world.,
HIGH-VOLTAGE INSULATION—Koolohms with-
stand 10,000 volts breakdown to ground.

Write for Catalog 100E. Samples gladly sub-
mitted to your specifications. You be the judge!

RESISTOR TYPES

Sprague Meg-0-Max
{High-Rolistunce High-
Voltage Resistors

3 |
Koolohm Bobbin Types

MASS.
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This trio of standard Guardian Stepping Relays: (1) continuous
rotation, (2) electrical reset, {3) add and subtract—will start you
off with a minimum of design and keep your products operating
indefinitely. The Guardian Steppers shown are adaptable to
numerous applications: automatic circuit selection; automatic
sequence selection of circuits; automatic sequence cross-connec-
tion of circuits. They are used in automatic business machines,
production totalizers, conveyor controls, animated displays, tele-
phony, remote tuning, with a host of additional uses you will soon
discover. On each, the contact finger rotates counter-clockwise
All three Steppers follow 10 pulses per second within the rated
voltage range of the relay. Special construction prohibits skip-
ping or improper indexing of the ratchet.. Available in separate
units or in combination with relays, contact switches, solenoids;
completely assembled and wired to terminals; mounted on special
bases or in enclosures. "Special" modifications are obtainable in
production quantities. Write for Bulletin SR.

QUARDIL AN

1625-K W. WALNUT STREET

™

=

a e s ;_
=

d

BB

Series 100 Snap-Action Relay ! Guardian Featherub Switch

S W W S A VO 2 U O

)
—=

Series 500 Midget Relay Series 1-A Solenoid

i.

G BELECTRIC

CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY

ELECTRONICS — Scptember, 1947
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RECTANGULAR-CASE
SUPEREX* CAPACITORS
COMBINE SMALL SIZE
AND LONG LIFE |

|

The Type XLXP series of Superex-treated
paper-dielectric capacitors is conservatively
designed to meet the exacting requirements
of industrial electronic equipment and com-
mercial radio apparatus. The synthetic, non-
flammable Superex impregnant and fill
assures long life, small size, high insulation
resistance, low power factor, and stability
of electrical characteristics at elevated tem-
peratures,

Capacitors are furnished in gray-
lacquered hermetically-sealed fabricated
terneplate containers with high-voltage
porcelain terminal bushings.

Type XLXPL units are supplied with
hook-on flat-flange mounting brackets;
Type XLXP]J units are supplied with hook-
on spade-bolt brackets; and Type XLXPU
capacitors have wrap-around universal
mounting brackets.

Maximum capacitances for standard volt-
age ratings are as follows:

WVDC Max. Mf.
12,500 0.5
10,000 1.0

7,500 2.0
6,000 2.0
5,000 4.0
4,000 6.0
3,000 8.0
2,500 12.0
2,000 15.0
1,500 15.0
1,000 15.0

600 25.0

For further information, see your Solar
representative or write to Solar Manufac-
turing Corporation, 1445 Hudson Blvd.,
North Bergen, N. J. Plants at Chicago, Ill.,
Bayonne and North Bergen, N, J.

% Trade Mark

& 3326

I SOLAR CAPACITORS
“Quolity Abave A"
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BUSINESS BRIEFS

By W. W. MacDONALD

Electronic Devices are being
used in only five per cent of the ap-
plications where they could be use-
ful, according to Edward U. Con-
don, Director of the National Bu-
reau of Standards.

Several Letters ask if privately-
owned shore-to-ship stations are
being experimentally licensed for
operation in the 152-162 mc mari-
time mobile band. As near as we
can find out the situation appears
to be as follows:

Nine frequencies have been allo-
cated for experimental use in that
range but no construction permits
have yet been granted for private
service. A hearing is to be held by
the FCC at some future date on
applications filed by Foss Launch
and Tug of Seattle, Meseck Towing
Lines and Moran Towing and
Transportation of New York. De-
cision on this case will probably
determine future policy, so the
thing for other interested com-
panies to do is to file experimental
license applications in Washington
on the odd chance that all such ap-
plications on hand when the hear-
ing is held may be considered at
one time.

Meanwhile, common-carrier ex-
perimental maritime mobile sta-
tion construction permits have
been assigned to AT&T in New
York, Western Union in the same
city, and to Wayne Miller in Mo-
bile, Alabama.

Geological Radio Licenses total
500, as against 131 in 1935. Prac-
tically all of them involve a plural-
ity of mobile and portable units,
and are held by oil companies or
their subsidiaries.

Noise is a major problem in Can-
ada because of the distances
radio signals must travel to reach
remote areas. The subject came in
for a good deal of attention at a
recent technical meeting north of
our border, with manufacturers of
electrical appliances and power

companies as well as receiver mak-
ers exhibiting great interest.

It is our guess that suppression
of noise will soon be a major prob-
lem in the United States, what with
television and many new mobile
services rapidly gaining headway
in the field. Cooperative effort will
be needed. Count us in.

Packaged Wiring is still very
much in the news. We hear that a
manufacturer of industrial con-
trols already preforming busbar
and dropping it into channels
moulded in chassis may soon go a
step farther and use sprayed wir-
ing. Experiments conducted in this
firm’s development lab indicate
that it may not be necessary to use
a screen process. Sprayed metal
sticks to roughened portions of
plastic chassis, and is readily
wiped off smooth areas.

RCA Earnings in the last 10
vears are as follows:

PROFIT

YEAR GROSS INCOME AFTER TAXES
1937*. ..., $112,639,498 8.09%
1938*. .. .. 99,968,110 7.4
1939*. ... 110,494,398 7.3
1940*... .. 128.491,611 7.1
1941...... 158,695,722 6.4
1942... ... 197,024,056 4.6
1943... ... 294,535,362 3.5
1944. . ... 326,421,913 3.1
1945...... 279,503,615 4.0
1946. ... .. 236,980,770 4.6
AVERAGE. $194,475,605 4.9

* Including foreign subsidiaries. Otler
years incluile domestic subsidiaries only.

Factory Tele Service and instal-
lation stations may be necessary
in order to get the new video busi-
ness rolling fast and still make
equipment stick but many people,
including service-wise John Rider,
believe that much of this work
will ultimately have to be handled
by independents.

Remembering our own early ra-
dio servicing experiences dating
back to 1924, and following con-
versations with many friends still
in the game, we are inclined to
agree. And offer television receiver
manufacturers this advice for
what it is worth: Start out the
way you think best. But encourage
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ACCURACY AT HIGH SPEEDS

Cyclotron Specialties Impulse Register was originally de-
signed to meet the exacting requirements of radioactivity
research workers. Through outstanding performance, this
counter has become a standby in many fields of scientific
work throughout the entire world.

The Cyclotron Specialties Register is unique in its ability to
operate at exceptionally high speeds with complete accu-
racy and without adjustment or maintenance. It is unexcelled
for high speed impulse recording and mechanical operations

requiring counting in precise quantities.

The operation of the Cyclotron Specialties Impulse Register
is entirely automatic. Originally designed for our Geiger-
Muller Counter Sets, it has found numerous other applica-

tions . .. both industrial and research . .. including :

PRECISE CONTROL OF QUANTITIES (Packaging,
Sorting, etc.)

CUTTING of MATERIALS, FABRICS, etc., to EXACT
LENGTHS

CONTROLLING VARIOUS MECHANICAL OPERATIONS

CONTROLLING FUNCTIONS such as TIME, DIMEN-
SIONS, VELOCITY, etc.

Inquiries for special types and modifications including
higher speeds, electrical reset, flush panel mounting and

higher totalization will now receive prompt attention.

ELECTRONICS — September, 1947

DEPENDABILITY—-DURABILITY .

These are only a few of the many users of
Cyclotron Specialties Impulse Registers :

GENERAL ELECTRIC COMPANY

FORD MOTOR COMPANY

E. 1. DU PONT DE NEMOURS & CO.

SOCONY VACUUM OIL

WESTINGHOUSE ELECTRIC CORPORATION

BELL TELEPHONE LABORATORIES

U. 5. ATOMIC ENERGY COMMISSION

GENERAL FOODS CORPORATION

NORTH AMERICAN PHILIPS CO.

RADIO CORP. OF AMERICA

EASTMAN KODAK COMPANY

DOW CHEMICAL COMPANY

U. 5. RUBBER COMPANY

MONSANTO CHEMICAL COMPANY

AMERICAN CYNAMIDE & CHEMICAL
CORPORATION

Over 600 American and Foreign Universities
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W Designed to mee?
Joint Army-Navy
Specification R-93

Shalleross
AKRADHM |

RRE

PRECISION SWITCHES

350 designs for instruments and high-grade
electrical apparatus

HIGH-VOLTAGE TEST EQUIPMENT
1.5 1o 200 KV

BRIDGES

Wheatstone, Kelvin-Wheatstone,
Percent Limit .and Fault location Types

DECADE BOXES

1 10 7 dial types,
0.1 to 11, 111, 110 ohms

YOLTAGE DIVIDERS
(DECADE POTENTIOMETERS)
Voltage ratios 0.0001 to 1.0

LOW RESISTANCE TEST SETS
From 200 micra-ahms fo 100 ohms
ATTENUATORS & CONTROLS FOR

COMMUNICATION EQUIPMENT
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14 standard Shallcross Akra-Ohm
Precision Resistors and 50 available
adaptations combining special ter-
minals, mountings and power ratings
match almost any specification.

Normal accuracy is 3=1%. Toler-
ances as close as 0.05% where re-
quired. Temperature coefficient to
meet any requirement. All types can
be wound with either manganin, cop-
per-nickel, or nickel-chrome or other
wire alloys as desired. All designs are
highly moisture repellent and unaffect-
ed by humidity. Normal resistance
ranges from fraction of an ohm to
20 megohms.

Write for free copy of Shollcross
Precision Resistor Guide

SHALLCROSS MANUFACTURING CO,
Dept. E-97, Collingdale, Pa.

BUSINESS BRIEFS {continued)

independents to acquire the nec-
essary knowledge in every possi-
ble way. Above all, don’t cut them
off.

Microwave Relay Equipment for
television studio-to-station and/or
network operation interests at
least 25 per cent of the people now
on the air, holders of construction
permits, applicants, and consulting
engineers active in the field. That’s
the return Philco’s Les Woods re-
ceived when he sent out a letter
inviting such people to write in for
technical data.

Home Receivers have long
been the dog and other communi-
cations apparatus the tail in the
electronics field. Now it looks like
the tail might wag the dog in our
time, what with buyer’s strikes in
the household-goods market as
contrasted with continuing healthy
demand for transmitters and re-
ceivers among old and many new
commercial users.

Voltage Regulators are attaining
considerable popularity among
manufacturers of all kinds of elec-
trical as well as electronic equip-
ment manufacturers for the per-
formance of production tests. So
far, we have heard of their use in
test setups for vacuum-cleaner
motors, switches, circuit-breakers
and clocks. Details in our feature
pages soon.

It Has Often Been Said that the
electronics field sells a lot of
things to itself. Nowhere is this
fact more noticeable than among
manufacturers of transmitters and
r-f heating apparatus who happen
also to make tubes. Frequently
they will be found using tubes
made by somebody else. And the
answer is that so many types are
required that no one manufacturer
would find it economically sound
to make them all.

Speaking Of Heating, industrial
plants in which the use of elec-
tronic methods represents a poten-
tial saving of, say, 10 percent over
older methods should be willing to
plough back 2 percent for the serv-
ices of a maintenance man who

| really understands the gear. Other-
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wise, the saving permitted by the
use of electronics may never be
achieved.

When plants using steam en-
gines as a source of power added
electricity they employed an elec-
trical as well as a steam engineer.
They should be equally aware of
the fact that a maintenance man
who can handle 60-cycle stuff in
his sleep may not necessarily feel
at home with tubes.

Radio Stations in the United
States total 125,000. This figure
includes 1,200 broadcast station:
(not counting the 1,000 or more
under construction) and 70,000
amateur stations.

There are 325,000 licensed com-
mercial radio operators, and 75,-
000 licensed amateur operators.

FCC Says the nation’s seven ma-
jor networks and 924 a-m broad-
cast stations had 34,831 employees
in February 1947, as compared
with the 29,405 employed by nine
networks and 876 stations in Oc-
tober 1945,

Employees other than executive,
supervisory and non-staff were re-
ceiving an average of $61 weekly,
for about 39 hours.

Deliveries of domestic broadcast
transmitters and studio equipment
by RMA member-companies to-
taled $3,257.394 in the first quar-
ter of 1947, as against $2,863,440 in
the last quarter of 1946, (Televi-
sion equipment sales were lumped
into the 1946 figure, are not in-
cluded in the 1947 report.) A-M
equipment sales jumped from
$788,567 to $1,135,868, while f-m
equipment sales went from $389,-
844 to $943,812.

Radios In Use in homes, esti-
mated by the FCC’s economics di-
vision: A-M 66,000,000. F-M 500,-
©00. Television 7,000.

Around This Office nearly every-
thing is translated into electronic
terms. The writer, for instance,
nses a Norma automatic pencil
that has leads of four different
colors. The one you want slides
into writing position when the
proper button is pressed. It is
known locally as the pencil with the
three shortwave bands.
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Precision-made gears . . . small and medium sizes . .. in standard
and special tooth forms, from any kind of material, made to
your exact specifications. Tolerances within .0005".

Beaver gears are used in well-known makes of modern products
such as automobiles, radios, automatic tuning devices, phono-
graphs, clocks, timing mechanisms, motion picture projectors,
chronometers, gauges, optical equipment, instruments, machine
tools, and many others.

Beaver engineers will design or redesign gears to meet perform-
ance and costrequirements. Send usyour blueprints for estimate.

SPURS ® HELICALS ® STRAIGHT BEVELS ® SPROCKETS
RACKS ¢ WORMS © WORM GEARS
THREAD GRINDING © COMPLETE GEAR TRAINS

Write Today for this
FREE BULLETIN

Describes Beaver Gear’s facil-
ities and methods; also includes
table of gear tooth parts.

1021 PARMELE STREET, ROCKFORD, ILLINOIS
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The Truth About
Electrical Contacts

N theory, the perfect contact material should

combine non-sticking properties, low contact
resistance, high thermal and electrical conductiv-
ity and resistance to electrical erosion with high
strength and hardness. In actual practice (because
operating conditions differ widely) only two or
more of these properties usually predominate.

How does Mallory vary the properties so the
right ones obtain? You can be sure it isn’t done
by guesswork. Although Mallory has designed
more than 5,000 different contacts —has had
20 years of experience in metallurgy generally —
it believes in rigid control. This control is ac-
complished by a series of spectrographic, chemical,
electrical and microscopic tests such as you see
at the right. They reveal the truth about chemical
composition, grain structure, physical properties.

Yes, you're sure when you order Mallory contacts.
Furthermore, you get the bencfit of Mallory design
experience, its manufacturing facilities for pro-
ducing every kind of contact including contact
assemblies. What’s more, Mallory has developed
eight basic contact types that meet thousands
of typical applications—save time and money
involved in designing “specials.” Send for the
Mallory Contact Catalog.

This Mallory spectrographic devu‘e tests thz’ purity of metals
and alloys.

Here Mallory learns what happens in the electrical circuit when
contacts are opened and closed.

4

Wah s init, Mallory t=chnicians ri=sare contact resistance
and temperature rise.

R.MALLORY & CO. Inc.

AALLORY
Q-C_ONTACTS & CONTACT ﬂSSEMBLIES

P. R. MALLORY & CO., Inc., INDIANAPOLIS &, INDIANA

EI.EC'I'RICAI.
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CROSS

» JUKE . .. Last month we rejoiced in Dr. Harry
Olson’s experiments (p 80, August) that proved that
audiences like to hear popular music as played, with-
out acoustic modification of the tonal range. But
that was at Princeton. Now comes word from Minne-
sota that chills us to the bone. It seems that a bass
viol player in one of the leading local dance orches-
tras approached the chief engineer of the Minnesota
Electronics Corporation, asking for an amplifier sys-
tem to be used with the orchestra. The specifications
were usual in all but one respect. Said the viol
player, “Build the amplifier so my bass viol will
sound as loud as those vou hear in the juke boxes.
People are so used to the oomph, oomph of the boxes
that they now squawk for it in the band!”

This is, to be sure, an isolated instance. But we
hope we hear of no more like it. As an arbiter of
musical taste we think an RC time constant is a
very poor substitute for a bandleader’s judgment.
We rally to the Olson standard, while there is yet
time.

» TALK ... The late Professor Kenrick made quite
a stir many years ago when he devised a gadget for
attachment to a radio set which would silence the
spoken word. It worked on any break in the modula-
tion, such as occurs between words. Last month a
Reuters dispatch from Johannesburg revealed that
a South African gadgeteer had invented a similar
device, but with a fiendish twist. His gadget auto-
matically tunes in another station when the spoken
word interrupts the program for more than a minute.
Coming at a time when competition has reared its
head in the broadcasting business as never before,
this incident should remind us all that there’s very
little wrong with the broadcasting game that less
talk (and better talk) wouldn’t cure.

» TELEBANK . .. Firm in our resolve to keep our
readers informed of new and interesting applications
of television in the industrial and commercial fields,
we have to report the Franklin Square (Long Island)

TALK

Bank. A television system between the teller’s win-
dow and the bookkeeper department provides quick
identification of check signatures. This saves the
depositors’ time, probably doesn’t cost too much, and
may stay in use for some time. But we’d like the
story much better if it weren’t for the fact that the
same bank has a children’s department with a low
counter, and offers a lollipop to each child making a
deposit. We understand they use a miniature image
orthicon at that window.

» HIGHBROW . .. One of our staff, in recommending
against publication of a paper dealing with opera-
tional calculus (on the score that few readers could
follow it), delivered himself of an intra-office opinion
which we think should arouse some argument. Our man
claimed that only one percent of the members of our
profession understand operational calculus, impor-
tant tool that it is, well enough to use it in their work.
Moreover he says, “Those in the saddle can expect to
be displaced by young upstarts that come out of col-
lege knowing operational techniques and capable of
using them. Moreover, the run-of-mine engineers in
small companies cannot expect to compete, or enable
their companies to compete, with the big operators
who can afford a few of the highbrow boys to do this
sort of stuff. What industrial and economic trends
may be caused by this condition is anybody’s guess.”
If this thesis is valid, and we think it is, it’s food for
plenty of thought. The number of practicing engi-
neers who can use advanced calculus and vector
analysis in the design of circuits and antennas is
small, far too small in relation to the need for such
ability. Will the older, less knowing group endanger
their jobs or their companies’ competitive position
by speaking in cycles and decibels, rather than in
Fourier transforms and dels? Maybe so. In any
event, the future is for the bright young lads. The
new crop just graduated, we hear, is a very superior
grade of hombre, older than usual, more serious and
better trained.



A MEMORY TUBE

Pattern is produced, stored, and scanned on dielectric screen by electron beams. Special

cathode-ray tube can be used to store for protracted periods television pictures, radar

indicator patterns, oscilloscope traces, or other information

By ANDREW V. HAEFF

Naral Research Laboratory
Waslington, D, (.

FIG. 1—By constant electronic bombardment, image is indefinitely retained on dielectric screen

N ELECTRONIC TUBE having a
Acontrollable duration of image
storage has been experimentally de-
veloped. The tube, shown in Fig. 1,
can be used for rapidly recording
electrical signals, storing them for
any desired period, and simultane-
ous multiple reproduction of the re-
corded signals. Specific applications
of this storage tube include use in
simultaneous multicolor and three-
dimensional presentation of radar
or sonar data, daylight viewing,
automatic recording and reproduc-
ing electrical transients, and stor-
ing and reading binary numbers of
electronic digital computers.

Storage of Charces

Operation of the tube is based
on secondary emission properties
of a dielectric target bombarded by
electrons. Three electron beams of
different energies scan the target.

80

One beam writes or paints the
stored image or picture, another
holds the recorded information, and
the third reads or electrically re-
produces the recorded information.

A pattern of charges deposited
on the surface of a good insulator
can be retained for a long period.
Deterioration of the pattern or elec-
trical picture finally occurs from
leakage of the charges over the sur-
face and through the body of the
insulator, or due to irradiation of
the surface, either by a corpuscular
beam (with associated secondary
emission effects) or by electromag-
netic waves (photoemission and
photoconductivity). Leakage effects
can be minimized by using a dielec-
tric of extremely high resistance.

If it is desired to generate elec-
trical signals which correspond to
the stored-charge pattern, it is nec-
essary to explore the surface of the

dielectric point by point. This is
most conveniently done by scanning
the surface with a focused electron
beam. This process, however, usu-
ally results in a complete erasure of
the stored picture after a few scans,
as is commonly observed in televi-
sion pickup tubes.

In the novel storage tube here de-
scribed, the effect of erasure is
completely neutralized by constant
bombardment of the surface by a
stream of electrons of suitable en-
ergy, thereby continuously regener-
ating the picture. Thus the picture
can be retained for any desired
period of time, even though it is
being continuously scanned in order
to obtain electrical output.

A schematie representation of the
basic memory tube is shown in Fig.
2. The cathode-ray type tube must
have at least two independent
sources of electrons and a suitable
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Using potentiometers controlled
by position of writing stylus to
produce vertical and horizontal
deflection signals, pattern can be
traced stroke by stroke and all
lines forming the writing or pic-
ture are retained by screen

Depending on relative tube volt-
ages, writing can be either black
on white or white en black

dielectric target on which the
charge pattern can be stored. In
front of the target is a metal screen
or collector. The velocity of the elec-
trons while passing the screen and
approaching the target is deter-
mined by the potential difference
between the screen and the partic-
ular cathode from which the elec-
trons originate The electron beams
will be referred to as the writing,
holding and reading beams.

Functions of Beams

Writing is done with a focused
beam of relatively high current
density. This beam writes the de-
sired electrical picture by being di-
rected through a deflection system
to different parts of the target and
by being modulated either in in-
tensity or velocity. The elements of
the target explored by the writing
beam either lose or accumulate elec-

ELECTRONICS — September, 1947

trons and thus assume a potential
different from that of the unex-
plored part of the target surface.
The function of the holding beam
is to retain the painted picture for
a desired period of time by spraying
the entire area of the target with
electrons of suitable velocity and in
sufficient numbers. This holding
can be accomplished either by a
diffused beam bombarding the
whole surface simultaneously or by
a focused beam which scans the sur-
face in a selected time sequence.
The reading beam is a focused
beam of constant intensity that
scans the dielectric surface. In
bombarding the target surface, the
reading beam generates secondary
emission current, the instantaneous
magnitude of which depends upon
the potential of the particular ele-
ment of the target being scanned at
that moment. This secondary cur-

rent ig partially intercepted by the
metal screen in front of the dielec-
tric target. Thus the current flow-
ing to this metal screen constitutes
the electrical output of the device.
The output current is fed through a
suitable amplifier to the grid of a
conventional cathode-ray indicator
tube, the electron beam of which
is made to scan in the same manner
as the reading beam of the mem-
ory tube. The intensity modulation
of the scanning beam of the indica-
tor tube is converted into light-in-
tensity variation over the surface of
the cathode-ray screen, and thus the
electrical picture painted on the
surface of the storage tube target
becomes visible on the face of the
indicator tube.

Target Characteristics

The mechanisms of writing, hold-
ing, and reading are based on the



secondary-emission properties of
the target. Figure 3A illustrates a
typical characteristic of a dielectric
surface under bombardment by elec-
trons. At low primary energies
(when the incident velocity is less
than that corresponding to the crit-
ical voltage) the net current to the
target is negative, so that the tar-
get element bombarded by low ve-
locity electrons tends to accumulate
electrons and thus to assume a more
negative potential. At the critical
voltage, corresponding to unity sec-
ondary emission ratio, the net cur-
rent to the target is zero because as
many electrons leave as arrive. At
higher energies the net current to
the target is positive.

If the potential of the collector
is below the potential of the target
element, then the secondary elec-
trons, under the influence of the re-
tarding field of the collector, will be
returned to the target surface. On
the other hand, the secondary elec-
trons flow to the collector where its
potential is higher than the target
potential. The net current to the
target element as a function of its
potential can be represented as is
shown in Fig. 3B.

When a stream of electrons is di-
rected towards the target surface,
any element of the target which
has a potential below critical value
tends to accumulate a negative
charge and will finally reach the
cathode potential. Any element
charged to a potential above the
critical value will tend to approach
the potential of the collector. Thus
the cathode and the collector poten-
tial are two stable points at which
the target elements can maintain
themselves under continuous bom-
bardment by a stream of electrons.
Any tendency to lose the charge,
due either to leakage of the dielec-
tric or to bombardment from other
sources, will be opposed by bom-
bardment from the first source. This
characteristic is made use of in the
memory tube for maintaining the
painted picture for any desired pe-
riod of time,

Producing the Image

To paint the electrical picture,
the target is scanned with a focused
electron beam from a separate cath-
ode and at such velocity and cur-
rent density that it can override
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FIG., 2—Memory tube stores piciure which can later be reproduced on other cathode-
ray tubes

the tendency of the holding beam to
maintain the potential distribution
over the target surface. As the
writing beam is moved over the
surface, it leaves a trace which as-
sumes collector potential. When the
target surface has luminescent ma-
terial deposited on it, the positively-
charged trace of the writing beam
becomes continuously visible under
bombardment by the holding beam.
The remaining portions of the tar-
get remain dark because only the
positive areas of the target are
bombarded by electrons of sufficient
energy to excite the phosphor. This
process of painting the electrical
picture is referred to as analogous
to writing with white chalk on a
blackboard.

If the cathode producing the
writing beam is maintained at a
potential below the collector poten-
tial by an amount less than the criti-
cal energy, the target elements un-
der its bombardment tend to change
their potential in the negative di-
rection. Thus, if the surface of the
target was originally charged to
the collector potential, the writing
will appear in the form of dark
lines. This painting is analogous
to writing with a black pencil on
white paper. Thus by the use of a

suitable phosphor on the target sur-
face, it is possible to observe the
electrically painted picture directly
on the target of the storage tube.
In spite of the relatively low elec-
tron velocities thus far employed in
tests, the picture can be made suffi-
ciently bright with moderate cur-
rents because the bombardment and
luminescence take place all of the
time.

Electrical Output

For many applications it is con-
venient to obtain electrical signals
from the memory tube that corre-
spond to the stored picture. Then
the picture can be reproduced in
television fashion on the face of any
number of conventional indicator
tubes.

To obtain electrical output from
the memory tube, a third electron
beam is used. It scans the surface
of the target in television fashion
or in the zig-zag pattern shown in
Fig. 2. Velocity of the electrons of
the reading beam is relatively high,
thus their bombardment of the sur-
face produces appreciable second-
ary emission current from the tar-
get. The reading beam is adjusted
to give maximum signal output
without disturbing the potential
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distribution on the target surface,
which has some areas at the poten-
tial of the collector and some at the
potential of the cathode of the hold-
ing beam.

This process of reading is analo-
gous to scanning the target of a
monoscope tube used in television.
The net secondary current flowing
from positive areas is different
from the current flowing from neg-
ative areas so that scanning of the
areas by the reading beam pro-
duces variations in current to the
collector electrode. These current
variations are converted into volt-
age variations in the load resistor
and, after suitable amplification,
are used to modulate the beam of a
conventional indicator tube, which
reproduces the picture in television
fashion.

If the velocity of the reading
beam is adjusted to a value required
for the holding beam, then the con-
tinuously scanning reading beam
can perform the holding and the
reading functions simultaneously.
For this method of operation only
two guns are needed, one for writ-
ing and one for holding and read-
ing.

Image Resolution and Stability

High stability of the image, and
high signal output were obtained by
operating the tube in either the
two-beam or the three-beam mode.
With writing beam currents of the
order of niicroamperes, and the
beam diameter of the order of one
millimeter, the writing speed is of
the order of several kilometers per
second. An increase in current re-
sults in a corresponding increase in
writing speed. Thus it is possible
to record very fast transients even
with moderate beam currents.

The number of discrete elemen-
tary areas which can be resolved on
the storage tube target is deter-
mined primarily by the spot diam-
eter of the writing beam. It is ex-
pected that with well focused beams
about 10,000 elements can be re-
solved.

Because differences of potential
between positive and negative ele-
ments of the target are of the order
of a hundred volts, corresponding
differences in secondary emission
currents are quite high. Thus, scan-
ning the target by the reading beam
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produces current variations of the
order of the reading beam current
itself. With a load resistance of the

‘order of 1,000 ohms, a signal output

of the order of several millivolts is
obtained with the reading-beam cur-
rent of several microamperes, S0
that a simple amplifier of rather low
gain can be used satisfactorily.

. High resistivity of the target ma-
terial contributes to a very high
stability of the electrical image. It
is possible to observe the image,
which is continuously scanned by
the reading beam, for hours without
noticeable deterioration of detail.
This stable condition is realized
over a considerable range of current
densities and electron velocities of
the holding beam. If the potential
of the holding beam cathode exceeds
the value corresponding to the con-
dition of stable operation, excessive
potential gradients along the dielec-
tric surface, in the regions of tran-
sition from positive to negative
areas, result in spreading of the
positive areas over the rest of the
target surface. On the other hand,
when the holding beam velocity
approaches the critical value, the
positive areas tend to shrink and
the picture is gradually washed
away. Lowering the holding beam
velocity below the ecritical value
makes it possible to erase the pic-
ture rapidly. A suitable adjustment
of the holding beam velocity thus
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FIG. 3—Secondary emission phenomena
give the dielectric target its recquired
characteristics

makes it possible to obtain the de-
sired persistence of the image; in
other words to control the effective
memory of the device. Several other
methods of control of memory, such
as pulsing of the holding beam in a
specified manner, also appear prom-
ising. The adjustable persistence
rather than infinite persistence is
extremely useful for such applica-
tions as radar target presentation
where it is desirable to plot auto-
matically the track of the moving
target for a specified time so that
the length of the track will be pro-
portional to the velocity of the far-
get. This development thus presents
a promising solution of the problem
of controllable persistence which
has not been solved by development

of special phosphors.

In studying the operation of the
memory tube under different condi-
tions it was observed that, in addi-
tion to the normal mode of opera-
tion which is explained on the basis
of the secondary emission charac-
teristics, it is possible to operate
the tube under several different
conditions. This observation indi-
cates the existence of additional
stable points and a rather complex
nature of the secondary emission
characteristic.

Other interesting effects, such
as generation of charge waves prop-
agating over the surface of the tar-
get at rather low speeds, appear-
ance of scintillations or brightly
lighted spots apparently associated
with ion bombardment, and other
effects, were observed in connection
with this study. Their desecription
lies beyond the scope of this paper
but their mention is intended to
stimulate interest in the use of the
memory-tube technique for general
studies of the secondary emission
and other properties of dielectries.

The author takes this opportunity
to express his appreciation of the
many contributions of his col-
leagues and assistants in this proj-
ect, Mr. F. H. Harris and Dr. S. T.
Smith, who by their enthusiasm, re-
sourcefulness and industry helped
to achieve the successful solution
of many difficult problems which
were encountered in the course of
this study, and to thank the other
members of the Laboratory who
gave their whole-hearted coopera-
tion in this project.
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A New Television
PROJECTION SYSTEM

Combination of a Schmidt optical system, a new phosphor, directional viewing screen,
keystone projection, and ingenious cabinet arrangement produces a 15 by 20-inch pic-
ture of exceptional brighiness and contrast

"
‘-0.258 NOMINAL % J

33.5" THROW FOR MAGNIFICATION OF 6730%@-—}

By WILLIAM E. BRADLEY and ERNEST TRAUB

Director of Research Project Enginecr
Research Division, Philco Corporation
Philadelphia, Pennsylvania

ARLY this year, members of the is produced in a living room by di- mirror on the imner surface of
Federal Communications Com- rect sunlight through several un- the cabinet. This in turn reflects
mission' saw a developmental model shuttered windows). This excep- the image to the under side of the
of a new television receiver, pro- tional performance is made possible cabinet lid, which is covered with
ducing a projected picture of un- by a new projection technique de- a directional viewing screen of un-
usual brightness and contrast, and scribed in this paper. usual construction.
having great resistance to the The elements of the projection The screem confines the major
effects of external light. This re- system are shown in Fig. 1, which portion of the light, reflected for-
ceiver, developed by Phileo Corpora- represents a side view of the cabi- ward to the audience, to a solid
tion engineers, has now reached the net. The 4-inch projection tube pro- angle 60 degrees wide by 20 degrees
production stage and was an- Juces on its sereen an image, about high. This beam-projection system
nounced to the trade in June as 91 by 3 inches in size, with a high- introduces an optical gain of some
model 2500. light brilliance of about 2,000 foot- 10 times relative to a perfectly dif-
The receiver produces a picture 15 Jamberts (aluminum-backed tube). fusing screen, with corresponding
by 20 inches in size, of excellent Tpe light is collected by the front- increase in brightness. Great care
brightness and contrast. The area gypface spherical mirror which has been taken in the cooperative
contrast of the picture is approxi- yeflects it through the correc- design of the optical system, includ-
mately 70 to one, and the picture tion lens. This lens removes the ing the screen, to eliminate the for-
may be viewed without loss of con- spherical aberration introduced by mation of a dark central zone in the
trast in an ambient light level of the mirror and passes the cor- viewing area, from which the
well over 100 footcandles (such as rected image to the front-surface picture cannot be viewed properly.
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Rear view of Philco model 2500 projection receiver, with spherical mirror removed from housing (lower left). The chassis at right
tunes eight stations, contains 29 tubes

This zone has been one of the prin-
cipal objections to systems employ-
ing a directional screen and a cen-
trally vignetted light source. The
screen is also designed to reflect a
negligible amount of light which
may fall on it from the surround-
ings, so the contrast of the image
is preserved even in a brightly-
lighted room.

Inspection of Fig. 1 shows that
the optical distance from the
screen of the c¢-r tube to the
top of the viewing screen is some-
what greater than the correspond-
ing distance from the tube to the
bottom of the screen. Thus, if the
image on the face of the c-r tube
were rectangular, the image viewed
on the screen would be wider at the
top than at the bottom. To correct
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this geometric distortion, a com-
pensating geometric distortion of
the image is produced on the c-r
tube. This syvstem, as described
later, employs fixed magnetic de-
flection elements near the c-r tube,
and does not involve any modifica-
tion of the deflection circuits, which
are those that would produce a con-
ventional rectangular pattern. In
addition, compensating corrections
of the optical system need to be
incorporated.

Details of System

Details of the elements of the
projection system (projection tube,
Schmidt system, viewing screen and
kevstone projection system) are
described below.

The projection tube screen has

-

a four-inch diameter face, and a
radius of curvature of 5.75 inches,
with a thickness of 0.125 inch. The
tube operates at 20 kilovolts. It
employs a new phosphor which pro-
duces a truly black and white pic-
ture when operated at the correct
anode voltage. Moreover, the color
of the fluorescence is independ-
ent of beam current, so the picture
does not display the characteristic
vellow tinge in the highlights, typi-
cal of earlier projection tubes.
Sereens both with and without alu-
minum backing have been produced.
The aluminum-backed tube gives
greater brightness and contrast at
the 20-kilovolt level, and is now
being used in production.

The electren gun of the tube op-
erates with an average beam cur-
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Chassis of the projection receiver, showing the rotary mechanism of the station

selector (top. left).

rent of 80 microamperes, with 600
microamperes peak in the high-
lights. It requires a swing of ap-
proximately 80 volts. The beam
cuts off at —100 volts ==30 volts.

Wide Aperture Optics

The dimensions of the modified
Schmidt projection system are
shown in Fig. 2, arranged in the
conventional rectilinear form. The
action of the correction lens can be
seen from Fig. 3 and 4. The point
O, on the surface of the c-r tube
screen emits light along the typical
rays 1, 2 and 8. After reflection
from the spherical mirror these
rays follow the paths 1/, 2’ and 3.
If these rays continued without cor-
rection they would impinge on the
optic axis at widely differing points
A, B, and C. Consequently at the
image plane I the point object O
would be reproduced as a circle of
light. This defocusing, an effect
known as spherical aberration, can
be removed by the correcting lens.

The correcting lens is so formed
and positioned that a reference ray,
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The receiver contains 29 tubes

say number 2, passes through it
undeflected, reaching the optic axis
at the image plane I. A ray closer
to the axis, say number 1, passes
through a portion of the correcting
lens having positive curvature and
so is bent toward the axis along the
path 1”7, falling on the axis at I.
Another ray, say number 3, further
from the axis, passes through a
portion of the correcting lens hav-
ing negative curvature and so is
bent outward along ray 3”, reaching
the axis also at I. Hence all rays
starting at the point O come to
focus at the same point I. If other
points of the c-r tube screen are
arranged along a curved surface,
as in Fig. 1, the resulting image
lies in a flat surface. Theoretically
the surface of the c-r tube screen
should be an ellipsoid, but in prac-
tice a spherical surface suffices.
The correcting lens may intro-
duce other aberrations of its own,
but by using a lens of low power,
the aberrations may be kept negli-
gibly small. It must be remembered
that the 525-line television image is,

in itself, rather coarse-grained com-
pared to the images usually met in
projection systems, so that the al-
lowable defocusing and other aber-
rations in the projection system are
greater than they would be if the
image had finer detail.

Calculations show that the radius
of curvature of the c-r tube screen
should generally be 0.53 times the
radius of the mirror. In the Philco
system, these radii are 11 and 5.75
inches respectively. The throw of
the system (distance from the cor-
recting lens to the viewing screen)
is 33.5 inches. The Schmidt sys-
tem is one which must be designed
for a particular value of magnifica-
tion,

The efficiency of the optical sys-
tem is here defined as the fraction
of the total light flux emitted by an
element of the c-r screen at the
center, which the optical system ac-
cepts and focuses on the correspond-
ing point of the image. The effi-
ciency is equal to sin*x, where u is
the semi-apex angle shown in Fig.
3. The corresponding f/number
of the lens is 1/(2 sin #). The
f/number of the system must be
used with caution, however, in com-
paring the system with a lens, since
a portion of the center of the spher-
ical mirror is masked off (actually
painted black to reduce halation)
because light reflected from this re-
gion is blocked by the c-r tube.

In this particular system the effi-
ciency is about 30 percent, taking
into account the central masking.
The corresponding f/number is
/0.8 and the linear magnification
6.7 times. The actual dimensions
of the c-r tube image are 2-1/16

Projection mechanism
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inches high by 2-9/16 inches wide
at the top and 2-31/32 inches wide
at the bottom. When magnified by a
mean value of 6.7, these dimensions
become 15 by 20 inches, as viewed
by the audience on the screen.

Keystone Correction

The relative positions of the vari-
ous parts of the system are shown
on Fig. 4. To produce proper focus
over the area of the image, the tube
axis is placed at an angle B to the
optic axis, such that tan B = m tan
o where « is the angle shown in Fig.
4, and m is the reciprocal of the
magnification. In the Philco sys-
tem, « is 24°30’, 8 is 3°54” and m
is 1/6.7.

As previously mentioned, when
the projection system is placed in
the cabinet as in Fig. 1 the unequal
distances between top and bottom of
the viewing screen and the c-r tube
produce geometrical distortion. To
correct the distortion, the scanning
pattern on the screen of the c-r
tube must have a trapezoidal shape,
as shown in Fig. 5. This shape
might be introduced by modulating

the amplitude of the horizonal scan-
ning wave (this is the technique
used in conventional iconoscope
cameras), but a simpler system was
devised using magnetic pole pieces
at the edges of the c-r tube screen.
The arrangement is shown in Fig. 6.
Two bar magnets are fixed to op-
posite sides of the tube. Two pole
pieces A produce lines of flux
across the tube, just inside the
screen. These lines are essen-
tially straight and parallel. They
cause the scanning beam to be
deflected sharply upward just be-
fore it hits the phosphor. Conse-
quently the scanning pattern is laid
down on the phosphor at an angle
and its shape, when projected on
the tube face, is trapezoidal.

The sharp deflection imposed on
the scanning pattern causes the
pattern to fall on the screen in
an off-center position. This is cor-
rected by a supplementary mag-
netic field, produced by the fring-
ing field between the “point” poles
B at the opposite ends of each mag-
net. The flux lines of this field
are curved, and they are opposite

FIG. 3—Correction of spherical aberration caused by spherical mirror

33.5INCHES- =~~~ - - =~-~--o—--
VIEWING

PLANE MIRROR

FIQ. 4—-Geometry of projection system when plane mirror is introduced to permit
installation as in Fig. 1
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FIG. 5—Projection of a trapezoid at an

angle produces a rectangular image, cor-

recting keystone distortion Introduced by
folded geometry of projection system

FIG. 6—Bar magnets and pole pieces for
producing trapezoidal pattern on c-r tube
screen

in direction to, as well as weaker
than the lines produced by the
pole pieces A. Each field pro-
duces curvature and displacement
in addition to the keystoning. By
adjusting the angle of each bar
magnet, the curvature and dis-
placement are cancelled, while the
necessary amount of the keystone
correction remains.

Independent adjustments of the
position of the cathode-ray tube are
provided axially and about two
axes perpendicular to the optic
axis, These adjustments permit
sharp focus to be obtained within
the range of magnifications for
which the optical system is de-
signed.

Viewing Screen

The high brightness and contrast
of the image are accounted for by
the viewing screen on which the im-
age is projected, and its inclination.
Conventional viewing screens, such
as are employed in motion picture
houses, are non-directional, that is
they refleet an equal amount of
light flux in all directions. Such
screens are suitable if the incident
light is very bright, and if it is
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Closeup view of turret switching arrange-
ment used for station selection in the re-
ceiver

required to 'supp]y equal brightness
to all viewers regardless of their
position relative to the screen. But
since television receivers must often
be operated in Dbrightly-lighted
rooms, it is important to conserve
light. This can be done by impart-
ing a directional characteristic to
the viewing screen.

Light Distribution

A typical Rousseau diagram of a
directional screen is shown in Fig.
7, together with the light distribu-
tion as a function of the angle.
This ideal screen radiates equal flux
within a 20-degree vertical angle
and a 60-degree horizontal angle.
The reflected picture is invisible
outside these limits, but is equally
bright wherever viewed within
them.

The choice of the angular dimen-
sions of this ideal screen is based on
statistical studies of Professor
Hooton of Harvard University car-
ried out for the Army Air Forces.
In this study the anatomical sta-
tistics of male and female pilots
were studied to determine their
seated heights. This information,
combined with tests to determine
the optimum height of a television
viewing screen above the floor, leads
to the conclusions that the viewing
space can be compressed to a 20 by
60-degree solid angle. If all the
light impinging on a screen is re-
flected in such a pattern, the image
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will be 17.2 times as bright as if
reflected from a perfectly diffusing,
nondirectional surface.

Since the desired beam is wider
than it is high, it is not possible to
use symmetrical optical elements,
such as small glass beads, to produce
the beam. The asymmetrical na-
ture of the pattern also makes it
possible to introduce another im-
portant property, namely to reduce
the susceptibility to the effects of
external light. Light entering the
system from sources outside the re-
flected beam is not reflected back to
the audience, and the picture thus
retains its contrast even when
viewed in a high ambient illumina-
tion.

" The actual directional character-
istic of the Philco screen is shown
in Fig. 8 The major portion of
the illumination, as shown in the
Rousseau diagram at the left, is
contained within plus or minus 10
degrees vertically and 30 degrees
horizontally, producing an overall
projected beam 20 degrees high by
60 degrees wide. The illumination
drops substantially to zero at plus
or minus 15 degrees vertically and
plus or minus 60 degrees horizon-
tally. Tests with this distribution
have shown it to be thoroughly ade-
quate for living-room use.

Construction of Screen

The screen consists of a curved
sheet of metal, formed as a section
of a cylinder of 60 inches radius.
This is fitted under the lid of
the cabinet with the axis of the
cylinder horizontal. On the surface
of the screen are many thousands
of vertical grooves. These grooves

have a random distribution of
sizes and cross-sections, but the
net result is as if they had cross-
sections in the shape of minor arcs
of circles. The curvature of the
surface tends to confine the reflected
light into a narrow beam, measured
vertically, while the grooves tend
to spread the light over a horizontal
sector measuring some 60 degrees.
The radius of curvature of the sur-
face is twice the product of the pro-
jection throw and the viewing dis-
tance, divided by the sum of these
distances.

One objection to the use of such
a reflecting surface, when an ordi-
nary lens system is used, is that the
beam is confined excessively in
height. When a Schmidt optical
system is used, the light spreads
through a wider vertical angle, but
another difficulty arises. This is the
formation of a dark spot at the cen-
ter of the screen, due to the fact that
the effective light source is a cor-
rection lens of annular shape (no
light comes from the center of the
source). Although each point of
the correction lens illuminates the
whole viewing screen, the relative
directions and angles of the rays
from correction lens to screen are
such that each elemental area of
the picture is lacking in rays di-
rected toward the central zone of
the viewing area. Hence if one
views the screen from a point on
the optic axis the picture appears
dark, with somewhat greater illu-
mination toward the edges. If the
picture is viewed at a point suffi-
ciently removed from the optic axis,
it appears uniformly illuminated.
Since the optical power of the

r-
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FIG. 7-—Rousseau diagram (left) and angular distribution of ideal beam-projection
directional viewing system, having a gain of 17.2 over a perfect diffusing surface
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Phileo system is not equal in both
coordinate directions, the dark spot
is not circular. It is, rather, elon-
gated horizontally throughout the
width of the viewing area, and it
possesses appreciable illumination,
although distinctly less than the
top and bottom areas.

This rather serious defect of the
system has been overcome by cover-
ing the viewing screen with many
millions of lens-like hemispherical
droplets, each of which redistrib-
utes the light falling on it through-
out a narrow predetermined angle.
The angle, by suitable choice of the
size and refractive index of the
droplets, causes each elemental re-
flection to spread out so that it
reaches the central region of the
screen, which would otherwise re-
main under-illuminated. The drop-
lets thus diffuse the light, but by
an amount small compared with
that produced by the vertical
grooves. Hence the tendency to in-
crease the width of the beam in the
horizontal direction is negligible.

The droplets are formed by ap-
plying a lacquer, of proper index of
refraction, in a fine mist-like spray.
To keep each droplet distinet and
separate from its neighbors, several
incomplete sprayings are applied,
with time between each to permit
drying. Hence one set of droplets
does not coalesce to those previously
appHed.

Cabinet and Chassis

A side view of the chassis with
principal dimensions is shown in
Fig. 9. One important item in the
arrangement is the loudspeaker,
which is so positioned with respect
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FIG. 9—Dimensions of the projection system, as viewed from side of cabinet, Loud-
speaker is located close to center of image, adding to realism

to the viewing screen that sound
reflected from it appears to emerge
directly from the center of the
screen. This assists materially in
creating the illusion of reality. To
maintain the elements of the opti-
cal system in proper relation, it is
essential that the lid of the cabinet
be raised to the precise angle of
proper inclination and remain in
that position rigidly. This is ac-

B
v H
T 1 Ll 1
10° 30 60° 90°
¢ —

FIG. 8—Rousseau and angular diagrams of the directional pattern of Philco view-
ing screen
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complished by a rugged spring-
loaded elevating mechanism with a
positive stop.

The electrical system of the re-
ceiver includes 29 tubes, five of
which are rectifiers. Five manual
controls are provided, for station
selection, contrast, brightness, vol-
ume, and tone. Provision is made
for eight r-f channels, installed at
the factory to meet the particular
situation in each major market. The
i-f bandpass is approximately 4.0
me, and the sensitivity is approxi-
mately 100 microvolts for a solidly
synchronized picture. Automatic
gain control is provided in the pic-
ture circuit. One unusual electrical
feature is a stabilized synchroniza-
tion ecircuit which, in addition to
maintaining sync in high noise
level, eliminates nonlinear scanning
and defocusing of the beam.
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Operator at left moves phototube along horizontal rail with hands to keep it over moving line, while controlling motor speed with
foot pedal so as to run paper from one drum onto the other as fast as possible. Total time taken for a test is clocked by observer

Aptitude Tester
for Garment Workers

Operator attempts to keep phototube aimed at wavy black line while controlling speed of
paper strip with foot pedal. Total time that phototube is off the line is correlated with

time taken for test to find aptitude for operating sewing machine

By E. C. HALLIDAY, F. ANDERSON, and E., 0. GARNETT

Principal Research O ficer

Assistant Research Officer

Senior Scientific Assistant

National Physical Laboratery, Council for Scientific and Industrial Research, Union of South Africa

N the science of aptitude testing,

many devices have been evolved
to measure ability of a subject to
perform one or more operations in-
volving a straight eye and steady
hand. Every new research project
involves the planning of one or
more of these devices and adds to
the stock of current psychological
apparatus. The South African Na-
tional Bureau for Personnel Re-
search and the South African Na-
tional Physical Laboratory recently
co-operated in planning a set of ap-
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titude tests, for one of which it was
necessary to test the ability of a
garment worker in handling a sew-
ing machine. It was decided to use
electronic methods, and the machine
which was evolved is described.

General Description

In this hand-foot co-ordination
machine, a wavy line is moved to-
wards the subject at a speed which
can be controlled by the subject
with a foot pedal. The subject en-
deavors to keep a pointer in contact

with this line, and a clock auto-
matically records all those intervals
of time when the pointer fails to
make contact with the line. When
the line is comparatively straight
the subject can speed up its move-
ment but when there are sharp
changes of direction the speed needs
to be reduced. The time of the
whole experiment, taken in conjunc-
tion with the total time during
which the pointer was off the line,
indicates the aptitude of the sub-
ject for machine sewing.
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FIG. 2—Circuit of photoelectric amplifier used to start electric stop clock when phototube

phototube is on the line

goes off moving line, and stop clock when

The wavy line, approximately 15
feet long, is drawn in India ink on
a strip of paper which can be rolled
from one roller to another. The
pointer is in the form of a hollow
cone with a hole at its apex and en-
closes a phototube. A lamp placed
behind the paper strip shines
through this hole except when the
hole is just over the India ink line.
The response of the phototube to
the light operates a relay through
an amplifying system, switching
on the electric stop clock to record
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the amount of time the pointer was
off the line.

Mechanical Details

Details of the mounting and drive
for the two paper drums are shown
in Fig. 1. The main frame consists
of two end plates with a flat top and
a 60-degree front panel all mounted
on a wood baseboard. Between the
end plates two half-inch steel shafts
are mounted, each carrying a brass
drum 8} inches in diameter and
3% inches long with #-inch flanges.

Drum A is keyed to its shaft, which
is driven by a motor, while drum B
rotates freely on the upper shaft.
Each shaft carries a sprocket on
the left-hand side of the drum, the
sprockets being joined by a chain
drive. Whereas sprocket AA is
firmly attached to the left-hand end
of drum A, sprocket BB is freely
mounted on a bushing projecting
from drum B. A spiral spring is
anchored to an extension of the
bushing beyond the sprocket, and
after taking several turns round the
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bushing is fastened to a pin project-
ing from the sprocket. This spring
keeps the paper strip tightly and
uniformly stretched between the
two drums and compensates for
slight variations in diameter as the
paper is wound off one drum and
onto the other.

As the two drums rotate together
through the chain drive, more paper
comes off the full upper drum than
goes onto the empty lower drum.
The spiral spring is able to unwind,
thus taking up the slack in the pa-
per and keeping it stretched. When
more than half the paper has been
transferred to the lower drum the
reverse happens and the spiral
spring is wound up again.

The motor shaft is at right an-
gles to the driven shaft and carries
a large smooth-faced friction plate.
The driven shaft carries a small
rubber-rimmed wheel which can
slide on the shaft on a keyway. A
spring forces the friction plate
against the small wheel, which can
be moved up and down its shaft by
a Bowden cable leading to a foot
pedal on the floor. Thus continu-
ously variable speeds are possible
from zero, when the small wheel
contacts the center of the friction
plate, to a maximum when it is
pulled out to the edge of the plate.
The motor is a synchronous type so
as to give accurately reproducible
speeds for given positions of the
foot pedal.

The phototube is mounted in a
small metal box provided with a
conical extension in front, which
projects down until it almost
touches the paper, and has a fine
hole bored in it through which the
light from the lamp behind the pa-
per can reach the tube. The box
slides on a pair of horizontal guide
rods, and is provided with a suitable
handle so that the subject under
test may follow the movements of
the ink line from side to side.

The output of the phototube
passes to an amplifier located at
the back of the apparatus. An elec-
tric stop clock cable is arranged to
plug into this amplifier with a tele-
phone jack. The sloping front panel
has a window 5 inches long and 3
inches wide through which the pa-
per can be seen. Behind the paper
at this point is a metal gate with a
well-fitted glass window to keep the
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paper in a uniform plane close to
the nose of the phototube box.

Limit switches prevent the sub-
ject from keeping the drums turn-
ing at the end of a test and wind-
ing the paper completely off the
upper drum. The lowest shaft is
threaded and carries a nut with a
pin projecting from it and able to
slide in a horizontal slit milled in a
brass plate which is held parallel to
the shaft. As the shaft rotates in
the nut, the pin moves along the
shaft, eventually striking one of the
pair of limit switches. This switch
reverses the motor and winds the
paper back onto the upper drum.
When the starting point on the pa-
per is reached the nut and pin
strike the second limit switch,
which opens the main circuit and
stops the motor, leaving the ma-
chine ready for the next test.

In order to shorten the time
taken for the run back, a lever is
provided at the right hand side of
the machine. This can be operated
by the tester, pulling the gear
change cable much farther than is
possible with the foot pedal and so
increasing the paper speed by 50
percent.

Electrical Circuits

It was decided that a line & inch
to % inch wide would be representa-
tive of the markings used on tailor-
ing material in practice, and that a
movement of about ¥ inch off the
line should be sufficient to set the
stop clock going. Therefore, a hole
not larger than % inch diameter
was the largest that could be used
to admit light to the phototube.
This called for several stages of am-
plification before the signal ob-
tained from the phototube could ac-
tuate a relay. Furthermore, as a
d-c amplifier is necessarily an elab-
orate piece of equipment, the out-
put from the phototube should pref-
erably be a-¢c which can be
amplified by a conventional ampli-
fier.

For illuminating the paper strip
an ordinary 230-volt, 15-watt lamp
was placed at the back of the paper
and supplied from the 50-cycle
mains via a half-wave rectifier. In
this way the lamp received current
on alternate half cycles only and the
cooling time constant of the fila-
ment was sufficiently short to allow

an appreciable fluctuation of the
light output. The alternating com-
ponent of the light flux was about
50 percent of the total flux. In this
way the output from the phototube
contained an appreciable amount of
50-cycle a-c.

The amplifier consists of two
stages of pentode amplification in
cascade, followed by one stage of
triode amplification. This latter
stage also serves the purpose of iso-
lating the high-gain stages from
the following stage which is a thy-
ratron (gas-filled relay) having a
mechanical relay in its anode cir-
cuit, this final relay operating the
clock.

Resistance-capacitance coupling
is used throughout the amplifier.
The frequency response is made to
have a rising characteristic at 50
cvcles and to cut off the unwanted
higher frequencies resulting from
tube noises. The thyratron plate is
supplied with a-c in such a phase
with respect to the signal on its
grid that it fires for part of the
positive cyvele. Thus the current
flowing in the plate circuit is pul-
sating d-c, which is used after fil-
tering to actnate the mechanical
relay.

A gain control is incorporated in
the second pentode stage so that the
sensitivity of the apparatus can be
controlled to a certain extent. Fixed
bias is used on all the tubes to fore-
stall any difficulties which arise oc-
casionally from phase shifts when
cathode biasing is used. For the
same reason the bypass and block-
ing capacitors are large enough to
cause negligible phase shift at 50
cycles.

For ease of servicing. type 6SJ7
tubes were used for all three ampli-
fier stages. The somewhat unconven-
tional way in which the a-c voltage
for the thyratron plate is ob-
tained was necessitated by the fact
that no power transformer could be
obtained having a second insulated
high-voltage winding.

Validation tests on this machine
are at present being made by the
Bureau for Personnel Research.
Apart from small alterations and
adjustments it is proving satisfac-
tory in operation, and a first esti-
mate of its ability to indicate apti-
tude for certain types of garment
work is promising.
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Reversible-Motor
Controller

PPER AND LOWER LIMITS of a
U sector-scanning radio re-
ceiver are set by the circuit shown
in the accompanying drawing. It
can also be used with any device
that oscillates between occasionally
changed limits. Devices to which it
might be adapted are radio trans-

mitters, radar equipment, auto-
matic factory techniques using
milling machines, lathes, or vari-

able-depth boring tools; in short,
any device that must move repeat-
edly between two points within its
complete range.

Circuit Operation

The circuit is relatively simple.
Either end of the automatic scan
can be set without regard to the
other by means of linear potentiom-
eters R, and R. at a remote point.
Potentiometer R. is geared to the
turning mechanism of the remotely
controlled load so that its full re-
sistance is traversed with the com-
plete range.

Relay 1 controls direction of
travel of the motor. The load will
be raised when Relay 1 is de-ener-
gized, lowered when it is energized.
With the potentiometers in the po-
sitions shown, Relay 1 will be ini-
tially de-energized and the motor
will raise the load until the voltage
at C of R, very nearly equals the
voltage at A of R,. Relay 1 will then
be actuated by the firing of Tube
1 and the motor will reverse, low-
ering the load. Tube 1 will remain
conducting until the voltage at C of
R, nearly equals the voltage at B of
R,. At this condition Tube 2 will fire
and Relay 2 will be actuated momen-
tarily, thus de-energizing Relay 1.
This action will deionize Tube 1 and
reset the circuit to the original con-
dition.

Upper and lower limits must
not be crossed. Some mechanical
means should be provided to pre-
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Circuit sets limits of rotation of a continuously reversing

motor for such applications as repeatedly tuning through

a radio band or controlling reciprocators in factories

By J. GREGG STEPHENSON

Engineer
Airborne Instruments Laboratory, Inc.
ineola, N. Y.

+105V DC LOWER
LOWER R, , Ry m
i 025) ¢}
<’y 1
e :
202!
;
13000 oTon
- TuBE 1y 000 TUBE 2
10,000 05 MEG 33,00 +28v D-C 10.000 ] 0.5 MEG
RELAY 1:10,000-0HM EL +300vo0C
COIL TRIPS ON 3MA
RELAY 2: 6,500-OHM RE'—‘”[ [ RAISE JJ
COIL TRIPS ON 4.5 MA —

Circuit automatically reverses motor when load reaches preset limit

vent this possibility. On the other
hand, if by some means, the load
is moved past the lower limit, the
lead will be raised into the desired
sector when the circuit is energized.
If the load is moved past the upper
limit, it will be lowered into the sec-
tor when the circuit takes control.

Design Considerations

Potentiometers R, R. and R,
should preferably be supplied from
the same d-c¢ voltage, but, if neces-
sary, separate regulated supplies
having the same output voltage can
be used, thus saving one control
wire.

Potentiometers R, and R. can be
arranged to indicate sector limits
on the same linear scale, but some
error in the lower limit indication
will result from a small current
passing through R, when Tube 1
and Relay 1 are energized. This er-
ror can be minimized by (A) alow

resistance potentiometer at R;, (B)
a sensitive coil for Relay 1, (C) a
higher d-c voltage on all potentiom-
eters, or (D) a compensating resist-
ance (R). If separately calibrated
indicator scales are used for R, and
R., this error is eliminated.

Values shown on the diagram
were chosen for rémotely tuning a
radio receiver. Both wupper and
lower limit potentiometers indicate
on the same linear scale and are ar-
ranged mechanically so that electri-
cal crossover is impossible. Using
inexpensive three-watt, wire-wound
potentiometers and R, maximum
error in indication of sector
limits is about 3 percent of the
total tuning range. The circuit is
stable down to a minimum sector of
about 0.25 percent at a sweep pe-
riod of 30 seconds over the entire
range. Tripping is consistent
within about = 0.05 percent for a
given set of tubes.
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By WILLIAM M. JUREK
and
JOHN H. GUENTHER

The Langevin Company
New York, N. Y.
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FIG. 1—Functions of the various stages in the amplifier

Automatic Gain Control
and Limiting Amplifier

An age amplifier regulates the audio signal applied to a peak limiter so that the output

is held constant to provide a high percentage of modulation in a transmitter or high level

for recording or public address. A memory circuit holds the gain constant for a predeter-

mined time to preserve dynamic range of program

he automatic gain control and

limiting amplifier (Progar) to
be described was designed to bridge
the gap between the physical limi-
tations of broadcasting, recording,
and public address equipment and
the ability of operating personnel
to maintain an efficient program
level within these limits.

In broadcasting, dynamic limits
are sometimes exceeded because of
an operator’s desire to maintain a
high percentage of modulation at
all times. Early attempts to allevi-
ate this situation made use of peak
limiting or compressor amplifiers at
the transmitter. Unfortunately, this
led to relaxing of critical monitor-
ing. Operators relied upon the peak
limiter to maintain a high average
percentage of modulation, disre-
garding the fact that this statement
holds true only when the proper
signal level is fed into the peak lim-
iter.

Guardian Amplifier

The Langevin 119-A unit was de-
signed to be inserted between stu-
dio audio facilities and the trans-
mitter. (Several have also been
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built by Royal S. Howard of the
Associated Broadcasting Company
in San Francisco.) Figure 1 shows
the sections into which it is divided,
consisting essentially of an auto-
matic gain control or guardian am-
plifier that provides a regulated
audio flow and an improved type of
peak limiter amplifier.

The input signal is first fed into
the guardian amplifier and from
there branches into two circuits,
part going to the peak limiter and
part going into the rectifying and
memory circuit. The output of the
rectifying and memory circuit con-
trols the gain of the guardian am-
plifier. The output of the limiter
also branches into two circuits, part
going to the output load and part
to the rectifier and bias control cir-
cuit which provides fast gain reduc-
tion action of the peak limiter am-
plifier.

Figure 2 shows the combined ac-
tion of the guardian and limiter
circuit. The lower graph represents
the guardian action. The vertical
axis represents the peak value
of the input signal, and the hori-
zontal axis represents the peak

value of the signal at the output of
the guardian circuit, which is also
the input to the peak limiter. The
vertical axis of the upper graph
represents the peak value of the out-
put signal.

Gain Control Action

The input controls are adjusted
8o that the average peak input sig-
nal is —31 db. The average peak
into the limiter occurs at point A,
which is at the knee of the curve,
and the average peak output is +22
db, which is made equivalent to 80
percent modulation. As the body of
the program material falls below
the average peak, the full dynamic
range of the material is reproduced
due to the linear action of both
amplifiers. Any transient peaks
above the average peaks are com-
pressed- in the limiter section.

If the average peak value of the
input should increase and remain
there for any reason, as from —31
db to —21 db, the input to the lim-
iter will increase to B and the aver-
age peak output will be +23 db, or
90 percent modulation. Under this
condition, part of the body of the
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FIG. 2—Circuit action of the combined
amplifiers at various levels

program below the average peaks
will be compressed in the limiter.
The gain of the guardian amplifier
is then reduced to the —10 db con-
trol line so that the increased input
produces an output from the guard-
ian back at A, and the output from
the limiter is again back at +22.
The time for the guardian section to
decrease its gain is much slower
than the limiter attack time but is
still too fast to be detected by the
ear.

If, while the limiter is in this
condition, the operator changes the
input level back to normal (to —31
db), the input to the limiter will
drop to C and the output signal to
+12 db. The guardian section does
not act immediately, but the mem-
ory circuit holds the gain constant
for a predetermined time and then
allows the gain to increase gradu-
ally to normal as represented by the
zero control line. This wait time is
relatively long and in present mod-
els is adjustable from 2 to 8 sec-
onds. This long delay is provided to
allow for station breaks and fade-
outs as used in dramatic shows. If
the action were extremely fast, the
amplifier would try to maintain
constant output continually and de-
stroy the dynamic range of the pro-
gram,

Should the average peak input
signal level drop below its normal
value, as from —31 to —41 db, with
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Authors Guenther and Jurek check a specification sheet for the Progar amplifier

the corresponding output of 412
db, the guardian amplifier gain will
again be held constant by the mem-
ory circuit for the predetermined
time and will then slowly increase
to the +10 db control line, bringing
the output of the guardian amplifier
back to normal. Upon restoring
the input signal to normal again,
the input to the limiter will be at B,
and the limiter will instantly re-
duce this increased input signal to
a safe output value until the guard-
ian gain changes again.

The combination of the two am-
plifiers maintains a steady audio
flow into the transmitter at all
times. As is seen from the lower
graph in Fig. 2, the gain-changing
action of the guardian amplifier is
not strictly of the compressor type,
due to the action of the memory
circuit. Therefore, even though the
average dynamic range is changed,
as it will be in any gain-changing
amplifier, the dynamic expression is
not affected.

Circuit

Figure 8 shows a schematic of the
complete unit. The audio section of
the amplifier consists of four push-

pull cascade stages with trans-
former input and output. The first
two tubes are the guardian control
section; the second stage is the lim-
iter amplifier control section; the
third stage is the linear amplifier
section; the fourth stage is the
power output section.

The control circuit for the guard-
ian section consists of a two-stage
resistance-coupled pushpull linear
amplifier operating into a full-wave
rectifier. The output of the rectifier
feeds an RC circuit which builds
up the d-c¢ potential in proportion
to the incoming program level. A
portion of this potential is fed
through the conducting diode, Vs,
into capacitor Cs The voltage
across Cx is then fed into the guard-
ian amplifier control tubes. With
the correct input signal applied to
the tubes (—381 db), the bias of
the tubes is established by the con-
trol circuit, mentioned above, to set
the gain of the tubes in the center
of the operating range. The pur-
pose of this condition is to allow the
tubes to increase or decrease ampli-
fication by approximately 15 db,
thereby effecting the agc action.

If the incoming signal should be
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increased, additional potential is
developed in the first RC circuit of
the control section. Portions of
this voltage are almost instantly
transferred through conducting di-
ode V. into Ca, increasing the con-
trol voltage on the tubes and
thereby reducing the gain of the
first stage and reducing the signal
to the proper level going into the
second stage. This circuit may be
referred to as a reverse-acting con-
trol circuit whereby the operation
of the circuit depends upon permis-
sible error, which in this case is
1-db change in the output for a
10-db change in the input. There-
fore, the action taken by the control
circuit must be such that it pro-
duces enough control signal to re-
duce the incoming signal ¢ db with
only a 1-db increase in the output.

If the average peak of the input
signal should drop from its normal
value, the charging voltage will be
reduced across Cy. If the signal is
slightly reduced, no effective change
will be produced on C, because this
capacitor may only be charged by
Vs, or discharged by V., and then

only if the voltage of C.. equals the
voltage of C,,.

This circuit is the heart of the
guardian circuit, and is referred to
as the memory circuit. This ex-
plains the reason why during a sym-
phony concert the pianissimo pas-
sages are not affected, as some por-
tions of it keep the first RC (Cw)
charged sufficiently so as to prevent
C.. from being discharged, thereby
keeping the gain constant in the
guardian circuit. Should the pro-
gram drop completely, capacitor C.,
would start discharging because no
signal is being fed into the control
circuit. As soon as the voltage
across Cw equals the voltage across
Cw», the conducting diode (Vian)
would start discharging C.. at the
same rate along with C.. This would
reduce the control voltage, allowing
the gain to increase in the guardian
stage. This gain will increase to
the limit determined by the setting
of the guardian increase limit con-
trol. The purpose of the guardian
inerease limit control is to limit the
maximum gain of the control am-
plifier when no signal is present. In

average studio conditions, a 5-db
limit is recommended. Ten and
15-db limits are provided for unat-
tended service if the noise level of
the preceding equipment will allow
this additional gain.

A Guardian Action Disabling
switch is provided for testing this
circuit for normal gain conditions
and for tube balance checks. This
switch substitutes a fixed bias in
place of the control circuit bias.

Guardian action is observed by
measuring the combined plate cur-
rents of the guardian control tubes.
This measurement is only rela-
tive as it measures the plate cur-
rent of the tubes and is cali-
brated in terms of audio signal. A
calibration control is provided to
set the meter at zero position when
the guardian action switch is in the
disabled position.

The peak limiter section is com-
posed of the last three pushpull
stages, with a biased diode rectifier
connected across the output. This
rectifier rectifies a portion of the
output voltage whenever that volt-
age exceeds the predetermined
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FIG. 3—The complete circuit is basically a four-stage audio amplifier, with added control
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circuits for the special functions
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Front view of amplifier chassis with meter panel removed

amount and applies that rectified
voltage as a bias to the limiter in-
put stage.

The limiting action is also a re-
verse-acting control circuit, and is
designed to operate at a 10:1 con-
trol ratio, whereas a 10-db increase
in input signal produces only a 1-db
increase in output signal above the
predetermined peak value.

The output of the guardian sec-
tion is so adjusted that when the
limiting control is in the zero posi-
tion no limiting action takes place
on normal program material. Due
to the slow attack time of the guard-
ian circuit normal transients ap-
pearing in the signal have no effect
on the guardian control circuit and
are passed on to the limiting section
where they are reduced by the con-
trol action of the limiter. This also
explains why steep wave front tones
such as certain piano tones and
cymbal crashes have little or no
effect on the guardian action, and if
dangerous to the transmitter are
reduced to a safe value by the limit-
ing action.

Circuit Tracking

Reverse-action control circuits
were selected for both of the control
circuits in place of forward-acting
control circuits because of the ex-
tended range of control without cut-
ting off the amplifier. Forward-act-
ing circuits give difficulty in main-
taining the control action over a
range greater than 13 db. After

ELECTRONICS — September, 1947

that point, they have a tendency to
cut off the controlled amplifier com-
pletely, thereby producing notice-
able holes in the program material
if the peaks should exceed the nor-
mal operating range encountered in
practice.

The forward-acting control cir-
cuits receive their control voltage
from the input of the amplifier and
must develop the control voltage
that will track along with the con-
trol action of the variable-gain
tubes. The control eircuit rectifiers
produce a voltage that is linear to
the input voltage, while the con-
trolled tubes require a logarithmic
voltage. Therefore, the tracking of
a forward-acting circuit is difficult
to control over an extended range.

In the reverse-acting control cir-
cuit, tracking is no problem as the
circuit is selfbalancing, working on
permissible error, and control ac-
tion is automatically extended be-
yond the required 30 db.

Semifixed and variable attenua-
tors are provided at the input and
output to adjust the input signal
and provide the unit with the
proper input signal of —31 dbm (db
referred to a zero level of 1 milli-
watt), and to adjust the output of
+ 22 dbm to correspond to 80 per-
cent modulation at the transmitter.
These input and output levels must
be established before putting the
unit into operation.

Semifixed pads with a 40-db range
are provided at the input and

Screwdriver-adjusted controls are accessible from the rear

output to allow the unit to be sub-
stituted in place of the conventional
line or program amplifier or in-
serted as a zero-gain device at the
transmitter audio input.

Common Fower Source

The power supply is conventional
with VR regulator tubes stabilizing
the eritical voltages such as the
guardian circuit and the limiter di-
ode bias. It is recommended that
the power supply be operated from
the same a-c power source as the
modulating stage of the transmit-
ter. This is to allow for the varia-
tions in the line voltage that will
change the modulation capabilities
of the transmitter and will also
change the output capabilities of
the Progar, and will therefore main-
tain a uniform maximum operat-
ing point of both units simultane-
ously. If a well-regulated power sup-
ply is used, a constant fixed output
will be maintained, and as the line
variations affect the modulation
capabilities of the transmitter the
full benefits of the control action
could not be utilized.

For network operation, it is ad-
visable to use one unit at the studio
with the limiter action disabled, and
a second unit at the transmitter
with the guardian action disabled.
The reason for this recommendation
is that if the two limiters are used
in cascade with different release
times, a pumping action will be no-
ticeable on some program material.
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Precision Balancing at

»

With this ultraprecision electronic balancing machine, a skilled operator can easily

balance 200 gyro rotors a day to an accuracy of a few micro-ounce-inches. A drill

press is conveniently located alongside the machine, and the operator alternately
measures and drills until the required balance is achieved

HE heart of an automatic pilot

for aircraft is the gyroscope or
gyro rotor, which rotates at 10,000
to 20,000 rpm and must be dynami-
cally balanced to a degree of accu-
racy hitherto unattainable. Produc-
tion demands for these rotors in
the Jack & Heintz plants rose to an
unprecedented total of 35,000 units
per month during the war, each
balanced to the astonishing ac-
curacy of a few millionths of an
ounce-inch. This is the story, told
now for the first time, of the ultra-
precision electronic balancing in-
strument which did this work.

The Balancing Problem

The gyro rotor, shown in Fig. |,
is a round rigid body which is to
rotate about a rotational axis deter-
mined by the positions of the pivots
or conical bearing surfaces which
form the inner races or cones of the
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ball bearings. Another axis through
the rotor, near the rotational axis
but so directed as to pass through
the average of the positions of the
centers of gravity of successive
thin sections taken along the axis,
is called the axis of inertia. This is
the axis which will produce no pres-
sures on the bearings due to centrif-
ugal forces when rotation takes
place about it. Dynamic balancing
involves shifting the axis of inertia
until it coincides with the rota-
tional axis within the balance ac-
curacy required. (Strictly speaking,
the axis of inertia is defined as the
z axis about which the summation
of the products of inertia is zero.)

The condition of unbalance can
be located, measured, and expressed
as a weight of w ounces located r
inches from the rotational axis.
The dimension ounce-inch was
found to be inconveniently large

Rear view of gyro balancer, showing how

amplifiers are arranged on two separate

chassis units that can readily be removed
for servicing

for gyro work, hence the micro-
ounce-inch (one millionth of an
ounce-inch) was used. The re-
quired sensitivity for the balancing
instrument was between 2 and 5
micro-ounce-inches; actually it was
possible in the final design to at-
tain a maximum sensitivity of one
micro-ounce-inch.

Principle of Balancing

It can be shown analytically that
regardless of the number or distri-
bution of unbalance masses within
a rigid body, balance correction can
be effected in any two arbitrarily
chosen planes at right angles to the
rotational axis. Conversely, it can
be considered that all the unbalance
occurs in the two previously chosen
planes of correction.

During rotation, centrifugal ac-
tion of the unbalance masses at the
two correction planes will produce
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Mass-Production Speed

Ultraprecision electronic balancer brings gyro rotor up to test speed of 12,000 rpm in a

few seconds and indicates amount and location of unbalance directly, permitting skilled

operator to balance a rotor in two minutes by alternately measuring and drilling

forces on the resilient rotor sup-
ports, resulting in voltages that
identify both magnitude and angu-
lar position of required unbalance
correction.

The principle by which the bal-
ancing instrument could focus at-
tention on one plane of correction
without interference from the
other may be demonstrated by ref-
erence to Fig. 2. Consider that a
localized unbalance mass exists in
each of the correction planes and
that these masses have any angular
configuration with each other. Let
the unbalance forces due to each of
these masses be represented by W
and X respectively. Force X will
manifest itself at shaft ends A and
B as components X, and X, respec-
tively, all having the same angular
orientation and of magnitudes such
that

X+ Xp = X

aXa=bX, (D
Similar relations hold for compo-
nents W, and W,. These four com-
ponents of X and W will produce re-
sultants R, and R, at ends 4 and B
respectively,

Electrical transducers at ends 4
and B can produce voltages which
are proportional both in magnitude

FIG. 1—Gyro rotor.

Air stream impinging
on vanes in center drives rotor at 12,000
rpm during balancing tests
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and in phase to the resultant forces
R, and R,. Let us, for the sake of
simplicity, allow the notations R,
W, and X to indicate also the elec-
trical voltage vectors correspond-
ing to these forces. Then the volt-
ages generated at A and B will also
be represented by the vectors of
Fig. 2. To the voltage R, let us add
a part of the voltage of R,, reduced
in magnitude by the factor b/a and
reversed in instantaneous polarity
as indicated in the lower right in
Fig. 2. Resolving these into their
original vector components, we see
that — (b/a)X, is exactly equal and
opposite to X, since from Eq. 1

Xo = (b/a) X (2)
Since the rotor is symmetrical with
respect to dimensions a and b, aW,
= bhW,and W, = (b/a) W,. Making
the vector summation of voltages
R. and — (b/a)R,, the X component
disappears and the remainder be-
comes

2
Wa_iwh=wn(1— bg) 3)
a . a

which is a voltage proportional
both in magnitude and phase to the
original force W only. By mixing
the generated voltages in a propor-
tion which is a function of the loca-
tions of the balance correction sur-
faces and the transducers alone, it
is possible to determine both the lo-
cation and magnitude of the unbal-
ance on either correction surface.

Evolution of Final Design

For balancing, the rotor was ini-
tially mounted in the double sus-
pension system of Fig. 3, using rub-
ber as the regilient material and
operated above resonance with mov-
ing-coil pickups as transducers.
The pickup units are similar to the
Western Electric D-93306 repro-

ducer for vertical transcriptions.
Each pickup was coupled directly
to the bearing suspension by means
of a small piano-wire rod which
drove the pickup sinusoidally while
permitting rotary motion of the
bearing. This rubber suspension
method proved inadequate, how-
ever, because it permitted motion
axially as well as radially, did not
easily allow separate control of
compliance and damping, and did
not maintain the rotational axis
location within sufficient accuracy
between test and use.

The final suspension design over-
came these limitations, while still
maintaining the advantages of free
plane motion, by employing ball
bearings mounted in plates sup-
ported on three horizontal round
cantilever rods. This permitted
free motion in the planes of the
bearings, but not axially. Damp-
ing was provided separately by en-
closing each cantilever rod within
a fluid-filled cylinder, the working
end of which contained a thin neo-
prene dam for fluid retaining.
Damping was controlled by means
of beads mounted on each suspen-
sion rod and also by adjusting the
properties of the fluid. Rosin dis-

FIG. 2—Force reactlons on rotor due to
unbalance correction, and vector summa-
tion (lower right) for unbalance indication
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FIG. 3—Double suspension system used
initially, having rubber bearing supports

solved in castor oil worked remark-
ably well in the early tests.

Phase response for both the me-
chanical and electrical parts of the
instrument proved highly impor-
tant. Low phase-shift band-pass
filters were therefore used in the
amplifier channels instead of reso-
nant circuits. Low attenuation was
required in the region of 200 cycles,
high attenuation in the region of
the mechanical resonance of the
suspension, and high attenuation
for all harmonics of the rotational
frequency (400 cycles and above).

Since the phase shift in the fil-
ters is only one of several factors
adding to error in location, 2 de-
grees total shift was arbitrarily set
as permissible for the filters in the
working speed range. Use of two
filters in series to obtain the de-
sired attenuation in the stop band
cut this allowable phase shift in
the working speed range down to 1
degree per filter.

A Strobotac was used initially
for speed-measuring purposes, and
gave accuracies easily better than
1 percent at 200 cycles, correspond-
ing to a rotor test speed of 12,000
rpm. The use of a stroboscope for
speed determination immediately
suggested its pse also for unbalance
location by using the rotor as its
own reference. If the corrected un-
balance voltage were used to initi-
ate the flash of the stroboscopic
lamp, the spot requiring unbalance
correction could (with proper phase
adjustment) be illuminated. This
spot could be easily identified stro-
boscopically while rotating if the

100

I AIR
= SUPPLY
ar L
REGULATORF —|FILTER

FIG. 4—Block diagram of ultimate balancer design. Air supply system drives
rotor at required 12,000-rpm test speed

rotor were initially stamped with a
series of numbers around its pe-
riphery.

The block diagram in Fig. 4
shows the final instrument design,
including the mechanical suspen-
sions, the connections for com-
pressed air that supplies motive
means for gyros under test, and the
electronic circuits.

Final Mechanical System

Details of the final mechanical
suspension appear in Fig. 5. The
diaphragm-type construction of the
bearing support disc is for the pur-
pose of handling secondary axial
and angular components of motion
of the rotor bearings. These discs
are machined of dural (17st) in one
piece, with the diaphragm section
reduced to a thickness of 0.0050 to
0.0055 inch. The pickup coupling
rod is a 0.020-inch diameter wire.
The suspension support rods are
0.040-inch diameter steel drill rod,
the ends of which are threaded to
permit alignment adjustment of the
bearing support disc. The damping
fluid was changed to one of the Dow
Corning Silicones, which proved
superior to the rosin-castor oil mix-
ture.

The natural period of the entire
suspension system with gyro rotor
in place is very nearly 29 cycles,
which is about a factor of seven be-
low test speed. The damping pro-
duces a mechanical phase angle
which changes less than 0.3 degree
due to changes of damping factor
under normal operation of the in-
strument and about 0.2 degree due

to changes of rotor speed within
the normal operating speed range.
The total mechanical phase shift
error is therefore not over 0.5 de-
gree. The mechanical displacement
sensitivity is 0.2 micro-inch peak
per micro-ounce-inch of unbalance
and is unaffected by the normal
speed range or by damping.

One suspension assembly is
mounted on a ball-bearing slide to
allow about an inch of motion for
insertion and removal of test gyros.
A calibrated spring acts against
this slide to provide end thrust or
bearing loading equal to that which
obtains in actual assembly, thus re-
ducing errors due to shift of rota-
tional axis. A lock is provided for
clamping the slide during test in
such a way as not to disturb the ac-
curacy of alignment. The ball-bear-
ing slide reduces variations of end
loading that might be caused by
friction and at the same time pro-
vides for long-time accuracy of ad-
justment and ease of operation
which are so important in produc-
tion use. A vibration isolation
mounting supports the assembly.

A cross-sectional view of one of
the pickup units appears in Fig. 6.
The impedance is about 6 ohms at
200 cycles, and sensitivity is about
45 db below 1 volt per inch per sec-
ond velocity. In terms of balancing
instrument requirements, each
pickup will develop about 1 micro-
volt rms open circuit for a peak
sinusoidal displacement of 0.2 mi-
croinch at 200 cycles per second.
Overall sensitivity at the 200-cycle
operating speed is thus 1 microvolt
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and damping cylinder

rms for 1 micro-ounce-inch unbal-
ance.

The foot valve of the pneumatic
system is operated only to attain
rotor speed quickly, after which
opening of the on-off air valve and
proper preadjustment of the needle
valve maintains rotor speed.

Final Electronic Circuit

In order that the signal mixing
be accomplished at reasonable level,
the pickup voltages are amplified
separately in identical channels.
Each channel employs an input
transformer, an attenuator, a two-
stage electronic amplifier, a special
filter, and a gain adjustment, as
shown in Fig. 7. The transformers
are selected and matched for phase
response, and each provides a step-
up ratio of 1:150 or a gain of 43.5
db. The attenuators are pushbut-
ton operated and ganged and each
provides six steps of 10 db in a
total resistance of 250,000 ohms.
Each step corresponds to one scale
range, the first or most sensitive
being 0 to 30 micro-ounce-inches
and the last being 10,000 micro-
ounce-inches full scale. The at-
tenuator pushbuttons are conven-
iently located at the front of the
instrument table, each inscribed
with a letter designating its range.

The amplifiers are identical
feedback-stabilized two-stage sec-
tions of conventional design. Each
provides about 40-db gain with neg-
ligible phase shift at 200 cyecles.
The filters are 100 to 200 cycle
band-pass units of special design
providing an attenuation of at least

ELECTRONICS — Sepfember, 1947

MOVING COIL>, “Gispension

Pyl _.“.-.-.-.IY F{" ﬁ) s\PR‘NGs
g e ", COLLET
T i U
T | COUPLING
L ';m"_ - ; ROD
Ty
£45 POLE PIECE
ALNICO
o Il MAGNET =
CABLE. prifimg *MOUNTING
T HOLES
I: ]

FIG. 6—Construction of pickup unit, show-
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25 db in the stop-band below 60
and above 400 cycles and a transi-
tion loss of less than one decibel in
the working range of 180 to 220
cycles.

The design item of primary im-
portance for the filter is the rate of
change of phase angle with fre-
quency in the working range. This
is held within 0.5 degree per cycle
and is constant for more than a
-=10 percent range of frequency at
200 cycles when used with the cir-
cuit terminations shown. The vari-
able resistor in the output termina-
tion provides a =2-db gain adjust-
ment so that both channel signals
may be matched overall.

Mixing Circuit

The mixing circuit provides a
means of taking the output of one
amplifier and adding to it a portion
of the output of the other ampli-
fier in reversed polarity as called
for by Eq. 3. It also allows the op-
erator to obtain an unbalance indi-
cation on either the left or right
gside of the rotor without interfer-
ence from the unbalance of the
other side. The ecircuit is switched
by two pushbuttons located at the
left of the instrument table.

Inverse feedback added to an
amplifier produces many advan-
tages but one disadvantage here
is that with it the amplifier is no
longer a passive network, and a
voltage applied at its output end
may be amplified to cause disturb-
ing interference. The resistors in
each input leg of the mixing circuit
are isolating networks to avoid this

difficulty. This isolation is effected
at the expense of gain, part of which
is recovered in the mixing trans-
former while still allowing a net
loss through the mixing circuit of
about 28 db.

The focus adjustment potentiom-
eter permits adjustment of the ra-
tio b/a (Eq. 2 and 3) and when
calibrated provides a loss of about
15 db for one channel with respect
to the other. The phase-adjusting
capacitor in the mixing circuit pro-
vides for a small phase adjustment
of the vector (b/a)R, (Fig. 2).

Meter Amplifier

The amplifier and filter follow-
ing the mixing circuit are identical
with the input counterparts already
described. The amplifier recovers
the voltage lost in the mixing cir-
cuit. The additional filtering pro-
vides appreciable isolation of the
fundamental unbalance signal with
respect to extraneous bearing vi-
bration components, permitting the
operator to obtain an unbalance in-
dication for an unbalance compo-
nent appreciably weaker than the
bearing vibration disturbance. The
filter output termination here again
provides 2 db gain adjustment
for overall calibration of the signal
which at this point has a value of
about 1.0 volt rms at full-scale
meter deflection.

The meter amplifier provides an
additional gain of 17 db to its out-
put, together with signal rectifica-
tion for the meter movement. One
diode of the rectifier provides half-
wave rectification for the meter,
while the other bucks out the nor-
mal zero-voltage diode current.

The meter has a 4,000-ohm 100-
microampere d-c movement and is
arranged with two scales laid out
to be 10 db apart. Above these
scales are 12 arbitrary balance
numbers laid out 1 db apart for the
operator’s convenience in remem-
bering or denoting the magnitude
of unbalance. These are used with
any of the six scale ranges by pre-
fixing the letter designating the
scale range. For instance, an unbal-
ance of 200 micro-ounce-inches can
be more readily designated by the
operator as a reading of C9. These
numbers are spaced well within the
accuracy needed by the operator in
effecting a balance and greatly en-

101



Instrument table and front panel of gyro balancer. Speed-checking strobotron is in
lamp housing above gyro rotor. Pushbuttons L and R at lower left determine which
end of rotor is checked, and buttons at center control range of meter

hance the production use of the in-
strument.

The phase-adjusting network fol-
lowing the meter circuit makes the
necessary calibrating provision for
synchronizing the instant of strob-
otron flash with the location of
unbalance on the rotating gyro
wheel. This network provides a 50-
degree adjustment of electrical
phase angle but in so doing adds a
transmission loss of 17 db. The
loss through the network, however,
is constant within =1 db as the
phase angle is changed through the
total 50-degree range.

Final Amplifier and Limiter

The signal at this point is again
about one volt rms for full-scale
meter reading, and is essentially a
sinusoidal voltage which may vary
by more than a factor of 10 over
the useful range of unbalance posi-
tion indication, which is from about
1/5 of full scale to about a factor of
2 beyond full-scale meter reading.
Accordingly, some means must be
provided for flashing the strobo-
tron consistently with a high de-
gree of phase-angle accuracy in
spite of this large variation of sig-
nal amplitude. This function is ac-
complished by the final amplifier
and limiter-differentiator.

The final amplifier and its output
transformer serve only to supply
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4 very large signal to the limiter
stage; together they produce a volt-
age gain of about 42 db. Thus for
one-volt input, about 125 volts ap-
pears at the limiter grid. The lim-
iter is of more or less conventional
design and is arranged to utilize
only about 1.25 volt of the gignal at
its grid. The output wave form will,
therefore, be a flat-topped wave on
which the electrical angular dis-
tance represented by the vertical
portion of the wave may be consid-
ered to be approximately sin™
1.25/1.25 or 0.6 degree. For twice

full-scale signal this value would
be 0.3 degree, and for one-fifth of
full-scale signal this value would
be 2.9 degrees.

A voltage-regulated power sup-
ply to the limiter maintains the lim-
iter output constant in amplitude.
Thus we have an output wave con-
stant in amplitude and with less
than 3 degrees error in phase angle
over a factor of 10 variation of in-
put signal amplitude. If the instru-
ment is calibrated for phase angle
at one-third of full-scale meter
reading, the angular error in de-
termining unbalance location from
this cause is within =1} degrees
from one-fifth of full scale to twice
full-scale indication.

Strobotron and Oscillator

To trigger the strobotron tube,
a single sharp pulse is most desir-
able. This is easily obtained by
differentiating the square wave.
The 0.0005-uf capacitor and 1-meg-
ohm resistor combination comprise
the approximate differentiating net-
work. However, to avoid the forma-
tion of both sharp positive and
sharp negative pulses which may
produce double-frequency firing of
the strobotron, the 0.005-uf capaci-
tor is used in the plate circuit of
the limiter to round off one side of
the square wave.

A relay operated by a foot switch
may be used to change control of
the firing of the strobotron from
the unbalance signal to a fixed-fre-
quency signal from a local oscil-
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lator, permitting use of the strob-
otron for determining rotor speed.

The 200-cycle oscillator has a
more or less conventional two-stage
RC feedback circuit except that
stability is obtained by means of
inverse feedback across the ampli-
fier portion. The stability thus ob-
tained is surprisingly good. The
frequency drift, greatest during
the first hour of use, is not over
1 percent during this period. Oscil-
lators calibrated an hour after be-
ing turned on remain within 2 per-
cent of calibration when similarly
checked over a period of months.
The variable resistor in the feed-
back circuit provides a frequency
adjustment of about =7 percent to
take care of frequency calibration.

A separate power supply was
used for the strobotron to avoid the
danger of having firing pulses get
back into the amplifiers through the
main power supply.

The complete circuit was built up
from a number of two-tube sub-
chassis units to facilitate rapid re-
placement of circuits in the event
of trouble in production use and
to permit better control of circuit
element quality in the manufacture
of the instruments. In manufacture
these amplifier components were
built up complete, then individually
checked and adjusted for gain, fre-
quency response, and phase shift.
Each subchassis is easily removed
for replacement by unsoldering the
few leads and removing two screws.
Replacement of a pretested ampli-

fier section can thus be made in a
few minutes,

After construction of an instru-
ment is completed, some simple
means of primary calibration are
essential before it can be usefully
employed. The four items requir-
ing calibration are: (1) test speed
or oscillator frequency; (2) unbal-
ance magnitude or overall gain;
(3) unbalance position indication
or overall phase; (4) focus or mix-
ing circuit balance.

Calibration Procedure

The primary standard for check-
ing oscillator frequency is the 60-
cycle power line frequency. A disc
having ten equally spaced holes is
mounted on the shaft of a small
3,600-rpm synchronous motor which
while running is illuminated with
the strobotron excited from the os-
cillator. A stationary pattern is
obtained at 200 cycles by catching
each third hole during rotation.
The next nearest stationary pat-
terns with this method occur at
150 and 250 cycles; since these are
definitely beyond the range of the
oscillator, this system provides a
positive primary calibration.

To calibrate for unbalance mag-
nitude, a standard rotor was pre-
pared with two small holes drilled
on each face, precisely 0.700 inch
from the center of rotation. These
holes were tapped for a 0-80 screw,
and the rotor was then carefully
balanced. Next a 0-80 screw was
prepared which weighed precisely
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was used to offset the severe line voltage fluctuations encountered in industrial plants
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0.00143 ounce, and inserted into one
of the holes provided for it in the
standard rotor. Thus a known un-
balance weight was added to the ro-
tor at a known distance from the
center, providing a standard unbal-
ance of 0.700 x 0.00143 = 0.001
ounce-inch = 1,000 micro-ounce-
inches, Since the 0.700-inch loca-
tion can be easily determined and
maintained to an accuracy of a few
tenths of a percent and since the
0.00143-ounce weight can likewise
be determined to a high degree of
accuracy, this primary standard is
dependable to 0.5 percent.

The procedure of calibration thus
becomes simple. When the rotor is
at test speed with the weight on one
side of the rotor, the gain for that
channel is adjusted until the meter
reads 1,000 micro-ounce-inches or
full-scale reading on the D scale.
The weight is then transferred to
the other side of the rotor and the
procedure repeated for the other
channel.

With the standard rotor and
screw, the calibration of unbalance
position indication also becomes
simple. With the screw in position
and the rotor at exact test speed,
the strobotron must illuminate the
rotor at the instant the position of
the screw is aligned with a refer-
ence index line in the operator’s
field of view. The adjustment in
the phase network provides means
for a compensating adjustment.

The adjustment for focus is a lit-
tle more involved and is also per-
formed with the standard rotor and
screw as reference. When all the
above calibrations have been prop-
erly made, and with the standard
unbalance on the right side, the
standard rotor is operated at test
speed. Under these conditions the
unbalance reading for the left side
should be adjusted for a minimum
value. While a null value 20 db be-
low the unbalance reading gave
sufficient separation for good pro-
duction speed, 30-db separation was
usually maintained on instruments
in production use.

Operational Procedure

With the instruments so designed
and constructed and with calibra-
tions properly made, results under
actual production-shop operation
proved most gratifying. The indi-

103



cation o6f unbalance, both as to
magnitude and position for both
sides of the rotor, can be obtained
by an average operator in five to
ten seconds, and actually occupies a
very minor part of the total bal-
ance procedure. A new rotor is in-
serted in the instrument by the op-
erator, brought up to speed, and
checked for unbalance.: This data
can be recorded on a pad, but is
usually remembered by a good oper-
ator. The rotor is then removed
from the instrument, inserted in a
fixture on an adjacent drill press,
drilled, cleaned using an air duster,
and reinserted in the instrument.
This complete process is repeated
as many times as necessary (usu-
ally three or four) until the desired
degree of balance accuracy is at-
tained. This entire procedure is
accomplished in two minutes time
on the average, including the sev-
eral drillings and instrument indi-
cations.

Initially the drill press was pro-
vided with two independent set-
tings, one of which could be set to
the scale or range letter and the
other to the balance number on the
meter dial. This predetermined
the depth to which the drill would
cut, so that with a standard drill
size and point shape, the operator
could remove the proper amount of
material. It was found, however,
that if the operator was allowed to
exercise her own skill, she could
perform this operation much faster
and with no more error. In addi-
tion, the psychology of the uncer-
tainty involved greatly aided in in-
creasing her interest in the job and
enhanced development of skill in
rapidly making a judgment of the
amount of material to be removed.

In training new operators, each
was provided with a small gage on
which were drilled five impressions
corresponding to proper amounts of
material to be removed for unbal-
ance readings of B7, C7, D7, E7,
and F7. By visual reference to this
standard, the operator could judge
the amount to be drilled out, and in
about a week’s time would develop
skill to the point where she no
longer needed the gage.

Accuracy Attained

The speed with which rotor bal-
ance can be attained depends pri-
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marvrily on the accuracy of angular
location at which correction is
made, and this in turn depends on
several factors:

(1) The practical accuracy with
which the rotor speed can be
matched stroboscopically on pro-
duction work. This we found to be
easily effected within 0.5 percent.

(2) The accuracy with which
this speed is maintained while tak-
ing an unbalance position reading.
This was a function of operator ex-
perience and skill; it might have
been 3 or 4 percent for beginners,
but for experienced operators this
was also within 0.5 percent.

(3) The frequency stability of
the local oscillator. This remained
within 2 percent over long time in-
tervals, and by calibration was
maintained within 1 percent.

(4) The overall instrument
phase-angle error versus test fre-
quency. This includes the sum ef-
fect of mechanical and electrical
phase-shift errors and phase-angle
stability. In this design the sum
total error was maintained within
=+2 degrees phase shift per percent
frequency deviation.

(5) The phase-angle error ver-
sus unbalance magnitude. On this
design, the practical maximum er-
ror from this source was within 8
degrees phase shift over the useful
range when making calibration at
full-scale meter reading.

The sum effect of items 1, 2 and
3 results in a maximum error from
these sources of perhaps 2 percent
or 4 cycles. The effect of this on
item 4 results in an uncertainty of
unbalance position indication of
+4 degrees. Adding to this the
error of item 5 gives a maximum
uncertainty of 7 degrees, although
statistically it would be unusual for
all errors to add simultaneously in
this fashion. Practically, maximum
uncertainty was well within the
-6 degree criterion originally set
for the total of all such errors.

The balance accuracy which can
be attained on a rotor is not limited
by the above errors nor does it de-
pend on the operator’s skill. These
affect only the speed with which the
balancing is performed. The un-
balance on any production rotor
could be reduced to 10 micro-ounce-
inches; with selected rotor pivots
and bearings this could be reduced
to 3 or 4 micro-ounce-inches. Some
rotors, with exceptionally accurate
rotor pivots, were actually balanced
to 1 or 2 micro-ounce-inches. Tests
on such rotors indicated that the
balancing instrument could main-
tain a sensitivity of 1 micro-ounce-
inch, better than a rotor’s physical
stability for this magnitude.

The maximum useful range of
the balancer is from 1 to 20,000
micro-ounce-inches. An  experi-
enced operator can easily effect a
balance on a rotor with an initial
20,000 unbalance down to the pro-
duction limit of 20 micro-ounce-
inches or less in the order of two
minutes. The best operators could
easily maintain this speed and could
average 200 rotors per day per ma-
chine while actually operating the
machine only 45 minutes each hour
to avoid fatigue. The operator hold-
ing the record for the greatest num-
ber of gyros balanced in one day
turned out over 350 rotors.

This amazing speed on so precise
an operation is of course partly due
to the design of the instrument and
the conveniences for the operator
included for its use. However, a
major portion of the success was
due to the excellence of depart-
mental supervision and to the in-
dustry, zeal, and enthusiasm with
which an unusually outstanding
group of girls tackled a tough war-
time assignment,
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R-F Inductance Meter

Two r-f oscillators, one with unknown L in series and the other with standard C in par-

allel, are tuned to zero beat. Value of unknown inductance at selected test frequency is

then read directly on scale of capacitor with accuracy within 1 percent for 1 h to 100 mh

By
HAROLD A. WHEELER

Wheeler Laboratories, Inc.
Great Neck, New York

HIS direct-reading r-f induc-

tance meter is designed for
quickly and accurately measuring
inductance of a radio coil. Errors in
readings are within about one per-
cent of the observed value for the
rated range of inductance, which is
unusually close when applied to one-
tenth of full scale. This tolerance of
error is based on the usual types of
radio coils with fairly small inher-
ent capacitance and at least a mod-
erately high ratie of reactance to
resistance.

The measurement of small capaci-
tance is a valuable byproduct use
of the instrument. It is direct-read-
ing in terms of the difference of two
scale readings, and its errors are
only those of the precision capacitor
included in the inductance meter.
This measurement is made at radio

Front panel of r-f inductance meter. Plug-in standard inductances are stored in rack
above meter, not shown

frequencies whose values are chosen
for convenience and reliability.

Beat-Note Circuit

The block diagram in Fig. 1
shows the arrangement of the in-
ductance meter. Two similar oseil-
lators are tuned to the same fre-
quency by observing a zero-beat in-

€ BUFFER
OSCILLATORF AMPLIFIER

O

R

Lo

BEAT-NOTE

L

|__|BEAT-NOTE | | BEAT-NOTE
DETECTOR AMPLIFIER RECTIFIER
L BUFFER
0S CILLATOR| | AMPLIFIER
Lo Co ZERO-BEAT
INDICATOR

FIG. 1—Block diagram of direct-reading radio-frequency inductance meter
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dicator. Kach oscillator contains a
resonant circuit with fixed induc-
tance L, and fixed capacitance C..
One oscillator also has a calibrated
variable capacitor C connected in
parallel. The other has provisions
for connecting unknown inductance
L in series.

With the standard capacitor C
at its reference value (taken as
zero) and the unknown inductor
L on short-circuit, the two oscilla-
tors are tuned to resonance by a fine
adjustment. Then the unknown L
is inserted and the standard C is
incre~sed to restore zero-beat. The
latter condition satisfies the equa-
tion of resonance of the two oscil-
lators: (L + L,)C, = (C + C,)L..
From this the calibration formula is
derived, giving L = CL,/C,. The
factor L,/C, is adjusted to be a deci-
mal multiplier, and the scale of C
is direct-reading in micromi-
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crofarads, so the value of the un-
known L is obtained merely by
shifting the decimal point.

The circuit of the r-f oscillator
and buffer amplifier is given in Fig.
2. The two oscillators and ampli-
fiers are alike except for the differ-
ences in the tuned circuit, one in-
cluding the standard capacitance C
and the other the unknown induec-
tance L. The standard inductors
L, are the pair of plug-in coils, one
for each oscillator, whose values are
equal to the maximum inductance
of each range. Each oscillator has a
regulator circuit which limits the
amplitude of oscillation to a suitable
value for the buffer amplifier.

The beat-note circuit is given in
Fig. 3. Direct-current coupling of
the amplifier to the rectifier-meter
combination provides response
down to very low frequencies. The
full-wave rectifier causes the meter
pointer to vibrate at double the
beat frequency.

The response curves of the meter
are shown in Fig. 4. The curve of
Fig. 4A shows the wide peak ob-
tained while tuning one oscillator
past the frequency of the other,
and the curve of Fig. 4B is an en-
largement of the valley near zero
beat.

The zero-beat indicator gives es-
sentially a wide peak having a nar-
row valley in the center. The width
of the peak is =5,000 cycles from
the center, so it cannot be passed in
quick tuning. The width of the val-
ley is ==100 cycles, the pointer vi-
brations are within ==10 cycles, and
the dead spot in the center is within
=1 cycle. The wide peak is used to
find the narrow valley, after which
the dead spot gives a reliable indi-
cation of zero beat.

This indicator has been found
well adapted for use by nontechnical
personnel, It cannot be overloaded
in normal use. Being visual, it
neither causes nor suffers from
noise in the laboratory or factory.

Test Frequencies

The choice of test frequencies
which are best adapted for the usual
radio coils in the respective decades
of the inductance range is 2 compro-
mise which fortunately is not too
critical. The final selection is in-
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fluenced also by the stability of C,
and L, and by convenience in the
use of the decimal values.

The basic value of the inductance
of a simple coil in open space is de-
termined by the magnetic energy in
the vicinity of the coil but outside
the cross-section of the conductor
itself. If a shield can is used, this
space is confined to the inside of the
shield. The inductance would have
this basic value if the coil and shield
were made of perfect conductors,
and its actual value is not much dif-
ferent at the higher radio frequen-
cies.

The resistance of the wire and the
shield causes an increase in the ac-
tual or apparent inductance of the
coil, in proportion to the magnetic
energy which is allowed to pene-
trate inside of either conductor and
outside of the shield to the sur-
rounding space. The internal capac-
itance increases only the apparent
inductance, by virtue of the ap-
proach to self-resgnance.

The magnetic energy in the wire
increases the inductance by a con-
stant amount at low frequencies,
and by a decreasing amount at
higher frequencies. The transition
occurs at the frequency where the
skin depth is one-fourth the wire
diameter if the wires are well sepa-
rated, and at a slightly lower fre-
quency if they are close together.
In the case of fine wire, such as in
stranded (Litz) conductors or in
multilayer coils, this effect is con-
stant at all frequencies up to the
operating frequencies, so it causes
no error in inductance measure-
ments at lower frequencies. In a
coarse wire, such as the conductors
of a transmission line, this effect
varies slowly with frequency as gov-
erned by the skin effect, so a meas-
urement at a lower frequency is
subject to a slight error relative to
the operating frequency.

A perfect shield decreases the in-
ductance by a substantial amount,
while the imperfection of the shield

STANDARD
CAPACITANCE
\
\

A\

\ 3000] '
100~ \C
£
[o]

LI00 Ao
ApF

|
0.005

OSCILLATOR

AMPLIFIER

715,000

3
= . UNKNOWN 4
=7 INDUGTANGE 5

1
F
o MR }. DECADE
!
2

INDUGTANCE TEST FREQUENGY
0-10 uH 1,600~ 1,100 KG
0-100 yH 500-350KC
0-1 MM 160-110 KG
0-10 MH 50-35 KC
0-100MH 16-11 KG

FIG. 2—Circuit for one of the oscillators with its buffer amplifier. Both are identical
except for the tank circuits; one has the standard capacitance in parallel, and the
other has the unknown inductance in series as shown at left

DETECTOR

P S—

P
0.3MH

3,300 ¢
i

+200V

FIG. 3—Circuit of beatnote detector, amplifier, rectifier, and 0-1 ma d.c indicator
serving the pair of r-f oscillators
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F1G. 4—Response of zero-beat indicator is
shown at A, and enlarged view of valley
near zero beat appears at B

conductor causes a relative increase.
As the frequency is lowered, the in-
ductance increases gradually as gov-
erned by the skin effect in the
shield, then rapidly as the conduc-
tive shielding fails, and finally ap-
proaches the value of the inductance
without the shield.

The internal capacitance causes
the apparent inductance to increase
rapidly as the frequency approaches
self-resonance in the coil. This is
the factor which makes impossible
the direct measurement of indue-
tance by a single observation at the
operating frequency.

The best frequency for a direct
measurement of inductance, with
least error from all causes com-
bined, should be much lower than
the frequency of self-resonance but
much higher than the frequency of
shield failure. Fortunately these
two frequencies are usually far
apart. Three decades is a typical
separation in the case of small coils
in shield cans, operating around
1 me.

The internal capacitance is the
most typical characteristic for small
radio coils, since it is determined
mainly by the size, the leads, and
the terminals. The typical range of
internal capacitance is within 10
wpf, so the inductance meter is
standardized for about 5 uuf with
a tolerance of ==5 puf to maintain
the rated limits of error.

Since there are many causes of
error and it is desired to hold the
total error within one percent; the
test frequencies are chosen low
enough so that -=5 puf causes less
than ==0.25 percent error. In other
words, the unknown inductance
would resonate at the test frequency
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with more than 2,000 puf capaci-
tance, so the test frequency is about
1/20 the frequency of self-reso-
nance, or lower.

Sensitivity of Measurement

The 5,000-division continuous lin-
ear scale is available only in the
precision capacitor, as distin-
guished from the inductor and the
resistor. Therefore the capacitor is
the ideal variable standard in any
system of measurement, and espe-
cially in a direct-reading system.

C=I,u)aF

FIG. 5—Examples of small values of

capacitance and inductance, shown actual

size here, that can be measured with the
rf inductance meter

The inductance meter is a simple
way of utilizing the capacitor to
read directly in proportion to the
unknown inductance.

By making the test at the highest
frequency permissible for each dec-
ade of the inductance range, it is
possible to take full advantage of
the long scale of 5,000 divisions for
1,000 puf, by reading to about # di-
vision or 0.1 uuf.

In the first three decades (up to
1 mh), the test frequency is above
100 ke so it is possible to take ad-
vantage of the low range of the pre-
cision capacitor, having 50 divisions
per ppf, or the equivalent of 50,000
divisions for full scale. This refine-
ment is available only for a range of
4,000 divisions. Therefore it is use-
ful for absolute measurements only
to 8 percent of full scale.

By the addition of fixed capaci-
tors in parallel, this expanded scale
becomes available for differential
tests of coils nearly alike. By this
method, any inductors within the
range of 1 xh to 1 mh can be com-
pared to within 1/5,000 of their
values, or 0.02 percent. Any larger
inductors up to 100 mh can be com-
pared on the standard scale within
1/500 of their values, or 0.2 per-
cent.

Examples of the absolute sensi-
tivity of this instrument, which is
attained by the long scale and the
beatnote comparison at radio fre-
quencies, are given in Fig. 5. These
diagrams are shown actual size.

The capacitance C is a small an-
tenna inserted in the capacitance
terminal. Its value is 1 puf, which
is 5 divisions on the regular scale or
50 divisions on the expanded scale.

The inductance L is a small loop
of heavy wire connected to the in-
ductance terminals. As compared
with a short-circuit (a large flat
disc at the dotted line) the induc-
tance is 0.02 wh, corresponding to
10 divisions on the regular scale or
100 divisions on the expanded scale.

By indicating inductance values
on the expanded scale of a precision
capacitor and using r-f oscillators
with a zero-beat indicator, an in-
ductance meter is obtained which
has an unusual degree of absolute
and differential stability as well as
high accuracy.
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Built-in and outdoor antennas for f-m reception, front-end
and i-f circuit arrangements. and demodulation systems
are discussed in this symposium.* Included is a useful
method of testing an antenna by comparing the voltage
delivered at the receiver to the voltage obtained from a

reference antenna

FMDCPOLi

25upf
% CHOKE
=5 F-M INPUT
SHORT -WAVE sw INPUT
ANTENNA
FIG. 1—Simple combination antenna

covering one f-m band and short waves

F-M Reception Problems

A simple built-in f-m antenna is a folded dipole made of 300-ohm twin lead and
tacked to the back of the cabinet as in this Hallicrafter receiver

HE AVERAGE USER of an f-m

broadcast receiver has a right
to expect that the installation and
operation of his set should be no
more complicated than for the
standard broadcast set he bought
ten years ago.

Since receivers, like population.
are concentrated in cities and
towns, and f-m transmitters are
being located at the centers of these
concentrations, f-m coverage is es-

sentially a metropolitan or urban
*From papers presented before the Chicago
Section and the Indiaunapolis Section of IR
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proposition. This means that al-
though some rural areas as well as
some outlying towns and villages
will be served, the majority of
listeners will be relatively close to
the transmitters, where high field
strengths prevail.
it is feasible to provide built-in an-
tennas in f-m receivers and to
expect them to operate satisfactorily
in most installations.

Built-in antennas for f-m sets in-
volve some problems that are not
found in standard broadcast sets.
This is so because the buildings in

For this reason

which the sets are used are large
compared with the wavelength. The
dimensions of the rooms in which
sets are used, and even the dimen-
sions of the radio cabinets, are com-
parable with the wavelength.
Therefore, large standing wave pat-
terns are frequently found to exist,
and small differences in the position
of the radio set within a room, or
even the position of people moving
within the room, may make a rela-
tively large difference in the
received signal strength.

This means that the performance
of built-in antennas is variable, and
one type may perform well in a par-
ticular location while another type
will perform better somewhere else.
In most metropolitan locations the
signals are strong enough that these
problems are completely cared for
by the limiter of a sensitive
receiver.

Double Antenna

Figure 1 shows one type of built-
in antenna. It is a dipole con-
structed of wire and fitted to the
inside of a console. The arms of
the dipole are bent or folded so that
they will fit into a cabinet of reason-
able size. The antenna shown in
this figure also includes a length of
wire used for shortwave reception.
This wire is isolated from the dipole
by means of a choke having high
impedance to the f-m frequencies
and relatively low impedance to the
short-wave frequencies. The re-
ceiver has separate input circuits
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FIG. 2—Circuit for a line-cord antenna
suitable for reception of f-m signals
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FIG. 3—Mechanical arrangement of antenna elements for reception on both the old
and the new bands

and Their Solution

for f-m and shortwave, and these
are tied together at the antenna ter-
minals by means of a network which
prevents undue loading of one cir-
cuit by the other.

Another form of built-in antenna
is shown in Fig, 2. This is the fa-
miliar line-cord antenna adapted to
f-m reception. Since one side of
the line cord must be bypassed to re-
duce line noise in the broadcast
section of the receiver, it is essen-
tially the signal voltage between the
two conductors of the line cord
which is used as input to the f-m
circuits.

In some locations the cabinet di-
pole will work better, and in other
locations the line-cord antenna will
work better. Since they are inex-
pensive, both can be provided in a
console f-m set and the user may
select the one which works better
in his location. Table model radios
are generally too small to accommo-
date the cabinet dipole, and for this
application the line-cord antenna
is preferable. Both of these anten-
nas provide good reception on the
low and high f-m bands.

Both F-M Bands

In outlying districts where built-
in antennas do not give satisfactory
performance, a several-fold im-
provement may be had by using a
simple outdoor antenna with low-
loss leadin, Figure 3 illustrates such
an antenna which works satisfac-
torily on both the old and the new
f-m bands. This antenna consists of
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a 100-mec, half-wave folded dipole
fitted with extension arms that
build up the length to a half wave-
length at 45 mec.

The efficiency of the antenna is
somewhat better on the low band
than on the high band. If low-fre-
quency f-m broadcasting should be
discontinued or the band changed,
the extension rods can be discarded
and the antenna will funetion with
full efficiency on the high band only.

With an outdoor antenna the per-
formance is much less variable
than with a built-in antenna. It
becomes meaningful to measure the
performance and obtain curves
showing the effect of frequency over
the band in which we are interested.
There are several characteristics of
antennas that permit critical meas-
urements for the purpose of com-
parison. For example, it is
important in television antennas
that the impedance closely match
the impedance of the transmission
line at all the operating frequencies.
This measurement may be ex-
pressed by a curve of impedance
against frequency, standing-wave
ratio of reflection -coefficient, or
attenuation due to mismateh. An-
tennas may also be measured in
terms of their directional patterns
or signal gain.

For f-m service, impedance
matching is not a major considera-
tion. It is quite satisfactory to test
an antenna in terms of voltage de-
livered to the receiver. In doing
this it is convenient to compare the

Antennas for F-M Receivers
By NATHANW. ARAM

Engineering Department
Zenith Radio Corporation
Chicago, Illinois

R-F, I-F, and AFC Circuits
By LLOYD M. HERSHEY

Engineer-in-Charge
Home Receiver Division

The Hallicrafters Company
Chicago, Illinois

Limiters and Frequency
Detectors

By MARYINHOBBS

Consulting Radio Engineer
Chicago, Illinois

voltage with that obtained from a
standard or reference antenna. The
common reference is a resonant
half-wave dipole. The setup for
making this test may be of interest,
and Fig. 4 shows the method used
in obtaining a curve for the two-
band antenna just shown.

Test Technique

Tests are made using the antenna
for receiving. At each frequency
an arbitrary field is set up by a
third antenna connected to an os-
cillator some distance away. The
reference antenna is then adjusted
to resonant length, placed in the
test position, and the voltage V,
delivered to the matched load is
noted. The reference antenna has
an impedance of approximately 70
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FIG. 4—Method of comparing the two-band antenna against a resonant dipole

ohms, the transmission-line charac-
teristic impedance is 70 ohms, and
the load impedance is 70 ohms. The
load consists of the input attenuator
of a field intensity meter.

The antenna under test is then
substituted for the reference an-
tenna at the test position. Since
the receiver for which this antenna
was designed has an input imped-
ance of 300 ohms, 300-ohm trans-
mission line is used and the field in-
tensity meter input is built up with
resistors to match the 300-ohm line.
When this is done the field intensity
meter input circuit duplicates an
ideal receiver input, but the voltage
indicated by meter V, is equal to
only 70/300 of the voltage delivered
to the receiver.

By comparing readings V, and V,
of the field intensity meter, the per-
formance of the antenna under test
is related to the performance of the
standard antenna. Here it is as-
sumed that the power delivered to
the receiver by the standard an-
tenna is the maximum power avail-
able from the antenna under test,
and the fraction of the available
power actually obtained is a figure
of merit for the antenna. Since re-
ceiver measurements are made in
terms of voltage rather than power,
it is the square root of this figure
or the voltage ratio K which is ac-
tually used.

After this measurement has been
made at a number of frequencies, a
performance curve can be plotted.
This is shown in Fig. 5. In judging
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this curve, it should be borne in
mind that the reference antenna has
been readjusted in length for each
frequency. Plotted in this same
manner, a simple dipole of fixed
length would show considerable se-
lectivity while a simple folded dipole
would be relatively broad and com-
parable to the low-band perform-
ance curve shown. If the extension
arms of the two-band antenna were
removed, the high-band curve would
look very similar to the low-band
curve as plotted, but the low-band
curve would suffer seriously.

Experience indicates that built-in
antennas of the line-cord and
cabinet dipole types give satisfac-
tory set operation at practically
every location in the Chicago metro-
politan area on either the low or
high bands. At distances of about
forty miles, a simple outdoor
antenna becomes useful in many
installations; and at greater dis-
tances, approaching the nominal
service area limit, the outdoor an-
tenna is required in all but excep-
tionally good locations.

R-F and I-F Circuits

In considering the circuit ele-
ments between the antenna termi-
nals and the output of the i-f ampli-
fier, it must be noted that the best
distribution of gain in an f-m re-
ceiver is determined largely by
noise considerations. A certain
amount of noise is produced by
thermal agitation in the antenna
circuit. If the maximum signal-to-

noise ratio is attained in the an-
tenna circuit and the amount of
noise added in later stages is very
small compared to that in the an-
tenna circuit, the signal-to-noise
ratio of the receiver can be made to
approach (as a maximum) the ratio
established in the antenna circuit.

The maximum antenna stage gain

is 0.5/ Z,/Z, where 0.5 accounts for
matching to the source impedance;
Z, is the impedance into which the
antenna transformer works, and Z,
is the source or transmission-line
impedance. It is assumed that the
impedance of the secondary of the
antenna transformer is consider-
ably greater than the input loading
of the tube, which is usually the
case, in a receiver using an r-f
stage.

Input Stage

The r-f amplifier tube is chosen
primarily on the basis of low input
conductance, low noise, fairly high
mutual conductance, low grid-to-
plate capacitance, and low cost. In
an a-m/f-m receiver, signal-
handling ability with ave applied
may be an important consideration.
Since these factors are not com-
bined in any single tube, the final
choice represents a compromise,

The maximum stable r-f stage
gain in a variable-capacitor tuned
stage having a solid rotor shaft is
about 10 times. If the antenna
and r-f circuits are isolated from
each other as in permeability-tuned
receivers, somewhat greater r-f
stage gains can be safely realized.

The amount of r-f stage gain re-
quired depends upon the relative
amounts of noise at the r-f tube grid
and the mixer grid. If the same
type of tube is used as r-f amplifier
and converter, the mixer tube noise
voltage is approximately two times
the r-f amplifier tube noise. To
avoid any substantial decrease in
the signal-to-noise ratio, therefore,
a gain greater than five times is
required in the r-f amplifier stage.

The noise voltage developed in
a mixer tube depends largely upon
the type of tube used and its mutual
conductance. Of the commonly used
types of mixer tubes, the pentagrid
converter is the noisiest, the pen-
tode is less noisy (and frequently
a good compromise) and the triode
is the quietest. The diode, and
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better still, the crystal mixer, are
extremely quiet; however, stage
gains less than unity are common
using these mixers, and a quiet first
i-f stage amplifier tube is required
if either is used.

The oscillator stability and tun-
ing accuracy requirements for an
f-m receiver are considerably
greater than for an a-m broadcast
receiver. The a-m receiver must be
tuned within about =2 ke in a
1,000-ke band (or the dial must be
set to about =+0.2 percent) if no-
ticeable distortion is to be avoided.
The f-m receiver must be tuned
within about =20 ke in a 20-me
band, or about =0.1 percent. The
oscillator must be stable to within
about two parts per thousand in the
standard band, and to about two
parts per 10,000 in the f-m band.

AFC Circuit

The nature of the oscillator sta-
bility and tuning accuracy prob-
lems make the use of automatic fre-
quency control on the f-m band at-
tractive. If the oscillator and mix-
ing functions are performed in
separate tubes, afc can be provided
by adding a few resistors and capac-
itors, and by using a dual-triode
tube as the oscillator and reactance
tube. Such a system is used in
several Hallicrafters home receiv-
ers.

A circuit of this type is shown in
Fig. 6. The plate of the oscillator
is capacitance coupled to the grid
and plate of the reactance tube. The
resultant voltage on the grid of the
reactance tube is shifted in phase
approximately 45 degrees by re-
sistor R,, capacitor C,, and the ca-
pacitance from the reactance tube
grid to ground. This voltage is
then amplified by the reactance tube
according to the value of direct
voltage on its grid and appears as
a current in the oscillator plate
feedback winding, shifted in phase
from the oscillator plate current
by about 185 degrees. The d-c
component of the output of the fre-
quency detector can be used as the
control voltage applied to the grid
of the reactance tube.

The slope of the reactance-tube
characteristic can be adjusted so
that the afc system takes hold and
releases within the frequency limit
of the next adjacent local channel
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(400 ke), and a correction of about
five to ten times on the oscillator
mistuning can be realized. Under
these conditions, the afc operation
prevents the receiver from repro-
ducing the two spurious responses,
which occur on each side of the
desired response points in a re-
ceiver without afe. :

I-F Amplifier

The i-f amplifier in an f-m re-
ceiver is required to produce a
major part of the total gain and the
selectivity of the receiver. The se-
lectivity is usually made as great as
possible without harmful effects
upon the signal; that is, when the
f-m signal swings back and forth
on the curve of the i-f selectivity
characteristic, the result is ampli-
tude modulation. The limiter or
detector must be able to remove this
a-m and restore the signal to its
original form to avoid distortion in
the audio output. At the same
time, a small amount of phase dis-
tortion is produced due to the non-
linear phase characteristic of the
i-f amplifier when the sidebands of
the signal are too far from the cen-
ter frequency in terms of the band-
width of the amplifier. As a
practical matter, the amplitude
variations in a typical i-f amplifier
are far more troublesome than the
lack of linearity of the phase char-
acteristic.

In the most popular design for
i-f amplifiers, the bandwidth of the
amplifier is made about equal to the
total deviation. This seems to in-
clude an adequate allowance for
error in tuning, oscillator drift, and
other factors in a well designed re-
ceiver. Each i-f transformer con-
sists of a pair of tuned circuits
coupled to slightly less than critical
coupling, so that normal variations
in coupling can be allowed in pro-
duction without some transformers
being over-coupled.

It is the usual practice to make
the Q of the primary equal to that
of the secondary, since the pass-
band is too narrow to allow any ap-
preciable improvement in gain with
practically obtainable ratios of Q.
Moreover, unequal values of Q for
the primary and secondary cause
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FIG. 6—A tuned-grid oscillator and afc
reactance-tube circuit
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asymmetry of the amplitude and
phase characteristics when either
primary or secondary is detuned
relative to the other circuit.

The gain of the i-f amplifier is
usually made as high as cost and
stability considerations will per-
mit. If maximum sensitivity is to
be realized, an optimum value seems
to be enough gain to assure satura-
tion of the limiter (or a comparable
noise value at the ratio detector).
This allows satisfactory reception
of any signal which is of sufficient
intensity to overcome the noise
voltage at the limiter or ratio detec-
tor. A margin of about 10 db over
the i-f gain required to produce
this saturation by noise is needed
to insure maximum performance
under all conditions.

Maximum stable stage gains may
be computed by means of a for-
mula given below.” It is usually ad-
visable to limit the stage gain to
somewhat less than one-half of the
calculated value for safety.

4 =\/L (multiply A by 1/\/n

for n stages) where A = maximum
stage gain, ¢, is in micromhos,
is in radians per second, and C,, is
the effective plate-to-grid capaci-
tance in farads.

High-Capacitance Grid Circuit

There is one departure from con-
ventional i-f transformer design
that has been developed recently.
The usual value of tuning capaci-
tance on an i-f transformer primary
or secondary is about 50 uuf or less.
The input capacitance of the com-
monly used tubes varies about 2 puf
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Receiver circuit with a double limiter and a discriminator.
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when the grid voltage is varied
from the normal bias value to cut-
off. This means that impulse-noise
voltages on the last i-f amplifier
tube or limiter tube can produce
detuning of the i-f transformer sec-
ondary, and thereby introduce phase
distortion in the signal. The lim-
iter removes most of the amplitude
modulation of the carrier due to
the noise pulse, but it cannot re-
move the phase distortion. Remark-
able improvements in signal-to-
noise ratio have been reported when
the secondary tuning capacitances
in the last i-f and limiter grid cir-
cuits were increased.

The gain of a double-tuned i-f
stage is inversely proportional to
the square root of the product of
the values of the tuning capaci-
tances. This suggests that, since
the tube output capacitance is sub-
stantially constant, the stage gain
obtained from a symmetrical trans-
former can be duplicated with only
the output capacitance and strays

T T

D-C VOLTS ACROSS DISCRIMINATOR LOAD

{1l i oLt

R-F INPUT IN MICROVOLTS AT ANTENNA TERMINALS

100 1000

Input-output characteristic of a sensitive limiter-type receiver which shows that

practically flat response may be obtained without the use of avc.

The long flat

portion at high signal levels indicates ability to handle downward modulation., Curve
obtained with carri:r dev.ated =50 kc {rom center {requency of detector
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tuning the primary, and the sec-
ondary capacitance increased by
the same ratio by which the pri-
mary capacitance was decreased.
It is desirable to keep the Q of the
primary equal to that of the sec-
ondary.

Three types of wide-band f-m de-
tector systems have appeared in
production receivers since the war,
namely—the limiter-discriminator
combination, the ratio detector and
the locked-in oscillator. For prac-
tical considerations, it seems best
to evaluate these systems in terms
of the overall performance of the
various receivers in which they are
employed. However, the detector is
often blamed unjustly for the poor
performance of receivers in which
cost considerations have led to sac-
rifices throughout the complete cir-
cuit. All of the systems mentioned
have certain disadvantages as well
as their own peculiar advantages.
Any of above systems can be made
to perform quite satisfactorily.

The Limiter-Discriminator

It has become customary to em-
ploy two grid-plate limiters in cas-
cade in the more elaborate receivers
using this system. The parameters
for each limiter are adjusted so that
the maximum range of linearity
without appreciable change of out-
put level is realized. Grid circuit
constants are chosen to provide a
low time constant for optimum lim-
iting of impulse noises.

Since adequate gain must be pro-
vided ahead of the limiters to real-
ize full action at low antenna input
levels, they are usually preceded by
two i-f stages, a mixer, and one r-f
stage, preferably with separate
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tubes to furnish maximum gain.
Lower priced receivers often employ
a single limiter, which results
mainly in a loss of overall sensi-
tivity and a limitation of the range
of signal levels over which ampli-
tude modulation is fully suppressed.

The main factors considered in
the selection of proper constants for
the discriminator include an ad-
justment of the primary to second-
ary coupling and circuit Q to pro-
vide the optimum degree of line-
arity throughout the working
range of the detector. Circuits em-
ploving either variable capacitance
or variable inductance tuning have
been developed.

The limiter-discriminator combi-
nation has the advantages of being
unaffected by modulation variations
within the operating range of the
limiter and of being relatively non-
critical in so far as discriminator
linearity and balance are concerned.
It has the disadvantages of requir-
ing a high gain before the limiter
and of a broadening selectivity
characteristic with increasing sig-
nal level.

Ratio Detecior

Due to the inherent ability of the
ratio detector to suppress ampli-
tude modulation at comparatively
low input levels, it offers a desirable
opportunity to those who wish to
incorporate reception facilities at
a minimum cost. This characteris-
tic is particularly advantageous in
those receivers employing common
r-f and i-f amplifier tubes for both
the a-m and f-m channels and has
led to the production of complete
a-m/f-m receivers incorporating as
few as seven tubes. If the ratio de-
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tector is properly designed these re-
ceivers can provide acceptable per-
formance, Unfortunately, many of
them do not suppress amplitude
modulation or provide low distor-
tion levels.

One chief requirement for the
proper suppression of amplitude
modulation is careful balancing of
the two diode circuits. The use of
bifilar secondary windings of high
Q and a proper choice of circuit con-
stants can produce very beneficial
results in this respect. The required
linearity for low distortion is not
difficult to obtain with a well bal-
anced circuit, but many production
sets suffer due to excessive selec-
tivity ahead of the detector. The
i-f selectivity often varies due to
regeneration or coupling coefficients
not controlled in low-cost receivers,
resulting in high downward modu-
lation during wide frequency
swings and considerable distortion.

These difficulties with the ratio
detector can be overcome provided
a careful design is made and a high
degree of quality control is exer-
cised in production. The chief ad-
vantage of the system is its ability
to suppress amplitude modulation
at lower signal levels than is possi-
ble with limiter sets.

The main disadvantages are the
problem of handling high percent-
ages of downward modulation, pro-
duced by multipath signals and ex-
cessive selectivity, and the fact that
ave voltages must be applied to sev-
eral high-frequency stages with the
possibility of shifting their tuning
and the symmetry of the selectivity
characteristic.

These disadvantages can be over-
come to a great degree if the audio

Simplified circuit of the lock-in oscillator
and quadrature detector combination

output requirements for the de-
tector are reduced and provided
enough i-f stages can be employed
to allow the use of high grid circuit
capacitances in the amplifier cir-
cuits which are automatically bi-
ased.

Locked-in Oscillator

The locked-in osecillator operates
in a manner similar to the double
limiter arrangement throughout the
lock-in range of the oscillator, but
it may distort badly when the sig-
nal level drops below the lock-in
threshold. It has been employed by
one manufacturer commercially
and in several forms experimen-
tally, such as the use of a submulti-
ple oscillator to convert to narrow
band f-m before detection and the
use of combined oscillator-detector
circuits.

In general the advantages and
disadvantages are of the same gen-
eral nature as those of the limiter
system. An important considera-
tion is the necessity for eliminating
any extraneous frequency or phase
modulation of the locked-in oscilla-
tor by filament, screen or plate volt-
age variations.

The locked-in oscillator has the
inherent capability of being less
suseeptible to interference than any
of the three systems described, but
practically its entire performance
depends on the degree to which the
oscillator can stay ideally locked to
the desired signal.
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R-F Operated

FIG. 1—External appearance of the carrier-operated relay. Shown on panel
are the antenna terminals, micro-relay, tuning control, and (at bottom) sensitivity
switch, automatic reset switch and jack for headphone monitoring

HENEVER it is necessary to
Wcontrol a relay at a remote
unattended location (a problem
which often arises in communica-
tions and industrial technology),
the supply of standby power as-
sumes importance. If power is
available, a relay controlled by a
continuously operating radio re-
ceiver suffices, but the reliability
of such a system is always in some
question because of possible fail-
ure of power supply or tubes. If a
high degree of reliability is re-
quired, and if power is at a pre-
mium, a wire control cireuit is
often pressed into service despite
its high initial cost.

Several months ago it occurred
to the writer that the reliability
and economy offered by the wire
circuit could be achieved by radio
control, provided that all standby
power were eliminated in the re-
ceiver and sufficient sensitivity
achieved to permit operation at
reasonably long distances.

The combination of a crystal de-
tector and a sensitive microam-
meter-type relay suggested itself
as a possible solution to the prob-
lem. Accordingly available relays
of this type were investigated.
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The most sensitive device available
is the meter-type relay which closes
a circuit by magnetic attraction be-
tween contacts on the meter pointer
and the pointer stop. One such me-
ter-relay, the Weston model 813,
closes with a current of 2 microam-
peres through a 1000-ohm coil,
which represents the minute power
consumption of 0.004 microwatt.
It will carry a contact current of
50 milliamperes, which is more than
sufficient to actuate a rugged power
relay.

Expressed in voltage, the relay
will close with 2 millivolts, d-c.
Combined with a silicon or germa-
nium crystal rectifier, such a relay
will respond to an r-f excitation of
from 5 to 15 millivolts, depending
on the detection efficiency. Since
a 100-watt transmitter will pro-
duce a 10-millivolt-per-meter field
at about 5 miles, under ground-
wave conditions, or at vastly
greater distances when skywaves
are called into play, it would ap-
pear that such sensitivity would
serve in many applications.

Among the uses to which such
a carrier-operated relay might be
put are: a carrier-failure alarm
which requires no power while

FIG. 2—Close-up view of Weston micro-
relay, which closes on 2 microamperes
d-c, supplied by tuned circuit and crystal

monitoring but which will sound
an alarm when the carrier disap-
pears for any period longer than
a second or so; a ringing device
for radiotelephone circuits to re-
mote locations having limited
power resources, such as fire
towers; a switch for turning on
any remotely located electrical de-
vice (transmitter, receiver, photo-
electric illumination control, and
others) when the periods of opera-
tion are so widely spaced that
standby power is of economic im-
portance.

Relay Specifications

The device, as finally constructed,
responds to antenna current with a
sengitivity of approximately 10
millivolts, r-f, and tunes over the
broadcast and medium frequency
spectrum from 700 to 2,300 ke. This
frequency range was selected be-
cause of the desire to test on sky-
wave signals, and because many
high-powered transmitters occupy
this region. Operation at 30 or 40
mec is equally feasible, merely by
changing the coils, and is perhaps
preferable when the effects of in-
terference are considered. The de-
vice consumes no power whatever
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Remote Control Relay

Consuming zero standby power, microsensitive relay responds directly to the current in

a receiving antenna, closing on 8 to 10 millivolts, r-f. Useful in many applications at

unattended locations or as a carrier-failure alarm

while in the standby condition.
The final control is exercised by a
power relay with 10-ampere con-
tacts, which draws four watts of
coil current when actuated from
a 115-volt line.

The microsensitive relay closes
through magnetic attraction, and
it remains closed until reset. Since
unattended operation is required,
an automatic thermal resetting ar-
rangement is provided. When the
relay is actuated, it remains closed
for from 10 to 60 seconds, and
then automatically resets to the
standby position. If the control
carrier is present continuously, the
device continues to recycle until
the carrier is removed, thus pro-
viding a recurring closure parti-
cularly suitable to ringing appli-
cations. The device may also be
reset manually and the reset mech-
anism may be disconnected if it is
desired that the relay remain
closed after the initial actuation.

By adjustment of the tension of
the meter-relay coil spring, the
microsensitive relay may be oper-
ated with contacts normally open
or normally closed. In the nor-
mally-open position, the relay
remains inactive until the control
carrier signal appears. In the
normally-closed position, with the
rectifier polarity reversed, the
relay is held open by the presence
of the carrier, and closes (actuat-
ing the power relay) only when the
carrier is interrupted.

Since signals of widely varying
strength may be encountered, a
sensitivity control must be pro-
vided. This is an adjustable shunt
across the sensitive relay which
reduces its sensitivity by a factor
of 10, 100 or 1000 times. A jack is
provided so that the station tuned
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By DONALD G. FINK

in can be identified by listening
with headphones.

In designing the r-f portion of
the carrier-operated relay, a choice
had to be made between sensitivity
and selectivity. It was decided to
design for maximum sensitivity,
which implies loading the tuned
circuit with the low (1,000-ohm)
resistance of the meter-relay coil.
This heavy loading reduces the
overall Q of the two-circuit tun-
ing system to about 7. Conse-
quently the resonance curves (Fig.
5) display a width of about 100 ke
at 6 db down at 650 ke, which is
not sufficient to separate stations
in the broadecast band. This is not
a disadvantage if the control sig-
nal is substantially stronger than
those of adjacent stations, which
is ordinarily the case when the de-
vice is used as a carrier alarm.

For operation at a fixed fre-
quency a larger number of tuned
circuits might also be employed to
increase the selectivity, although
such a system would be difficult to
track over an extended tuning
range,

Construction and Circuit

The external appearance of the
carrier-operated relay is shown in
Fig. 1. The pointer of the meter-
relay can be viewed as a tuning
indicator. In operation, the sensi-
tivity switeh (bottom, left) is set
to the minimum position and the
tuning dial set to the frequency of
the control signal. The sensitivity
switech is then rotated clockwise
until the meter pointer swings and
the magnetic contact points (Fig.
2) close. If the reset switch (bot-
tom, center) is in the upper posi-
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FIG. 3—Circuit diagram of the remote control device. An a-c operated power relay
(at bottom), actuated by the micro-relay, closes when the signal is received or
removed. A thermal contact resets the relay after 10 to 60 seconds
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tion, the relay remains closed in-
definitely until the magnetic con-
tacts are separated by manually
operating the reset armature to
the right of the relay. If the reset
switch is in the down position, the
thermal reset comes into play and
the relay is reset automatically by
the solenoid. The relay thereafter
remains inactive until the carrier
again appears. If the carrier is
still present, the relay recloses
cyclically until the carrier is re-
moved.

The circuit diagram is shown in
Fig. 8. The tuning system consists
of two ganged 0.00035 pf capaci-
tors, tuning the antenna circuit in
series and the secondary in paral-
lel. This provides a low-impedance
input (about 50 ohms). The coils
are universal-wound pies, each the
secondary of a standard broad-
cast-band r-f antenna input trans-
former. The coupling between the
two coils is varied until maximum
sensitivity is achieved at both ends
of the tuning range. The crystal
rectifier is not critical. The 1N34
germanium diode serves well, al-
though somewhat greater sensitiv-
ity (about 25 percent greater rec-
tified current) may be obtained
from selected silicon crystals of
the 1N21 or 1N27 type. The 0.2 puf
bypass to ground adds about 50
percent to the rectified current.

The sensitivity switeh consists
of three resistors switched by a
two-circuit rotary switch. To keep
the loading (and hence the select-
ivity) constant on all positions of
the switeh, a 1,000-ohm resistor is
switched in series when the low-
resistance shunts are across the
micro-relay. If constant selectiv-
ity is not desired, the sensitivity
may be reduced by switching se-
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ries resistance, which will increase
the selectivity as the sensitivity is
lowered.

The switch employed should
have positive action and should
short over from one contact to the
next as it is rotated so that the
micro-relay is not left unshunted
between the low-sensitivity posi-
tions. This precaution is necessary
when strong r-f signals are en-
countered, since the 2-microam-
pere coil of the micro-relay may be
burned out by currents in excess of
one milliampere.

Testing Sensitivity

Testing of the r-f and micro-
relay portions of the device is
readily carried out with a stand-
ard signal generator having a low-
impedance output. The measured
r-f input required to close the
meter relay at various frequencies
is shown in Fig. 4. A measurable
movement of the meter pointer can
be achieved with as little as 2 mil-
livolts r-f input, and the sensitivity
of closing can be increased by
setting the coil-spring of the
meter movement so that the
pointer rests, with no current flow-
ing, on the l-microampere scale
division. This adjustment is not
recommended, however, since the
reliability is somewhat impaired.

The power-relay portions of the
device are shown at the bottom of
Fig. 3. The micro-relay contacts
(repeated at the left in the dia-
gram) close the 115-volt circuit
across the power relay coil (Ad-
vance type 304B with thermal
reset). The power relav contacts
thereupon close. applying the 115-
volt circuit to an outlet receptacle
at the right, and operating inde-
pendent normally-open and nor-

mally-closed contacts connected to
binding posts. When the power
relay closes, another contact ap-
plies the 115-volt circuit to the
thermal reset, a resistance coil
wound on a bimetal strip. After
a period of from 10 to 60 seconds
(adjustable by the setting of the
contact screw) the bimetal flexes,
closing the 115-volt circuit to the
micro-relay reset solenoid, which
resets the micro-relay. A toggle
switeh in series with this circuit
may be opened to disable the reset
circuit.

When used as carrier-failure
alarm, the polarity of the crystal
rectifier is reversed, and the ten-
sion of the micro-relay coil spring
is adjusted, by turning the screw
on the front face of the relay
mount, until the magnet contacts
close solidly in the absence of the
current. When no carrier is
present, the relay then continues
to close and reset in the normal
fashion. When a carrier of suffi-
cient strength is applied, the re-
verse current holds the micro-
relay contacts open against the
tension of the coil spring and the
meter remains in the standby posi-
tion so long as the carrier is
present in sufficient strength.
Since the time constant of the
meter movement, under normal
current of 2 to 10 microamperes, is
of the order of a second, any in-
terruption of the carrier of this
or longer duration actuates the re-
lay, followed by a reset at 10 to 60
seconds.

The sensitivity is remarkable
when judged by the usual per-
formance of crystal-detector. re-
ceivers. The relay will close on
signals which are just barely audi-
ble in high-sensitivity (Baldwin-
type) headphones. It will close
solidly on the signal from a 50-
kilowatt broadcast station located
at 7 miles, when a finger is
touched to the antenna binding
post. A long aerial (130-foot di-
pole) provides such a high level
of signal that selectivity is the
chief problem. The cost of the
parts, at current prices, is approx-
imately 50 dollars. Readers are
invited to correspond concerning
possible uses of the device and
variations of the design to meet
specific applications.
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Adjustable-Bandwidth
F-M Discriminator

Use of a cathode follower in place of the pentode amplifier normally used to drive a Foster-
Seeley discriminator provides easily adjustable bandwidth control, output-frequency

characteristics complementary to the frequency-voltage characteristics of stabilized f-m

microwave oscillators, and freedom from critical adjustments

By W. G.TULLER and T.P. CHEATHAM, Jr.

N THE COURSE OF research on
I communication systems, the
need arose for a discriminator to be
used in frequency-modulation re-
ceivers having variable bandwidth.
Almost simultaneously the mathe-
matical analysis of a typical
discriminator circuit showed a pos-
sibility of constructing a discrimin-
ator whose bandwidth would be
readily adjustable by means of a
tap switch, but whose output—fre-
quency characteristics would have
a shape independent (in normalized
coordinates) of diseriminator
bandwidth.

This discriminator circuit has
proved considerably more tolerant
to misadjustment than conventional
types, and has four other significant
features: (1) the bandwidth is ad-
justable over more than a four-to-
one range by means of a single tap
switch; (2) the normalized output
voltage-frequency characteristic is
independent of bandwidth; (3) the
normalized output  voltage-fre-
quency characteristic may be made
the complement of the frequency-
modulating voltage characteristic of
a frequency-modulated stabilized
microwave oscillator, thereby mak-
ing possible very good overall sys-
tem linearity; (4) the circuit is not
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as critical to slight mistuning as
most other discriminators (particu-
larly in mistuning the primary).
The discriminator has three com-
pensating undesirable features: (1)
one additional high-g,. tube may be
required as compared to other
diseriminators; (2) sensitivity
(output volts per megacycle of fre-
quency deviation) is an inverse-
squared function of bandwidth
while peak output voltage is an in-
verse function of bandwidth; (3)
larger bandwidths are required for
a given amount of distortion than

in the case of the Foster-Seeley dis-
criminator.

Electrical Circuit

The circuit of a typical cathode-
driven discriminator, given in Fig.
1, operates in the same fashion as
the Foster-Seeley' discriminator ex-
cept for one important fact—the
stage preceding the rectifier acts
as a constant-voltage source (cath-
ode follower) instead of a constant-
current source (pentode amplifier).
This in general means that the tube
driving the diseriminator may not

+120V
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FIG. 1—Cathode-driven discriminator circuit, with values of components for center
frequency of 60 mc
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give good limiting action, so that
the circuit may have to be preceded
by a conventional limiter.

The coils forming the transformer
in the cathode-driven discriminator
may be coupled as tightly as possi-
ble, since the output of the diserim-
inator is proportional to the coeffi-
cient of coupling between them and
the bandwidth is independent of
this coefficient. Circuit parameters
given in Fig. 1 are for operation at
a midfrequency of 60 me, and all
data given were taken about this
midfrequency.

Theory of Operation

An analysis of the operation of a
cathode-driven discriminator is par-
tially given as an incidental part
of a published analysis® of the Fos-
ter-Seeley discriminator, and the
results of this analysis are of inter-
est here. If the detectors are linear,
the output voltage as a function of
circuit parameters is

al).F
2(1 + Q ‘F')] +

Eo=17E13 \/[14—

[z -

\/[1 711‘fg“F2)] +
e | .

where E, = ;d-c output voltage
n =rectification efficiency of
rectifiers

E, = Peak r-f voltage across trans-
former primary

o =QKVL/L,
Q: = loaded @ of transformer
secondary

K = coeflicient of coupling
Ly, = mductance of transformer

primary

L, = inductance of transformer
secondary

F =2B/f,

B = deviation
fm = midfrequency

Each radical in Eq. 1 represents
the output of one of the two half-
wave rectifiers. The expression may
be simplified to

(3
nB e

@)

Now if the detectors are square-law
instead of linear, the effect on Eq. 2
is simply to remove each radical,
leaving

Ey  _ 20QF 3)
B 1+ QRF?

From this expression it is apparent
that a plot of E,/nE.« as a function
of Q.F or, since F = 2B/f.., as a
function of @,B, should be independ-
ent of Q.. The effect of a change in
Q. will be to produce a proportional
change in the peak amplitude
reached by E, since « depends di-

rectly on Q,, and to change Av,, the
peak-to-peak bandwidth of the dis-
criminator, inversely with Q. since
the output will be a maximum for
a given value of Q.B independent
of @.. The curve given by Eq. 3 is
identical with the voltage-frequency
characteristic of microwave dis-
criminators, and hence complemen-
tary to the frequency—voltage
characteristic of a frequency-modu-
lated microwave oscillator stabi-
lized by such a discriminator’. As
can be seen from a comparison of
Eq. 2 and 3, the use of linear detec-
tors instead of square-law makes
the shape of the output-frequency
characteristic somewhat dependent
on the value of «, and hence on the
Q of the tuned circuit. For small
deviations (normalized with respect
to peak deviation), or for coeffi-
cients of coupling less than unity,
the difference between linear and
square-law rectifiers is negligible.

Experimental Results

The results obtained from the cir-
cuit of Fig. 1 are shown graphically
in Fig. 2 and 3. Figure 2 is a nor-
malized plot of the output voltage—

frequency characteristic of the
cathode-driven discriminator for
various loadings, in comparison

with two curves taken at different
loadings on a Foster-Seeley dis-
criminator. The shape of the char-
acteristic of the Foster-Seeley dis-

FIG., 2 (l'eft)—Voltuqe-frequency characteristics of conventional
and cathode-driven Foster-Seeley discriminators, showing that the

cathode-driven discriminator is independent of loading

FIG. 3 (below)—Variation of bandwidth-load product with band-
width for cathode-driven discriminator, showing how circuit losses
provide lower limit to bandwidth obtained
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criminator is a critical function of
loading and coupling, optimum
damping being somewhere between
the no-load condition (circuit losses
correspond to 3,200-ohm shunt re-
sistor) and loaded condition (equiv-
alent shunt resistance of 760 ohms)
in the case studied. The normalized
curves for the cathode-driven dis-
criminator, however, are independ-
ent of loading within experimental
error, as shown in Fig. 2.

Figure 3 is a plot of the product of
the bandwidth and load resistance
as a function of the bandwidth.
{Table I is included for supplemen-
tary data not included in Fig. 3.)
If the circuit Q were infinite, so
that all losses were supplied by the
loading resistor, this curve should
be a straight line parallel to the
abscissa since in this case @; =
wLR. Therefore RAv,, where Aus
is peak-to-peak bandwidth, should
be independent of R or Av,.

In practice, circuit losses provide
a lower limit to the obtainable band-
width. In the case investigated this
came at 1.7 mec, equivalent to a
shunting resistance of 3,200 ohms.
This resistance was assumed to be
included in parallel with the various
load resistors.

The resistance of the parallel com-
bination was computed for each
case and a new curve plotted
using the calculated resistance as
the load. As is seen in Fig. 3, the
resulting curve is within experi-
mental error a straight line parallel
to the abscissa. The load resistors
used were measured at d-c rather
than 60 me, so that the a-c resist-
ance of the highest-resistance units
might be expected to be relatively
lower than the a-c resistance of the
lower units because of the Boella
effect. This might explain the drop-
ping off of the experimental points
for small bandwidths.

Adjustment of the cathode-driven
discriminator to give symmetrical
curves was considerably easier than
adjustment of the Foster-Seeley dis-
criminator in all cases. This was
especially true with respect to pri-
mary tuning in obtaining a sym-
metrical curve about f..

Distortion

Inasmuch as the cathode-driven
discriminator is easy to adjust and
not critical as to eoupling coefficient,

ELECTRONICS — September, 1947

FIG. 4 — Distortion
curves for cathode-

driven  discrimina-
tor, giving ampli-
tudes of important
harmonic compon-
ents as function of
ratio of frequency
deviation to peak-
to-peak bandwidth
of discriminator
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one might wish to use it in the de-
tection of frequency-modulated sig-
nals from some linearly modulated
source such as a broadcast station.
In this application one is interested
in the nonlinearity of the circuit,
which will be somewhat greater
than that of the Foster-Seeley dis-
criminator.

Figure 4 shows the amplitude of
the various important harmonic
components in the output of the
cathode-driven discriminator as a
function of the ratio of deviation of
incoming frequency to peak-to-peak
bandwidth of the discriminator.
These curves are an extension of the
ones given previously in an analysis
of microwave discriminators,® the
extension having been carried out

TABLE I—Effect of Load
Resistance on Bandwith

Physical Actual

Load Shunt
Resistor Resistance* Avy
(ohms) (ohms) (mc)
® 3,200 1.7
87,000 3,090 2.0
12,000 2,530 2.5
5,000 1,950 3.0
3,000 1,550 4.0
1,500 1,020 6.0
1,000 760 7.6

* Corrected for 3,200 ohms circuit
resistance.

by twelve-point schedule analysis.
As is shown by these curves, the
peak-to-peak discriminator band-
width must be five times the peak-
to-peak deviation for 1 percent
third harmonic distortion or 2.5
times the peak-to-peak deviation for
5 percent third harmonic distortion.
These figures compare with the 1.7
ratio ordinarily used in commercial
frequency - modulation  receivers.
The curves given apply for square-
law detectors. If linear detectors
are used, the ratio of 2.5 may be
dropped to 2.1 for critical coupling.
Distortion is always less with linear
than with square-law rectifiers in
this discriminator, but is somewhat
dependent on coupling at high de-
viations.

This paper is based in whole or in
part on the work done for the
Office of Scientific Research and De-
velopment under Contract OEMsr-
262 with the Massachusettts Insti-
tute of Technology.
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Analysis of Full-Wave

By D. L. WAIDELICH

Associate I’rofessor
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University of Missouri
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FIG. 2—Equivalent circuits of the recti-
tier and filter. (A) tube conducting; (B)
tube not conducting

HE FULL-WAVE rectifier circuit
Twith a capacitive-input filter is
probably the most common of all
rectifier circuits.

Freeman and Terman' have made
an analysis of this circuit using as
their chief assumption the idea that
the filter inductance was infinitely
large. They have presented curves
which could be used in the design of
the rectifier and filter circuit, but
unfortunately the curves are valid
only at lighter loads and at one
frequency, that of sixty cycles per
second. Stout’ made an analysis
which presented the waveforms in
the circuit but gave no characteris-
tic curves suitable for use in de-
sign, while Mitchell® assumed an
infinitely large inductance in his
analysis.

This paper presents the results of
an investigation made to determine
the effects of a finite filter induct-
ance on the operation of the recti-
fier and filter circuit. The results
may be used in the design of the
rectifier and filter circuit for any
frequency and with any load from
open circuit to short circuit.

The analysis of the circuit was
made using the newly developed
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steady-state operational calculus'.
It was found that approximate
values of the portion of a cycle that
each tube was conducting would be
helpful in the analysis, and these
were obtained by setting up the cir-
cuit and observing the tube cur-
rents by means of a cathode-ray
oscilloscope. With these approxi-
mate values as a starting point, the
exact portion of each cycle that the
tube was conducting could be de-
termined from the analysis.

The schematic diagram of the
rectifier and filter circuit is shown
in Fig. 1. Tube T, conducts during
the first half cycle of the applied al-
ternating voltage and charges capa-
citor C, almost to the peak value of
the alternating voltage.

Current flows from capacitor C,
through the filter inductor L to
charge capacitor C.. The load resis-
tor R has the same voltage as the
second capacitor C.. During the
second half cycle of the alternating
voltage, the second tube 7. con-
ducts, and capacitor C, is charged
again to repeat the process. The
filter may be thought of as a low-
pass filter which passes direct cur-
rent but greatly attenuates the al-
ternating currents.

Assumptions

To make a mathematical analysis
feasible, certain simplifying as-
sumptions are necessary:

(1) The transformer and filter-

inductor resistance is zero. The
tube resistance is zero when it is
conducting.

(2) The leakage reactance of the
transformer is zero.

(3) Both filter capacitors have
the same capacitance.

The errors caused by the first of
these assumptions will be corrected
for in a manner to be described.

Two equivalent circuits were

used as shown in Fig. 2. When
the tube is conducting Fig. 2A ap-
plies, while Fig. 2B should be used
when the tube is not conducting.
The equations for the currents and
voltages in the circuits were set
up and then solved by the use of the
steady-state operational calculus.
The solution showed that the tube
conduction angle v of one tube de-
pends only on the two independent
variables w’LC and wCR where o is
27 times the supply frequency, L
is the inductance in henries of the
filter inductor, C is the capacitance
in farads of one filter capacitor,
and R is the resistance in ohms of
the load resistor. The variable
o’LC may also be regarded as the
ratio of the reactance of the filter
inductor to the reactance of one
filter capacitor, while wCR is the
ratio of the load resistance to the
reactance of one filter capacitor.
The solution showed furthermore
that all characteristics of this rec-
tifier circuit depend on these two
variables alone.

Filter resonance seems to occur
at w’LC = 0.5, for then the sum of
the reactances of the two filter ca-
pacitors and of the inductor is zero.
This assumes that the reactances
are calculated at the fundamental
ripple frequency which is twice the
supply frequency. The problems of
practical importance at present al-
ways have w’LC greater than 0.5
and for this reason it was decided
to use 0.6 as the lowest value of
w'LC.

Two special cases of the general
solution were considered separately
because of the significance of the
results. The first of these is that
for w’LC infinitely large which im-
plies that the filter inductance is
infinitely large and that the cur-
rent through the inductor has zero
ripple.
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Rectifier and

Capacitive-Input Filter

Some simplifying assumptions make it possible to express results in terms of two eeneral

parameters. Data are presented for tube angles, output voltage. ripple. and peak tube cur-

rents. Filter resonance, pulsed current. and continuous current operation are included

The other special case might be
called the non-cutoff or the continu-
ous-current case in that each tube is
conducting 180 degrees and the cur-
rent entering the filter never cuts
off or drops to zero. The current in
each tube is stopped by conduction
starting in the other tube, and a
form of commutation between the
tubes is set up in which the current
switches from one tube to the other
and back again.

The main problem for this second
special case is not that of finding ¥
which is known to be 180 degrees,
but that of finding the boundary
or dividing line between the cut-off
or pulse-current and non-cut-off or
continuous-current cases. In the
analysis it was found that the
boundary occurred at approximately
wCR = 0.6 with the continuous-
current case occurring for smaller
values of wCR and the pulsed-cur-
rent case for larger values of wCR.

Characteristics

The characteristics of the cir-
cuit that are of the most use in the
design of the circuit and predeter-
mining its properties are the tube
angles, the average output voltage,
the ripple, the peak and average
tube currents, and the peak inverse
voltage on the tubes.

The angle ~ during which the
tube conducts is presented in Fig. 3
as a function of «'LC for various
values of wCR. For a fixed value of
w*LC this angle varies from zero
degrees at open circuit (wCR in-
finitely large) to 180 degrees for
the continuous-current case which
includes values of wCR from ap-
proximatelv 0.6 to zero (short cir-
cuit). With oCR fixed, the angle
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v varies little for values of w’LC
above ten, but for »’LC less than
ten the variation is considerable,
especially as filter resonance is ap-
proached (o’LC = 0.5).

The angle 3 at which the tube
stops conducting is presented in
Fig. 4 and the manner of variation
is similar to that for angle ~. For
a fixed value of w’LC, angle p varies
from ninety degrees at open-cir-
cuit to 180 degrees for values of
oCR from approximately 0.6 to
zero (short circuit). The angle
% at which the tube starts conduct-
ing may be found by the use of the
relation, x = 3 — v. Increasing the
load of the rectifier circuit has the
effect of increasing both angles p
and v, while « is decreased. The
effect of approaching resonance in
the filter is similar in that angles
3 and ~ are increased, while x is
decreased.

One of the most important char-
acteristics of a rectifier circuit is
the average output voltage. This
voltage may be obtained from the
ratio of the average output voltage
to the maximum value of the sinu-
soidal voltage across one-half of the
transformer secondary, E,./E... The
ratio EF../E, 1s given in Fig. 5 as
a function of »’LC for various val-
unes of wCR. For a fixed value of
o’LC, the ratio decreased from a
maximum of unity for »CR infin-
itely large (open circuit) to 0.637
for wCR equal approximately to 0.6.
For values of owCR from 0.6 to
zero (short circuit) the continuous-
current case applies, and F,./F, =
0.637. The voltage ratio E. FE,
varies little for large values of
«’LC, but changes considerably as
«’LC approaches the resonance
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ANGLE V IN DEGREES

w2Le

FIG. 3—Angle during which the tube

conducts

value of 0.5. Both increasing the
load and approaching filter reso-
nance have a similar etfect, that of
making the voltage ratio approach
0.637.

The ripple voltage across the load
resistor of the rectifier circuit is
another important characteristic. It
may be obtained from the percent
ripple » which is defined as 100
times the ratio of the effective value
of the fundamental ripple voltage
appearing across the load resistor
to the average voltage FE.. across
the same resistor. In practice only
the fundamental ripple voltage is
sufficiently large to warrant con-
sideration, and for a full-wave cir-
cuit, the fundamental ripple fre-
quency is twice the supply fre-
quency.

For large values of «°'LC and
oCR it was found possible to give a
partly empirical and partly theo-
retical expression for the percent
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ripple across the load resistor. This
is

' 315 + 67.25 PLC

(L) V4 (WLCY? + (wCR): (4 2LC — 1)2
(1)

and the error in the percent ripple

will be less than five percent if

o’LC = 2.0 and wCR = 5.0.

Equation 1 will be applicable in
many of the problems encountered
in practice, particularly those in
which the circuit is lightly loaded.
It expresses the percent ripple for
the region where each tube is firing
only a short time, the output volt-
age is high, and the charges on the
filter capacitors do not vary much
during one cycle.

For heavier loads, the percent
ripple is shown as curves in Fig. 6.
For o°LC constant, the ripple in-
creases from zero for ©CR ap-
proaching infinity (open circuit)
to a maximum in the vicinity of
oCR equal to unity and then ap-
proaches zero again as wCR ap-
proaches zero (short circuit). For
a fixed value of wCR, the percent
ripple increases from zero for «:LC
approaching infinity  (infinitely
large inductance) toward a maxi-
mum as »’LC approaches 0.5 (filter
resonance). For very heavy loads
(wCR < 0.6) the continuous-cur-
rent case applies and the percent
ripple r is given by

o 47.14 (w ("B)i o
V4 (L) + (WOR) (3 'L — 112
(2
The percent ripple approaches zero
as «CR approaches zero (short cir-
cuit) because most of the ripple
voltage appears across the inductor
and very little of it appears across
the output load resistor, while all
of the average voltage appears
across the load resistor.

The peak tube current may be ob-
tained from the ratio P, of the peak
tube current to the average current
for one tube. An empirical equa-
tion was fitted to the calculated
values of P, and this equation is

Py = 5.016 (wCR)0-502 (3)
where wCR = 0.6. For values of
oCR from 0.6 to zero, P, varies
from four to a minimum of two.

The inverse peak voltage applied
to each tube is always the maximum
value of the transformer secondary
voltage.

r =
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The circuit was set up to obtain
experimental verification of the
foregoing calculated results. Meas-
urements were made with a sixty-
cycle source of alternating voltage
and with a filter having o’LC = 2.0.
This value of w’LC was chosen so
that a large range of wCR could be
obtained. Filters with other values
of w’LC were also used with good
agreement.

Experimental Results

Various quantities such as aver-
age output voltage, ripple voltage,
and the tube angle ¥ were measured.
Figure 7 shows the calculated and
experimental results for the aver-
age output voltage ratio with the
calculated results shown as a solid
curve and the experimental points
as circles. Agreement is good except
for low values of wCR which corre-
spond to heavy loads.

For heavy loads the resistance
of the rectifier tube, transformer,
and filter choke become appreciable
in comparison to the load resistance.
These resistances were measured
and were added to the load resist-
ance to give an equivalent load
resistance. The tube resistance was
taken as the voltage across the tube
at rated current divided by the
rated load current of the tube. The
average output voltage is then the
product of the average output cur-
rent and the equivalent load re-
sistance.

The new value of wCR is in-
creased since the equivalent load
resistance is larger than the load
resistance alone. The resulting
compensated experimental values
are shown as crosses in Fig. 7, and
the agreement between the experi-
mental points and calculated curve
is quite good even for heavy loads
(small values of wCR).

Similar results for the percent
ripple are shown in Fig. 8. Since
the percent ripple is inversely pro-
portional to the average output volt-
age, the compensated values of
percent ripple are smaller than the
uncompensated ones. Again agree-
ment between the calculated curve
and the compensated experimental
points is good.

The peak tube currents will be
somewhat in error for high values
of ®CR even though compensation
is used. Equation 8 will give some-
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what high values of peak currents
in this case.

One very common design problem
is that in which the maximum rip-
ple, the load current and voltage,
and input alternating voltage and
frequency are known and the filter
components, tube and transformer
are to be selected. If a size of filter
capacitor is selected, «CR may be
calculated. From the ripple char-
acteristics of Fig. 6 the value of
»’LC may then be selected to give
the maximum permissible ripple.
The inductance necessary may then
be obtained from »?LC. If an induc-
tance of this size is not available, a
different value of capacitance C
should be selected and the whole
procedure repeated.

Once the values of wCR and
»’LC have been obtained the sec-
ondary voltage of the transformer
may be found from the average
voltage characteristics of Fig. 5.
The tube or tubes may be selected
by the use of Eq. 8. If the tube,
transformer, and choke resistances
are appreciable, they should be
taken into account.
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Current in auxiliary winding on saturable core reactor con-
trols current in main winding. High amplification and fast

response are obtained. These magnetic amplifiers have

been used in gun control servomechanisims, braking sys-

tems of electrical locomotives, and in automatic aircraft
Research has been conducted toward their use in

pilots.

the steering control of V-2 rockets

By WALTER E. GREENE

Lt. Comdr. USN
Electronics Officer
Office of Naval Research
Washington, D. C.

Applications of
MAGNETIC

Magnetic amplifiers, essentially sat-
urable core reactors in which the de-
gree of magnetization and flux change
is controlled by auxiliary windings,
were invented by E. F. W. Alexander-
son for use with his alternator. How-
ever they had not been widely ap-
plied because of limitations of core
materials and lack of a high-current
rectifier. High permeability core
materials have been alloyed in Japan,
efficient selenium rectifiers have been
developed in Germany and the
theoretical analysis in Scandinavia so
that this American device is now
practical. The nonelectronic ampli-
fier, being free from mechanical lim-
itations of vacuum tubes, may well
provide the means for wider indus-
trial application of the techniques
built around electronic amplifiers.
Development of magnetic amplifiers
dramatizes the international aspects
and interrelations of basic sciences of
modern technology, and also reminds
us occasionally to review discarded
techniques in the light of current ma-
terials to determine whether their
shortcomings have been negated by
subsequent developments.—Editors.

NTERROGATION of German prison-
I ers revealed that the German
Navy had begun replacing some
electronic servoamplifiers, which
were part of their naval fire control
equipment, with servoamplifiers
that employed magnetic amplifiers
not liable to damage by shock or
vibration. Although antedating
vacuum-tube amplifiers, magnetic
amplifiers had been little used in
America. This information of Ger-
man use indicated however that
these devices could compete with
vacuum tubes in some applications,
just as other nonlinear devices have
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been used in place of vacuum tubes
for modulation and detection.

The magnetic amplifier was first
disclosed in a United States Patent
granted to E. F. W. Alexanderson
of the General Electric Co. in 1916.
Over a period of years this patent
was followed by 75 to 80 others. The
purpose of Dr. Alexanderson’s de-
velopment was to provide means
for modulating high-frequency al-
ternating currents from one of his
alternators so that its current could
be used for trans-Atlantic radio
telephony. It is interesting to note
that by 1916 the magnetic amplifier

had been used to modulate as much
as 72 kw while Dr. DeForest’s three
element vacuum tube had been de-
veloped to handle only a few watts.

The magnetic amplifier became of
minor domestic importance because
of growing popularity and technical
advances in vacuum-tube tech-
niques. Development of high-per-
meability magnetic core materials,
and efficient dry disk rectifiers, both
necessary to the development of
magnetic amplifiers of high effi-
ciency, came later. By the time
these components were available,
the magnetic amplifier had been for-
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Measurements on modern magnetic amplifiers show that they have fast response and high gain

AMPLIFIERS

gotten and "‘amplifier” became syn-
onymous with “vacuum tube ampli-
fer”. However, European scientists
pursued its development for power
applications.

With the ascendancy of the Nazi
regime in Germany, scientific re-
search became highly important for
development of their war machine.
The Germans investigated every-
thing that could be of military
use, including the magnetic ampli-
fier. American engineers had failed
to parallel development of the re-
lated components with improve-
ments in the magnetic amplifier.

ELECTRONICS — September, 1947

The Germans, however, took the
magnetic amplifier, added a more
recent noteworthy U. S. develop-
ment, Permalloy, a magnetic mate-
rial having high-permeability char-
acteristics, and also took advantage
of the dry disk rectifier (copper
oxide, copper sulfide, and especially
selenium). The excellence of the
German selenium rectifier was a
¢great aid in their development of
the magnetic amplifier.

Though Germany has been quite
successful in the development of
this device for military use, greater
success was inhibited by lack of

proper coordination between their
Army, Navy, and Air Force. Each
service conducted its individual pro-
gram, disseminating a minimum of
information to other services.

The German Navy employed mag-
netic amplifiers wherever possible
on their naval vessels, some having
been installed a decade before the
war; they operated satisfactorily
and without attention for the life
of the vessel. They were used for
stabilizing range finder mounts,
gun mounts, and as preamplifiers
to servosystems used to stabilize
antiaireraft directors in space. The

125



Germans were also developing all-
electric computers in which mag-
netic amplifiers were used in a man-
ner analogous to the way we employ
cathode follower vacuum tube cir-
cuits.

As a control device, the Luftwaffe
used it in connection with automatic
pilots. The German Army also con-
ducted extensive research at Peene-
munde in applying the magnetic
amplifier to the V-2 as a steering
control. It was also developed as a
frequency regulator for motor-gen-
erator sets capable of maintaining
accuracy to within 1/1,000 of the
desired frequency while using a d-c
motor whose voltage supply was not
constant. Commercial use appears
to have begun about 1942 or 1943
with application to electrical brak-
ing systems for railroad locomo-
tives. At Darmstadt, research had
begun in applying the magnetic am-
plifier to high-voltage power lines;
however, this was interrupted by
allied bombings and never devel-
oped past the fundamental research
stage.

The Japanese conducted funda-
mental research on magnetic am-
plifiers but did not develop them to
any great extent. Fire control
equipment, purchased from the Ger-
mans, included magnetic amplifiers,
but it never reached Japan because
of the allied shipping blockade. The
Japanese, however, developed mag-
netic core materials, which in the
future will play an extremely im-
portant role in magnetic amplifier
progress.

Other Foreign Contributions

Although Japan has never been
an outstanding nation in the devel-
opment of electronic equipment,
there ig one important exception,
namely, in the field of magnetism:
in this Japan led the world. In most
countries, research in magnetism
has always been a somewhat sec-
ondary consideration in electronic
development. This was not true,
however, in Japan. For over 30
years there has been maintained at
Sendai, a government sponsored
Research Institute for Iron and
Steel and Other Metals, under To-
huku Imperial University. As a re-
sult of the work of this and other
magnetic laboratories, Japan is re-
sponsible for at least half of the
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new magnetic materials introduced
since 1920. The most important of
these are Alfer, Sendust, and spe-
cial silicon-iron alloys having per-
meabilities nearly twice that of
United States’ best magnetic mate-
rial. These are vital to efficient
magnetic amplifier design, for it is
the property of extremely high per-
meability at low values of magneto-
motive force that allows the mag-
netic amplifier to achieve high am-
plification. Of equal, if not greater
importance is the fact that these
alloys contain no nickel, an element
in which Japan, Germany, and the
United States are strategically de-
ficient.

Swedish engineers are also in-

. terested in the magnetic amplifier.

Dr. Uno Lamm, wrote a book in
1943 on the subject of magnetic am-
plifiers entitled “The Transductor.”
This work gives perhaps the most
complete technical and theoretical
treatise on the magnetic amplifier
which has been published to date.
The book discusses use of the mag-
netic amplifier for automatic regu-
lating and relaying purposes.

The British are also conducting
research on the magnetic amplifier.
Reports show that they have been
able to overcome to a certain ex-
tent a major fault of this device—
the slowness of response to control
signals.

Basis of Operation

Before discussing some of the me-
chanics of the saturable core reac-
tor and the complete magnetic am-
plifier, it is advisable to review
briefly the properties of iron-cored
coil.

Any coil possesses the property of
electrical inertia, called induc-
tance. This inductance opposes a
change in the current in the coil.
The magnitude of this property is

FIG. 2—Simplest amplifier connection

expressed in units called henrys.
In an iron-cored coil, the inductance
is dependent to a very great extent
on the permeability of the iron in
the core. Permeability is, in effect,
a measure of the relative ease with
which magnetism flows in a certain
circuit.

The relationship between induc-
tance and the permeability of the
core is

;- 1256 f-\”“ a,
where N is number of turns in the
coil, p is permeability, a; is
cross sectional area of the core in
centimeters, and [, is length of the
magnetic path in centimeters. These
constants are those used in the cgs
system.

Because the permeability is not
a constant, the inductance will vary
with it. Therefore one must con-
sider the permeability next.

Permeability of magnetic mate-
rial is defined as the ratio B/H,
where B is flux density (lines per
square centimeter in the cgs sys-
tem) and H is the magnetizing
force (in oersteds, or in ampere
turns since one ampere turn per
centimeter is 1.256 oersteds). With
these units, the permeability of air
is unity.

Permeability, depending on flux
density, is in general, small at low
flux densities, maximum at moder-
ate values and quite small when the
core is saturated, as shown in
Fig. 1.

A circuit containing inductance
will, when subjected to an alternat-
ing voltage, have a current whose
value is determined by 1., = F,./X.
where X, is inductive reactance,
which in turn iS related to the in-
ductance of the circuit by X, =
2nfL where f is frequency of the al-
ternating voltage. So, as X, in-
creases, I, decreases and vice versa.

X 1078 (henrys)
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FIG. 3—Self-excitation can be used

For the purposes of this discus-
sion, saturable core reactors are
considered to be the actual trans-
former-like structures that are part
of the complete magnetic amplifier
circuit. A saturable core reactor
consists of separate load and con-
trol windings with, perhaps in spe-
cialized cases, additional windings
for feedback and stabilization cir-
cuits. Uses of these windings will
be developed in the following dis-
cussion.

Because a given amount of direct
current will control a larger amount
of alternating current, the device is
an amplifier and for many purposes
can be considered analogous to a
vacuum tube. A reactor used in this
manner, together with selenium or
dry rectifiers to provide the direct
current, is called a transductor in
Sweden.

Figure 2 shows a simplified cir-
cuit of a typical saturable core re-
actor. The reactor is designed so
that with little or no current flow-
ing in the d-¢ control winding, the
reactance of the load windings is
high and effectively limits the a-c to
a small value. With a relatively
large d-c flowing, the core becomes
saturated, the permeability de-
creases, inductance and conse-
quently reactance decreases and the
a-c increases, allowing more a-c
power to be dissipated in the load.

The amplification factor or more
specifically in this case—the con-
trol ratio, can be defined as the
ratio of ampere turns in the load
windings to ampere turns in the
control winding,

R _ NI load
control ratio = 377
N Icontrol

Where NI ,,.. is the number of
turns of wire in the load windings
multiplied by the current flowing
through them; the same is true for
NI controls
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FIG. 4—Feedback increases sensitivity

Dr. D. W. Ver Planck of Carnegie
Institute of Technology, working
under sponsorship of the Office of
Naval Research, has found that cer-
tain core and winding configura-
tions have advantages over others
as far as control ratio, speed of re-
sponse, and insulation requirements
are concerned.

The two reactors mentioned so
far have been series wound. Of
course it is possible and often de-
sirable to use parallel wound re-
actors. It is known that as far as
steady state performance is con-
cerned, the series and parallel con-
nections are of equal merit provided
the impedance of the lo