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More than 100 types of
tubes for use in Commercial
Broadcasting, Point to Point
Communication, Ultra High
Frequency Transmission, Elec-
tro Medical Apparatus, High
Voltage Rectification and many
industrial Applications.

We're in the Army now

*U. S. Army, Navy, Civil, and Aeronautical Departments, etc.

. and faced with a continuous step-up in the demand for AMPEREX Transmitting
and Rectifying Tubes for the armed services.

Despite the fact that your valued commercial orders for certain tube types must be
subordinated to problems arising from the national emergency, the priorities situation,
restrictions on certain rare refractory metals and materials, etc. . . . we are still able to
fill all your orders.

However, in this period of unusual stress, we ask your consideration and
cooperation in anticipating your requirements so that we may maintain our cus-
tomary rapid delivery schedules.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET . BROOKLYN, NEW YORK
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DESIGNED for the exacting conditions

imposed by Radio set manufacturers

in defense and civilian equipment, whether
in AM or FM.

54

Value from 5 to 50 MMF e Temperature
coetticient—.0005 MMF /MMF /C°. *» Power '
factor less than .1% under normal and

abnormal conditions ¢ Rotor and stator of

T

high grade ceramic material * Plates are
silver deposited on optically ground, flat
ceramic surfaces ¢ Vibration-proot stability
of adjustment rotation 180°, sturdy mechan-
ical stop * No frictional contacts, 100% solid
solder connections from lugs to condenser

plates * Capacity free pigtail connections.

.116+.005 CENTRAlAB: Div. of Globe-Union Inc., Milwaukee, Wis.
-00
55517

CERAMIC FIXED CAPACITOR
Small “special purpose” for h.f.
circuits where temperature com-

, ,'@ CERAMIC TRIMMER CONDENSER
TS here greater stability than ordi-
W) )| where great Ity ;
\\ . nary types is required. Supplied
‘ with neg. temp. coefficient of pensation, low power factor, or
\§\ @ .006 MMF/MMF /C°. With or with- absolute permanence are impor-
\ \ LO O/ out mounting brackets. tant. 1000 V.D.C. leakage resist-
ance more than 10,000 meg. Pow-
er factor less than 1%.

[N
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GHOSTS

WITH THIS NEW
TRACING CLOTH

PHOENIX is the new kind of trac-
ing cloth, proofed against per-
spiration stains and water marks
—that bholds evasuve scars at a
minimum. PHOENIX gives you
clean tracings, in pencil or ink,
free from untidy “ghosts” that
reproduce on blueprints!

~ An exclusive new process is
responsible for this amazing per-
formance, a process which defies
moisture, and gives PHOENIX its
unusually durable working sur-
face. You use harder pencils. ..
get sharper lines with less ten-

REG. U.S. PAT. OFF.

TRACING CLOTH

for pencil and ink

dency to smudge. Even 6H pencil
lines show clearly, and repro-
duce strongly. You don’t mar
the surface when you erase;
erased areas take pencil smoothly
—and ink without feathering. Its
new white color and its increased
transparency provide excellent
drawing contrast. .. produce
strong blueprints.

Give PHOENIX your own
drawing board test. See your
K&E dealer, or write for a gen-
erous working sample and an
illustrated brochure.

s
cf"q:':"s-
Ng clorl.,

PHOERIX DEFIES
MOISTURE GHOSTS

Perspiration and water
splashes on ordinary tracing
cloth create “ghosts*” which
reproduce on blueprints.
PHOENIX Tracing Cloth
withstands actual immersion
in water for fully 10 minutes
at a time! Perspiration and
water marks will not stain it!

PHOENIX LESSENS
SMUDGE GHOSTS

The new improved surface of
PHOENIX Tracing Cloth
permits you to use harder
pencils (SH and 6H) and to
get sharper lines with less
tendency to smudge.

Result: Cleaner traciangs
and blueprints.

PHOENIX REOUCES
ERASURE GHOSTS

Ordinary tracing cloths be-
come scarred whenerased...
erascd spots produce ghosts
on blueprints.

PHOENIX has a durable
drawing surface that reduces
working scarstoaminimum,

EST. 1867

KEUFFEL & ESSER CO.

CHICAGO - ST.

NEW YORK -
Louis

HOBOKEN, N. J.

- SAN FRANCISCO LOS ANGELES -

OETROIT -

MONTREAL




-but TWO savin are better!

The benefits of using any Self-tapping Serews are unques-
tioned.  Every day they are enabling plants large and
small 10 roll up big savings, by eliminating time-wasting
operations in assembling thin or heavv sheet metal. die
cast or plastic parts. But vou gain the full benefits of the
Selfctapping Serew Method only when every serew drives
right, holds tight. A few “trouble-making” screws in a lot
can rob you of a sizable share of the economies.

That is why you make a double saving with Parker-Kalon
Self-tapping Serews! For the Parker-Kalon Qualitv-Control
Laboratory — without counterpart in the industry - elimi-

“doubtful screws” . . . serews that look all right but

nales
some of which fail to work right. Specily Parker-Kalon
aund you can drive every serew you start . . . fast and easily.
And count on it to hold!

Save operations with  Self-tapping Screws. Be sure
thev’re Parker-Kalon, and you’ll get a “bonus” in non-stop
work that comes only with the genuine Parker-Kalon

yroduct. Parker-Kalon Corp., 192-194 Varick St., New York.
] ]

AN 4 =, e
£ /f‘\' fog® AN é

b3 o= (V) PZx
= ' 2 * o ) ot

. b A T

ct % - L% O

o

Nk

OPERATIONS
LIKE
Fapa

By eliminating needless operations on many assemblies,

Fada Ruadio & Television Co. hoosts production an esti-
mated 25% with Parker-Kalon Self-tapping Serews. You
can save operations, loo, with this unique {fastening
method. Eliminate tapping time, costs and equipment.
End fumbling with bolts and nuts. Eliminate lock

washers. Do away with viveting in hard-to-get-at places.

PARKER-KALON

ool

SELF-TAPPING SCREWS

Give the Green Light e to Defense Assemblies

S

=,

SELF-TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY ... AND OTHER FASTENING DEVICES

October 1941 — ELECTRONICS
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Proof That the Public Regards “’/FM’’ as More than a Strange Radio Symbol

W47A started operation July 17 with 36 sponsored programs, none less than 15 min-
utes long. It serves the Capitol District of New York State—covering 6589 square
miles—1614 hours daily, 1815 hours Saturdays.

. . . hief Engi FWA4TA,
Owned and operated by the Capitol Broadcasting Co., Inc.—devoted solely to FM— 2::s|lfe§di}:;sa%ncu'fe 1_1%:";:,2 ?,ansmme,
it is the first commercial FM station unaffiliated with any broadcast interest.

W47A is also the first station in the country to get a construction permit from the 2

F.C.C. for STL equipment. It will operate on 331 megacycles with W2XEO as the

call letters. This studio-to-transmitter equipment is being built by G.E. and will soon

be installed. : C’

General Electric offers the only compre- |

hensive line in FM today—broadcast and ' E

relay transmitters, receivers, tubes, fre- ,

quency and modulation monitors, high- 4 W.

gain turnstile antennas, and crystals. s STATION

G.E. is the only manufacturer of FM broad- oW 10 PLAN AN Fd S NSN‘““-RS

cast transmitters and receivers operating H W OPERATING FM TRANSY

an FM station as a proving ground. To HINTS K MEASUREN\ENTS INF

benefit from actual operating experience How TO M )

look to General Electric for all your FM TRANSM““RS_d . wrivien bY G-E e'r;‘i'; . : o W Sy _

needs. Just get in touch with the nearest Three valuable 891495 KL geid. G‘g“a,d R | "'g-"ﬁ:‘“ﬁ

of our 80 offices. neers, 1° hg‘.PE :I:presentoﬁva.hoe'n:"'"’ Y : i
:loer;t?:u;acﬁon 160-16, 3¢
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Why Were Mepping Up Our Advertising
To Bring You News About Springs

y N THE NEXT few months—through the ad-

vertisements of this company — you are go-
ing to see a series of stories about springs that
have never been told, or well told, before. 1f
you design, specify or buy springs, these sto-
ries will interest you. They can influence the
performance of your product and increase the
satisfaction of your customers.

We are going to tell this story because many
people still feel thataspringis a*“hunk of wire”’

The simple truth is that spring manufactur-
ers, with few exceptions, have outgrown the

by-guess-and-by-gosh way of making springs.
Rule-of-thumb methods have been replaced
by scientific formula, scientific manufactur-
ing and scientific testing.

The astronomical number and variety of
springs used today, the kinds of wire and fin-
ishes, and the functional responsibilities placed
on springs make the help of spring engineers
not only advisable but profitable.

As you run across the next advertisement
of this series in this publication, and those to
follow —remember that they’re worth reading.

HUNTER PRESSED STEEL COMPANY, LANSDALE, PA.

H

NTER
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We are happy to have made this contribution

14 YEARS OF PROGRESS

TYPE 255

The first
tantalum tube

TYPE 854

A new
tantalum tube
for modern

UHF
applications

GAMMATRONS

ELECTRONICS — October 1941

to the electronic art

Today tantalum tubes are doing their
part in the National Defense program.
It is natural that GAMMATRONS play an
important role, that designers should
turn to the pioneer in the field for
new tantalum tube developments. It
is natural that when tantalum tubes

are considered users all say —




Where Weight Counts

Plated Aluminum Condenser 1009% Soldered

DEVEL()PED especially for aviation, Hammarlund’s
plated aluminum condensers combine rigidity of soldering
with the light weight of aluminum. This saving in weight
makes possible greater pay-load capacity in commmercial
aviation and greater striking range or increased armament

of military ships.

THE HAMMARLUND MANUFACTURING CO.. INC.
424-438 West 33rd Street, New York, N. Y.
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Designed —electrically and
mechanically to YOUR specifications

oobipl

b
L3

g i )
¥ <

MANUFACTURING transformers for all industrial, electronic and laboratory

applications has been our specialized work for 40 years. Today, a very
important part of this business is with the electronic industry, and especially with
manufacturers who purchase components for refabrication in their products. For
these customers, AmerTran engineers develop designs to meet exact electrical
and mechanical requirements.

While the present needs of National Defense are taxing our expanded engineer-

ing and manufacturing facilities, AmerTran quality will not be impaired. The

benefits resulting from present experiences will, in the future, place us in a still

stronger position to serve our regular and new customers in the commercial ficld. MER
RA

AMERICAN TRANSFORMER CO., 1778 EMMET ST., NEWARK, N. J.

Manufacturers since 1901

at Newark, N. J.

10 October 1941 — ELECTRONICS
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You asked for it ...

and here it is

14

SENSATIONAL

NEW

HOLE

GLASS BASE

PR 4,
B . .
LT A x

LOCOK at these EXCLUSIVE FEATURENS!?

SERIES 6000 — RED LABEL AUDIODISCS

® Thin, flexible glass base, with center hole and three drive
pin holes in new type fiber insert.
@ Conventional overall thickness; cutting head adjustments
and use of special turntable pads eliminated
@ New strength, the coating being a high percentage of total
thickness. Perfect coating-to-glass bond.
@ Amazing durability through scientifically correct strength
to-weight ratio.
© Less static charge in cutting.
@ Flawless surface, lower surface noise, longer playback life

no deterioration.

® Coating formula and process now acclaimed the industry’s
outstanding best.

@® Safe delivery. All Audiodiscs are shipped in specially de-
signed reusable wood packing cases, approved by the trans.

portation companies.

Safety Package for Re-shipment

Specially designed and equipped safety
cartons, approved by the transporta-
tion companies, are now available to
you at cost, for reshipping 1 to 3

Audiodiscs.

CALL YOUR JORRBER. OR WIRE US FOR COMPLETE INFORMATION TODAY

ELECTRONICS — October 1941

INCOR P

ATED

11



2-WAY F-M RADIO SYSTEM EXPEDITES HANDLING OF

ST. LOUIS STREET CAR A

With the aid of Motorola
F-M 2-Way Radio Com-
munication System, the
Public Service Company
of St. Louis is now able
to speed up the handling
of street car and bus
emergency situations...
This modern installa-
tion of Motorola equip-
ment was made under
the direct supervision of
Motorola engineers.

The Public Service Company of
St. Lovis has 3 trouble trucks all
equipped with Motorola F-M 2-
Way Communication Equipment.

WRITE FOR COMPLETE DESCRIPTIVE LITERATURE AND TECHNICAL DAT

e - e e

ND BUS EMERGENCY SITUATIONS

In front of central dispatcher is
a map showing car and bus
routes and the reverse side
shows the radio districts into
which the system is divided. A
mobile supervisor with radio
cruises each district. Headway
recorders check up on the spac-
ing of street cars. Impulses gen-
erated by cars passing over regu-
larly spaced trolley contactors
are transmitted by telephone
lines to recording instruments.
Delays or disruption to service
are immediately apparent.

The map shows the dispatcher
the radio district in which
emergencies arise. 2-way radio
contact is established with the
supervisor who is instructed to
investigate the emergency and
report details. Trouble trucks
dispatched to the emergency
are equipped with 2-way radio.

The Public Service of St. Louis
has 15 crvising supervisor’s cars
all equipped with Motorola F-M
2-Way Radio Equipment.

GALVIN MFG. CORPORATION x CHICAGO, ILL.

MAKERS OF THE FAMOUS MOTOROLA AUTO AND HOME RADIO

12
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Capacitor performance
fine enough for a [lagship

Q’ o
i 2

s

ERE’S EXTRA DEPENDABILITY IN LONGER LASTING C-D CAPACITORS

A g dtest of capacitor performance occurs along But not -surprising. For back of today’s Cornell-
the goutes of the Flying Flagships. There's some Dubilier capacitor looms the longest- engineering
dift drence ir}}gﬂ'{&gde and a great deal of tempera- experience in the industry—more than 31 years of
tureWchange between New York and Tucson . .. capacitor specialization. And out of this has come

. Fort Worth. So it’s significant that the capacitor “know how’ that gives C-Ds theirextia
Amerigan nes use Cornell-Dubilier capacitors dependability—an important reason why, today ¥/
throughout its aircraft and ground transmitting pays to FLY” .. .and pays you to specify Cornell-
and receiving communication equipment. Dubilier, whatever your capacitor requirements.

CAPACITORS MAY LOOK A LIKE BUT. .. There is extra long life, extra yniformity and

%, dependability built-into C-Ds. Next time you specify capacitors look for the

T Cornell-Dubilier seal of experienced engineering. And get the hidden extras
at no extra cast. Send for Catalog. Cornell-Dubilier Electric Corporation,

1006 Hamilton Blvd., South Plainfield, New [ersey.

Qme//puéz'/z'er

MICA - DYKANOL « PAPER - WET AND
DRY ELECTROLYTYIC CAPACITORS SOUTH PLAINFIELD, N.

.+ . MORE IN USE

ELECTRONICS — October 1941
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o Wodds Lompei? St

OF LIGHTED HIGHWAY (,our sizasett way

! WESTON *PHOTRONIC
Illumination Control

ﬂnaf/zm highway with all lighting The most practical, most economi-

cal lighting control for streets and
° II I' d b h h.ighways,Eair“l'ays, Elant ill:mh'll:;-
t tc. Em t -

auvutomatically controlle y the gencrating WESTON Photronic Cell
No amplifying equipment neces-
..-SIMPLE, DEPENDABLE tance iy tromwtey cobinn
Permits independent setting of
" ” [ t2 M T -

WESTON *PHOTRONIC METHOD tion veluen: Uses Soresmy o
not operating; consumes but 2
watts during a 1 minute operating
cycle. Weston Electrical Instru-

SAC o

“"PHOTRONIC—A registered trademark designating the pho-

toelectric cells and photoelectric devices manufactured ex- ment Corporation, 618 Frelinghuy-
clusively by the Weston Electrical Instrument Corporation. sen Avenue, Newark, New Jersey.
e Dy sl s LS = . R — . - ” g
Laboratory Standards . . . Precision DC and Spéclalized Test Equipment ... Light
AC Portables . . . Instrument Transformers Measurement and Control Devices ...
. . . Sensitive Relays , .. DC, AC, and " Exposure Meters.,. Aircraft Instruments..,
" Thermo Switchboard and Panel instruments. Electric Té:home'ers...DioiThermome{gn. ;

1 =
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THIS CONSTRUCTION REVOLUTIONIZED
WIRE WOUND RESISTOR DESIGN

Resistance wire touches but
cannot short

Engineers will be quick to appre-
ciate the many advantages made pos-
sible in wire wound resistor construc-
tion by the exclusive Koolohm
process of insulating the wire itself
before it is wound. This permits layer
windings for higher resistance in less
space; progressive windings for non-
inductive resistors that are truly
non-inductive even at 50 to 100 Mec.;
larger wire sizes; faster heat dissipa-
tion; greater stability; extreme ac-
curacy and greater humidity protec:
tion. No secondary insulations such
as brittle cements or enamels are
needed on the windings. For double
protection, however, most Koolohm
types are encased in a sturdy outer
ceramic shell that will not peel or
chip and allows for mounting directly
to metal parts. Koolohms are made
in a full line of shapes, types and
sizes for all needs. Write for the new
edition of the Koolohm Catalog.

KOOLOHMS LEAD THE WAY
with two long-awaited improvements

METER MULTIPLIERS
THAT WITHSTAND 150° C.

HIGHER RESISTANCE
VALUES IN LESS SPACE

{Example: 4 meqohms in Type MFB)

In conformity with standard Koolohm Resistor construc-
tion, these new Type MFA and Type MFB Meter Multipliers
are made with wire that is insulated before it is wound with
a tough, 1000° C. heat-proof, moisture-proof ceramic
material (U. S. Patent No. 2,213,969). They are further
protected by a Pyrex glass high-voltage insulator tube,
154” thick and heat-treated. By test and in actual use, they
have proved their ability to withstand temperatures as
high as 150° C.—considerably higher than any other
resistors of this type.

APPROVED FOR NATIONAL DEFENSE

These units are approved for exacting defense applications where
they have set new standards of performance under adverse salt water
immersion conditions. Complete information gladly sent upon
request. Sprague engineers will gladly cooperate in helping you
choose the proper Koolohm for greater dependability, longer life
on practically any wire wound resistor application.

Type MFA KOOLOHM (9-13/16" long} is
available in resistance ratings of 3.5, 4.0,
4.5, 5.0 and 6.0 megohms, with voltage
ratings of 3.5, 4.0, 4.5, 5.0 and 6.0 KV
respectively.

Type MFB KOOLOHM (5-5/18"" long) is
available in resistance ratings of 1.0, 1.5,
2.0, 2.5, 3.0, 35 and 4 megohms, with
voltage ratings of 1.0, [.5, 2.0, 2.5, 3.0,
3.5 and 4 KV.

SPRAGUE SPECIALTIES CO., RESISTOR DIVISION
North Adams, Mass.

SPRAGUE KOOLOHM RESISTORS

Greatest Improvement in Wire Wound Resistor Construction in 20 Years

ELECTRONICS — October 1941 15



Underwood & Underwood

In shop and factory all over our land, men, machines and materials are the springboard
of our defense effort. The demand for greater production has been met by rapidly
expanded facilitics, and by the sharply accelerated use of an increasing number of
newer materials. INSUROK and other Richardson precision plastics have solved
many production problems, and are firmly established as essential defense materials.

eciion [NSUR QK

he RICHARDSON COMPANY

MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND. OHIO

NEW BRUNSWICK, N. J. INDIANAPOLIS, IND.
DETROIT OFFICE: 4-252 G. M. BUILDING
NEW YORK OFFICE: 75 WEST STREET
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n the considered judgment of leading engineers...

When important decisions are made about vacuum tubes it is not uncommon for an Eimac
tube to win the honors. Reuson: the designers of Eimac tubes have congistently held as
their objective the anticipation of the future requirements of the radio industry. Efforts
have not been confined to the production of a tube for yesterday’s requirements.

This policy has kept Eimac tubes ahead of the industry...a factor thac is logical because the
efficiency and progress of radio depends almost entirely upon the development of new
ideas . . . new improvements in vacuum tube performance. Take the Eimac 250T, for ex-
ample, which now possesses the most recently developed refinements. Check these features
illustrated below and then check the performance of Eimac tubes in your transmitter.

You’'ll see why Eimac tubes are found in most of the important new developments in radio.

&
Follow the leaders to

Eitel-McCullough, Inc.
San Bruno, Calif.

TUBES

Note~the solid tungsten

plate lead. No sharp edges Improved thoriated tung-

on exterior of bulb to = sten filament for long life.

cause corona.- -

“

Note sturdy joint of plate hood
to plate lead and then absence
of complicated plate stem seal.
Tube is mechanically rugged.

Sparklingly clean bulb attests
the har d vacuum and absence./
of contaminating gas. All
Eimac tubes are uncondition-

ally guaranteed against pre-
mature failures caused by gas
released internally.”

Tungsten bar grid lead
strdight through bulb.

EIMAC REPRESENTATIVES

California, Nevada

HERB BECKER, 1530 W.
104th St., Los Angeles, Cal.

N. Y., N. J., Penn., Md., Del.,
Dist. of Col., Maine, N. H.
R. I., Conn., Mass.

ADOLPH SCHWARTZ, 262
Grayson Place, Teaneck, New
Jersey.

Wash., Ore., Idaho, Mont.
GENERAL SALES CO,
Verner O. Jensen, 2605-07
Second Ave., Seattle, Wash.

Colo., Wyo., New Mexico,
Arizona, Utah
RICHARD A. HYDE, 4253
Quitman St., Denver, Colo.

Chicago, Illinois, Wisconsin

G. G. RYAN, 549 W.

Washington Blvd., Chicago,

1.

N. Caro., S. Caro., Georgia,
Tenn., Flor., Ala., Miss.

JAMES MILLAR, 316 Ninth
St. N. E., Atlanta, Georgia.

Export Agents: Frazar & Co., ltd., 301 Clay Street, San Francisco

Texas, La., Okla., Ark.
J. EARL SMITH, 2821 Live
Oak St., Dallas, Texas.
Ohio, Mich., Ky., Ind., Minn.,

Mo., Kan., Neb., lowa -
PEEL SALES ENGINEER
ING CO., E. R. Peel, 154
E. Erie St., Chicago, Ii]



" Ideal extension reproducer for home,
club, or institution. Insures full real-
ization of the potentialities of the
finest FM or AM receivers.

. g
Excellent “'across-the-room’” unit for
natural, more enjoyable reproduc-
tion with chairside tuners and
combinations,

Recommended by Mufadurém of
professional type FM/AM receivers.
Be sure you can enjoy FM at itsl_},est]-

Brilliant Performance plus
Complete Versatility with these
New Jensen@nial” Speakers

Not one—but fwo important achievements are combined in these new N ‘. " b
~ Jensen Coaxial Speakers and Reproducers! First...extended-range high- ' l l
fidelity performance that meets the most critical professional require- J
ments. Second. . complete versatility, made possible for the first time by - , o —
the new Jensen High Frequency Control. Now one reproducer covers : S’,“°°fh' UL LY
. . . . . . range high-fidelity response
every listening requirement, instantly adjustable for most satisfactory eminently qualifies these repro.
ducers for the most exacting

results on everything from wide range FM to home phono records! And

tdhet g?st \i;sgt lofw it. wtilllsurprise you. Data Sheet No. 120 gives complete service in FM/AM broadcast
3 - . t today.
ks etails. Write for i

and recording monitoring.

b.A 1 Four complete reproducer types with 12" to 15" speaker sizes, priced at $75.25.'o )
' $118.75 list in striped walnut cabinets. Utility cabinet models down to $64.25 list. "
Coaxial speakers only as low as $29.50 list. \ 3 (4
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IRC RESISTORS HELP DEFEND DEMOCRACY
ON ALL FRONTS!

I'rom Reykjavik to Singapore, from
Murmansk to Sidney, from Tobruk to
Chungking; at sea, ashore and aloft; at
home and abroad;IRC Resistors are doing
their job. In airplanes and tanks, dread-
naughts and submarines, they have been
thoroughly tested in the critical labora-
tory of actual “shooting’ war. From the
world’s hottest and most humid climates,
to the coldest and dryest, they are stand-
ing the gaff of rigorous service in practi-
cally every type of equipment where
resistors are required.

This widespread use of many types of
IRC Resistors in modern defense equip-
ment is a natural result of IRC’s many
years of specialization as well as its close
collaboration with U. S., British and
Canadian defense agencies.

INTERNATIONAL RESISTANCE CO.

403 N. Broad St., Philadelphia, Pa.

> R
Makersof Resistance Units of More Types, in More Shapes, for More AppHcations Than@Any Other Manufacturer in the World.
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In the everlasting fight against corrosion of me-
tallic pipe lines, underground cables, steel water
tanks, etc., the introduction of the Selenium
Rectifier as a cathodic corrosion eliminator has
met with universal enthusiasm.

The reasons for this acceptance are many, for
the I. T. & T. Selenium Rectifier, in addition to
being a light weight and extremely compact
unit, operates with high efficiency over an ex-
ceedingly wide temperature range, .. it has
practically unlimited life and, because it is en-
tirely metallic and rugged in construction, it
requires no maintenance.

MANUFACTURERS OF SELENIUM POWERED

Cities Service Gas Company - Cuban Telephone Co. - Empire Pipe
Line Company - International Standard Electric Corp. - Montana-
Dakota Utilities Co. - Rochester Telephone Company - San Diego
Gas and Electric Co. - The Texas Company, [Calif.] « United Gas
Pipe Line Co. - Valley Pipe Line Co. - Western Union Telegraph Co.

CATHODIC PROTECTION EQUIPMENT

Electrical Facilities, Inc., Oakland, California
Nelson Electric Manufacturing Company, Tulsa, Oklahoma

Rusta Restor Corporation, Fremont, Ohio

AMONG OUR CUSTOMERS

Consulting engineering services available for specific requirements.

Address Rectifier Division for descriptive Bulletin

INTERNATIONAL TELEPHONE DEVELOPMENT CO., INC.

67 Broad Street, New York, N. Y.
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“"NATIONAL VULCANIZED TIBRE

WitH emergency shortages of

essential metals and certain plastics,
replacement with available materials
for the purpose, may be your major
problem right now. In this replacement
- role, National lec&nized Fibre, due to
its unusual mechanical and electrical
qualities, has proved, and is proving
its ocutstanding ability. (Available in
sheefs, rods, tubes and special shapes.)
~ | Our engineers will gladly work with
2ok f-."-"',-._,'.._y'o,,u on any application. Wire, phone
- or write us. :

NATIONAL VULCANIZED FIBRE CO.

© WILM NGTON @ DELAWARE | l | l

; Offices in Principal Ciﬁw_




TUNING stability is essential in the many forms
of military and defense radio equipment. The extreme
temperature variations to which these sets are sub-
jected, can change the reactance of many components
widely and result in unstable oscillator frequency.

Such undesirable frequency drift can be accurately
compensated for, simply by placing a proper-value
Erie Ceramicon in the oscillator, as these small
ceramic-dielectric condensers have a definite and re-
producable temperature coefficient. Fixed-capacity
Ceramicons are made in insulated and non-insulated
styles with temperature coefficients between +.00012
and —.00075 per °C. Variable capacity Ceramicon
Trimmers are furnished in single and double units
with temperature coefficients of zero, —0003, and

—.0005 per °C.

Many exclusive design features of these units
particularly adapt them to rigorous mobile uses. For
complete description write for a copy of the new,
revised Ceramicon catalog.

ERIE RESISTOR CORP., ERIE, PA.

E e » S
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RESISTORS SUPPRESSORS
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LONDON, ENGLAND - TORONTO, CANADA.
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The largest and
smallest. Lapp
curved - side cones
—for a low power
pipe mast, and for
the world’s largest
vertical radiator—
1050 feet.

LAPP HAS MADE
142 DESIGNS

IN ANTENNA
STRUCTURE INSULATORS

.« ALL ARE BASED ON THE

LAPP (YW/EDSIUE “’

COMPRESSION CONE

Each of the 142 Lapp units—for o
self-supporting towers, guyed
masts and mast guys—is designed around the Lapp curved-side compression cone of
electrical porcelain. More than 20 years of service records prove that this Lapp design
meets every operating requirement. It affords double the strength of an ordinary
straight-side cone, assuring the maximum in security and permanence. Finally, each
insulator, before shipment, is tested by loading to 50% more than maximum design
load. Most radio engineers know they’ve covered the insulator question adequately
when they say to their tower manufacturer, “Use Lapp Insulators.” Lapp Insulator
Co., Inc., LeRoy, N. Y.
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P.R.MALLORY & CO.Inc.

ALLOR

M TYPE VARIABLE RESISTOR

Insulated contact arm, dis-
sipates 4 watts. 281° effec-
tive eleetrical rotation.

C TYPE VARIABLE RESISTOR

Grounded contact arm, dis-
sipates 2 watts. 266° effec
tive electrical rotation.

E TYPE VARIABLE RESISTOR

Grounded contact arm, dis-

: -. sipates 9 watts. 301° effec-

tive eleetrical rotation.

Send for this catalog

Be sure of 4 handy
reference to the
entire Mallory line
of approved pre-
cision products,
It will save time
and money.

Y Variable Resisto. —

Single Gang...or 16 Gang...IU’s all in a day’s Orders!

A prominent manufacturer of regulating devices needed a
special potentiometer of 16 gangs and needed it quickly.
The problem was presented to Mallory engineers, the job
put into production, finished and delivered on time and right
from every standpoint.

Solve a problem . . . fill a need ... find a new way ...
They're all in a dav’s orders for M allory engineers.

In addition to the standard wire-wound rheostats and poten-
tometers shown at the left, Mallory also manufactures and
stocks high-resistance, carbon element controls in both stand-
ard and midget types. .. values from 5000 ohmns 109 megohms.
Special construction features insure noiseless operation.

Manufacturers in many fields have turned o Mallory Vari-
able Resistors, potentiometers, rheostats and attenuators for
laboratory equipment, test and production devices where
quiet action and critical adjustments are needed.

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA
Cable Address—PELMALLO

EP.R.MALLORY & CO.Inc.
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ELECTRONICS....KEITH HENNEY Editor OCTOBER.
» SIGNALS With the pretty 41 millions; wire and cable (32.5

complete disruption of the radio indus-
try so far as non-defense products is
coneerned, and with the vast sums of
money being spent, one cannot but
wonder how much of the money is go-
ing to-our industry, and what the coun-
try will get for it. Our curiosity along
these lines cannot be completely satis-
fied at the present moment because “to
a. military expert, disclosure of the
amoutit of the equipment affords a vital
source of deduction as to contemplated
defensive of offensive measures with a
corresponding increased ability to coun-
teract those measures.”

So said Under Secretary of War
Patterson before the Truman Commit-
tee of the United States Senate on July
15, reporting on the actual accom-
plishment in Army procurement during
the fiscal year ending June 30. In
his report, however, are some round
figures on expenditures by the Signal
Corps which give an idea of the mag-
nitude of the effort in which the com-
munications industry is at work.

During the fiscal year 1941 some 103
millions of dollars were to be spent for
aircraftt communication equipment
alone; by June 21, 1941, 11.5 millions
had been delivered. During the fiscal
year 1941 an expenditure of 38 mil-
lions was allocated for portable ground
radio equipment, to be carried by man,
by parachute, by truck. Radios for
tanks and armored cars account for

millions) and miscellaneous purchases
of 7.8 millions will bring the total to
some 223 millions of dollars. Part of

1942

the portable ground equipment money
went for radio locaters—but the big
money for this material will be spent
in 1942 as the pie chart shows.

Total Signal Corps Expenditures for Communication Equipment

X Aircraft radio
X% and interphone { X

# 90 millions

) 4 ) 4 A A
XX, 0305
% X

Radio locaters
#$118 millions

46221,000,000

tanks and
ormored cors
#6.8millions

-Miscellaneous
#54 millions
~Portable
ground radio
equipment
$0.789 million

.....



PHOTOGRAPH BY WILLIAM WARD

Research is a very powertul tool in adapting plentiful materials to do the
jobs formerly done by materials now unavailable because of National
Defense requirements. Mr. LeBel's article describes an outstanding
example of the value of such research in that aluminum, in great demand

for the production of airplanes, was replaced by readily available glass



RESEARCH BEATS
THE PRIORITIES

When recording disc manufacturers were forced to abandon aluminum as a base material

the groans were many., but glass is proving that it is a superior material for this purpose.

Events leading to the adoption of glass and some of the technique of using it are outlined

By C. J. LeBEL

Audio Devices. Ine.

ESEARCH often takes quite a
while to yield useful results, but
the preparatory work which has been
done may be the saving factor in an
s-emergency. This is the case with the
aluminum substitute problem in the
{in‘stantaneous recording field. For
nearly two years proposed materials
were studied, more with the idea of
improving quality or reducing cost
than with any feeling of imminent
emergency. Nevertheless, when
aluminum priorities were imposed at
the end of February, all of this
groundwork was a godsend, for it
meant not starting completely fresh
but completing an almost finished
solution. We had found out exactly
what should not be done. There was
nearly enough aluminum on hand to
take up the slack while a new mate-
rial was put into production.

So the problem was not to decide
in which direction to go, but merely
to go ahead. Of course going ahead
involved carload lots of material and
this took some time to secure, per-
haps longer than was anticipated.
But there was no frantic scurrying
around trying to decide what to do.

From the professional record
user’s point of view aluminum has
been valued as a base material chiefly
for its extreme flatness and per-
fectly smooth surface. To maintain
the flatness within its normal range
of ==0.005 inch has further involved
freedom from warping, considerable
strength, fair stiffness, and no soft-
ening at moderate temperatures.
Maintenance of surface smoothness
involves reasonable hardness and ab-

ELECTRONICS — October 1941

sence of surface porosity. The prob-
lem has been to find other materials
at least equal to and preferably su-
perior to aluminum. Nothing poorer
in these respects would satisfy the
critical professional user.

The Preparatory Period

Early in 1939 the search for a
new base material for professional
instantaneous recordings was begun.
The first tests were on records made
of cardboard, hard fiber and other
pressed boards. The porous surface
produced a serious grain, but the
worst complaint lay in the inherent
tendency to buckle and twist. Special
lacquer formulas adaptable to card-
board proved soft and seriously
lacking in high frequency response;
they were suitable for a home quality
disc perhaps, but certainly not for a
good professional product. Research
along this line has been continued
to the present day but with identical
results.

The glass base recording
disc contains a fiber in-
sert at the center in which
are punched four holes

The next step was in the field of
synthetic resin plastics. A thermo-
plastic resin re-softens every time it
is heated. Our experience with ther-
moplasties was unfortunate. A tem-
perature considerably below the
normal softening point would cause
the disc to droop gradually in aec-
celerated cold flow. This caused
a great deal of difficulty in curing
the records, and in fact, long before
the end of the curing operation the
disc assumed a U shape which made
it utterly worthless. The curing op
eration is vital to production of a
good product and so cannot be dis-
continued. There was a certain
amount of warping after the ma-

terial had cooled off as well
and thermoplastics were quickly
abandoned.

Thermosetting resins harden upon
the application of heat and pressure
and never soften up again on further
heating. These seemed rather inter-
esting and a great many tests were
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Fig. 1

Eurface characteristics of several possible base materials for recording discs.

Each vertical division indicates a departure from absolute smoothness of five mil-

lionths of an inch.

The horizontal distance is eighty times greater than the actual

distance traversed

made. However, it soon developed
that such materials warp in time.
It is hard to say whether this warp-
ing tendency is due to the resin it-
self or whether it is due to the base
material, but in any case and seem-
ingly regardless of the character of
hase material used, severe warping
ensues. A further difficulty was the
general floppiness of such sheets in
any practical thickness. This floppi-
ness could have been overcome at
considerable cost by increase of
thickness, but serious warping was
too much to be accepted and it be-
came necessary to study the metals.
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Actually, long after this decision was
adopted, tests of new resin samples
continued, but always with the same
general result. Incidentally, plastics
have a rather curious surface grain
which varies with the maker, but
which is always present in one form
or another. This irregularity ap-
pears in the coated disc and is rather
objectionable.

Metals as Base Materials

Zine had been used in France as
a substitute for aluminum, and our
first tests were with this metal. It

was soon found that zinc could be
made with a very fine surface. How-
ever, pure zinc is heavy, but not very
strong and the chance of buckling a
disc is much too great. The zinc al-
loys which were tried were quite
satisfactory. The dises possessed
sufficient strength and had an excel-
lent surface.

Steel was another obvious choice.
It has good stiffness, excellent
strength, and is the least floppy of
the metals tried. On the other hand
it is very difficult to get steel free
from roll marks. These are pro-
duced by minute roughness in the
rollers and can be eliminated by pol-
ishing the rollers just before use.
This is costly and wholly unnecessary
for any other customer, so the manu-
facturers were understandably re-
luctant to handle such a headache.
Nevertheless, it was possible to get
good samples. However, when the roll
marks were eliminated, it was found
that a characteristic grain resem-
bling an orange peel took its place.
This was less objectionable except
from the appearance point of view,
but it did stamp the steel disc with
a characteristic appearance. An
idea of the characteristics of surface
grain on different materials may be
obtained from Fig. 1, which is a
group of charts drawn by a Brush
surface analyzer. The principle of
this device is shown in Fig. 2. A
diamond point is drawn back and
forth over the material to be tested.
Roughness of the material vibrates
the point, actuating a piezoelectric
crystal which converts the mechani-
cal displacement into voltage. The
amplified voltage operates an oscillo-
graph producing a graph of the rise
and fall of the point. The magnifica-
tion is such that one division of
height (measured at right angles to
the length of the chart) corresponds
to five millionths of an inch. The
speed of travel of the chart is such as
to produce a magnification of 80
times along the length. This device
is used rather widely for checking
surface character. The curves speak
for themselves and no particular
comment is called for, beyond to
point out that the glass curve is vir-
tually as straight as though drawn
by a ruler. The other graphs are for
other materials, but the magnifica-
tion and amplification are the same
in all cases.

Results were sufficiently interest-
ing to warrant pilot plant tests so
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several thousand pounds of steel of
various thicknesses were ordered.
The first dises were cut on a circle
cutting machine, but the resulting
burr proved objectionable. It became
necessary to ovder die sets for all
the standard disc sizes. Seemingly
this added trouble was a serious mis-
fortune, but later on possession of
the dies at a critical moment proved
of enormous help. Good die design
and skilled punching technique then
turned out quantities of burr-free
discs in various thicknesses. Coated
discs were tried by representative
customers and the optimum steel
thickness determined for each di-
ameter, as a compromise between
rigidity and weight.

A technique for handling the new
material and for coating it properly
had to be developed. It was found,
however, that even specially rolled,
patent levelled, and carefully han-
dled metal was occasionally not very
flat according to the recording in-
dustry’s standards. It was necessary
to reject many punchings and even
then steel was likely to average some-
what poorer than the aluminum then
qin use.

Oscillating
rmotor drive

Motion

© point

Specimen

suitable for the purpose. The con-
sumers figure of merit can be ex-
pressed as

M 10° E/G

where E is the coefficient of elastic-
ity or Young’s modulus, and
G is the specific gravity of
the material under consid-
eration.

A modification of this equation
may be made to allow for the resis-
tance to permanent deformation in
factory handling, and the factory or
producer’s figure or merit may be
expressed as

M, =10"SE/G

where S is the tensile strength of
the material under consideration,
and the other symbols have the mean-
ing given above.

The cost might be introduced as a
factor in the denominator, but it has
little importance beside the other
three as far as the recording field is
concerned.

Some representative values are
given in the following table; the
values are suggestive only, with no
pretense to being definitive

i Crystol Pickup — Amplifier Oscillogroph
Jewelled - 2

Fig. 2—Block diagram illustrating the principle of the Brush surface analyzer. A
diamond point is moved across the surface and any irreqularities are shown on the
oscillograph

The general public’s reaction had
to be considered. It became evident
that it prized the stiff feeling of hard
rolled aluminum and that any other
material would have to come as close
as possible to it. A mathematical
study became necessary. For a given
thickness and force the deflection of
a material is inversely dependent on
the value of Young’s modulus. The
force tending to bend the disc when
handled is proportional to the spe-
cific gravity so that we may com-
pute an index number which permits
comparison of the materials most

ELECTRONICS — October 1941

Users Factory

Material Factor Factor
Steel ... 3.9 19.5
Aluminum 3.8 7.6
Glass ... ... . 3.2 1.3
Copper ........ . 2.0 10.2
Laminated Plastic .. 1.8 1.6
Zine ..... 6w < 1.7 4.1
Zinc Alloy ...... 1.7 8.5
Phosphor bronze . 1.6 13.1
Brass 3. IRV E 1.1 7.9

It can be seen from this that steel
is definitely the best at any given
thickness. If we introduce the cost
factor it becomes still more superior.
A number of miscellaneous factors

such as chemical reasons, surface,
punching character, and cost ruled
out most of the other materials listed.
About the time that we had nar-
rowed down the field to zinc alloys
and steel, we found material short-
ages approaching. Zinc immediately
went by the board, because a zinc
shortage was one of the first to
occur. This left steel as the only
metal, and we knew that it had the
faults of slight grain and occasional
incompletely perfect flatness, but we
also knew that it was entirely suit-
able for a great deal of recording
work, and we knew how to process
it. Therefore, when aluminum pri-
orities were imposed, the first step
was to order sufficient quantities of
specially rolled steel from the best
manufacturer as shown by the pilot
plant tests on about 19,000 discs.

Rapid Start Using the New Materials

With the steel order accepted and
the delivery date set we realized how
lucky the pilot-plant tests had been
for we had complete sets of dies
proven and waiting to go to work at
a time when dies in a hurry just

ER 76 overhead
: feed rrechonism

Fig. 3—Some recording machines have the

drive pins at‘ached to the flange as shown

rather than to the turntable. A rubber pad
raises the drive pins above the disc

weren’t obtainable. When the steel
rolled in the presses were set up and
ready to go. Research had paid a
dividend.

In the meantime it became evident
that no new aluminum would be
available, and that with airplane
production stepping up daily, even
melting and rerolling old discs would
soon stop. A new material had to be
found for the most critical users:
broadcast stations, professional re-
cording studios, and motion picture
producers.

This new material had to have ex-
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Fig. 4—Rubber pad which is used to pre-

vent the drive pins of Fig. 3 from resting

on the glass base recording disc which is

not equipped with drive holes to accom-
modate them

treme flatness, perfect surface, and
desirable chemical properties, plus
little liklihood of being placed on the
list of priorities. The user factor
computations pointed a finger at
glass, and the hint was suflicient.
Glass made by the right process has
a flawless surface and is the flattest
of any material in its natural state.
The factory superintendant sent out
for a box of aspirin and work began.

The first problem was the ques-
tion of thickness. A number of tests
soon showed that a base thicker than
about 0.065 inch produced a record
of excessive thickness; excessive be-
cause any recording machine in gen-
eral use would be thrown out of
alignment by the increase above nor-
mal.  On many machines with an
overhead feed mechanism the mis-
alignment of center pin and driving
flange shaft produced intermittent
change of load, resulting in growl
or serious wows; in other cases it
changed the cutting angle near the
center, producing excessive angle
variation from rim to center.: This
would necessitate realignment of the
tfeed mechanism. On lathe type ma-
chines the change of angle was great
enough to necessitate readjustment.

A further thought occurred in con-
nection with durability. One’s first
reaction would be that the thicker
the glass, within limits, the stronger
it would become. This is not true as
regards resistance to dropping, which
1s of course the chief problem. If a
record is made a little thicker, its
strength is increased. But at the

30

same time the weight of the record
has gone up in direct proportion, so
that the force tending to damage
the record on impact has also gone
up. Hence, the strength to weight
ratio is  unchanged. Therefore,
within reasonable limits an increase
of thickness produces virtually no
effect on the durability. It is pos-
sible that the cushioning effect in-
troduced by the coating and the flex-
ibility introduced by decreased thick-
ness has something to do with this.
As a matter of fact it might be bet-
ter to use a still thinner glass, whose
flexibility is quite astonishing.

The question of tempered glass
came up. This material is extremely
strong, but the flatness is not satis-
factory, undoubtedly due to the tem-
pering operation. It was further
found that whereas an ordinary
glass record would crack at one point
when dropped from too great a
height, the tempered glass would
shatter rather completelv when once
a break started. Therefore, while
ordinarv glass when cracked could
be re-recorded onto another disc
(the coating, of course, held the ma-
terial together) the tempered glass
would be utterly valueless. Also the
cost of tempered glass is prohibitive.

The tenacity with which eracked
glass holds together is surprising
until one recalls that the principle is
the same as that of automobile wind-
shield safety glass. Windshield glass
is a sandwich of glass-plastic-glass,
while a disc is plastic-glass-plastic.
Another reason for the enhanced
durability lies in the cushioning pro-
duced by the outer unbreakable
lacquer coating.

So the problems of glass produc-
tion began. The first morning it was
thought that cutting and drilling
would present no problems at all, for
hadn’t glass been cut and drilled for
centuries? About noon the superin-
tendant  phoned home that he
wouldn’t be in till midnight—the job
was a little hard.

The next morning he brought a
large bottle of aspirin as permanent
equipment for his desk for it had
soon been found that the accuracy
with which these operations had been
done in the past was not satisfactory
for recording purposes. The diam-
eter of the hole at the center had to
be controlled to within a very few
thousandths of an inch and the circle
diameter and concentricity also had
to be quite accurate. In addition to

that there were severe problems of
surface cleanliness to insure good
adhesion of the lacquer. Another in-
teresting discovery was made. It
was found that a disc with one hole
was infinitely stronger than one with
two or the usual four. This was
traced to an area of weakness around
each hole and a line of weakness
Joining th= two holes. The obvious
remedy was to use only a single
hole. The question then came up of
whether a single hole dise could be
driven properly on standard ma-
chines. Rather gratifyingly it was
found that practically all standard
commercial machines hold the record
between layers of rubber or Cor-
prene and the friction produced by
the normal pressure of the machine
was sufficient to insure a positive
drive. The expression gratifyingly is
used because the completed record is
worth thirty or forty times as much
as the blanks and anything which
protects the completed result is
worth using. Many tests were made
on machines of different manutfac-
ture and in different recording
rooms and the results always
checked; the drive was positive. This
is not very surprising when we re-
member that European practice al-
ways used friction and that some of
the best recording turntables are
driven by friction. As a matter of
fact in the old days disecs of all
sorts were driven by a pressure
clamp at the center and no drive pin
was even thought of with so slippery
a material as waxed aluminum. Per-
haps one help is the fact that the
coefficient of friction between a
lacquer coating and rubber is quite
high and a rather small pressure will
serve to produce a4 very great grip-
ping force.

Skeptics should try the finger test.
Draw a crayon line on the rim of the
disc and another line next to it on
the turntable. Start recording, then
press on the record with a finger.
It is amazing to see how much added
pressure is needed before the disc
line drops behind the other as the
record starts to slip. Then try the
crayon lines alone on the next few
regular recordings. There is abso-
lutely no evidence of slippage, even
on a 15 minute program.

Experience with Glass Base Discs

Heavy production of steel and
glass began in early April and from
(Continued on page 78)

October 1941 — ELECTRONICS



Defense Contracts for Small Plants

Small manufacturing plants have a very definite place in the national defense effort. The

procedure for fitting a small organization into its proper place by the acquisition of defense

contracts or sub-contracts is given in a straightforward manner

RE vou getting your quota of

defense contracts? If vou feel
that you are not, the following para-
graphs are dedicated to yvou, regard-
less of the fact that you may believe
your business is too small, under-
capitalized, or inadequately equipped
to handle defense work.

Defense is America’s biggest busi-
ness today. As such, it has already
established priorities in the field of
basic war commodities. As such, it
will soon possess the authority to
divert skilled labor from non-essen-
tidl factories to war industries.

As of July 1, 1941, eighteen bil-
lion dollars of defense contracts were
let out by the United States Army
and Navy. Contracts exceeding
thirty Dbillion dollars are being
planned and the end is nowhere in
sight.

Where do you fit in this picture?
Is the continued operation of vour
plant necessary for national defense,
or would the interests of this nation
best be served by diverting your raw
materials and skilled workers to
some other factory? This is the
question you must ask yourself now!
Ask it honestly, and answer it hon-
estly, because if your business is
non-essential in this emergency, vou
have no guarantee that you will ge-
main in operation six months from
today.

You can make your business es-
sential, however, by participating in
the defense program. And the best
way of doing that is by securing a
defense contract. The procedure for
cbtaining defense contracts has been
greatly simplified recently. It is not
necessary or even advisable for you
to travel to Washington to find out
what you can do.

Instead, write to your regional of-
fice of the Defense Contract Service
and describe in detail your facilities
for handling defense work. The De-
fense Contract Service is a Federal
Agency set up by the Office of Pro-
duction Management in cooperation
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with the Federal Reserve System.
Its chief purpose is to help you ob-
tain defense contracts.

Its offices are located in each of
the twelve Federal Reserve Banks,
and in each of their twenty-four
branch banks. These are as follows:

Atlanta, Ga.
Baltimore, Md.

Birmingham, Ala.

Boston, Mass.
Buffalo, N. Y.
Charlotte, N. C.
Chicago, Il
Cincinnati, O.
Cleveland, O.
Dallas, Texas
Denver, Colo.
Detroit, Mich.
El Paso, Texas
Helena, Mont.
Houston, Texas
Jacksonville, Fla.

Kansas City, Mo.
Little Rock, Ark.

Los Angeles,
Calif.
Louisville, Ky.

Memphis, Tenn.

Minneapolis,
Minn.

Nashville, Tenn.

New Orleans, La.

New York, N. Y.

Oklahoma City,
Okla.

Omaha, Neb.

Philadelphia, Pa.

Pittsburgh, Pa.

Portland, Ore.

Richmond, Va.

Salt Lake City,
Utah

San Antonio,
Texas

San Francisco,
Calif.

St. Louis, Mo.

Seattle, Wash.

Write to the regional office which

serves youl area. In your letter en-
close photographs showing the inte-
rior of your plant. These photographs
should be taken from several angles.
In addition, supply photographs or
complete desecriptions of the prod-
uets you are now making or have
made in the past. You should also
answer the following thirteen ques-
tions:

1. How many employees do you
have?

2. How many people could you em-
ploy on a one-shift basis, a two-
shift basis, or a three-shift basis?

3. How many shifts are now work-
ing in your plant, and what is the
length of each shift?

4. How many shifts can you work

with the labor supply avaifable in
your community?

5. Do you have a design and de-
velopment department?

6. List each of your machines by
size, type, manufacturer’s name,
manufacturer’s serial number, the
year in which the machine was built.
and the tolerances to which it will
work.

7. How many machine hours do
you have idle per week over and
above present commitments? This
information should be broken down
by tyvpes of machines.

8. Is your power source adequate?

9. What are your shipping facil-
ities?

10. Who are some of your regular
customers?

11. Have you ever had a defense
order and, if so, for what?

12. Have you ever been a sub-con-
tractor and, if so, for whom?

13. Have you ever sub-contracted
any of your work and, if so, to
whom ?

The men staffing the offices of the
Defense Contract Service are pre-
pared to give you every possible con-
sideration and assistance. If you
feel that your plant is under-capi-
talized for defense work, they will
help you secure the necessary financ-
ing once you have been approved as
having the suitable facilities and
qualifications for defense contracts.
If your plant 1is inadequately
equipped to handle any particular
job, they will guide you in pooling
your resources with other small
shop owners so that together you
can participate in a contract which
none of you could handle alone. If
you are a sub-contractor, they will
furnish you with lists of de-
fense contracts already let out, so
that you will know which prime con-
tractors to approach for work. In
short, the Federal government will
cooperate to the fullest extent in
helping you make your business an
essential one. The rest is up to you.

31



S St 2

By L. H. STAUFFER

University of Idaho

CHARACTERISTICS OF

Calcium silicate crystals enlarged about

325 diameters. This phosphor will lumi-

nesce yellow under electron bombardment.

Photographs were made by RCA Manu-
facturing Co.

Calcium silicate phosphor magnified 80

diameters under the luminescent micro-

scope. The particles were photographed
by their own luminescence

ITH the advent of commer-

cial television and fluorescent
lighting the phosphors have become
the subject of intensive investigation
and development. Recent improve-
ments in luminous efliciency and
color range have placed these fluo-
rescent materials among the most
important light sources now in use.
Luminescent crystalline materials
have been developed with efliciencies

32

exceeding 70 percent, for ultraviolet
excitation, and almost any desired
hue, including white, is obtainable.
As energy converters the phosphors
far outstrip the incandescent fila-
ment in efliciency, and in addition
they have the advantage of quick
response to variations in exciting
energy.

Phosphors are made by firing a
pure crystalline material with a very
small amount of another element
known as an activator. The kind of
activator, its concentration, and the
heat treatment employed have im-
portant effects on the behavior of
the phosphor. There is a specific
activator for each basic crystalline
material, although some compounds
may be activated by several differ-
ent elements. Of the matrix mate-
rials now in use the metallic sul-

phides, silicates, and tungstates are -

of greatest practical interest. The
table lists representative phosphors
belonging to these groups together
with their activators, emission peaks,
and persistence times. It will be
noted that the tungstates are excep-
tional in that they require no acti-
vator. Also, it will be seen that there
is a wide variation in color and per-
sistence time among the phosphors
listed.

Fluorescent materials convert the
energy of electron beams, ultraviolet
light, or x-rays into visible light with
widely varying efficiencies. For
cathode-ruy excitation the efficiency
of energy conversion is about 10 per-
cent for most phosphors, while it
may be as high as 50 to 70 per cent
when the same phosphors are excited
by ultraviolet. For x-rays the effi-
ciency is from 1 to 5 percent de-
pending on the hardness of the
radiation. The Juminescent hue of
the phosphor, however, is the same
tor all exciting agents; it depends
only on the chemical make-up and
the compounding process.

Because of the variation of eye
sensitivity with color the luminous
efficiency of a phosphor will depend
on the amount of energy it can throw
into those regions of the spectrum
which give the maximum visual
stimulus. Figure 1 shows the re-

sponse characteristic for the normal
human eye.! This characteristic is
peaked in the yellow-green region
which explains why willemite and
other green and yellow emitting ma-
terials show such high luminous ef-
ficiencies. Some of the blue phos-
phors, although they are good energy
converters, are not efficient from a
visual standpoint because they throw
too large a portion of their emission
into the violet and ultraviolet re-
gions. Since most spectral distri.
bution curves for phosphors are now
plotted on'an energy basis it is neces-
sary to multiply their ordinates by
the corresponding ordinates of the
eye sensitivity curve to estimate
visual efliciencies. The area un-
der the resulting curve gives a
measure of the total visual effect,
corresponding to the response of an
eye-corrected Weston photocell.

The spectral distribution curves
of Figs. 2, 3, and 4 show how some
of the phosphors distribute their
emitted light over the spectrum.?
The effect of different activators on
zine sulphide phosphors is illustrated
in Fig. 2. Each activator has its ef-
fect on the luminous efficiency and
color as shown by the table accom-
panying Fig. 2. The effect of vary-
ing the amount of manganese acti-
vator in willemite is shown by the
emission curves of Fig. 3. The emis-
sion peaks for the tungstates, shown
in Fig. 4, are displaced too far toward
the blue to show high luminous ef-
ficiencies.

In some cases changes in activator
concentration as small as one part
per million will produce a deteetable
change in the emission of a phosphor.
Variations in heat treatment have
an effect on the crystal structure
which in turn affects the shape of
an emission curve. For these rea-
sons careful control of production
processes is essential to insure uni-
form characteristics in commercial
phosphors.

When a particular application de-
mands a luminescent hue that can-
not be efficiently secured by the use
of any single matrix material a me-
chanical mixture of two or more
powdered phosphors may be used.
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FLUORESCENT

ATERIALS . ..

Relative Visibility

Fig. 2—Emission curves of several zinc
sulphide phosphors. Pure zinc sulphide
is used as the standard tfor comparison

Fig. 1—Relative sensitivity of the eye to
light of various wavelengths
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This gives a practically unlimited
choice of colors without unduly sac-
rificing luminous efficiency. These
mixture phosphors find their most
important uses in fluorescent lamps
and television screens where intense
white luminescence is required.
The emission curves of Fig. 5
show the results obtained by me-
chanically mixing zinc¢ sulphide and
cadmium sulphide phosphors acti-
vated by silver.! As the mixture
proportions are varied from pure
ZnS-Ag to pure CdS-Ag the emis-
sion changes from light blue, through
green, yellow, and orange, to red for
the pure CdS-Ag phosphor. The
column headed Weston gives the
comparative illuminometer readings
under identical excitation conditions
in a cathode-ray tube. It will be
seen that the 50-50 mixture best fits
the eye sensitivity curve and, there-
fore, gives the highest luminous ef-
ficiency. Relative visual response
curves for ZnS-Ag and for the 50-50
and 20-80 mixtures are shown in
the upper part of Fig. 5. These were
constructed with the help of the eye
sensitivity curve. Good quality
white emitting secreens usually em-
ploy a three component mixture of
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showing the effect
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Fig. 4—Emission
curves of several
tungstate phosphors.
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mum eye sensitivity
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mixlures of zinc sulphide and cadmium sulphide phosphors

blue, green, and vellow emitting
phosphors,.

In selecting phosphors for use in
cathode-ray tubes other properties
that must be consideved, in addition
to emission characteristics, are:

1) stability under electron bom-
bardment and exhaust temperatures;
(2) the persistence time; (3) the
limiting accelerating potential.

Sustained high temperatures may
aflect the emission of a phosphor by
permanently altering its crystal
structure. Screen materials must
withstand exhaust temperatures ap-
proaching 500 deg. C and should out-
gas easily. Under operating condi-
tions high instantaneous tempera-
tures may be encountered which

might not

permanently

alter the

phosphor, but which may reduce the

luminous e
elliciencies

thiciency.
of all

The
phosphors

luminous
de-

0
Accelerating Voltage-Kilovolis

Fig. 7—Relative light output of willemite screens as a

function of acceleration voltage

glow is known as phosphorescence,
and the time required for the lumi-
nescence to drop to a given fraction
of its initial value is called the per-

crease with increasing temperature,
and at a limiting temperature,
usually below the melting point,
luminescence ceases. For some ma-
terials the luminous elliciency is
fairly constant up to 150 deg. C or
higher while for others it begins to
fall off at temperatures below 100
deg. C. Many materials showing lit-
tle or no fluorescence at room tem-
perature are strongly luminescent
at low temperatures.

Most phosphors continue to emit
light for a measurable period after
excitation ceases. This lag or after-

APPROXIMATE CHARACTERISTICS OF

TYPICAL PHOSPHORS

sistence

time.

(Continued on page 117)

IBRLL 1T

In the tungstates
phosphorescence is negligible, but
the sulphides and silicates show ap-

PHOSPHOR
Activator
Crystal Matrix Formula Concen-
tration
Pure zinc sulphide ZnsS None
Zinc sulphide—silver ZnS-Ag Ag—0.0329,
Zinc sulphide—copper ZnS-Cu Cu—0.0019%
Cadmium sulphide-—silver CdS-Ayg | Ag—0.02,
Zinc—cadmium sulphide —silver 4ZnS:6Cds-Ag | Ag—0.019%,
Alpha—zinc silicate-—unactivated Zn.SiQy None
Alpha—zinc silicate-—manganese Zn.Si0.-Mn Mn—-1.99%,
Beta—zine silicate-—manganese Zn:Si0«-Mn Mn
Zinc beryllium silicate- -manganese. ZnO BeO Si0: Mn
Cadmium silicate—manganese CdSiO;-Mn Mn
Magnesium tungstate MgwO. None
Cadmium tungstate CdwO, None
Zinc tungstate ZnwWo, None
Calcium tungstate Cawo, None

The persistence time is the time required for the luminescence to fall to 1 percent of its initial value.
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Wave-length |  Persistence
Color of of Maximum Time* —
Fluorescence Emission — | Seconds
Angstroms |
| Light blue [ 4700 10 -3 approx
Blue 4550 {103
Light green 4700-5300 51072 approx
Red 8000 approx 10 3
| Yellow-orange | 6000 10 -3
| Pale blue 4100 [ 2.0 approx
Green 5300 5X10 2
| Yellow 5600 | 10 -t approx
Green to orange| 5250-6000 5X10 2
Yellow-pink | 5950 o
Blue-white | 4900 10 =5 approx
| Blue-white [ 4900 { 10 ~5 approx
Blue-white | 4900 | 10 -6 approx
| Violet 4200 10 -5 approx
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Fig. 6—Light output curves for phosphor
screens uniformly scanned by an electron
beam
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Direct Reading
Interpolation Oscillator

A standard frequency generator and interpolation oscillator are used in combination to

provide a rapid and accurate method of determining the frequency of received signals

N many instances when accurate

frequency measurements are to
be made delay due to slide rule cal-
culations and figuring is experienced.
In order to overcome this, a fre-
quency measuring unit was developed
to enable even the inexperienced to
perform interpolations. No calcula-
tions at all are necessary, and very
rapid measurements can be made di-
rectly from the dial. Accurate cali-
bration ecan be quickly and easily
made at any time. The interpolation
oscillator and frequency standard is
composed of two units. The upper
panel contains a secondary frequency
standard with 100 ke quartz bar and
multivibrators giving strong outputs
at every 100, 50 and 10 ke interval.
The lower panel contains the inter-
polation oscillator which allows pre-
cision readings between the 10 ke
points given by the secondary fre-
quency standard.

Secondary Frequency Standard

The 100 kc bar is mounted in a
plug-in dustproof shielded case. The
bar is a thick crystal with two sides
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By D. REGINALD
TIBBETTS

Moraga, Calif

Front view of fre-

quency standard

(upper panel) and

interpolation oscil-
lator

silver-plated and mounted between
two wedge-shaped electrodes. The
temperature coefficient is very low
and, by means of a variable con-
denser built into the circuit, adjust-
ment of the crystal frequency to
exactly 100 ke is easily and quickly
possible.

The oscillator is a 6SJ7 with the
screen of the tube acting as the plate.
The circuit gives some feedback to
aid crystal oscillation and also pro-
vides variation of the oscillator fre-
quency over a range of approximately
16 cycles by means of the tuning
condenser. The frequency can there-
fore be brought exactly to 100 ke
when an accurate checking -source
such as Station WWYV is available.

Since the oscillator alone will pro-
duce harmonics useful to only about
the fiftieth harmonic or 5000 ke,
amplifiers are needed to get strong
harmonices up to 60,000 cycles per
second. The output of the oscillator
is capacity-coupled to another 6SJ7
as an amplifier. For 100 k¢ har-
monics this amplifier is in turn cou-
pled to an 1852/6AC7. For the 50

ke harmonic series, a multivibrator
is incorporated in the unit. This
stage uses a single 6N7, and follows
the 6SJ7 first amplifier. The 10 ke
series of harmonics are similarly
secured. A three position rotary
switch is used to switch the output
of the first amplifier to the desired
harmonic output. The 1852/6AC7T
second amplifier is used in all cases
and serves to isolate the multivi-
brator from the output circuit. The
first amplifier not only serves as an
amplifier, but also as a buffer stage
to isolate the oscillator from the
multivibrator. The output circuit is
coupled to the receiver antenna post
through a built-in attenuator using
a 500,000 ohm potentiometer. This
attenuator is necessary to effect a
balance between the harmonic being
used and the signal observed. Other-
wise the output of the unit swamps
the signal observed and observation
of the beat note would be difficult.

Interpolation Oscillator

The interpolation oscillator is sim-
ilar to an accurate highly stabilized
beat frequency oscillator of a good
receiver. The frequency range of
the unit is somewhat more than 5000
cycles per second plus or minus the
intermediate frequency of the re-
ceiver. One of these units has been

Interior views of the interpolation oscil-

lator (left unit) and frequency standard.

below, show no wiring above the
chassis




adjusted to 455 ke although this can
be changed to any exact intermediate
frequency between 450 and 470 ke.
When set for 455 kc the dial of the
unit tunes from a little less than 450
ke to a little more than 460 ke.

Stability is very high and no pro-
vision for regulated power supply
is necessary. The stability is high
mainly because the interpolation
oscillator  operates at a compara-
tively fixed low frequency instead of
the usual variable high frequency.
Calibration is linear, i.c., dial spac-
ings are equal for the same fre-
quency increments.

The unit must be used with and in
fact is, an integral part of any unit
that will supply stable 10 k¢ har-
monics. Interpolation is accom-
plished between adjacent 10 ke
multivibrator marker points by
means of a variable oscillator oper-
ating at the receiver intermediate
frequency. Thus, in reality fre-
quency measurement is simply de-
termined merely by measuring the
beat frequency between the un-
known signal and the nearest 10 ke
point after both have been converted
to the i-f channel frequencies.

The low frequeney oscillator tunes
a little more than 5000 cps either

side of the receiver i-f channel and
is based on the transitron. This os-
cillator is very stable and can be
compared to a crystal oscillator.
The 455 ke oscillator is tuned by
means of a combination of a silver
mica condenser- whose stability is
very high, especially with respect to
temperature, and a variable iron
core inductance. These two in the
plate circuit of the 6SJ7 oscillator
in combination with the 100 uuf air
padder, and interpolation condenser
complete the basic parts of the inter-
polation oscillator. By means of the
variable air padder and the variable
inductance the range of the interpo-
lation oscillator may be precisely ad-
Justed while keeping the middle fre-
quency the same as that of the inter-
mediate frequency of the receiver.

1000-Kilocycle Oscillator

As an added feature a 1000-ke os-
cillator is built into the interpolation
oscillator. Since the 100-ke points
are very close together at the very
high frequencies, i.e., those above
20,000 ke, a 1000-ke (1 Me) self-
excited oscillator is used for check-
ing. This oscillator is arranged so
that it is exactly controlled by the
100 ke crystal. This portion of the

standard is operated by turning the
upper multivibrator switch to the
100-ke position with output at maxi-
mum and the lower selector switch to
the 1 Mc position. Output will then
be secured at exactly integral mul-
tiples of 1 Mc over the entire range
of the receiver. Adjustment of this
1 Mc osciliator is made by means of
the trimmer located next to the type
80 tube on the lower chassis.

Procedure in Measuring Frequency

To check the 100-kc crystal bar to
the exact point, the operator should
first find either WWYV or 5000 kc or
select any station, broadcast or com-
mercial, whose frequency is known.
Nearly all broadcast stations keep
their frequency deviation within a
few cycles per second and many keep
to within a single cycle per second.
In any case broadcast stations are
required to keep within 20 cps. The
station selected is tuned in on the
receiver. Next turn on the secondary
frequency standard and switch to
the 10 ke multivibrator. This as-
sumes the frequency of the station
to be divisible by 10 ke. Of course
if the frequency is divisible by 50
or 100 kc these multivibrators can
be used as well. A beat note will be

Circuit diagram of the secondary standard of trequency

100 Ke oscillator

. X7TAL

correction

1oy Ac

Note:-

All resistance valves in megohms
excepl where ofherwise indjcated

M= Thousand ohms
2 = Ohms

stated as

A/l capacity ya’/ges n ufunless

APC= Air padding condenser

1852/6ACT7

. /00 Ke 6 Fole 3throw 100ke
w50 K¢ MV swifch
™S < !

NS
10 Ke ™~

RFC= 2.5 mh high frequency chokes
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Upper Unit
Secondary Frequency Standard
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Connections and circuit components are given in this diagram for the interpolation oscillator

heard between the station observed
and the multivibrator output. By
adjustment of the output a balance
can be secured. The correction dial
is moved until the beats can be
counted and brought to zero beat.
If the receiver has an “S” meter, the
beats can actually be seen. The
actual number of swings a second is
the precision to which the correc-
tion is set. From a practical stand-
point, once the correction is made,
good measurements can be made
without the necessity of the correc-
tion. The temperature coefficient of
the bar is so low that often the cor-
rection will be found to be at zero
beat with a primary station. The
correction is provided for better pre-
cision and any drift due to tempera-
ture, humidity or circuit changes
can be corrected very easily. This
can be checked both before and after
measurements for accuracy.

As an example it is assumed the
receiver dial can be read to within
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reasonable limits and that the ap-
proximate frequency of the station
to be measured is known. For in-
stance a station is known to be op-
erating on about 2512 ke. The sta-
tion is tuned in and the 10 kec multi-
vibrator is switched on. The dial of
the interpolation oscillator is set at
mid-scale, and the interpolate switch
is thrown on. A beat note will be
heard in the receiver. The receiver
is tuned to exact zero beat at 2510
ke with a harmonic of the multivi-
brator. During this operation it is
desirable to remove the incoming
signal to avoid confusion of beat
notes. The plate switch is thrown off
and the station is received again. A
beat note will be heard. This zero
beat will be the exact difference be-
tween 2510 and the operating fre-
quency of the station measured. This
difference can be measured by tun-
ing the interpolation oscillator to
zero beat. If the station is on exactly
2512 ke the dial will read +2 ke

100 degrees). Each division of the
dial is 40 cps. If the frequency
should happen to be 2508.5 ke the
dial would read —1.5 ke or (187.5
degrees). To check back, turn off
the received signal, turn the multi.
vibrator on and see if the zero beat
checks back at 150 degrees or the
zero calibration mark of the inter-
polation oscillator. A convenient
means of reading measurements is
to read the dial in degrees. Let this
dial reading be n. Then, the exact
frequency in cycles per second to be
added the marker frequency of the
multivibrator is

f 40 (150 n).
For example if zero beat is obtained
when the dial reads 200, then the
frequency which must be added to
the multivibrator marker frequency
is f = 40 (150-200) 40 (—50)

2,000 cycles per second. Since the
sign is negative, we must subtract
2 ke from the multivibrator marker
frequency.
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POWER FACTOR METER

Based on the phase control operation of gas tubes., a direct reading power factor meter
has been designed for either 150 or 250 volt circuits and for currents of from 0.1 to 10

amperes.

All errors are less than those in reading the indicating meter

By ALEXANDER B. BERESKIN

University of Cincinnati

Photograph of the power factor meter
which reads leading or lagging power
factor directly on 150 or 250 volt circuits

HE determination of power
factor has always been an im-
portant consideration in the utiliza-
tion and distribution of power but
with the advent of fluorescent light-
ing, with its attendant low power
factors, the importance of the prob-
lem has been materially increased.
The following article deals with the
application of the D’Arsonval type
meter movement and the thyratron
tube, to the direct measurement of
power factor. As a by-product the
instrument is also capable of indicat-
ing amperes and volts in the circuit.
The D’Arsonval type meter move-
ment is sensitive, reliable, and inex-
pensive but its indication depends
upon the average value of unidirec-
tional current flowing through its
coil. For this reason, in the meas-
urement of a large number of elec-
trical phenomena, it is desirable to
provide a suitable circuit arrange-
ment which will produce a unidirec-
tional flow of current having an
average value which is a function
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of the phenomenon being measured.
It is also desirable that the meas-
urement circuit introduce a mini-
mum amount of disturbance into
the circuit being measured.

Review of Thyratron Principles

In view of the intimate relation
existing between the theory of the
power fuector meter and that of
the control tube, a review of the gas
tube theory seems advisable to facili
tate the explanation of the power
factor meter.

In the gas tube, with positive
plate some of the electrons Howing
from the cathode to the plate will
strike gas molecules and, if these
electrons happen to be going fast
enough, ionization by collision will
occur. All of the free electrons
formed will continue to go to the
plate and, en route, mayv collide with
more gas molecules. The positive
ions (atoms lacking one or more
electrons) will go to the negative
cathode and grid.

The positive ions arriving at the
cathode will unite with free electrons
and, having formed neutral parti-
cles, will disperse within the envel-
ope of the tube. Due to the great
concentration of positive ions close
to the cathode, the space charge will
be greatly reduced and the removal
of electrons from the cathode wil)
be facilitated, thus making available
a large supply of free electrons.
Because of the practically complete
neutralization of the space charge,
the potential that will appear be-
tween the cathode and plate of the
gas tube will be approximately the
ionization potential of the vapor or
gas for the particular operating con-
ditions involved. The positive ions
arriving at the grid, however, will
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Fig. 1-—Control grid characteristics of the
RCA-2051 gas tetrode. Conduction cannot
occur in the cross-hatched region

not find any free electrons to com-
bine with and will form a positive
ion sheath around the grid which
will completely shield it from the
cathode.

Due to the shielding effect of the
positive ion sheath the grid has no
control over the current flow in the
gas tube after ionization has oc-
curred. This means that the grid
will be effective only in preventing
or permitting current to start in the
tube and therefore has a trigger-
like effect but has no effect after
ionization takes place. The magni-
tude of grid voltage required to pre-
vent current flow will naturally vary
for various values of plate voltage
and a characteristic curve, such as
shown in Fig. 1 for an RCA-2051
tube, can be plotted. Any combina-
tion of grid and plate voltage in the
cross-hatched region will not pro-
duce current flow in the tube, while
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Fig. 2—Grid and plate voltage wave forms illus-
trating the operation of gas tetrodes.
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Fig. 3—Simple circuit diagram illustrating amplitude
control of the conduction characteristics of gas con-
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Circuit diagram illustrating phase con-

Fig. 5—Vector diagram showing the relations of cur-
rent and voltage in phase controlled tube

any combination® of grid and plate
voltage in the clear region will pro-
duce current flow. The grid can be
made to regain control only if the
positive ion sheath surrounding it is
destroyed, and this can be done only
by reducing the voltage across the
tube below the extinction potential
of the gas. If an alternating voltage
is applied in the plate circuit of the
tube, it can be seen that it is possi-
ble for the grid to regain control
once in every cycle.

If the positive half of the voltage
sine wave, ¢ = F, 8in wt is plotted
as a function of time, and for each
value of this wave a corresponding
value of grid voltage is taken from
the curve in Fig. 1 and plotted to
its own scale, the curves ¢ and E., in-
dicated in Fig. 2 will be obtained.

There are two possible methods
of control by which a tube may be
made to start conducting at a pre-
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determined time in the positive half
of the cycle and to continue con-
ducting for the remainder of that
half cyele. The first method is
known as amplitude control and the
second method as phase shift control.
In amplitude control a direct voltage
E,.. is applied between the cathode
and grid, as indicated in Fig. 3, and
the magnitude of this voltage will
determine the point in the cycle at
which E. and F,,. will intersect and
therefore the angle 8, of Fig. 2 at
which conduction will commence.
Conduction - will continue until the
potential ¢, in Fig. 2, drops below
the extinction potential of the tube
E. and this point will determine
the angle §.. It is obvious that with
fixed grid voltage the tube can not
be made to conduct for less than a
quarter of a cycle by this method and
also that the point of intersection
will not be very definite on the por-

tion of K. which is relatively flat.
In the phase shift control method,
an alternating voltage FE,.. of con-
stant magnitude is applied between
the cathode and grid and provisions
are made for shifting the phase
angle between this voltage and the
voltage ¢ in the plate circuit. Re-
ferring again to Fig. 2, if the peak
value of E,,. is large compared to the
maximum value of £. their point of
intersection will be very clearly de-
fined. By proper phase shifting,
the tube may be made to conduct
over any portion of the positive half
of the voltage wave e. A convenient
method of obtaining the phase shift
of the grid voltage is indicated in
Fig. 4. The vector diagram for this
circuit indicated in Fig. 5, shows
that £,.. will be the radius vector of
a semicircle and the angle, ¢, which
it makes with e will be determined by
the relative magnitudes of R, and X
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If we call the drop in potential
across the tube E'; then the instan-
taneous current that will flow, after
conduction commences, will be i,

e—FK,)/R, as long as the numer-

ator 1s positive but will be 7, = 0 if
the numerator becomes negative.
The value of i, averaged over a com-
plete cycle will be

r 1 O () sin wl
o 2x fy, R

where 6, is the point at which con
duction starts and 6. is the point
at  which conduction stops. 1In
practice 8. will be very nearly 180
deg. but will actually be the value of
(wt) at which E,, sin wt E 0.
The tube drop potential, £, depends
on the amount of current flowing in
the tube and is ordinarily a few
volts less than the ionization poten-
tial of the tube for zero grid voltage.

d (w!

The Power Factor Meter

The measurement of power factor
must of necessity involve a circuit in
which the response is independent of
the relative magnitudes of the volt-
age and current waves but is de
pendent on the phase angle betwen
the two waves. Referring to Fig.
6, if the gas tube is connected as in
dicated in the circuit and switch S
is closed, the grid of the tube will
be at zero voltage and conduection
will occur over the maximum pos-
sible time interval. With S closed,
if for any voltage, E, sin wt,
the rheostat K, is adjusted until the
d-¢ ammeter, I,, reads full scale
deflection, the current wave in the
plate circuit of the tube may b«
almost exactly reproduced for any
reasonable range of input voltages e.
If switch S is now opened and the
rheostat K, is adjusted until FE..
reads some predetermined value of
voltage, then the period of conduc-
tion, and therefore I,. will depend on
the phase angle between the current
wave, 7,, and the voltage wave, e.
As indicated in Fig. TA, if the cur-
rent wave 15 is exactly in phase
with ¢ no conduction will oceur since
E... will at all times, in the positive
half cycle of e, be more negative
than E. and therefore I,. will read
zero. If the current wave 7, should
lead the voltage wave e then con-
duction will occur for a portion of
the half cycle determined by the in-
tersection of E... and E.. The d-¢
meter reading in this case would be
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Fig. 6—Elementary
schematic wiring di-
agram of circuit for
power factor meter

e=£,, sinwt

Fig. 7—Current and

voltage wave forms

illustrating method

of operation of sim-

ple power factor
meter

Fig. 8—Basic circuit
of a somewhat
more convenient
and practical power
factor meter
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where 6 is the angle at which E,,
intersects F. and 6. is the angle at
which conduction ceases as indicated
in Fig. 2. It is obvious from Fig.
7C that if the ¢, wave were to lag
the e¢ wave, conduction would occur
through the full half eycle for which
e is positive and 7,. would read full
scale as previously adjusted.

For various reasons the elementary
circuit in Fig. 6 is neither practical
nor convenient, In the first place if
E., is to be much larger than E,
(which may have a value of 3 or 4
volts for the 2051 tube) the voltage

&,=4,, s wt
4=, sin(wt+@,)
iLJ I sin (wt - ¢z)

Eﬂc = -leRt

drop across the variable shunt R,
would be too large a percentage of
the load voltage. In the second place
the large amount of power dissipated
as heat in R, would be difficult to
get rid of. Finally, no measure-
ment of lagging power factors would
be possible since all such factors
would all read the same amount on
the meter.

The current requirements in the
grid circuit of the tube are very
small and therefore the obvious step
is to use a small voltage, E.., (ap-
proximately 0.5 volt) and to use a
step-up transformer to obtain the
higher grid voltages required. It
would also be convenient to use a
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phase shifting network of the type
indicated in Fig. 4 in order to be
able to use any desired point in
the cycle as a unity power factor
reference point. These changes are
shown incorporated in Fig. 8. The
combination of K, and C, could be
made such that E, would intersect
E. at the time when e¢ was at its
maximum value as indicated by F,
in Fig. 9. In this case unity power
factor would be indicated by an I,.
reading of 0.5 of full scale deflection.
Lagging power factors would be in-
dicated by I,. readings less than 0.5
of full scale deflection and leading
power factors would be indicated by
I, readings greater than 0.5 of full
§cale deflection.

It is obvious from Fig. 9, however,
that the greatest changes in I,. per
unit change in phase angle would
occur in the 90 deg. region between
w/4 and 3 n/4. This means that a
more convenient arrangement would
be to have the phase shifting net-
work give a unity power factor
reference point at =n/4 for lagging
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power factors and at 3 =/4 for lead-
ing power factors. In this manner
a theoretical 70 percent of full scale
I,. deflection can be used for leading
power factors and the same percent-
age of full scale deflection in the op-
posite direction can be used for
lagging power factors. Another
possible scale arrangement would be
to have the unity power factor ref-
erence point at 0 for lagging power
factors and at = radians for leading
power factors. This arrangement
would produce two linear power
factor scales which would meet at
the middle of the meter scale. The
actual scale chosen, as indicated in
Fig. 10, was a compromise scale
which tends to have both a large scale
utilization factor and a good amount
of linearity.

It is also inconvenient to have an
additional a-c voltmeter F.. and to
avoid the use of this instrument a
copper oxide rectifier, in conjunc-
tion with the meter I,. and suitable
switching arrangements, can be used.
The complete circuit diagram, with

Plate-voltage
(Upper scale)

=== Grid voltage
(Lower scale)

Fig. 10—Meter scale
for power factor
meter with lagging
and leading factors
for 150 and 250 volt

£4,=30 sin wt N o
circuils

Ey,~30sin(wt+®)
Egy=30sin(wt - @)

Fig. 9—Voltage and current wave forms showing how the indica-
tion of power factor meter depends upon point of cycle at which

conduction begins

Fig. 11 — Detailed

wiring diagram of

the complete power
factor meter

2 Copper
£ /ox%e
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rectifier

!
176 2Mp
J fuse

Yotk Shur)

all modifications and refinements, is
shown in Fig. 11. In actual opera-:
tion, with the switch thrown in the
E,., position, the I, meter is in
parallel with the 1-ohm shunt and
the grid is shorted to the cathode.
With the switch in this position the
rheostat in the plate circuit is ad-
justed till I,. reads full scale deflec-
tion. With the switch in the [,
position the I,. meter is connected
with the proper polarity across the
copper oxide rectifier cell and the
variable shunt is adjusted till the
meter assumes some position which
indicates predetermined voltage
drop across the variable shunt. This
last adjustment is not at all critical
for if the instrument is used on a
120-volt line and calibration was
made with an rms voltage of 21
volts on the grid, doubling the
grid voltage would cause an error
equivalent to only 2 deg. while halv-
ing the grid voltage would produce
an ervor equivalent to only 5 deg.
If the switch is now released to its
normal center position, the I,. meter

P.F,
Lead

is again placed in parallel with the
1-ohm shunt and the reading on the
meter indicates the power factor of
the load. Whether readings should
be taken on the lead or lag scale is
determined by the position of the
lead-lag switch.

Several interesting problems arise
in the design of the component parts
of the power factor meter. If a 2050
or 2051 gas tetrode is used, it is
desirable to have a grid voltage of
about 20 volts rms. On the other
hand the alternating voltage across
the variable shunt should not ex-
eed 1 volt and was arbitrarily
chosen to be 0.5 volt. Since only a
half of the grid transformer second-
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ary voltage appears between cathode
and grid, due to the phase shifting
network used, a transformer with a
center-tapped secondary and a ratio
of transformation of about 1 to 80
was required. In addition to the
above requirements it was also essen-
tial that the magnetizing current
of the transformer should be very
small in order that the primary
voltage of the grid transformer
should be very nearly in phase with
the load current even at small
values of load current. To satisfy
these conditions the primary wind-
ing was designed to have 150 turns
and it drew a magnetizing current
of 7 milliamperes at 0.5 volt rms.
The secondary of the grid trans-
former has a total of 12,000 turns
and an equivalent secondary imped-
ance of about 90,000 ohms. most of
which is due to leakage reactance.
For this reason the transformer
requires a large value of load resist-
ance R, and load reactance X,. A
load resistance of 1 megohm was
used. The 2050 and 2051 tubes are
admirably suited for this application
because of their low grid current
requirements.

The design of the variable shunt
presents another problem, for a
constant voltage must be developed
across it within the full operating
load current range used. In this
instrument a minimum operating
current of 0.1 ampere and a maxi-
mum operating current of 10.0
ampere were chosen. This required
a minimum resistance of 0.5 ohm
and a4 maximum resistance of 5.0
ohms, all on the same control and
with approximately uniform varia-
tions of voltage all along the control.
This naturally dictates a tapered
rheostat giving small changes of
resistance at the large current end
and large changes of resistance at
the small current end. In order to
protect the meter, the copper oxide
rectifier, and the grid transformer
from damage in case of failure of
the variable shunt a 1/16 ampere
fuse was installed as indicated in
Fig. 11.

It is interesting to note that if
calibrated dials are attached to the
rheostat in the plate circuit and to
the variable shunt, it is possible to
determine the voltage and current
in the circuit, and, knowing the
power factor, the power in watts
drawn by the load can be easily de-
termined. The instrument therefore
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serves as a combined voltmeter, am-
meter, power factor meter, and watt-
meter.

Limitations of the Power Factor Meter

With the grid shorted to the ecath-
ode, the point in the cycle at which
conduction will commence (6.) will
vary slightly for various values of
applied voltage. In a like manner,
the point at which conduction stops
(6.), (at E, sin ot — E 0), will
vary with the magnitude of FE,.
For these two reasons and because
the resistance in the plate circuit is
adjusted to give an average value of
l,. equal to the full scale deflection
of the meter, the wave shape of the
current wave through the tube will
vary slightly for various voltages in
the plate ecircuit. This difference
becomes negligibly small when the
voltage in the plate circuit exceeds
230 volts rms. This condition can
be taken care of by either calibrating
the power factor meter for two com-
mon values of voltage desired such
as 120 and 240 volts, as indicated
in Fig. 10, and interpolating between
the two values or else by using a
potential transformer to supply the
plate circuit. If a potential trans-
former is used then it would be de-
sirable to use a base voltage of about
230 or 350 volts on the secondary and
variations of plus or minus 25 per-
cent in this voltage could be accom-
modated with negligible error with
a single calibration of the scale on
the power factor meter.

Since the grid transformer draws
a small amount of current which
lags the current in the variable
shunt by approximately 90 deg. and
the sum of these two currents is
equal to the load current, the voltage
across the primary of the grid trans-
former will not be exactly in phase
with the load current. In the case
of the transformer used, with a
magnetizing current of 7 milliam-
peres, the error is negligible until
the load current decreases below 0.1
ampere. If the power factor meter
is calibrated for a load of 0.5 ampere
the error involved in using 0.1 am-
pere would be that due to 3° 127 lag.
At 1.0 ampere this error would be
that due to 0° 24’ lead and at 10.0
amperes the error would be that due
to 0° 36" lead. In practice, all of
the errors except that due to the 0.1
ampere load current would be less
than the reading accuracy of the

meter employed. The obvious way
to decrease this error, or to extend
the current range to lower values if
it should prove desirable, would be
to decrease the magnetizing current
requirements of the grid trans-
former by either increasing the num-
ber of primary turns, decreasing the
primary voltage, or both.

The power requirement in the
shunt of the power factor meter is
but a small portion of the total volt
amperes involved. If measurements
are made on a 120-volt circuit then
the power required in the shunt is
(0.5 x 100) /120 — 42 percent of the
total volt amperes involved. Meas-
urements on a 240-volt line would re-
quire 0.21 percent of the total volt-
amperes involved. The current
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