


o AMERICA

HERMETICALLY SEALED

saape iw UNITED

‘ :':'" |sh°w" is . -~ i On speCial
; actual size. 6VO . order; we can supply any of the Uit
ra

for comparison f COm a
e

only.
1 Class A in
our RC 50 case as i
e HTH
Dimensions: Height 2%, Base 17%” trated.
- TG

__ ”
T6 °

ULTRA COMPACT HiGH FIDELITY Aupio UNITS

Type - primary secondary 4+ 9 DB from List
No. Application impedance {mpedance Price
A-YO Low impedonce mike, pickup, 50, \25/\50, 200/250, 50,000 ohms 30-20,000 $15.00
or multiple line to grid 333, 500/600 ohms
A-VY Low impedonce mike, pickup, 50, 200, 500 ohms 50,000 ohms 50-\0,000 16.00
or line 10 Vor2 grids multiple alloy
shield for
extreme\y low }
hum pickuP !

A2 Low impedonce mike, pickup. 50, 125/150, 200/250, 80,000 ohms overall 30-20,900 15.00 L

or multiple line to push pull 333, 500/600 ohms in two sections

grids
A-18 Single plate to two grids split 8,000 to 15,000 ohms 80,000 ohms overall, 30-20,000‘ 14.00

primary 2.3:1 turn ratio overall
A9 Single plate to two grids 8 MA 15,000 ohms 80,000 ohms overall, 50-20,000 18.00

unbo\unced 0 2.3:1 twrn ratio overal
A-24 Single plate o multiple line 8,000 to 15,000 ohms 50, 125/150, 200/250, 30-20,000 15.00 k |

333 500/600 ohms Ly

A-25 single plote to multiple line 8,000 to 15,000 ohms 50, 125/150, 200/250. 50-12,000 14.00

8 MA unbulunced 0.C. 333, 500/600 ohms
A-26 Push pull low level plates to 8,000 to 15,000 ohms 50, 125/150, 200/250, 50-20,000 15.00

multiple line each side 333, 500/ 600 ohms
A-30 Audio choke, 300 henrys @ ? MA 6000 ohms p.C.. 75 hentys @ 4 MA 1500 ohms p.C.. inductance 10.00

with no D.C. 450 henfys

The above listing includes only @ few of the many Jltra
Compoct Audio Units uvuiluh\e L. . Write for our new catalog-
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1590 VARICH SYREET o NEW YORK 13, N. Y. i
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cific line in the Rockies. Inset shows amplifier (see page 66)
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Mobile laboratory tests tracks at the rate of 12 miles per hour
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Let mﬁ [}3 U@N help you...

...seal components hermetically

...speed up sub-assemblies

Marion portable,
bench-type induction

soldering unit....

SMALL
COMPACT
ADAPTABLE
EFFICIENT
ECONOMICAL
EASY-TO-USE

A PRODUCTION TOOL This unit was designed to simplify and improve
both the quality and quantity of production of many different
assemblies in the electronic and electrical fields. It has been used
successfully for many years in the manufacture of Marion her-
metically sealed instruments. Assembly applications include
magnet assemblies, relay armatures, connectors, capacitors and
transformer cans and germanium diode assemblies; also jewelry,
watches, toys, automotive parts, household fixtures, etc.

HERMETICALLY SEALED COMPONENTS Because of the present intense
interest in hermetically sealed components, Marion offers the
benefit of its experience in true glass-to-metal hermetic sealing
with the Marion Induction Soldering Unit and Marion metalized

(platinum film) glass. Marion platinum film base glass has been
MANUFACTURERS OF developed to permit higher sealing temperatures, greater thermal
HERMETICALLY shock range and resoldering if necessary.

SEALE TER

ESA'NCDE T:; d PROFIT FROM EXPERIENCE Investigate now. Submit your requirements.
We will be glad to supply samples and quotations. Ask for
bulletin.

MARION ELECTRICAL INSTRUMENT COMPANY

M ANCHESTER, NEW HAMPSHIRE

Expor? Division, 458 Broadway, New York 13, U. S..A., Cables MORHANEX

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORD BLUFFS, ONTARIO
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R. F. ATTENUATOR TYPE D—239 - DELIVERY

DESIGNED for work on coaxial cables and for testing at video frcquencies—arranged
to work between finite impedances — conventional gain and loss measuring technique
may be used up to 20 Mc.

UNLIKE MOST PRECISION INSTRUMENTS, IF YOU WANT A DOZEN, THE COST NEED NOT DETER YOU

SPECIFICATION
NETWORK : “ T Section MAXIMUM INPUT: 3 volts

ATTENUATION RANGE: D-239-4 61-5db in 05 db steps DIMENSIONS : 61" x 23" x 5}” (16:5 cm x 6 cm x 13-5 cm)
D-239-8 80db in | db steps -

TERMINAL IMPEDANCE : Both Types 75 ohms ~ YWEIGHT: 24 Ibs. (1-13 ke)
TERMINATIONS : Coaxial Connectors MOUNTING : Equally suitable for bench or panel use
ACCURACY: Better than 0-Sdb at 10 Mc PRICE : $50.00

YOU MAY REMIT TO US BY YOUR OWN DOLLAR CHECK

MUIRHEAD & Co. Ltp.

PRECISION ELECTRICAL INSTRUMENT MAKERS MU]RH‘EAD

BECKENHAM : KENT 1 ENGLAND ELECTRICAL (NSTRUMENTS

Telegrams and Cables: MUIRHFADS ELMERS-END RG]
ELECTRONICS — October, 1949 3




BUILT TO PERFECTION

WIRE ASSEMBLY AND

CORD SET DIVISION

Regardless of the song you sing, from Opera to Bop
—cord set to automotive harness—the most economical,
dependable and uniform performers have repeatedly
proved to be ESSEX WIRE ASSEMBLIES.

No matter how complex your harness problem,
Essex experts can solve it and save you time and
trouble. The Essex Wire combined staffs of specialists
completely engineer and outfit your assemblies with all
of their electrical components, making a completely
integrated unit to Essex high standards.

The Essex network of 20 plants develops, manufac-
tures and controls these custom-tailored assemblies
from wire bar to your appliance. Because of Essex in-
tense specialization, complete control of overall
operation and long experience (dating back to the days
of the early automobiles) you are safeguarded
against an clectrical failure that can turn your “"master-
piece” into a dead duck.

One sample of an assembly built
to your specifications will

prove why Essex leads. Ask for

PROVED BY INDUSTRY one. Call our representative

today, or send your specifica:

tions to the factory.

ESSEX WIRE CORPORATION MONTICELLO, INDIANA

October, 1949 — ELECTRONICS
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INTERMODULATION
DISTORTION ?

TRANSLATION
L0sS?

STYLUS
FORCE ?

MECHANICAL
IMPEDANCE ?

UNWANTED
OUTPUT?

ARM
RESONANCE ?

Western Electric

= QUALITY COUNTS —

Tnteninodulation distortion—present in many
tvpes of record reproducers to a [ar greater degree
than suspected —causes *“fuzziness™ in reproduc-
tion, particnlarly at the higher frequencies. Low
intermodulation distortion is essential for clean
reproduction.

When record groove velocity decreases (as the
stylus moves closer to the center pin) a loss in
high frequency reproduction occurs. To keep this
“translation loss” to a minimum. stylus tip
radius, stylus force and mechanical reactance
must be in correct balance.

While low stylus force is desirable to lengthen life
of records, too low a force frequently results in
inability of the reproducer to track properly at
high frequencies. This, in turn, produces high
intermodulation distortion. Stvlus foree should
be kept to the lowest value consistent with proper
tracking.

Fora given stylus force,low mechanical impedance
in the reproducer stylus improves tracking at
botl low and high frequencies. Both ends of the
recorded speetrum are therefore reproduced with
less distortion.

On lateral recordings, the pick-up unit should not
reproduce the unwanted vertical output which
can result from surface irregularities, turntable
vibrations and riding up of stylus on groove walls.
Conversely, on vertical recordings, the pick-up
unit should not reproduce the unwanted output
caused by lateral stylus motion.

The reproducer arm should wot have resonant
points within the spectrum of frequencies norm-
ally reproduced. If the resonant frequency of the
arn is within the range of frequencics on the
transcription or record, the resonant vibration
of the arm will cause a spurious response.

ELECTRONICS — October, 1949
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HOW THESE 9 FACTORS AFFECT
THE QUALITY OF DISC REPRODUCTION?

FREQUENCY
COMPENSATION ?

SCRATCH
EQUALIZATION ?

NOISE
PICK-UP?

The reproducing equipment must provide the
correct [requency compensation for the recording
characteristics most commonly used. Since diller-
ent recording companies use widely varying char-
acteristics, a correspondingly wide choice of
equalization characteristics must be available.

A choice of serateh equalization is also necessary
to meet the surface noise conditions of all records.
“Rolloff™ of reproducing curves must permit
maxinnun scrateh reduction while retaining as
much as possible of the original material on the
record.

The signal-to-noise ratio must not he impaired by
induced noise pick-up in the reproducer or equal-
izing circuits. Design of the equalizer and repeat -
ing coil should minimize hum pick-up from motor
fields or other sources.

How does the 109 Type Group stack up
against these reproducer requirements?

Western Electric has just issued a 12.page bulletin
explaining in greater detail the importance of these
ninc factors in high-quality reproduction—and showing
just w/ry the design of the 109 Type Reproducer Group
results in outstanding performance. You’llwant to have
all these facts when you select reproducing equipment!

CALL YOUR LOCAL GRAYBAR
REPRESENTATIVE

FOR A COPY OF
THIS NEW BULLETIN=-,
OR MAIL COUPON
BELOW N

&
. " '
¥ ' § /
Graybar Electric Co. - L
420 Lexington Avenue, ] B8
New York 17, N. Y.
Gentlemen: Please send me a copy of Bulletin
T2551, 109 Reproducer Group.”
Name
Title_
Company____
Street Address = = -
Cily_ - _Srate.

R ——



Pin point accuracy is

o7 resistins o) M8

And IRC provides it. Witness leading

manufacturers who specify IRC resistors
for advanced electronic circuits. In
instrumentation and industrial

applications, IRC resistors excel in

every important characteristic.

IN CRITICEL INSTRUMENTATION, IRC Pre-
cision Wire- Wounds offer a fine balance of
accoracy axd dependability. Tolerances of
19% are staadord, but 2%, 4% and 1/10%
are availabl=. IBC Precisions also afford maxi-
mum temperc turs ccefficient of .002% per ° C.

. at no extra cost And in addition, their design
and construcficn assure stability—even where
recurring su-ges are encountered. Labels are’
acetate. May w2 send you complete technical
data? Just de:h the coupon.



essential

ACCURACY AND ECONOMY in close ftolerance
applications make IRC Deposited Carbon
PRECISTORS ideal for television and similar cir-
cvits. They are outstanding in their ability to
previde dependable performance in circuits where
the characteristics of carbon composition resistors
are unsuitable and wire-wound precisions too
expensive. Manufactured in two sizes, 200 ohms
to 20 megohms in 19, 2% and 5% tolerance.
Coupon brings full details.

INTERNATIONAL
RESISTANCE COMPANY
401 M. Broad Street, Philadelphia 8, Pa.

In Can:da: International Resistance Co., Lid., Taronto, Licensee

WW%WGMS%JW\,-

Power Resistors * Vaoltmeter Multipliers
sInsulated Composition Resistors® Low
Wattage Wire Wounds * Controls
¢ Rheostats * Voltage Dividers-
Precisions * Deposited Carban
Precistors * HF cnd High Voltage
Resistors ¢ Insulated Chokes

SEALED PRECISION Voltmeter Muitipliers find
many critical applications such as are encountered
in marine service because of absolute dependa-
bility under the most severe humidity conditions.
Type MF's are compact, rugged, stabie, fully
moisture proof and easy to install, They consist of
individual wire wound precision resistors, mounted,
interconnected and encased in glazed ceramic
tubes—and these may be either inductive or
non-inductive, for use on AC as well as DC. Send
coupon for technical data bulletin.

MATCHED PAIR Resistors afford a low-cost solution fo
mony close tolerance requirements. They are widely
used as dependable meter multipliers. Two insulated
IRC resistors are matched in series or parallel to as
close as 1% initial accuracy. Both JAN-R-11 approved
Advanced BT resistors and low-range BW insulated
wire wounds are available in Matched Pairs. Use the
coupen to send for Bulletin B-3.

For fast, local service on standard IRC resistors,
simply phone your IRC Distributor. IRC’s
Industrial Service Plan keeps him well supplied
with the most popular types and ranges—
enables him to give you prompt, round-the-
corner delivery. We'll be glad to send you his
name and address,

r——————————————-a—_:rmﬂ—;m‘—n—l

I INTERNATIONAL RESISTANCE CO.
403 N. BROAD ST, PHILADELPHIA 8, PA.

— er] Gum DN SEE GEN O ENE EEN GED RN wen SN

NAME
TITLE.

COMPANY

Please send me complete information on the items chech

Precision Wire Wounds Deposited Carbon Precistors
Wire Wound Controls Voltmeter Multipliers
Matched Pair Resistors Name of Local IRC Distributor

ADDRESS . . ... e e

d below:

3. F.ARNDT & €O., AOV. AGEHTY



Let us start by saying that there may
be a price advantage to you in ordering
electronic;)arts or equipment directly from
the manufacturer. Against this, however,
weigh these advantages of working with
your local NEDA Distributor:

1. You avoid costly, time-consuming
delays when, for example, you schedule
a pilot run or production samples and
have your NEDA Distributor expedite
delivery of your electronic needs.

2. You get additional assistance
through the NEDA Distributor’s experi-
ence and knowledge.

a formula for

needs . . .

3. You have your choice of more than
one manufacturer’s line in ordering for
experimental needs and determining
what is best.

You can add a valuable “extension” to
your own engineering and research facili-
ties by giving your NEDA Distributor the
opportunity to develop as a service depot
for you. Look into it! You'll find that both
top management and the purchasing de-
partment will agree, when they compare
small savings on small quantity orders with
the NEDA formula for better research
and production.

Call on your [{[:[2/:. Distributor

Consult the list of NEDA members on the opposite page.

NATIONAL ELECTRONIC DISTRIBUTORS ASSOCIATION

INCORPORATED

2214 LaSALLE-WACKER BUILDING, 221 N. LaSALLE ST., CHICAGO 1, ILLINOIS

October, 1949 — ELECTRONICS



ALABAMA

BIRMINGHAM
James W. Clary Co.
MOBILE
Nelson Radio & Supply Co.
TUSCALOOSA
Allen & Jemison Co.

ARIZONA

PHOENIX
Radio Parts of Arizona

ARKANSAS

FORT SMITH
Wise Radio Supply
LITTLE ROCK
Southern Radio Supply
TEXARKANA
Lavender Radio Supply Co.

CALIFORNIA

GLENDALE
R. V. Weatherford Co.
LONG BEACH
Scott Radio Supply
LOS ANGELES
Radio Products Sales, Inc.
Universal Radio Supply Co.
KLAND
W. D. Brill Co.
Electric Supply Co.
Wave Miller & Co.

E. C. Wenger Co.
SAN BERNADINO
Inland Electronic Supply

1EGO
Coast Electric Co.
Electronic Equipment Distr.
SAN FRANCISCO
Associated Radio Distrs.
C. C. Brown Co.
Kaemper-Barrett Dealers
Supply Co.

San Francisco Radio &
Supply Co.
Wholesale Radio & Electric
Supply Co.

Zack Radio Supply Co.
SAN JOSE
Frank Quement, Inc.
STOCKTON
Carter W. Dunlap Wholesale
Radio Co.

COLORADO

PUEBLO
L. B. Walker Radio Co.

CONNECTICUT

BRIDGEPORT
Hatry & Young
HARTFORD
Hatry & Young, Inc.
NEW BRITAIN
United Radio Supply
NEW HAVEN
Hatry & Young
Thomas H. Brown Co.
NEW LONDON
Hatry & Young
STAMFORD
Hatry & Young
WATERBURY
Hatry & Young
The Bond Radio Supply
DISTRICT OF COLUMBIA

WASHINGTON
Kenyon Radio Suppiy Co.
Rucker Radio Wholesalers

Silberne Radio & Elec. Co.

FLORIDA

MIAMI
Herman Radio Supply Co.
Walder Radio & Appliance

GEORGIA

AUGUSTA
Prestwood Electronics Co.
COLUMBUS
Radio Sales & Service Co.
IDAHO

BOISE
Craddock’s Radio Supply
Kopke Electronics Co.

ILLINOIS

BELLEVILLE
Lurtz Electric Co.
BLOOMINGTON
Alverson Sales Co.

CHICAGO
Allied Radio Corp.

J. G. Bowman & Co.
Chauncey’s, Inc.
The Lukko Sales Corp.

WHEN YOU

CHICAGO
Pilgrim Distributing Co.
Radio Parts Co.
Walker-Jimieson, Inc.
MOLINE
Lofgren Distributing Co.
PEORIA

Herberger Radio Supply
ROCK ISLAND
Tri-City Radio Supply
SPRINGFIELD
Wilson Supply Co.

INDIANA

CROWN POINT
Hub Appliance & Supply Co.
FORT WAYNE
Pembteton Laboratories
INDIANAPOLIS
Van Sickle Radio Supp!y Co.

1IowaA

COUNCIL BLUFFS
World Radio Laboratories
DAVENPORT
Midwest-Timmerman Co.
DES MOINES
Gifford-Brown, Inc.
Iowa Radio Corp.
Radio Trade Supply Co.
DUBUQUE
Boe Distributing Co.
FORT DODGE
Ken-Els Radio Supply Co.
SIOUX CITY
Duke’s Radio Co.
WATERLOO
Ray-Mac Radio Supply

KANSAS
TOPEKA

The Overton Electric Co.

WICHITA
Excel Distributors
Interstate Distributors, Inc.

KENTUCKY

LEXINGTON
Radio Equipment Co.
LOUISVILLE
Peerless Electronic
Equipment Co.
Universal Radio Suppty Co.

LOUISIANA

ALEXANDRIA
Central Radio Supply
LAFAYETTE
Radio Electronic Supply
LAKE PROVIDENCE
F. H. Schneider & Sons
MONROE
Hale & McNeil
NEW ORLEANS
Wm. B. Allen Supply Co.

Columbia Radio & Supply Co.

Shuler Supply Co.
Southern Radio Supply Co.
SHREVEPORT
Koelemay Sales Co.

MAINE

AUBURN
Radio Supply Co., Inc.
PORTLAND
Maine Electronic Supply

MARYLAND

BALTIMORE
Kann-Ellert Electronics, Inc.
Radio Electric Service Co.
Wholesale Radio Parts
HAGERSTOWN
Zimmerman Wholesalers

MASSACHUSETTS

BOSTON
De Mambro Radio Supply Co.
Hatry & Young of Mass., Inc.
A. W. Mayer Co.
The Radio Shack Corp.
BROCKTON
Ware Radio Supply Co.
CAMBRIDGE
Electrical Supply Corp.
LAWRENCE
Hatry & Young
MELROSE
Melrose Sales Co.
NATICK
Willett Radio Supply, Inc.
W BEDFORD
E. Beckman Co.
PITTSFIELD
Pittstield Radio Co.
ROXBUR

C

Gerber Radio Supply Co.

ELECTRONICS — October, 1949
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SPRINGFIELD

Hatiy & Young

T. F. Cushing
Springfield Radio Co., Inc.

Springfield Sound Co.

WORCESTER
Radio Electronic Sales Co.
Radio Maintenance Supply

MICHIGAN

ANN ARBOR
Wedemeyer Electronic
Supply Co.
BATTLE CREEK
Electromic Suppty Corp.
DETROIT

M. N. Duffy & Co.
Ferguson Radio Supply Co.
K-L-A Laboratories
of Detroit
Radio Electronic Supply Co.
Radio Specialties
FLINT

Lifsey Distributing Co.
Radio Tube Merchandising
Shand Radio Soecialties

ON
Fulton Radio Supply Co.
EANSING
Electric Products Sales Co.
Offenhauer Co.
LAURIUM
Northwest Radio of Michigan
EGON

Industrial Electric Supply
PONTIAC
Electronic Supply Co.

MINNESOTA

DULUTH
Northwest Radio
MINNEAPOLIS
Bauman Company

Lew Bonn Co.
Northwest Radio &
Electronic Supply Co.
Radio Maintenance Co.
The Stark Radio Supply Co.
ST. PAUL

Electronic Distributing Co.
Hall Electric Co.

MISSISSIPPI

JACKSON
Cabell Electric Co.

MISSOURI

CAPE GIRARDEAU
Suedekum Electronic
Supply Co.
JEFFERSON CITY
Central Missouri Distrib.

PLIN
M. Brotherson
Four State Radio & Supply
KANSAS CITY
Burstein-Applebee
Manhattan Radio &
Equipment, Inc.
M:Gee Radio Co.
ST. LOUIS
Waltar Ashe Radio Co.
Ebinger Radio & Supply Co.
Interstate Supply Co.
Radonics
Van Sickle Radio Co.
SPRINGFIELD
Harry Reed Radio & Supply

NEBRASKA

LINCOLN
Ficks Radio Co.
Leuck Radio Supply Co.
OMAHA

J B Distributing Co.
Radio Equipment Co.

NEW HAMPSHIRE

CONCORD
Evans Radio
DOVER
American Radio Corp.
MANCHESTER
Radio Service Laboratory

MEW JERSEY

BRIDGETON
Joe’s Radio Shop
NEWARK
Continental Sales Co.
krich-Radisco, Inc.
Aaron Lippman & Co.
PHILLIPSBURG
Cari B. Williams Co.

NEW YORK

ALBANY
Fort Orange Radio
Distributing Co.

E. E. Taylor Co.
AMSTERDAM
Adirondack Radio Supply
AUBURN

Dare’s Radio Service
BINGHAMTON
Federal Radio Supply Co.
BROOKLYN

Green Radio Distributors
National Radio
Parts Distributing Co.
BUFFALO
Dymac, Inc.
Genesee Radio & Parts Co.
ELMIRA

Fred C. Harrison
GLEN FALLS
Ray Distributing Co.
HEMPSTEAD
Davis Electronics Corp.
Standard Parts Corp.
ITHACA
Stal!man of Ithaca
JAMAICA
Chanrose Radio Stores, Inc.
Norman Radio Distrs., Inc.
KINGSTON
Arace Brothers
MOUNT VERNON
Davis Radio Distributing Co.
NEW YORK
Arrow Electronics, Inc.
Bruno-New York, Inc.

H. L. Dalis, Inc.
Federated Purchaser, Inc.

Fischer Distributing Co., Inc.

Milo Radio & Electronics
National Radio Distributors
& W Radio Co.
Powell Radio Supply
Sanford Electronics Corp.
Slate & Co.
Stan-Burn Radio &
Electronics Co.
Sylvan-Weltington Co.
Terminal Radio Corp.

United Radio & Electric Co.

Wilco Radio Distributors
POUGHKEEPSIE
Chief Electronics

ROCHESTER
Rochester Radio Supply Co.
SCHENECTADY
Electric City Radio Supply
SYRACUSE
Roberts & 0’Brien
Stewart W. Smith, Inc.
Syracuse Radio Supply, Inc.
TROY

Trojan Radio Co., Inc.
UTICA

Beacon Electronics, Inc.
Electronic Laboratories &
Supply Co.
WHITE PLAINS
Westchester Electronic
Supply Co.

NORTH CAROLINA

ASHEVILLE
Freck Radio & Supply Co.
Long’s Distributing Co.
CHARLOTTE
Radiotronic Distr., Inc.
GREENSBORO
Johannesen Electric Co., Inc
GOLDSBORO
Signal Radio Supply
RALEIGH
Carolina Radio Equipment
Southeastern Radio Supply
WILMINGTON
French Radio Co.
WINSTON-SALEM
Dalton-Hege Radio Supply
Lambeth Etectric Supply Co.

NORTH DAKOTA

FARGO
Dakota Electric Supply Co.

OHIO

AKRON
The Sun Radio Co.
ASHTABULA
Morrison’s Radio Supply
CINCINNATI
Chambers Electronic Supply
Herrlinger Distributing Co.
Radio & Refrigeration
Supply Co.
The Schuster Electric Co.
Steinberg’s, Inc.
United Radio, Inc.

CLEVELAND
Radio & Electronic
Parts Corp.
Winteradio, Inc.
COLUMBUS
Electronic Supply Co.
Hughes-Peters, Inc.
Thompson Radio Supplies
Whitehead Radio Co.
DAYTON
Srepco, Inc.
LIMA
Lima Radio Parts Co.
TOLEDO
Toledo Radio Specialties
Warren Radio Co.
YOUNGSTOWN
Ross Radio Co.

OKLAHOMA

OKLAHOMA CiTY
Miller Jackson Co., Inc.
Radio Supply, Inc.
TULSA

L
Patterson Radio Supply Co.
Radio, Inc.
S & S Radio Supply

OREGON

EUGENE
Carison, Hatton & Hay, Inc.
MEDFORD

Verl G. Walker Co.
PORTLAND
Appliance Wholesalers
Bargelt Supply
Portland Radio Supply Co.
Stubbs Electric Co.
Tracey & Co., Inc.
United Radio Supply, Inc.

PENNSYLVANIA

ALTOONA
Hollenback’s Radio Supply
BETHLEHEM
Buss Electric Supply
ERIE

J. V. Duncombe Co.
Jordan Electronic Co.
Warren Radio, Inc.
HARRISBURG
Radio Distributing Co.
JOHNSTOWN
Cambria Equipment Co.
PHILADELPHIA
A. C. Radio Supply Co.
Allied Electric Appliance
Parts, Inc.

Almo Radio Co.
Barnett Brothers Radio Co.
Consolidated Radio Co.
Emerson Radio of Pa., Inc.
Herbach & Rademan, Inc.
Nat Lazar Radio Co.

M & H Sporting Goods Co.
Radio Electric Service Co.
of Pa., Inc.
Raymond Rosen & Co.
Albert Steinberg & Co.
Eugene G. Wile
PITTSBURGH
Cameradio Co.

John Marshall Co.
Radio Parts Co.
Tydings Co.

ST. MARYS
B & R Electric Co.
SCRANTON
Scranton Radio & Televison
WILLIAMSPORT
Williamsport Radio Supply
YORK

J. R. S. Distributors
York Radio &
Refrigeration Parts

SOUTH CAROLINA

COLUMBIA
Dixie Radio Supply Co.

SOUTH DAKOTA
SIOUX FALLS
Power City Radio Co.
Warren Radio Supply
WATERTOWN
Burghardt Radio Supply

TENNESSEE

CHATTANOOGA
Curle Radio Supply
JACKSON
L. K. Rush Co.
KNOXVILLE
Chemcity Radio & Electric
Roden Electrical Supply Co.

NEDA LIST

MEMPHIS
Bluff City Distr. Co., Inc
Boyd Electronic Supply
NASHVILLE
Electra Distributing Co.

TEXAS

ABILENE
R & R Electronic Co.
AMARILLO
R & R Electronic Co.
West Texas Radio Supply
AUSTIN

The Hargis Co.
BEAUMONT
Montague Radio Distr. Co.
CORPUS CHRISTI
Electronic Equipment &
Eag. Co.
Wicks-DeVilbiss Co.
DALLAS
All-State Distributing Co.
Crabtree’s Wholesale Radio
Ra-Tel, Inc.
Wilkinson Brothers
FORT WORTH
Electronic Equipment Co.
Fort Worth Radio Supply Co.
“Scooter’s’” Radio Supply
Bill Sutton’s
Wholesale Electronics

HOQUSTO

R. C. & L. F. Hall, Inc.
Sterling Radio Products Co.
LUBBOCK
R. & R. Supply Co., Inc.
SAN ANTONIO
Mission Radio, Inc.
WACO

The Hargis Co., Inc.
WICHITA FALLS
Clark & Gose Radio Supply
Mooney Radio Supply Co.

VIRGINIA

DANVILLE
Womack Electric & Supply
NORFOLK
Ashman Distributing Co.
Radio Equipment Co.
Radio Parts Distributing Co.
Radio Supply Co.
RICHMOND
Johnston-Gasser Co.
Radio Supply Co.
Winfree Supply Co.
ROANOKE
H. C. Baker Sales Co., Inc.
Leonard Electronic
Supply Co.

WASHINGTON

SEATTLE
General Radio Inc.
Harper-Meggee, Inc.
Seattle Radio Supply, Inc.
Herb E. Zobrist Co.
TACOMA
C & G Radio Supply Co.
Wible Radio Supply Co.

WEST VIRGINIA

BLUEFIELD
Whitehead Radio Co., Inc.
CHARLESTON
Chemcity Radio & Electric
HUNTINGTON
Electronic Supply, Inc.
King & Irwin, Inc.
PARKERSBURG
Randie & Hornbrook

WISCONSIN

GREEN BAY
Northern Electrical Dist.
MADISON
Radio Distributors
Satterfield Radio Supply
MANITOWOC
Harris Radio Corp.
MILW AUKEE
Acme Radio Supply Corp.
Central Radio Parts Co.
Electro-Pliance Distrib.
Marsh Radio Supply Co.
Radio Parts Co., Inc.

IN

Standard Radio Parts Co.
WAUSAU
Radio Service & Supply

WYOMING

CHEYENNE
Houge Radio & Supply
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Permanent Magnet Material

(Manufactured under license from Western Electric Company)

7o 2z fst tinc

ARNOLD can supply REMALLCY
in the form of BARS and CASTINGS
or SINTERED TO SPECIAL SHAPES

REMALLOY generally may be used
instead of 36-41% Cobalt Permanent
Magnet Steel —replacing it without
design changes, and at a cost saving.

In addition to our customary production of all types of ALNICO and
other permanent magnet materials, we now produce REMALLOY.
The various forms in which it is available—bars, castings or sintered
shapes—are all produced under the Arnold methods of 100% quality-
control; and can be supplied to you either in rough or semi-finished
condition, or as completely finished units ready for assembly. ® Let
us help you secure the cost-saving advantages of REMALLOY in your
designs. Call or write for further data, or for engineering assistance.

THE ARNOLD NGINEERING (JOMPANY
-

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION

tion
ma 147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS )

.- write for

SPECIALISTS AND LEADERS IN THE DESIGN, ENGINEERING AND MANUFACTURE OF

PERMANENT MAGNETS
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ADVENTURES IN ELECTRONIC DESIGN

/)'I'ORTURE TESTS PROVE SWITCH PERFORMANCE

Turn it on ;@Turn it off. 6 Do this 25,000 txmes or more and

you’ll get a good idea of the terrific punishment 74 '3"“ Cent{?lab
N\

Eﬁ@ﬂh switches @ must be able to withstand. Day -ﬁ(@’“

*f”_ skilled CRL engineers Qand specially designed testmg
’\/\ﬂ"\'\? oAy,

5 )
machines put Centralab %—_—.:- -] switches @:through torture tests_:_;“‘_‘_ﬁmﬂ—?—_ﬁﬁ___

’ and night, =

no switch @ is ever asked to undergo in ordinary operation What does this mean
to you?‘)l Just this. You can be sure that Centralab_%l% S ﬂ"j gives you the
smooth operation ”\@ , positive indexing @ and accurate positioning
\‘9
T @ you want in the switches ;}@ you buy. What’s more, you can be sure
_E% “L“lswuches %g % will continue to provide these advantages
,‘,“/""\

for a long, long time. e

Constant checking makes sure CRL switches Accelerated life test machine rotates through Resistance of switch tnsulation to atmospheric
give you desirable uniform low contact re- fixed numher of positions at 1000 cycles per change is tested in controlled temperature
sistance. Here an engineer tests resistance by hour . . . proves switch springs, clips and and  humidity chamber.  Test helps avoid
running 1 ampere through contacts contacts stand up under long, hard use. breakdown or leakage.

CCI] ab — DEVELOPMENTS THAT CAN HELP YOUN)

®
Division of GLOBE-UNION INC. » Milwaukee




e Up to 24 insulated clips on each section an exclusive

CRL feature assures great variety of switching combina

tions . cuts size and cost of units. ® No rotor rivets used
Where it's not necessary to connect contacts on opposite side

of rotor, contacts are held by legs formed on contact. o Stator and
rctor constructed in only the highest grades of laminated phenolic
. clips are of silver-plated brass or silver alloy for better contact

e Offset inter-element construction in both rotating contacts and
bock-to-back terminals provides lower electrostatic capacities. o
Choose from many types in this double-wipe style switch. One or more
sections—a versatile multiple-section switch built to your specifications
e Ratings: 715 amperes at 115 volts. Used up to 20 megacycles.

A\ ‘

W

L S
-—

RGN T
Ay

Great step forward in switching is

CRI.'s New Rotary. Coil. Spring and

Cam Index Switch, Tt gives you ']
smoother action, longer life

enfralab reports to

* Up to 18 insulated clips on each section cuts unit size and cost. @
Snug-fitting square rotor shaft plus individually al:gned and adjusted
contacts assure accurate positioning. ® Multiple-gang design pro-
vides variety of switching combinations. Torque adjustable to suit
individual needs. ® Twenty-degree roller indexing, solid silver con-
tacts, and Grade L-5 steatite stator and rotor giv: 25.000 cycles or
more of positive indexing without contact failure o Lug-type ter-
minals assure strong solid electrical-mechanical ceanections; single-
hole bushing facilitates mounting. ® One or more sections a ver-
satile multiple-section switch butlt to vour specificetions. ® Ratings:
7Y, amperes at 115 volts, 60 cycles. Voltage breakdown to ground,
3000 volts RMS 60 cycles.

Centralab’s development of a revolutionary, new Slide Switch vastly facilitates AM
and FM sct design! Flat, horizontal design saves valuable space. allows short Jeads,
convenient location 1o cotls, reduced tead inductances for increased ethaency in low
and high frequencies. CRL Slide Switches are rugged and dependable.
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r by-pass or coupling applications,
check Centralab’s original line of ce-
ramic disc 11/-Kaps. Disc Hi-Kaps are
smaller than a dime,

CRL’s new high quality Model 2
Radiohm Contiols specifically designed
for TV, radio, other electronic equip-
ment. Lower noise level, longer life.

Centralab’s Ampec, above, is an inte-
gral assembly of tube sockets, capaci-
tors, resistors and wiring combined
into one miniature amplifier unit.

s

Hi-Vo-Kaps are filter and by-pass
capacitors combining high voltage,
small size and variety of terminal con-
nections to fit most TV needs.

5 4>
).
«.«4:/
N

b

9nic Industry

Ceramic Trimmers are made in five
basic types. Full capacity change with-
in 180° rotation pring pressure
maintains constant rotor balance.

Let Centralab’s complete Radinhm line take care of your special needs. Wide range

of variations: AModel
Model "'E’

Couplate consists of plate and grid
resistors, plate by-pass and coupling
capacitors. Minimum soldered connec-
tions speed production,

wire wound, 3 watts: or composition type, 1 watt.
composition type, 14 watt. Direct contact, 6 resistance tapers. Model
“A” — composition type, 15 watt.

1

This is the new CRL Vertical In-
tegrator Network used in TV sets,
Variations of this Centralab Nerwork
are available on special order.



IMPORTANT BULLETINS FOR YOUR LEC
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S FRODICT PREVIIW

== ROTARY SWITCH "‘T
© RO UCT FRLYIEw < Putiend

Cans v 1 e 4 By
I LEVER SWITCH o
& PRGETCT PRAVIEW © ®

; PENTODE COUPLATE e
SFBEYer VWS — e i e
\ !

MALiE
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THEY'RE FREE:

Choose From This List!

Centralab Printed Electronic Circuits Centralab Switches
973 — AMPEC — three-tube P. E. C. amplifier. 953 — SLIDE SWITCH — applies to AM and FM switching cir-
42.6 — CourLaTE — P. E. C. interstage coupling plate. cuits.
999 — PENTODE COUPLATE —- specialized P. E. C. coupling 970 — LEVER SWITCH — shows indexing combinations.
plate. 995 — ROTARY SWITCH — schematic application diagrams.
42-9 — FiLPEC — Printed Electronic Circuit filter. 722 SWITEH Cataroc — facts on CRL’s complete line of
switches,

Centralab Capacitors
42-3 — BC TuBULAR HI-KAPS — capacitors for use where
temperature compensation is unimportant.
42-4 — BC Disc H1-Kaprs— miniature ceramic BC capacitors.
42-10 — Hi1-Vo-Kaps — high voltage capacitors for TV appli-

Centralab Controls

42-7 — MoDEL "'1”" RApIOHM — world’s smallest commercially
produced control.
697 — VARIABLE RESISTORS — full facts on CRL Variable

catio Resistors.
on. H
. 3
695 — CERAMIC TRIMMERS — CRL trimmer catalog. Centratab Ceramic
981 — Hi-Vo-Kaps — capacitors for TV application. For 967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS.
jobbers. 720 — CerAMIC CATALOG — CRL steatite, ceramic products.
42-18 — TC CAPACITORS — temperature compensating capaci- General
tors. ' ' 26 -— GENERAL CATALOG — Combines Centralab’s line of
814 — CaraciTors — high-voltage capacitors, products for jobber, ham, experimenter, serviceman or
975 — FT Hi1-Kaps — feed-thru capacitors. tndustrial user.

Look to CENTRALAB in 19491 Fisst in component research that means lower costs for the electronic
industry. If you're planning new equipment, let Centralab’s sales and engineering service work with you. For
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct,

CENTRALAS 203 .
Division of Globe-Union Inc.
900 Eost Keefe Avenue, Milwaukee, Wisconsin

l «—— for the Bulietins you want

TEAR OUT COUPON

Yes—| would like to have the CRL bulletins, checked below, for my technical library!
J 973 0 429 J 4218 ] 953 J 4210 [ 722 J 720
[ 426 O 423 [ 695 J 814 0 970 O 427 [ 26

999 [J42-4 [J9oa1 Oers 0995 [Jesz [0 967 l &n

Name. . 1
Division of GLOBE-UNION INC. - Milwavkee
Address .
Ciy e I — . State... N e .
SN DUNE DI FEEN GEE G GIED meae ISR EEEE FEEE EEEE e



When you bring your sheet metal fabrication problems to
KARP, you immediately set in motion a “round table” board of
experts whose combined specialized skill and experience is
without an equal in the field. This group includes the president,
chief engineer, chief draftsman-designer, chief toolmaker, plant
superintendent, production manager and cost accountant.

These men make a detailed study of your special require-
ments. They plan, design and engineer the job with your needs
and uses in mind. They determine the best manner of producing
it, utilizing KARP’'S superior equipment and facilities to your
greatest advantage.

When your job is finished, it will be correctly designed for its
application, handsome, rugged and built for long service life.
You will have no costly problem of assembly . . . no need to
spend additional time and labor on finishing touches. The job
will be COMPLETE, ready for the installation of your electrical
or mechanical operating parts with ease and simplicity. No
matter how many units you order, every last detail will be
absolutely uniform,

This custom service not only gives your product added value,
but under KARP methods may often save you money.

Consult us for cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabrication.

Kurp‘METAl PRODUCTS CO., INC.

i / ( ) R 4 /
................../‘,u«ifont "ma//fiwzen (7 //fee/ l(e/aé
215 - 63rd STREET, BROOKLYN 20, N. Y.
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Ready Now !

for immediare aelivery

A A

NEW PRESTO |

Portable Tape Recorder PT-900

A

|Tﬁ

MANY OUTSTANDING FEATURES:

® Three separate heads for superior performance
(and for'monitoring direct from tape). One head each
to erase, record and play back.

® 3 microphone channels with master gain control
in recording amplifier.

® Large V.U. meter with illuminated dial to indicate
recording level, playback output level, bias current

_ _ and erase current, and level for telephone line.
Complete in two easily portable cases —

one containing the recorder, the other ® 2-speed, single motor drive system. Toggle switch to
the amplifying equipment. change tape speeds from 7% " to 15" per second.

Don’t choose your tape recorder until you see the new
Presto Portable Tape Recorder. Write for complete
details today.

Write today to be put on our mailing list for “ 'he
' Presto Recorder,” new house organ of practical ideas
for anyone in the recording and broadcasting field.
RECORDING CORPORATION Mailing Address: P. O. Box 500, Hackensack, N. J.
Paramus, New Jersey In Canada: WALTER P. DOWNS, Ltd., Dominion Square Building, Montreal

WORILD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS

16 October, 1949 — ELECTRONICS



n“ M"NT presents

The Successor to the World-Famous Type 208...

The New TYPE 304 a
Cathode-ray
OSCILLOGRAPHS

Allen B. Du Mont Laboratories, Inc.

Instrument Division




e

/

Importance of d-¢ amplifier is
seen from comparison of this
oscillogram with Figure 2, both of
which show oscillating neon bulb.
Here signal is applied to d-¢c am-
plifier. Note that d-c voltage may
be measured directly (base line
represents zero volts).

through the a-¢ amplifier.
tilt due to time constant of

axis.

Here, the wave form, similar to
that of Figure 1, has been passed

i

Note
coupl-

ing circuit, and shift of reference k’

i /I//”””’ffd S
7 v, ﬂ \\\\

Oscillogram showing the voltage
tn the vicinity of a fluorescent
famp, displayed with no expan-
sion of trace.

Compare this with Figure 4.

Portion of the trace indicated by
circle on Figure 3, expanded to 5
times full-screen diameter. Even at
moximum expansion, no on-s¢reen
distortion is present.

minal

10-¢cycle

on

Intensity modulation of trace
accomplished by applying modula-
tion signal to Z-axis

front panel. Here
square wave is modu-
fated by a 100-cycle signal.

input ter-

Stabilized synchronization of Type
304 is illustrated by this multiple
exposure of o sinewave ot 3 set-
tings of vertical gain. Note how
both sweep length and synchroniz-
ation are unchanged at various
settings of signal level.

Indicatian of variation in volume
of liquid in a_retort. Signal was
applied through d-¢ amplifier
channel of the Type 304, and was
disployed on a 10-second sweep
obtained by ottaching a 10-;f
capacitor to X-axis input terminals.

g The New TYPES 304 and 304-H Have All the

Features That Made the Type 208 the Most Popular
Oscillograph in the World . . . PLUS MANY MORE
... AT NO EXTRA COST!

HIGH-GAIN A-C & D-C AMPLIFIERS FOR BOTH X- & Y-AXES |

- Sensitivity:
Y-Axis — 10 millivolts rms per inch (ac and dc)
X-Axis — 50 millivolts rms per inch (ac and dc)
Frequency BResponse:
D-C amp. X- and Y-axes — 0-100,000 cps within *+ 10%
0-300,000 cps within = 50%
Ris A.C amp. X- and Y-axes — 20-100.000 cps within *+ 10%
s 20-300.000 cps within *+ 50%
. No pattern “bop.” even with high-gain amplifier..
Excellent stability and minimum microphonics and drift.
Provision for applying signals directly to deflection plates.

‘5SSl EXPANSION OF DETAILS

Due to the fact that deflection of over 5 times full screen diameter is
available on both the X and Y Axes, performance equivalent to that
of a 25.inch cathode-ray tube is possible, with the high resolution of
a 5-inch screen. Full positioning is available over this entire range on
both axes. with no on-screen distortion present. (See Figures 3 and 4).

RECURRENT AND DRIVEN SWEEPS

Recurrent and driven sweeps variable from 2 to 30.000 cps.

Sweep speeds faster than 0.75 inch #sec. with fully expanded time base.

Provision incorporated for sweeps of 10 seconds and slower through the
use of external capacitors at front-panel terminals. (See Figure 7).

Sync amplifier with sync-polarity selection is provided.

STABILIZED SYNCHRONIZATION

Sync limiting provided so that sweep length and synchronization are
maintained as signal level varies. (See Figure 6).

INTENSITY MODULATION

Z-Axis input terminal on the front panel capacitively coupled to the grid
of the cathode-ray tube. (See Figure 5).
15 volts peak will blank trace fully at normal intensity.

INCREASED ACCELERATING POTENTIAL

Du Mont Type 5CP-A Cathode-ray Tube operated at an accelerating
potential of 1780 volts, 380 volts higher than that of the Type 208.
also available with an overall accelerating potential of
TYPE 304-H 3000 volts. This higher accelerating potential facilitates
the use of long-persistence screens so that fullest possible advantage
may be taken of the low-frequency sweeps, the fast driven sweeps,
and the d-c amplifiers. (See Figures 8 and 9).

ADDITIONAL FEATURES

An engraved, permanently mounted, calibrated scale greatly facilitates
quantitative measurements.

Mu-Metal magnetic shield affords maximum protection of the cathode-ray
tube from the effects of external magnetic fields.

Du Mont Type 2501 Bezel incorporated for attaching such accessories as
the Du Mont Type 271-A or 314-A Oscillograph-record Camera.

= MECHANICAL CHARACTERISTICS

In all dimensions. the Type 304 is smaller than the Type 208.

Height — 132 inches Depth — 19 inches

Width — 8% inches Weight — 50 pounds

The instrument is housed in a metal cabinet with gray wrinkle finish.
Panel is reverse-etched. white on gray.

A relatively high-speed transient
in the form of o damped oscilia-
tion. Note how portion of trace
is lost where the spot moves mast
rapidly.

TRIED AND PROVED

The NEW Du Mont Type 304 Cathode-ray Oscillograph has undergone
a most rigid field test, both in Du Mont Laboratories and in selected
laboratories and institutions throughout the country. Here in a great
variety of applications, every feature of the Type 304 was given a
thorough workout. Thus, Du Mont presents the Type 304, not as a new
instrument of unknown quality, but as an oscillograph of TRIED AND
PROVED EXCELLENCE!

A wave form identical to that of
Figure B, recorded on single sweep
from a Type 304-H. The increased
aecelerating potential of the Type
304-H has rendered the entire pot-
tern visible.

PRICES
Type 304 - 5285.00
Type 304-H . $307.50
For additional information concerning the Du Mont Types 304 and 304-H,
ik request Bulletin 3-304 from the Instrument Division.

Allen B. Du Mont Laboratories, Inc.
1000 Main Avenue, Clifton, N. J.
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Turner Model 25 Microphones
Widely Accepted

Since its introduction in April, the
Turner Model 25 Microphone has re-
ceived wide acceptance as an outstand-
ing dollar for dollar value. In six months
time it has become one of the most
wanted microphones in the entire Turner
line.  This new unit was designed for
general sound work, amateur communica-
tions, paging and call systems, and also
for commercial broadcast work.

Tait Cummins. sports director of Radio
Station WM, using a Turner Model
25D Dynamic.

Tait Cummins, sports director of
WMT, is a familiar and popular per-
sonality in every cross roads, village and
towr in Eastern Iowa. His pipe, his
grin in a round face topped with a strag-
gling forelock are trademarks of “The
Taiter”. At any affair the prospect of
Tait and his microphone are sure fire
drawing cards. As a speaker or master
of ceremonies he spices his remarks with
the sports lore he has accumulated dur-
ing more years than he cares to re-
member as a newsman and sporiscaster.

Exceptionally rugged

Radio Station WMT, CBS outlet for
eastern Iowa, has been using the Turner
Mode! 25D Dynamic in remote recording
and Groadcast work. Many of these
programs originate out in the country,
in barps, feed lots, fields, and at fair
grounds. The microphone is proving ex-
ceptionally rugged in being akle to take
unusually rough treatment and still give
faithful ~service. The umit is easily
handled in interview type programs and
its small size does not hide the faces of
persons being interviewed.

Two-tone gray or deluxe
chrome finish

The microphorie case is of two-piece
construction with front section finished in
deep gray and the rear body in a lighter
shade of gray. The grille is chrome
plated and blends with the two-tone gray
of the case to produce a pleasing over-all
effect. A deluxe model is offered com-
pletely finished in :atin chrome.
Complete information on the Model 25
Microphones may be obtained by writing
to The Turner Company, 905 17th Street
N. E., Cedar Rapids, Towa.

Advertisement

ELECTRONICS — October, 1949
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TURNER

MODEL 25X—250D
CRYSTAL OR DYNAMIC

PRACTICAL FOR ALL SOUND APPLICATIONS

If you need a microphone for studio or record-
ing work, call system, public address, or amateur
communications—you want a Turner Model
25X—25D. It’s an all around unit for all around
performance. You'll praise its smooth, wide
range response and high output level. And
you'll like the full 90 degree tilting head and
convenient removable cable set. Finished in
two tone umber gray with chrome plated grill
or bright chrome at slight additional cost.
Turner Engineers went all out in designing the
25X =25D. See it at your dealer.

Write for Complete Microphone Literature

THE TURNER COMPANY
905 17th Street N. E. Cedar Rapids, fowa

IN CANADA
Canadian Marconi Co., Ltd.
Montreal, P. Q., and branches

EXPORT
Ad. Auriema, Inc.
89 Broad St., New York 4, M. Y.

Lk;e'nsed.hndbr U. S. patents of thg_Amngcari Telephone and Telo-
graph Company, and ;Weste[p -Eloc,tﬂ,_c‘ Comp_lrgy, 'Incorpqme(_i.
- Crystais iicensed unger patents of the Brush Development Company.

25X CRYSTAL
52 db below 1 wvolt/dyne/sq.cm.
Flat from 50—9,300 c.p.s.
List price

25D DYNAMIC

54 db below 1 volt/dyne/sq.cm.
at high impedance

Flat from 50—10,000 «.p.s.

30, 200, 500 ohms—wired for bal-
anced line

List price $40.00

High impedance—wired single
ended

List price

$27.50

$40.00

All_models In bright chrome fiish at
$2.50 List additional.
Push-to-talk switch, $2.50 List additional.

7
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Translucent LAMICOID dials mean clear, accurate
tuning on Dumont Television Sets. Lighted from
behind, numerals stand out sharply without glare.

OW Ww@m ﬁmicoid/*mms

all channels are clear!

The tuning “channel” on Translucent Lamicoin
dials for TV is always highly legible. Lighted
(rom behind, its printed nunerals stand out
bright and clear without glare.

Translucent LaMicom won’'t “brown out” or
warp. This thermosetting laminated plastic 1s
tough, stable, moisture-resistant, atiractive, color-
ful, easy to clean, cconomical to {abricate—all the
things you want in a material for dials, signs,

charts, nameplates or similar products.

For visual devices of all kinds, yo#t have a choice
of three different grades of Decorative Lamicoin
—Graphic, Translucentor Fngraving. Inaddition,
we oller a complete line of ele¢trical insulating
materials—perfected through cur experience of
more than a half century. Ceontact our necarest
branch oflice or fabricator for tarther information.

Registered Trade Mark

MICA %MMO’E COMPANY

Schenectady 1, New York

Offices in Principal Cilies

October, 1949 — ELECTRONICS
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The HAYDU Electron Gun

For C.R.T. Tubes

Because no television picture tube can be better than
the electron gun which goes into it, more and more
tube manufacturers are turning to the Haydu gun to
do the job for them — and rightly so!

For Haydu Brothers' experience in the successful manu-
facture of thousands upon thousands of electron guns
{as well as millions of other precision electronic
components} is a solid guarantee of complete depend-
ability under all conditions! Rugged three-pillar con-
struction coupled with rigidly controlled production
processes mean a greatly prolonged life of the gun, at
higher over-all efficiency.

in this way, Haydu Brothers has established its reputa-
tion throughout the industry—by building good business,
good will, and component parts upon which many
reputations depend. The Haydu electron gun is one
of those parts.

We also make complete glassworking equipment.

See the Haydu Brothers display at the
Electronics Show, Sept. 26-29, Booth 59,
Edgewater Beach Hotel, Chicago, lilinois

HAYDU BROTHERS

PLAINFIELD NEW JERSEY




It took nearly SEVEN years
for this job to materialize!
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Station engineers at WLW, Cincinnati, replacing two Federal F-342-A tubes after more
than 50,000 hours service in the RF driver stage of WLW’s redesigned 50-KW transmitter.

WLW retires two Federal F-342-A tubes
AFTER MORE THAN 50,000 HOURS
OF OUTSTANDING PERFORMANCE

See what can happen wten you use the finest tubes available . ..
in properly engineered transmitter circuits.

“It is obvious,” says R. J. Rockwell, Vice President in charge of En-
gineering, Station WLW, Cincinnati, “that properly coordinated tube
FROM THE WI.w I-OG BOOK: and circuit engineering definitely pays off. These two Federal tubes
were placed in operation almost seven years ago, and performed very
satisfactorily for over 50,000 hours each. We expect to obtain approxi-
mately 15 years service from the two sets of tubes (one operating, one
spare) now on hand.”

Cost per hour per tube...less than one cent! WLW is no stranger to the phenomenal life of Federal tubes. Mr.
Rockwell reports similar outstanding service life from Federal tubes in
WLW'’s shortwave transmitters operating in excess of 200 KW,

Federal tubes . .. backed by 39 years of development and manufac-
ture . .. are precision-made, checked and double checked for mechanical
perfection and finest electrical performance. For information write to

Life Cavuse of Failure

Federal Tube £21,473 54,665 hrs. Open Filament
Federal Tube £21,277 57,083 hrs. Open Filament

Federal Telephone atzd kadzo (‘oqoomf/on

RATORIES, Nutley, N.f.. .. a unit of
TR Tt (D e In Canada: Federal Electric Manufacturing Compuny, l'd., Montreal, P. Q

@
A
Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y. 2ae >
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Series D Wayne water pump uses machined shoulders to position bear-
ings on shaft. 2 Truarc rings hold bearings in housing. Locknut holds

REDESIGN TRIMS LENGTH 5% INCHES,
CUTS UNIT cosT °5.70

screw-type stuffing box that requires periodic tightening.

Redesign with Truarc Rings helps save $5.70 per
unit for Wayne Home Equipment Company, Inc., Fort
Wayne, Ind. It gives them a more compact product,
eliminates a separate bearing pedestal and a skilled-
labor grinding operation. It facilitates use of mainte-
nance-free mechanical seal instead of old type
stuffing box.

Redesign with Truarc Rings and you too will cut
costs. Wherever you use machined shoulders, nuts,
bolts, snap rings, cotter pins, there's a Truarc Ring
that does a better job of holding parts together.

Truarc Rings are precision engineered. Quick and
easy to assemble, disassemble. Always circular to
give a never-failing grip. They can be used over and
over again.

Find out what Truarc Rings can do for you. Send
your blueprints to Waldes Truarc engineers for indi-
vidual attention, without obligation.

= TRUARC

WALIDES KOHINOOR, INC.,, LONG ISLAND CITY 1, NEW YORK

ALDER TRUARG RETA(N(NG RINUS ARE PROTECTED BY U. 3. PATS, 2,307, vaB; #,096,454; 2,416,852 AND OTHEN PATS. PEND.

WALDES

REG U.S. PAT OFF

RETAINING RINGS

ELECTRONICS — October, 1949

New design uses 4 Truarc Inverted rings (2 external, 2 internal) to posi-
tion shaft, retain bearings. Inverted rings provide shoulders of uniform
section height. 1 Standard ring secures maintenance-free mechanical seal.

REDESIGN WITH 5 TRUARC RINGS
GIVES THESE BIG SAVINGS

® Cuts length 5 inches

® Cuts total labor 15.3%

® Eliminates skilled-labor
grinding operation

® Saves 38.3% materials

® Allows use of stock-size
shaft, smaller bearings

® Eliminates separate
bearing pedestal

s5.70

TOTAL UNIT SAVING...

-————————-—-——-——---1

Waldes Kohinoor, Inc., 47-16 Austel Place E-101

Long Island City 1, N. Y.

Please send 28-page Data Book on Waldes Truarc
Retaining Rings.

Name

Company.

Business Address

Cily e — Zone

|
|
1
|
|
|
|
Title |
|
1
|
|
i
J
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FEATURES:

@ High Resolution and Accuracy—1/1,600,000
second.

® Direct Indication of intervals up to one second
— recycling of counter can be observed or
recorded for longer intervals.

® Retains Indication of measurement until reset.

® Easy to actuate — pulses from common or
separate sources can be used.

® Dependable and stable — no adjustments
required.

® Accepted standard in practically all govern-
————————— ment proving grounds.

APPLICATIONS:

PROJECTILE VELOCITY MEASUREMENTS
CAMERA SHUTTER TIMING

PRINCIPLE OF OPERATION:

A quartz crystal, continuously oscillating at 1.6 mc
is used as a time base. During the time interval to
be measured the cycles are gated into four binary
counting stages having a capacity of 16 counts.
The neon indicator lights of these stages are
numbered 1/16, 2/16, 4/16, and 8/16 (sixteenths
of 10 microseconds or 0.625 microsecond). Fol-
lowing the binary stages are five decade counting

SRy, e units having a capacity of 100,000 counts. Each
oSRuSTAL count entering the decades from the binary stages

represents 10 microseconds. Therefore, the time
interval between 10 microseconds and 1 second is
registered in the decades and the remainder is

PRECISION TACHOMETER
RELAY CONTACT TIMING
GEOPHYSICAL MEASUREMENTS

-
!
|
|
|
|
|
| FREQUENCY MEASUREMENTS
|
|
|
|
: GAS TUBE MEASUREMENTS
|

DECADE
COUNTERS

8

16

START PULSE
; “;’ STOP PULSE ] : i

T o5 registered in the binary stages. For instance a
\ / : . o

REGISTERS UP — . REGISTERS UP TO time interval of .5374825 second would be indicated

TO - 1USEC. IN 210 AL SECS. IN 1 1
100000° STEPS Ve STePs OF as follows: .53748 on the decade indicators plus

OF 10_AL SECS. 0.625 AL SEC.

4/16 (of 10 microseconds) on the binary indicators.

HIGH SPEED ELECTRONIC COUNTERS, COMPUTERS AND PRECISION IN-
TERVAL TIMERS FOR ALL APPLICATIONS—ADDRESS INQUIRIES TO DEPT. 4-H

POTTER INSTRUMENT COMPANY

| *N&. C '@ RSP NON RE AR FEHUD
136-56 ROOSEVELT AVENUE ¢ FLUSHING ¢ NEW YORK T
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H. I. Walker says, ‘I no longer get shocked
when lightning strikes my high wire. G-E Texto-
lite shoe soles give me complete protection.’’

® If you haven’t as yet used nonmetallic G-E Textolite lami-

It's the excellent electrical

~ NS
nated plastics in your products, you should give it a try. Versatile P'°P‘3I'.”‘3s that enable Gh',E \\\) =
General Electric Textolite may be your solution to lower costs ITni’;::'::‘Z f'zmpff'::’;";r;n',: INSONY
amj product imp'rovement C ot has excellent electrical prop-  fo; General Electric Tex- | | RN \\y/
erties. Then too, its mechanical, thermal, and chemical charac-  1tolite, high-wire artistry AN
teristics are outstanding. would be mighty Yneom- g\
Although the story about the aerial artist may be a slight L‘:’r'i:ls;'il;c"r'ic:]'i;‘ornf:’dly b gy N
exaggeration, it does point up an important fact—G-E Textolite LL__¥
is continually solving difficult problems. Why not fully investi-
gate this proven material. You’ll profit. Plastics Division, SEND ‘FOR THIS HELPFUL BULLETIN TODAY—
Chemical Department, General Electric Company, One Plastics N IT’S FREE
Avenue, Pittsﬁeld, Mass. Write for your copy of “G-E Tex-
tolite Laminated Plastics.” It lists
grades, properties, fabricating in-
G-E TEXTOLITE LAMINATED PLASTICS IS SUPPLIED IN: structions, and detailed information -
about Textolite industrial laminates. /
i) i‘ General Electric Company
f 4 1 Chemical Department (9-10)
A 5 One Plastics Ave.,
/ Pittsfield, Mass.
..... ™ b\ . y Pleqse send me the new G-E Textolite
LOW-PRESSURE  MOLDED-LAMINATED FABRICATED SHEETS, TUBES laminated]plastics| Bullstin
MOLDED PARTS PARTS PARTS RODS
Name L =
Firm . . =
GENERAL {3 ELECTRIC| = —
J¢C ’ CD49-J3 Gty e, State. ... -
23
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G.A.%F. Carbony
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F i TAKE the case of Radio Cores, Inc., a relative new-
k romer among manufacturers of quality cores. Already
| in the top rank of its field, this Illinois core maker

& cites Carbonyl Iron Powders as “a major factor in the
3
£ success of our Company.”
3‘? g There’s a reason for the success of Carbonyl Iron

Q&J; Powder cores made by Radio Cores, Inc., just as

factor in the success of our Company"

" there’s a reason for the success of Carbonyl Iron
Powders wherever they are used in electronics.
Carbonyl Iron Powders are high quality uniform
products with low loss characteristics — superior in
every way because this quality is achieved by strict
control in processing.

¢ Carbony! Iron Powders may be the success factor

. you are looking for in your high frequency applica-
“tions. For the complete story ol how g perform-
ance with economy from these high “Q" materials,
write your core maker today, outlining the uh you

have in mind.
T W T

LW
ANTARA..PRODUCTS

( ;ENERAL
q ANILINE & FILM CORPORATION

444 MADISON AVENUE
NEW YORK 22, N. Y.
*®

Powders
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_ Typical of the C-D line of
capacitors with built-in
quality characteristics is the

TYPE UP

for TV applications

Tested and proved-in thousands
oftelevisionreceivers,the type UP
electrolytic capacitors are avail-
able in capacities from 4 mfd. to
2,000 mfd. in any capacity com-
bination. Voltages range from 6
. volts to 500 volts. Standard am-
bient temperature range is —25¢
C to +85° C. Special, exclusive
C-D design and construction as-
sures maximum capacity stability
in operation. A better capacitor
for more difficult TV applications.

.

ARE THEY ALIKE?

c " D b-I- That there s more than meets the eye—when it Cornell-Dubilier Electric Corporation, South Plain-
ornell-bupihier comes to capacitors — is a fact well known to ~ field New Jersey, Dept. K109, Other plants in New
radio engineers for many years. Anyone who Bedford, Brookline and Worcester, Mass,; Provi-

ca acitors L s hic ' din the indus ] dence, R. 1.; Indianapolis, Ind., and
p nows his way around in the industry, as you subsidiary, The Radiart Corp.,

do, is not fooled for a moment by external ap- ¢leveland. Ohio.

m ight IOOk I ike pearance. It's what's zisid e that counts—which
15 why you can count on Cornell-Dubilicr.

others - Ingineers specify C-D because over a period
of 40 ycars they have learned they can count
but differ on C-I) capacitors for complete dependability,
for long ycars of trouble-free pcrform;m_cg-, for
really genuine cconomy. Perhaps that's why
Where an impressive percentage make it a point to
specify C-D’s. Inquiries cordially invited. Cat-

’t counts" alog available on request.

C-D Sest by Frelal 7esr”
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NEW — WIDE ANGLEF ACOUSTIL LENS

!\'enﬁe“ Genuine WWle Raenege Loudspeukers
‘ \

16 CONPLETELY NEXN MODELS
3 15-inch Coaxials, 1 12<inch Coaxial
11 5-inzh to 15-inch Single Radiator models

Now music.san come to Jite for eseryone—for in *he new Jensen
Genu'nz Wide Range Lovdspeakar seriez, there is a choice of
cost, szz and degree-of-oeiformcnge'io meel every requir'emenf
for theiling, realistic reprcductior. Whetaer it be a 5" idud-
speaker at $6 fist . . . a 127 Coax.wl ot $33.40 I'st . . . ar @
15" Caoricl with the nex Jensen Widz-Angle Acoustic Lens
listing & 3135 .. you will fiad tota.ly new zoacepts af perform-
ance, wey dhecd of convemt'onal specker -eprcdudian,. brilli-
antly engireere@ and paingaziagly canstruced inta these new
products.

Write now Zor Data Shees Mo. 152 descriving all the new
toudspeoke-s ia Fie Jensen Senuine Wide-Range series, and
booklet "'ie - Music Come ta Litet'

ELECTRONICS — Octeber, 1949

Typical of Jensen leadewsFip .in lovdsgeaker ergine=ing is the
acaustic: diverging wns Js2d .on e H-510 Conriab illustrated
abave. Adapting optizal prnciples to acoustics, shis Iams acts in
wnjunction with the b-f harr to distsibute h-f raciafon Jniformly

over a wide angle . . . inaures cons-amt dalance end Fagh qual-
ite reproduction throughou fhe whoe room.

This trademark. identifies. aa adven-ed-design ‘oudspeaker . .
formance to meet today's axactizg requirersemts for faitfdfel
musi= reproduction *. . . aclieved *hrough “he most modary
applrations of acpustics. 2

_ENSEN MFG. CO.CH.CACD

uu; ensen

WIDE RANGE

Civisian of the kutar Company
6607 SOUTH LARAMIE AVEMLE « CPICAGO 38, ¢ . LINGIS
in anada: Copper Wire Products, -td,, 351 Cerlaw Avenuz, Toros-o

MADE IN U.S.A.
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Zirconium Silicate—
§7% Zx0; + 33% Si0;

POINT, .
HEAT SHOCK RESISTANCE,

ANSION,
AND CORROSION RESISTANCE,

«1CAL STRENGIH,
GOOD ELECTRICAL RESISTIVITY.

IN HIGH TEMPERATURE
APPLICATIONS

Such as pysometer tubes—gas
turbime combustion chambers—

AL, THERMAL, CHEMICAL AND cyaramide precessing containers
4YSICAL PREOPERTIES —a‘uminuwm resmelting—phos-
phate, sulpheric acid and silica

~ =+« « . . % . . Tetragonal ge. processing furnaces, Zircon

ofers definite advantages. Its
p-operties make it an ideal body

W8 Ibs.fcu. f1. 0.104 ths./eu. in. constituen® in certain electrical

W2 ths./eu. fr. 0059 Ibs./cu. in. porcelaivs. As a mold and core

; K 212 Ibs./eu. ft. 0,125 ibs./cu.in. wash icgmedient, it is in increas-

P Nl - . %5 Ibs.fcu.fr. 0129 lbs./cu. in. ing demand and is receiving con-

Ay calf®Clsectemfsm snder;ﬂ]l‘s une:\.nonlrs a m.old

e e i S | = TN materialin precision alloy casting.

Lat .. . . . o < . {21-51°Q) 0.132 cal/gram/°C Gruln-.vllr ?r-\d milled ‘zircon of

’ o o varicus purities are available also

¢ e SN ET bt e oA 3452°F (1900°C) in addtion to zi frastoriss

wius of Rupture Rammed Body—1600-2600 psi Ir:rrm n.o m?x::":nn:’e :::‘er'::s,

Slip Cast 30dy—7000-8000 psi Du iu‘g gyeurs of research and

Melting Point et . {2200.2250°C*  4000-4100°F pract col experience, a fund of ine
Ther:ncl Exrcmsion (mean reversible . ~ . . . . . . 45x10-%° farmmtion on the properties, appl -
20°-1000°C}) 2.5 x 10-8/°F catiens and potentials of zivcen

'msaluble in agqueous alkaline so«wsens.and in all ocids ©nrpounds hos been built up.

Specific data and practical sug-
gestions may be obtained through
owr field engineers or by wring
aur New York office direct.

ELECTRICAL PROPERTIES

Dielectric Constant E . . . . . e TSR S0 i 12( £
Resistivity at °F in Megoams in.> B I S O e G 170
1200° 120
1300° 70
1400° 25
15007 7
1600° DIE}

TAM is ¢ registered trademerk Rogisteres 1. 9 Pat. O

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY :
Executive and Sales Ofzices: 111 BROADWAY, NEW YORK,N.Y. o General Offices and Works: NIAGARA FALLS, N. Y.
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band gas switching tube for microwave appli-
cations. From G-E research laboratories and draw-
ing-boards came the original plans for these r-f
“traffic sentinels” whose instant and autcmatic oper-
ation makes possible modern radar for military
purposes—forelectronic navigation in fog and dark-
ness—for airway scanning, airport traffic control,
and cloud and weather studv.
Now G.E. offers to cquipment designers and users
a group of highly developed TR, ATR, and PRE-TR
types which reflect intensive effort to achieve still

GENERAL ELECTRIC COMPANY pioneered the broad-

more efficient tube-switching in microwave work.

Key ratings arc given befow. Complete character-
istics and performance data gladly will be supplied
at your request, covering any or all of the tubes
listed. Announcement of stilt other types later, may
be expected in view of General Electric’s continuing
program in the field.

For information, prices, and the help of specialist
tube engincers who gladly will cooperate in choos-
ing the right tubes for your microwave circuits, wire
or write General Electric Company, Electronics De-
partment, Schenectady 5, New Yoré.

RATINGS
Group Type No. Freq. range Max peak power Leakage power Recovery time, max
TR GL-1B63-A 8490-9578 mc 250 kw 30 mw max 4 mu sec
at—3 db
Min firing power Loadzd Q, typical
ATR GL-1B35 9000-9600 mc 250 kw 5 kw 4
GL-1837 8500-9000 mce 250 kw 5 kw 4
GL-1B44 2680-2830 mc 1000 kw 20 kw 4
GL-1B56 2783-2922 mc 1000 kw 20 kw 4
Leakage energy
PRE-TR GL-1838 2700-2910 me 1000 kw 100 kw .0002 joules

GENERAL ¥ ELECTRIC

FIRST AND GREATEST NAME

ELECTRONICS — October, 1949
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N

‘ \XED RESISTORS

STANDARD, {00 Walts

gSISTORS

[
ADIYSTAR'G o00 Watts.

L Rig‘,sgq?,&gmems
for hm\‘\r%?“s%’g 5 75 Watts.

& Now you can secure modern electronic
products, specially designed to meet the
exacting and changing needs of the elec-
tronics industry. All I-T-E wire-wound com-
ponents are engineered for quality — given
the same thought in design, the same care in
fabrication that the most complicated I-T-E
Switchgear devices receive.

Whatever your wire-wound needs, it will
pay you to investigate I-T-E precision-
built products. For complete information
on any of these products — or for informa-
tion on special wire-wound fabrications —
write us specifying your needs.

I-T-E STANDARD AND OVAL POWER RESISTORS

All I-T-E Standard and Oval Power Re-
sistors are ruggedly constructed, fully capable
of meeting the most critical conditions of
heavy usage. Bases are made of best, non-
hygroscopic ceramics. Terminals are tinned;
double-leaf tabs, securely fastened to ceramic
base tube. Resistance wires are purest ob-
tainable; and are uniformly wound, mechani-
cally tied, and silver-soldered for permanent,
solid connections. The glazed, moisture-repel-
lent surface is made of blue-black vitreous
enamel or organic coating, if specially ordered,
which locks and insulates the wire winding,
and provides fast heat dissipation.

30
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The NEW ““dag?® CRT Interior Wall Coating, a colloidal graphite

a3dg”
g dispersion, is widely used to improve the performance of television

viewing tubes.
Specifically developed by Acheson Colloids engineers for CRT interior

®
Colloidal '
surface coating, this dispersion provides a colloidal graphite film which

serves as a final high voltage anode, and improves screen contrast by

°
G ra p h I te absorbing reflected light.
“dag? CRT Wall Coating sticks fast to all types of glass. A simple

adjustable applicator gives a uniform coating from tube face to tube

®
l n neck while the envelope is turned in a lathe.
Electrical and electronic manufacturers use ““dag?®’ colloidal graphite
because it is opaque, electrically conductive, chemically inactive, diamag-

' o o
.re eVI s Io n netic, resistant to electron bombardment, low in photoelectric sensitivity and

a gas adsorbent. Can this unique combination of properties be helpful to

you? Mail coupon TODAY for more information.

L
i
¥
REG.US PAY.OFF, g

COLLOIDS

y ACHESON

r
: ACHESON COLLOIDS CORPORATION "
| PORT HURON, MICHIGAN ! COLLOIDS
: _ Send me more information con *“dag” colloidal graphite in 4

" electronics. " CORPORATION

Send an Acheson Colloids engineer at my convenience.

: - 4 " Port Huron,
: Name. S .| " Michigan
! Company Name J

i i o ) o - I )

[}

: Address_ - e 1D ]

| 1 uc us. m OFF.

i . Zone. State — ] ;C LLOIDS

8 ]

City__ .

e o o o oo o o e e e e e e e S e S e S wE em m
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>k SUBMINIATURE IN SIZE %
*K GLASS-TO-METAL HERMETIC SEALS'
Xk SyNDARD RATINGS TO 600 V. D-C

SUBMINIATURE PAPER CAPACITORS
Hermetically Sealed in Metal Cases

Sprague Subminiature Paper Capacitors represent the latest development in
the trend toward smaller components with characteristics that are at least
equal and often superior to their larger counterparts.
The unusually small size of these paper capacitors is a direct result of new
techniques, materials and processes developed through painstaking research.
Sprague Subminiature Paper Capacitors give trouble-free performance
under the most exacting electrical, temperature and humidity conditions.
Glass-to-metal solder-scaled terminals assure positive hermetic closure
with maximum arc-over clearance to metal cases. Subminiature capacitors are
available with either grounded or insulated sections using various capacitor
impregnants, so as to best meet yoxr individual circuit requirements for
physical size, insulation resistance, operating temperature and other factors.
Complete details of Sprague Subminiature Paper Capacitors are given in
Bulletin No. 213. Please write for your copy on company letterhead.

SPRAGUE ELECTRIC COmPANY

North Adams, Massachusetts

‘ i
PIONEERS

ELECTRIC AND ELECTRONIC DEVELOPMENT

ELECTRONICS — October, 1949 33
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P e R e

DIRECT INTERELECTRODE
CAPACITANCES

With Without
Shield Shield

CHARACTERISTICS

Grid to plate: (G) to p) max. 0.10
Input: G1 to (F+ G2+ Ga3) 8.5
Outputs P to (F+ G2+ Gal 9.5

0.15
85
6

RATINGS

Interpreted According to RMA Standard M8-210
CLASS B OR CLASS C AMPLIFIER

Filament Voltage | +15%) 2.5

Maximum Plate Voltage

Maximum Grid #3 Voltage

Maximum Grid #2 Voltage

Maximum Negative Grid #1 Voltage

Maximum Plate Dissipation

Maximum Grid #2 Power-Input

Maximum Plate Current

Maximum Grid #1 Current

Maximum Frequency for Maximum Plate
Input Power

5.0 VOLTS

150
0
150
-75
5

2
40

VOLTS
VOLTS
VOLTS
vOLTS
WATTS
WATTS
MA,
MA.

MC

Typical Operating Conditions and Characteristics

RF AMPLIFIER AT 70 MC

Filoment Voltage
Filament Current

DC Plate Voltage
Grid #3 Voltage
DC Grid #2 Voltage
DC Grid #1 Voltage

Peak RF Grid #1 Voltage
Grid #2 Resistor

Grid #1 Resistor

DC Plate Current

DC Grid #2 Current

DC Grid #1 Current

Grid #1 Driving Power (Approx.) 6

Useful Power Qutput

CLASS B

CLASS C

2.5
460

5.0
230
150

2.5
460

5.0
230
150

0

150
-5
23
1500
15000
40

7

1

2.8

0
150
—24

35

0

20000
40

11

1.2
100
3.1

Triode Amplification Factor
(Approx. at Iy = 30 ma.}

TUNG-SOL

ELECTRON TUBES




N

ff',

1

|

a high |

frequency |

transmitter tube

with all the _

advantages of |

miniature
construction

see other side for additional information




INSUROK
Ey
RICHARDSON

9?’$ A R.ECORD OF SERVICE—The Richardson

Q)Q Company is proud of the contribution Laminated and
Q Molded INSUROK have made to industrial progress.

INSUROK has hecome a symbol of quality wherever
plastics are used, and Richardson laboratory, engi-
neering and production skills have written important
chapters in the development of many products, both
for military and peace-lime use.

We mention past accomplishments only because
they may help you understand that Richardson can
offer experienced help in every phase of the planning
and production of plastics parts.

Why not send us specifications today . . . and learn

how Richardson experience and facilities can work

for you?
ke RICHARDSON COMPANY
GENERAL OFFICES: LOCKLAND. OHIO FOUNDED IN 1858

Sales Headquarters: MELROSE PARK, ILLINOIS

CLEVELAND - DETROIT - [INDIANAPOLIS - MILWAUKEE - NEW BRUNSWICK. (N.J.) - NEW YORK - PHILADELPHIA 0 ROCHESTER . ST. Louls
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[-T-E "METCLADS’ (Metal-Clad Resistors)

These precision built metal-clad resistors are made of high
grade resistance wire, wound on a special heat resistant bake-
lite strip, insulated by special phenolic insulation. The re-
sistance element is completely enclosed in a metal case of
either brass or zinc plated steel to provide an efficient path
to dissipate heat to thc chassis. The brass terminals are
securely anchored to the wire wound bakelite strip and are
tinned for easy soldering. I-T-E ‘“Metclad’” resistors are
available in length from 2" to 12’; in wattage from 7 to 42.
They may be had in various mountings to customer’s
specifications.

I-T-E DEFLECTION YOKES

Deflection yokes are built with uniform characteristics; wire
size and quality is constantly checked. The coils are im-
pregnated in a special moisture resistant thermo plastic
material properly cured to insure a firm coil with the minimum
of losses. Deflection yokes may be obtained complete with
wire leads, resistors and capacitors to customer’s specifications.

e @ L L] e L] o [ ] ® L) s @ ® * L ] L

I-T-E FOCUS COILS

I-T-E Focus Coils are available in two types: The first type
utilizes an electro-magnet. The second type combines a per-
manent magnet with an adjustable electro-magnet. Both are
wound of finest enameled uniform-cross-section copper wire.
Leads are securely anchored, and the entire wound assembly is
enclosed in a pressed-steel case, which is zinc-plated to resist
corrosion. PM-EM construction makes possible the use
of smaller and less expensive power supply, retains proper
focusing longer, and minimizes temperature rise. I-T-E Focus
Coils are made for use with tubes 10", 127, and 16" in size.
Information required to manufacture: Type of tube; second
anode voltage; focusing current. Mountings and leads are
made to specifications.
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t PAYS to work with

an MB Vibration Exciter

You can save time, eliminate tedious calculations, and improve your
product with the help of an MB electromagnetic shaker. Note how
these benefits add up in the following typical applications — just
three 6f many uses for this quality-control and research “tool.”

MODEL SA VIBRATION EXCITER Delivers >
pounds force from 20 to 1.000 c.p.s.,
usoble to 20,000 c.p.s.

MODEL $3 YIBRATION EXCITER Delivers controlled force up to
200 pounds, in frequency range of 3 to 500 c.p.s.

Testing of small turbine blades {encircled) mounted on an MB
Model C-1 Exciter which delivers 25 pounds force in range of
4 to 500 c.p.s. (and higher). Using stroboscopic lighting,
resonances and deflections ore studied visvally — and any
need for corrections determined quickly. A stronger, stiffer

blade is sure to result.

ELECTRONICS — October, 1949

INDEFATIGABLE FATIGUE TESTER — Here
is the endurance tester to show up
quickly those faults which often re-
sult in failures under dynamic
stresses. Why risk trouble reports?
You can shake such parts as axles,
brackets, complete assemblies, hous-
ings, castings and make improve-
ments before full scale production —
before the remedy becomes costly.

NOISE LOCATER — Operating silently,
the MB Exciter reveals sources of
noise in equipment of all types. Be-
cause you can “scan” a product’s
operating frequency range, you can
put your finger right on resonant

DO YOU HAVE OUR THE
NEW BULLETIN ON FILE?

It contains helpful design data
on vibration control, plus more
information on the line of MB
Exciters. Write for your copy
today. Ask for bulletin No.410-GS.

trouble areas. Less noise means
more customer satisfaction,

SHAKE OUT THE “BUGS”— Electrical and
sensitive components can be
checked for ability to withstand
severe vibratory service conditions.
Reproduce the effect of years of
vibration on your product within
hours!

You'll find MB Vibration Exciters
at work for mary leading compan-
ies recognized for the quality of
their engineering. Would you like to
know how to apply one to your own
problems? An MB engineer will be
glad to show vou—without obligation.

§ MANUFACTURING COMPANY, Inc.
p 1060 State St., New Kaven 11, Conn.
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AMERICAN PHILLIPS SCREWS -,

Play ‘““close harmony’ with musical

(d ¢ i

instrument makers in both these vital ways...

TR R YIRS S IO Never a “sour note” of spoilage, delay
or accident where these automatically straight-driving American Phillips
Screws are used in assembly. Costly materials and hours of skilled work-
manship are never wasted or lost. To the contrary, American Phillips
Screws combine speed with precision so that fastening time is cut 50%, even

on the fussiest work.

T

2. "'Sweet Musu; TN UICLH American Phillips Screws are “grace
notes” in their clean, modern appearance on musical instruments and all
NT SLIP out other products...a signature of quality on the surface that certifies the
quality within. Wherever you find American Phillips Screws, you find

a product that sells well @nd stays sold. Write.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 1: 589 E. Illinols St. Norristown, Pa. Detroit 2: 502 Stephenson Building

%@EE%
ALL TYPES @

A ALL METALS: Steel,
y Brass, Bronze, Stain-~
. less Steel, Aluminum,
s Monel, Everdur (sili-

con bronze)
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I it's a problem calling for PRECISION POTENTIOMETERS

e ———

For many years The HELIPOT Corporation has been a In order to meet rigid government specifications on
leader in the development of advanced types of potentiom- these developments—and at the same time produce them
eters 11 pioneered the betical potentiometer—the potentiom- economically--HELIPOT* has perfected unique manufactur-
eter now so widely used in computer circuits, radar equip- ing facilities, including high speed machines capabie of wind-
ment, aviation devices and other military and industrial ing extreme lengths of resistance elements employing wire
applications. It pionecred the DUODIAL*~—the turns-indicat- even less than .001” diameter. These winding machines are
ing dia! that greatly simplifies the control of multiple-turn further supplemented by special testing faciliies and po-
potenticmeters and other similar devices. And it has also tentiometer “‘know-how™ unsurpassed in the incustry.
pioneered in the dzvelopment of many other unique po- So if you have a problem requiring precisior potentiom-
tentiometric advancements where highest skill coupled with eters your best bet is to bring it to The HELIPOT Corporation.
ability to mass-produce to close tolerances have been im- A call or letter outlining your problem will receive im-
perative, mediate attention!

*Trade Mcrks Registered

|
A B c D L
MODELS D AND E HELIPOTS

" MODELS A, B, & C HELIPOTS Provide extreme accuracy of control and ad.

A—10 turns, 46” coil, 1-13/16” dia., 5 watts— justment, with 9,000 and 14,400 degrees of

resistances from 10 to 300,000 ohms. shaft rotation.
i B—15 turns, 140" coil, 3-5/16" dia., 10 watts D—25 turns, 234" ¢coil, 3-5/16'" dia., 15 watts
| —resistances from 50 to _500,000vohlr§15-‘ resistances from 100 to 750,000 ohms.
| C€—3 turns, 13-1/2 ¢oil, 1-13/16" dia., 3 E—40 turns, 373" coil, 3-5/16’* dia., 20 wat!s
1 watts—resistances from 5 to 50,000 ohms. -resistances from 200 ohms to one megohm.
| Ask for Bulletin 104 — -Ask for Bulletin 104 —

LABORATORY 'gl.

MODEL HELIPOT i
The ideal resistance p

unit for use in labora- Oy,

<o
| MODELS R AND W DUODIALS
. Each model available in standard turns.rotios

F G tory and experi-
mental applications.

MODELS F AND G PRECISION Also helpful in cali-
SINGLE-TURN POTENTIOMETERS brating and checking
Feature both contfinuous ond limited me. test equipment. Com. of 10, 15, 25 and 40 to 1. Inner scale in-
chanicak rotation, with maximum effective bines high accuracy o dicates angular position of HELIPOT sliding
electrical retation. Versatility of designs per- and wide range of contact, and outer scale the helical turn on
mit o wide voriety of special features. 10-tyen HELIPOT with which it is located. Can be driven from knob
F-3-5/18" dia., 5 watts, electrical rotation "' precision adjustability of DUODIAL. Avail- or shaft end,
359° —resistances 10 to 100,000 ohms. able in eight stock resistance valuves from R—2" diameter, exclusive of index
G—1-5/16" dia., 2 watts, electrical rotation 100 to 100,000 ohms, and other values on W—4.-3/4" diameter, exclusive >f index. Fea-
356°—resistances 5 to 20,000 ohms, : special order. o tures finger hole in knob to speed rotation.

Ask for Bullet:n '05 - — Ask for Bulletin 106 — — Ask for Bulletins 104 orxd 114 -

i

(4
3-GANGED MODEL A HELIPOT AND MULTITAPPED MODEL B HELIPOT AND 4
DOUBLE SHAFT MODEL C HELIPOT 4-GANGED TAPPED MODEL F &
All HELIPOTS, and the Model F Potentiometer, This Model B HELIPOT contains 28 taps, placed s
can be furnished with shaft extensions and as required at specified points on coil. The
mounting bushings at each end to facilitate Four-Gang Model F Potententiometes contains
coupling to other equipmert. 10 taps on each section, Such taps permit use
The Model F, and the A, B, and C HELIPOTS of padding resistors to create deswed non-
are avai able in multiple assemblies, ganged linear potentiometer functions, wit1 cdvantage
at the factory on common shafts, for the con- of flexibility, in that curves can be cltered as
trol of associated circuits. required.

I
THE VIEPUI CORPORATION, SOUTH PASADENA 2, CALIFORNIA
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SURE, you have to put on the heat
for greater productivity with today’s
more competitive market.

But, you don’t have to work harder
to turn out more goods—not when you
let Dieflex Varnished Tubing Products
take the extra load . .. and Dieflex will!
The secret lies in easier handling, greater

DIEFLEX PRODUCTS LIST

MADE WITH BRAIDED COTTON SLEEVING BASE

o
Grade A-1 Magneto Grade Varnished Tubings h el
Grade B-1 Standard Grade Varnished Tubings b F
Grades C-1 and C-2 Heavily Coated Saturated Sleevings H:
Grade C-3 Lightly Coated Saturated Sleevings R
Heavy Wall Varnished Tubings and Saturated Sleevings

flexibility, non-fraying ends. No time is
wasted struggling with hard-to-assemble
pieces; slow-down causes are eliminated,
production is greatet...with no increase
in effort! And the smooth inside bore
of Dieflex prevents snagging, guarantees

MADE WITH BRAIDED GLASS SLEEVING BASE
Grade A-1 Magneto Grade Varnished Glass Tubings
Grade C-1 Extra Heavily Saturated Giass Sleevings
Grade C-2 Heavily Saturated Glass Sleevings
Grade C-3 Lightly Saturated Glass Sleevings
Silicone-Treated Glass Varnished Tubings and Sleevings

FR E TECHNICAL

LITERATURE
Send for your free copy of the
Dieflex technical folder which
describes the different types
and grades of Dieflex Varnish-
ed Tubings and Saturated
Sleevings. Easy-to-read charts
help you to select the right
tubingor sleeving for your par-
ticular application.

a rapid, even flow of production.

Arrange now to get test-run samples
and prove to your own satisfaction that
Dieflex increases production. Contact
your nearest Dieflex sales office, today.

IMC Representatives
W. C. JOHNSON—PEORIA 5—101 Heinz Court
H. A. HOLDEN—MINNEAPOLIS 3—1208 Harmon Place
H. R. BRETHEN—DETROIT 2—15 Lawrence Ave.
Authorized Distributors
INSULATION and WIRES INCORPORATED
St. Louis 3, Mo. ¢ Atlanta, Ga. ® Boston 20, Mass.
Detroit 2, Mich. ® Houston 2, Tex. o Hillside, N. J.
and other cities.
TRI-STATE SUPPLY CORPORATIONS
Los Angeles 13, Cal. ® San Francisco 7, Cal. o Seattle 4, Wash.
SUFLEX CORPORATION
33-11— 57th 51, Woodside, N. Y.

INSULATION

MANUFACTURERS CORPORATION

Chicago 6 ® 565 W. Washington Blvd.
CLEVELAND 14
1231 Superior Ave., N.E.

DAYTON 2
120 W. Second St. TS AR

MILWA UKEE 2
312 E. Wisconsin Ave.

DETROIT 2
15 Lawrence Ave.

!
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MADE UNDER ONE OR MORE = ‘
FOLLOWING PATENTS Novi
2,443,743 - 2.212.196 - 2.346.62
- AND PATENTS FENDING

SOLA™CVE™"

'CONSTANT VOLTAGE
POWER SUPPLY TRANSFORMER

The SOLA ’CVE’ Transformer deliv-
ers filament and plate voltages
regulated within * 3% or less,
with line voltage variations of 100-
130 volts. (See chart for typical
regulation curve.)

aLacw
too1s0 v 3
60 CYCLES =

SOLA CONSTANT VOLTAGE TRANSFORMER—
CONVENTIONAL POWER TRANSFORMER ——

520 - () — 4
500 66 i 800 V RMS H
w ¥ ! 3ssv .oc 1o | ©
480 ah .
' 60 O 64 | CONDENSER == O
’S 440 & @ INPUT FILTER | &
ry i ar} 60 1o ma..0C. | 2
o 410 O 58| -
> 400 > s __LL”
aso — 54
— 4
Z
2 3s0 o 52 i
- 340 =2 so A
D 320 < 48 !
i —
Q 300 = 45 A ,__J
2 200 LS A S N
% 100 o 120 130 2 100 1o 0 3o

PRIMARY VOLTASE

Now you can enjoy the benefits of a constant voltage power supply
transformer at lower costs with the SOLA “CVE". This modification of
the famous SOLA "“CV” precision constant voltage transformers pro-
vides a compact regulated source of plate and filament windings on
the same core.

Your local electronic distributor has each of the three sizes in stock,
or can readily supply you with them. We welcome any inquiries you
may have concerning the SOLA “CVE" and its specific application to
your requirements.

Write if you would like to receive mailings of the latest
technical data on the many SOLA developments.

5 ' “_—A rnmﬁ?:ns

“BV” for high precision voltage regulation. *“CVE" for regulated electronic power supplies.
“CVA" for constant voltage appliance application.

Transformers for: Constant Voltage * Cold Cathode Lighting * Airport Lighting * Series Lighting ° Fluorescent Lighting * Luminous Tube Signs
Oil Burner Ignition * X-Ray * Power - Controls - Signal System - etc. ° SOLA ELECTRIC COMPANY, 4633 W. 16¢h Street, Chicago 50, Hlinois

Mannfactured under license by: ADVANCE COMPONENTS LTD., Walthamstow, E., England ENDURANCE ELECTRIC CO., Concord West, N. S. W, Australia
M. C. B. & VERITABLE ALTER. Courbevoic (Scine), France UCOA RADIO S.A., Bucnos Aires, Atgentina
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A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AND.TWINES + CABLE FILLING AND POTHEAD COMPOUNDS - FRICTION TAPE AND SPLICE - TRANSFORMER COM.-
POUNDS - FIBERGLAS SATURATED SLEEVING - ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND
TAPE - MICA PLATE, TAPE, PAPER, CLOTH, TUBING « FIBERGLAS BRAIDED SLEEVING + COTTON TAPES, WEBBINGS AND
SLEEVINGS + IMPREGNATED VARNISH. TUBING - INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING
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Follow the Leaders to

Pyrovac plate . . . for long life
and to withstand momentary
overloads.

Eimac non-emitting grid . . . for
stability of operation.

Component materials are
chemically stable . . . insuring
long filament life.

Mechanical design of internal
structures produces a high degree
of rigidity and resistance to
physical abuse.

Trade-marked “Eimac” . . . your
assurance of superior performance
and continuing service.

Tungsten leads . . . for low R-F
resistance.

Eimac moulded glass base and
precision aligned base pins.

ﬁ

Developed and built by Eimac, the new 3-200A3/592 is directly interchangeable with
existing tubes marked 592 without equipment modification.

The structural features indicated above impart to this new triode a long life span and
rugged contruction customarily associated with Eimac tubes.

Further information may be had by writing the Application Engineering Department of:

EITEL-McCULLOUGH, INC. SAN BRUNO, CALIFORNIA

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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@ One of the best known manufacturers
of air circuit breakers in the country is the
I-T-E Circuit Breaker Company, located
at 19th and Hamilton Streets in Phila-
delphia. From its inception the company
has displayed unusual receptiveness to
new ideas, whether from within or with-
out; hence it has done its share of pio-
neering, and perhaps more. Revere is
proud to play a part in its progress,
through close collaboration with I-T-E
engineers, production men, and the
purchasing department. The cxtensive
use of Revere Extruded Shapes is but one
result of our mutual attack upon I-T-E
problems, which the company is good
enough to say has saved a great deal of
money, as well as made possible a better
product . .. Perhaps similar results would
be obtained if you gave us the oppor-
tunity to place our knowledge as well as
our metals at your disposal. Why not
inquire?

REVERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
Mills: Baltimore, Md.: Chicago, 111.;
Detroit, Mich.; Los Angeles and Riverside, Calif.;
New Bedford, Mass.; Rome, N. Y.—
Sales Offices in Principal Cities,
Distributors Everywhere.

(Left) I-T-E Contact Block made from an extruded shape. This
was formerly extruded in electrolytic copper; changing to
Revere Free-Cutting Copper resulted in a saving of 309, in
machining time. (Right) I-T-E “K” Breaker, Main Contact
Assembly in open position. This is an especially interesting
assembly, since it shows no less than eight extruded shapes in
copper and bronze. Use of these shapes makes rhe assembly
more compact, stronger, lighter, and considerably more eco-
nomical to produce. The contacts are silver alloy, and the unit
is silver plated. ... In addition to supplying I-T-E with extruded
shapes, and strip, Revere furnishes rolls, bar, rod, sheets, ina
wide range of non-ferrous alloys, and seamless brass tube.

42

MUCH ELECTRICAL

MANUFACTURING MAGIC
BEGINS HERE

This is but a part of the I-T-E Stock of Revere Extruded Shapes in copper,
brass, manganese bronze, and aluminum. I-T-E is a great advocate of extruded
shapes, from long experience finding them markedly superiar, in uniformity,
strength, and economy due to the fact that « great deal of mackining is avoided.

(Left) Main movable Contacts and Flexible Connectors in an
I-T-E “K” Type Circuit Breaker. The two contacts are made
from Revere Extruded Shapes. Revere and 1-T-E collaborated
closely on the specifications for the thin-gauge copper strip for
the pigrails, working out the correct gauge and temper to avoid
notch effects and cracking of the connection at the braze.
(Kight) Main Separable Contacts from an I.-T-E Type “LG”
Circuit Breaker. These are stamped from Revere Copper Strip
with the temper specially controlled to eliminate a de-burring
operation previously found necessary to obtain edge surface
suitable for electrical contacts. (Inset) Back view of "K' type
Breaker showing a similar type of contact.
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NEW LK RELAY

MOUNTING: End mounting for back
of panel or under-chassis wiring. Inter-
changeable with standard “Strowger”
type mounting.

COIL POWER: from 40 milliwatts

to 7 watts D.C.

CONTACTS: siandard 2 amperes,
special up to 5 amperes. 2 amperes up
to 6 P.D.T. 5 ampere contacts (low volt-
age) up to 4 P.D.T. Special 20 ampere
power contacts $.P.S.T., normally open,
paralleled.

DIMENSIONS:
154" HIGH, 27/3,"" LONG,
13/32 WIDE

These are the dimensions
for the 6 pole relay.

Will meet Army and Navy
aircraft specifications
as a component unit,
>
W= Can be furnished
bermetically
sealed with
solder terminals,

PLUG-IN MOUNTING-
SPECIAL.

SK RELAY

MOUNTING: Front of panel mounte

ing and wiring.

€COIL POWER: From 100 milliwatts

to 4.5 watts D.C.

CONTACTS: Same as “LK":
DIMENSIONS: 14" HIGH, 1%,"

LONG, 3!/3,"” WIDE.

These are the dimensions
for the 4 pole relay.

Will meet Army and Navy
aircraft specifications
as a component unit,
CAN ALSO BE FURNISHED
HERMETICALLY SEALED

WITH SOLDER TERMINALS.
PLUG-IN — SPECIAL.
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WIDE BAND AMPLIFIER

HODEL
HEwLETT

ouTPUT

AS0A
- PACKARD

oaig acre oarona

Figure 1

Actual phote of oscillograph trace showing .01 usec
pulse (left) applied direct to CRT plates; (right) through
-hp- 460A.

TYPICAL RESPONSE CURVES-MOOEL 460A WIDE BAND AMPLIFIER

.

|

DB GAIN
1

10 MC
FREQUENCY

100 MC 1,000 MC

Figure 2

Typical response curves. Line A, with -hp- 410A VTYM.
Line B, into 200 ohm load. Line C, Gaussian curve.

SPECIFICATIONS

Frequency Response: High frequency — closely
matches Gaussian curve when operating into
a 200 ohm resistive load. 3 db point is 140 mc.
Low frequency—when operating from a 200
ohm source and .01 blocking condenser, re-
sponse off 3 db at 3 ke into an open circuit or
succeeding amplifier. When operating into a.
200 ohm load, off 3 db at 100 ke.
With -hp- 410A YTVM: =1 db, 200 kc to
200 mec.
Gain: Approx. 20 db into 200 ohm load, with tubes
of Gm 5,000 micromhos. (When operating into
200 ohm load.) Gain control has range of 6
db. 5 or more amplifiers may be cascaded.

Output: Approx. 8 v. peak open circuit. Output im-
pedance, 330 ohms.

Input Impedance: 200 ohms.
Delay Characteristics: Approx. .012 usec.

Rise Time: Approximately .0026 usec (10% to 90%
amplitude). No appreciable overshoot.

Mounting: Relay rack, 5%”x19"* x 6 deep.
Power Supply: 115 v. 50/60 cps, self-contained.

Data subject to change without notice,

ELECTRONICS — October, 1949

SETTING A NEW STANDARD FOR
FAITHFUL PULSE AMPLIFICATION!

True amplification of very short pulses. Rise time .0026 mi-
croseconds; 20 db gain; can be cascaded. For oscilloscope,
TV, UHF, nuclear or general laboratory work. Increases
voltmeter sensitivity 10 times over 200 mc band.

The new -hp- 460A Wide Band Am-
plifier is the first instrument of its
kind to offer you faithful amplification
of very short pulses without objec-
tionable ringing or overshoot. The
rise time of the amplifier itself is
only .0026 mictoseconds; and its re-
sponse matches the Gaussian curve
(transmission ideal) more closely
than any other instrumentyet offered.

The exactness with which the new
-hp- 460A amplifies very short pul-
ses can be scen in Fig. 1. Left:
shows a .01 usec pulse applied direct
to plates of a SXP11A cathode ray
tube. Right: same pulse after passing
through the -/p- 460A. Note the
very short rise time and the absence
of ringing or overshoot. Fig. 2, il-
lustrates how closely the -/p- 460A
conforms to the Gaussian ideal. As
many as 5 amplifiers can be cascad-
ed when high gain is necessary.

GENERAL AMPLIFIER
Fig. 2 also illustrates the wide fre-

laboratory

F O R S PEED

quency response of this instrument.
It offers flat response up to 200 mc
when used with the -hp- 410A Vac-
uum Tube Voltmeter. Sensitivity is
increased 10 times. The -hp- 460A
may also be used as a general pur-
pose laboratory amplifier.

ACCESSORIES
Since the -/p- 460A Amplifier oper-
ates best at impedances of 200 ohms,
-hp- has designed a 200 ohm coaxial
system of connectors and cables.
These accessories include leads with
fittings, panel jacks and plugs, adapt-
ers to connect into a 50 ohm Tytpe
N system; and a special adapter for
use with the -hp- 410A Voluneter.

Get complete information now! See
your nearest -hp- representative or
write to factory.

HEWLETT-PACKARD CO.

1936-A Page Mill Road, Palo Alto, California

Export: FRAZAR & HANSEN, LTD.
301 Clay Street, San Froncisco, Calif., U. S. A.
Offices: New York, N.Y.; Los Angeles, Calif.

insfruments

A ND ACCURACY
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SANBORN POLY-ViISO p(ywm:,cape/z CHART NO. 420 i . el

___= e . s e b s e — v A e P JEOTRRS I
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WHEN Sanborn Compz
big name in recording
on the design and construction

Recorder, they ran into a magnet probler.

This recorder makes available permanent simultaneous .«

] on one piece of paper of four different kinds of information which,
for the first time, are directly writien, in rectangulur coordinates.
That meant that Sanborn needed four separate but compact galvan-
ometers. Crucible was called in, and here’s the way Crucible magnet

; specialists solved the problem:

After careful study of the limits of the equipment, a master

bt { magnet was designed that consisted of four pairs of magnetic poles

il cast on a single base. This eliminated the need for bolting four

- magnets together, and reduced the amount of space required by the

£ ‘ t galvanometer assembly. An added feature of this special magnet

SLERET assembly is a unique and exclusive Crucible method of strengthening

3 / Rl = the pole pieces of the individual magnets so as to retain maximum

= B field strength. This also adds to the sensitivity of the galvanometer
assembly.

The Sanborn “Poly-Viso” Recorder is used in both the bio-
= physical and industrial fields for the measurement of pressure, flow,

oot

I
.L

| e temperature, strain, values of AC or DC voltage or current, and the
| | like. Because such quantities are directly recorded, immediate anal-
ysis can be made of many problems. Also, records can be run at any

| )
- aEiEE ! one of eight selectable speeds.

Crucible’s part in Sanborn’s far-reaching development is but one
example why Crucible has mainiained, for half a century, a position
of leadership in the specialty steel field. Your permanent magnet
problem will receive the same experienced consideration fromn
Crucible’s unsurpassed staff of metallurgists and production special-
ists. Please give {ull details.

! CRUCIBLE STEEL COMPANY OF AMERICA
Chrysler Building, New York 17, N. Y. '

Branches, W arehouses and Distributors in Principal Cities

first name in special purpose steels

e

CRUCIBLE

PERMANENT ALNICO MAGNETS

¥ ot
| -~ YR o STAINLESS o HIGH SPEED - TOOL « ALLOY « MACHINERY « SPECIAL PURPOSE - STEELS
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NEXT BEST THING
TO A

"SKY-HOOK!"

*“Sky-hooks” being expensive and some-
what impractical, why not start from the
ground up with a Blaw-Knox tower to
obtain support for your high-riding FM
and TV antennas? faaey
Blaw-Knox, having built towers since
spark-gap days; makes available to elec-
tronic-engineers a degree of practical ex-

perience unequalled in this field. So, when g W

you want the next best thing to a sky-

hook, call Blaw-Knox. -
Shown here 'is a Blaw-Knox special

417 ft. Type H-40 Heavy Duty
tower for Station WHIO, Dayton,
Ohio. This tower was desxgned to sup-
port an RCA combination 4-section
pylon, plus a 6-section TV antenna o
and station call letters.

BLAW-KNOX DIVISION
OF BLAW-KNOX COMPANY
2077 FARMERS BANK BUILDING e PITTSBURGH 22, PA.

[% ",“&

9I|
orricEs W 190

’BI.AW-I(NOX

ANTENNA

TOWERS
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Be Right with. . .

ny of Cambridge, Massachusetts,

equipment, first started working

- of their new ““Poly-Viso”
ut

tracings

RHEOSTATS

@ _;’r"f_l _{,\Z\& |_l '—lj" E_,-?" RESISTORS

TAP SWITCHES
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Here is a new Fiberglas Tubing and Sleeving with supcrior physical and
dielectric properties ar u price comparable 1o ordinary cotton-base or rayon-
base insulations.

BH 649" is non-burning, non-fraying, non-stiffening . . . but above all it's
the toughest insulation we have ever made. No varnish to crack or flake off.
Toughened against the rough treatment encountered in assembly or product
use. It is no longer necessary to specify an insulation grade with a rated
dielectric strength substantially in excess of voltage requirements to insure
against expected dielectric loss in assembly and service. Test the ability of
BH "649" to maintain its rated dielectric strength and save the extra cost.

Production samples in any size, grade or color are available on request. Use
coupon below.

BENTLEY, Harris CONSHOHOCKEN, Pa,

SLEEVINGS

COUPON

MaNuracTruriNg Co.,

Bentley, Harris Mfg. Co.. Dept. E-36, Conshohocken, Pa.
I am interested in BH 649" Fiberglas Tubing and Sleeving. Send samples for production

in sizes as follows for operating at tem-

testing of Grade.
(sizeor 1.D.)

(product)

peratures of____ °F at__ volts.

NAME ___

ADDRESS . _ _

ELECTRONICS — October, 1949

KNOT IT . . . Take a length
of BH “649”. Knot it. Pull
it as tight as you can. Twist it.
Then loosen the knot. There is
no cracking. No change in the
dielectric strength.

RUB 1T . Take

a length of BH “649”
Hold the ends firmly. Then
rub the sample up and down
briskly in a sawing motion
against the edge of a desk or
chair. See how difhcult it is to
damage the coating.

HOLD A MATCH UNDER IT
... Take a length of BH “649”.
Hold a lighted match under it.
BH *“649” will not support
combustion.

Send samples, pamphlets and prices
on other BH Products as follows:

[0 Cotton or Rayon-base Sleeving and
Tubing

O BH non-fraying Fiberglas Sleeving

49
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Here’s a new Irvington insulating material that’s
important to investigate now. Important because
it makes possible the use of Fiberglas (Class B
Insulation) at a cost substantially lower than
formerly. Important because it provides in a
standard product the combination of higher dielec-
tric strength, greater flexibility and high mechani-
cal strength desired in many specific applications.
In making Varnished Fiberglas Style OW,
Irvington employs base cloth woven by a new
principle that permits the woven fiberglas to carry
more insulating varnish. Not only test results, but
actual applications have proved its advantages in
such services as core wrappings, field coils and
punchings. It is available in black or yellow, in
thicknesses of .007%,.010”,.012”; in rolls 25 and
50 yards long; approximately 36" wide; tape in
widths from %2 ” up. Write today for test reports,
further details, and samples.
*T.M. Reg. U.S. Pat. Of: by Owens-Corning Fiberglas Corp.

Irvington 11, New Jersey

Authorized distributors in AManta; Baitimore; Berkeley; Bluefield, W. Va.; Boston; Charlotte; Chicago; Cleveland; Dallas; Denver; Detroit; Los Angeles;
Rew Hartford, N.Y.; New Orleans; Philadelphia; Pittsburgh; * Portland, Ore.; $t. Louis; Seattle; Hamilton, Ont.,, Canada.

Milwaukee;

50

Minneapolis;
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3 New Time-Saving, Profit-Building

G-E TELEVISION SERVICE INSTRUMENTS

) 4 p : A
v \ Now — with this new G-E equipment — you can check
el . | TV receivers under conditions varying from fringe

areas to “under the tower” and predict operation of
the sefs anywhere in the service area —at a glance!

ARIABLE Permeability Sweep Generator! Crys- ® Because of low leakage, complete over-all re-
tal Controlled Marker Generator! Cathode Ray sponse from antenna terminals to picture detector
Oscilloscope! Put them all together in one group can be viewed with contrast at maximum settings.

and you have what manufacturers and servicing
dealers have acclaimed the fastest, most accurate
answer to television receiver testing problems ever

o All desired markers for complete alignment are
obtained by one initial sctting of the master dial on
the marker generator.

offered!

e High quality general purpose oscilloscope pre-
Here’s why— sents accurate picture of wide range of phenom-
® Variable Permeability Sweep Gencrator can be ¢na from response
set quickly to any desired frequency, supplying high curves to composite

output and exceptionally wide linear sweep— signal.

Syracuse, New Yark

, y Specialty Division —Rcom
% can pul your w%/m e N e e
\

Send me specifications, pictures, and prices on the
\ new G-E Television Test Equipment Package.

GENERAL ‘ ELECTRIC N\ "o+
\ CITY _ STATE. ________
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ENGINEERS WILL HELP YOU

Sotbe S/

No matter what yonr panel instrument problem
is, Simpson Electric Company engineers will
be glad 10 help you solve it. Every day they are
confronted with individual design problems.

- =
QIRECT CURRKNy

Behind every Simpson instrument is a world-wide

T
P 20':7\".\'
. MILLIAMPERES 3
(4

reputation for quality. Simpson movements have greater rug-

gedness and accuracy, because of the full bridge-type construc-

tion and soft iron pole pieces.

When Simpson helps you with your problem, you benefit
from this world-wide reputation and the years of experience
of Simpson engincers.

Let Simpson engineers help you with your next instrument
problem and for your standard instrument requirements take

advantage of our large stock, available for immediate delivery.

SIMPSON ELECTRIC COMPANY [C.0: sAcH s mrson, 115, loNDON, ONTARIO
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...THE PROBLEM

Hi-Q engineers were recently asked
to design a component which would

replace the 4 standard components

called for in the schematic drawing
illustrated at left. The problem was
one of space saving without affect-

ing the operation of the circuit.

SHIELD

I |

.002 | 250, 250 .00s

THE SOLUTION
|

| . . ; Hi-Q engincers designed a printed cir-
' cuit known as the Hi=@ P. C. 100. This
component replaced all 4 of the stand-

ard sized units formerly used, thus re-

ducing the physical proportions of the space
formerly required. In addition, this new com-

\ »  ponent eliminated 259 of soldering time as
p “ well as eliminating 759% of the unit handling
cost. The result of this customer’s foresight in
placing his problem before Hi-Q engineers 1s
that a new component was designed which

I
!
|
!

AUDIO COUPLING
DIODE FILTER
H.F. SUPPRESSOR
OUT PUT COUPLING

saved our customer space, labor and time.

WHAT’S YOUR PROBLEM ?

Our engineering department will gladly work
with you on any problems you might have.
Consult with us and ask for our suggestions
regarding your specifications before your de-
sign has gone too far. Perhaps we can work
out savings. in space, time and labor for you.

WRITE FOR FREE CATALOG
JOBBERS—ADDRESS: ROOM 1332, 101 Park Ave, New York, N. Y.

T e P S S— SR—— <o

Plants: Franklinville, N. Y.—Jessup, Pa.—Myrtle Beach, S. C.
Sales Offices: New York, Philadelphia, Detroit, Chicago, Los Angeles

ELECTRONICS — October, 1949
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Beat .. Heat

specify

APPROVED
BY
UNDERWRITERS

LABORATORIES

9 00 600

Preferred more and more by particular manufacturers of television, F-M, quality radio and

all exacting electronic equipment. Available in all sizes, solid and stranded; over 200 color

combinations.

PRODUCTION ENGINEERS: Specify “NOFLAME-COR" for maximum output and minimum re-
jects. This is not an extruded plastic and therefore losses from “blobhing” under heat
of soldering iron are avoided.

v Flame Resistant / High Insulation Resistance v/ Heat Resistant
v High Dielectric ¢ Facilitates Positive Soldering v Easy Stripping

/ Also unaffected by the heat of impregnation—
therefore, ideal for coil and transformer leads

RUBBER 75°
PLASTIC 80°
NOFLAME-COR’.__ 90

““made by engineers for engineers’”

CORNISH WIRE COMPANY, 1nec.

605 North Michigan Avenue, 1237 Public Ledger Bidg.,
Chicago 11 15 Park Row, New York 7, N. Y. Philadelphia 6

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES

o4 October, 1949 — ELECTRONICS



new metal ‘Big Picture’
tubes by Rauland!

AVAILABLE WITH NEW HIGH-CONTRAST LUXIDE SCREEN

Gives 60% greater contrast! Reduces glare! Gives sharper, easier-to-view pictures!

50% LIGHTER WEIGHT

Can be safely shipped installed in sets, reducing field installation costs.

LARGER SCREEN
105 square inches useful screen area

LOWER PRICE

Lower bulb cost permits lower prices

BETTER FACE QUALITY

Optical quality of metal tube faces is superior
to the pressed faces of all-glass tubes.

SHORTER LENGTH
258" shorter than the 16AP4

USES AVAILABLE OPERATING COMPONENTS

Same focus and deflection coils as
used with the 16AP4

ALLOWS IMPROVED CABINET DESIGN
AND LOWER CAEINET COST

Because of reduced cabinet depth requirement

Other Available Types—10BP4, 10FP4, 12LP4, 12KP4, 16AP4
WRITE FOR TECHNICAL BULLETINS

me Bauland corrorarion

4245 N. Knox Avenue + Chicago 41, lllinois
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using new 18-volt (D-C) cells

New process for depositing selenium gives rectifier
stacks greater uniformity, higher efficiency and
longer useful life.

Here’s real news for rectifier users. G.E.’s new 18-volt selenium
cells, made by a special evaporation process which deposits
selenium on the aluminum base with greater uniformity than
otherwise possible, give you these advantages:

GREATER OUTPUT—W ith 509, more output than the standard
12-volt cells, the new design can be used for any application
except those few which demand 24-hour, year-around service.

HIGHER EFFICIENCY—Not only is the initial efficiency higher,
but more uniform coating keeps it high during the life of the stack.

SAVING IN SPACE—About one-quarter less space is required
for the same output.

LOWER COST—Depending on the voltage across the stack,
the 18-volt cells can save 259, in cost compared to standard 12-
volt cells.

Selenium stacks are available in several standard sizes. Output in d-c
voltage ranges from 18 to 126; applied a-c voltage, from 26 to 161.
Bulletin GEA-5258 will give you detailed information. Send for it today!

GELENTUM STACKS
=2

“READABILITY

T FOR RELIABILITY

This brand-new line of 2Y4-inch thin
panel instruments has streamlined fea-
tures which will give your panels a “new
look.” Arc lines have been eliminatcd,

i " /
15 g
g 100 0 200 °

.
8L VOLYS 250 H
Vet @
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leaving only the upright scale divisions.
New tapered pointer helps eye focus only
on the reading. All but essential mark-
ings are masked by attractive case.
Internal mechanism is designed for
extra reliability. High coercive Alnico
magnet assures proper alignment, even
under severe operating conditions. Large
air gap reduces danger of stickiness
caused by foreign particles. A variety of
types and ratings in round or square
cases are available for use in radio, tele-
vision or testing equipment. Get com-
plete details from Bulletin GEC-368.

DESIGNED FOR

YOUR REQUIREMENTS

General Electric pulse transformers
for radar and associated applications are
designed to perform dependably in ex-
tremes of operating conditions. Many
ratings in current production are of a
special nature—designed to keep pace
with rapidly changing requirements of
the industry. However, for certain appli-
cations, they can be built to the specifi-
cations of electronic equipment manu-
facturers. Types available include inter-
stage transformers, blocking oscillator
transformers, charging chokes, current
transformers, and pulse thyratron grid
transformers. For a listing of available
designs and ratings, send for bulletin
GEC-481.

ELECTRONICS — October, 1949
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS .

ERs———————
s
|

. - . e

THEY'RE SMALL

BUT THEY CAN TAKE IT

Cast-glass bushings with sealed-in
nickel-steel hardware can be readily
welded, soldered, or brazed directly to
the apparatus, thus eliminating gaskets
and providing a better seal. Small, com-
pact structure often makes possible re-
duction of over-all size and weight of
equipment. Practically unaffected by
weathering, micro-organisms, and ther-
mal shock, they’re particularly well
suited for use in® electronic equipment
and in installations where operating
conditions are severe. Available in rat-
ings up to 8.6 kv and for currents to
1200 amperes. Check Bul. GEA-5093.

RELY ON THESE

FOR STABILITY

Fixed paper-dielectric capacitors are
manufactured in accordance with joint
Army-Navy specification JAN-C-25.
They’re constructed with thin Kraft
paper, oil or Pyranol* impregnated, for
stable characteristics and high dielectric
strength. Plates are aluminum foil;
special bushing construction provides
for short internal leads, prevents possi-
ble grounds and short circuits. Cases
have permanent hermetic seal.

Case style CP 63 (shown above) is
rated 0.1-0.1 muf and 1000 volts.
Other ratings range from .01 muf to
15 muf and from 100 to 12,500 volts.
Werite for detailed description and opet-
ating data in bulletin GEA-4357A.
*Reg. U.S. Pat. Off.

DOES A BIG JOB
IN CLOSE QUARTERS

G.E.’s midget soldering iron can do
a big job with only one-fourth the watt-
age usually used. This handy 6-volt,
25-watt iron is only 8 inches long with
14" or 14" tips and weighs but 134
ounces. Designed for close-quarter, pin-
point precision soldering, the “midget”’
offers you all these advantages: low cost
soldering; “finger-tip”’ operation; quick,
continuous heat; easy renewal; long life;
low maintenance. A real aid in designing
radios, instruments, meters, electric ap-
pliances, and many other products re-
quiring precision soldering. Available
from stock. Check bulletin GEA-4519.

| e 4

I General Electric Company, Section J667-2 l
I Apparatus Department, Schenectady, N. Y. I

I Please send me the following bulletins:

J GEA-4357A D-C Capacitors

/] O GEa-s519 Midget Soldering Iron

I J GEA-5093 Glass Bushings
[ GEA-5258 Selenium Stacks
J O GEC-368 Panel Instruments

/

[ GEC-481 Pulse Transformers l
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RELAYS

-

In Automatic Electric’s
complete line of relays,
there are over forty
basic types—offering
spring and coil combi-
nations in almost infi-
nite number. They are
dependable and proved
products of an organi-
zation that has made
electrical remote con-
trol its business for

more than fifty years.

Automatic Electric
Stepping Switches are
designed and built to
assure exceptionally
long life. A complete
range of Automatic
Electric Switches is
available for all remote

control applications.

For help in the field of remote control, call in an
Automatic Electric field engineer. Meanwhile, send
for helpful literature. Address AUTOMATIC ELEC-

P

New Class “B’’ Relays

The newest and most outstanding membet
of Automatic Electric’s relay family is the
Class “BB”—even better than the widely
used, widely copied Class ““A” Relay. De-
signed for ordinary relay service—open-
ing, closing or switching circuits—and
for extremely high-speed operation. Inde-
pendently operating twin contacts assure
perfect contact operation. Contact points
are dome-shaped to maintain uniformly
low contact resistance. May be arranged
in one or two pileups with maximum of
16 contacts on 13 springs in each pile.

Hermetic Sealing
Available To Maintain
Automatic Electric Quality

All Automatic Electric Relays can be ob-
tained in hermetically sealed housings to
maintain the high quality for which these
relays are famed. The ‘“sealed-in” con-
trolled atmosphere protects them from
electrical or mechanical failure resulting
from varying conditions of temperature,
dust, humidity, acid, fungus or air pressure
—and makes them completely tamper-
proof.

The New Type 45 Switch

Here, for example, is a rotary switch that’s
new and better! Faster... 70 stepsasecond.
Greater capacity . . . up to 10 (or more)
25-point bank levels, with single-ended
wipers available for 50-point operation.
Simpler . . . only one field adjustment.
Compact rotary and re-set type switches
are also available with 10-point bank
levels and speeds of 35 steps a second for
automatic or remote-control operations.
And there’s the famous “Two-Motion
Switch” that selects one circuit from
among two hundred in just 2 seconds or
less. It’s a re-set type switch adaptable to
either automatic or remote control.

TRIC SALES CORPORATION, Chicago 7, 11l In
Canada: Automatic Electric (Canada) Ltd., Toronto.

RELAYS
AUTOMATIL ¢

SWITCHES

Sp ELECTRIC
N7 ELELCTRIL

CHICAGO
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NEWEST LAB FU. NACE;

Hevi Duty Electric Company has im’°duced

a revalutionary new development in laborator; fur.
nace equipment—-for requirements such as drying of
precipitates, ash determinations, fusions, ignitions,
heat trecting, enameling and ceramic firing, and gen-

eral |aboratory work.

Haused in a cylindrical shell, the furnace is mounted

with practically line contact en a base containing instry-

ments and controls—a type of construction that permits

the base to remcin at almost room tzmperature, with instry-
ments and controls easily accessible at all times.

Operating tempearatures from 900°F. to 1850°F. are obtainable
—precisely conirolled by means of a manually operated
36-step, tap-changing transformer.

Outstanding characteristics of this rew type furnace are ropid
heating (about 85 minutes from cold to maximum tempercture), and
quick response to demand fcr temperature change.

To assure heating elements that will *‘stand the gaff’’ and give
top-level performance uader such punichirg conditions, Hevi Duty
Electric Company uses high heat- and conasion-resistant Nichrome V.
The absolute uniformity of this superior alloy assures even heat

Mod Hevi Du uftle Fur
Nes More) b i distribution; its retenfior of physical and electrical properties at high
Standard for use on 115 v. or
230 v, SO w 60 cycles, A.C.
Input: 1150 wats. Maximum its resistance to thermal shock assures long life, completely depend-
operating temperature: 1850°F.
36-step contral down 10 approxi-
maiely 900°F. Heating eleinents:
22 gauge Nichrome V wire. Whatever your electrical resistance problem, consult with us. In addi-

temperatures, enables crifical adjustments ta be made and mcintained;

able and economical service.

tion to world-famous Nichrome V and Nichrome, we make over 80 alloys
for the electrical and electronic industries—the most complete line of

electrical resistance alloys in the world.

Heating units, top and
bottom, are in:erchange-
able; likewise, the two
-side units. “All uniss are
easily_replaceable aad re-
versible (permitiing the
coiled Nichrome V wire
to be exposed or muffled).

Driver-Harris Company

HARRISON, NEW JERSEY

BRANCHES: Chicage, Detroit, Cleveland, Los Angeles, San Francisco, Szatile
Manufactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD., Hamiltan, Ontaria, Canoda *T.M. Reg.U.S. Pat. Off.



PYRAMID ELECTRIC COMPANY
155 Oxford Street
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WRITE FOR COMPLETE LITERATURE

Representatives and Distributors

< Throughout the U.S.A. and Canada

Paterson, N. 1., U.S.A.

TELEGRAMS: WUX Paterson, N. J:
CABLE ADDRESS: Pyramidusa

BUSINESS BRIEFS

By W. W. MacDONALD

We Should Be Able to interpret
Citizens Radio Band regulations
and answer in simple unequivocal
language such inquiries as “Do I
have to have approved equipment
before applying for a license?”
and “Is a converted BC-645 ap-
proved?” but we can’t. Nor do we
think local FCC offices can do it.

Because the Commission is over-
loaded with work, or because Citi-
zens Radio regulations have not
been worked out in detail, or both,
the best advice we can give pros-
pective applicants at the moment
18 to write to Washington and then
keep writing until all necessary de-
tails are cleaned up.

Survey among 78 members of the
Association of Electronic Parts
and Equipment Manufacturers in-
dicated the following prevailing
terms of sale as of early this year:

In-
Job- dus- For
ber trial eign
29% 10th & 25th net 30
days .............. 15 12
2% 10 days net 30
days .......... ... 14 4
1% 10 d'lys net 30
davs ..

1% 10th & 25th net
30 days .......
2% 10th prox. .
Sight draft . ........ .
Net 30 days.........
1% 10th prO\ .......
Net 10 days....... o

COD. ...........
Cash in advance. .
%% 10th prox......
2% 15th & E.O.M. ..
Letter of credit......
5% 10th & 25th prox 1
3% 10 days net 30

ays ... 1

Of the manufacturers reporting,
55 said they strictly enforced dis-
count dates.

g —e—
ey R ENR IO~
. —_
LS. = o

'R
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Tit-Tat-Toe Machine designed
by Bob Haufe of Cal Tech exhibits
a nice understanding of human
nature. It lets its human opponent
start the game. It beats him or
draws every game, but is equipped
with a switch that permits a really
skilful player to win. And Bob
has held the machine’s speed down
to five seconds per move so that the
relative slowness of its opponent’s
mind is not made too obvious.

President LeBel of the Audio
Engineering Society, speaking in-
formally to the press at a party

held to give the society’s Audio
Fair (see p 136) a sendoff, made a
very refreshing remark. He said
that all exhibited audio apparatus
would be in operation and that for
him “it would have to sound right
to be right, regardless of what any
instruments said.”

Latest Data compiled by NBC
indicates that there were 2,010,000
television receivers in use in the
country as of July 1, and almost
20 million families within a 40-
mile radius of the 72 stations then
on the air.

By Focussing attention on the
living room as the center of family
life and hospitality, television
affords the furniture industry an
opportunity to stimulate markets
which can be made to yield mil-
lions of additional dollars worth of
new and replacement furniture
sales, thinks Joseph B. Elliott of
RCA.

Two Months Ago We Said (p 60
August) that too many companies
were counting on development con-
tracts in general and government
business in particular to support
their still war-expanded facilities.
Iixception to the rule is a large
West Coast plant that asks us to
keep an eye open for promising
electronic products they might
manufacture, with particular em-

phasis upon sequence-control,
industrial-control, measurements
and industrial television appa-
ratus.

Subscriber Bill Stewart of Phil-
adelphia notes that picture i-f’s of
many television receivers are
essentially the same, wonders why
some components manufacturer
doesn’t put them out as a standard,
pre-tuned package for sale to set
makers.

Most Mail this column has re-
received since its inception re-
sulted from an item in June noting
that we knew a man who had devel-
oped an electronic converter having
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TERMINAL ILLUSTRATED: 908TH /
o TER"I"AIS - Typical of turret head series. Avcilable in

- PROTECT PRODUCT } o, 2 to 9 electrodes.
» PERFORMANCE 4 ~ Numbering identification standarc feature.

<

G5 THE FUSITE CORPORATION

CARTHAGE AT HANNAFORD, NORWOOD, CINCINNATI 12, OHIO
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INSTRUMENT COMPANY

1315 SO. CLARKSON STREET « DENVER 10, COLORADO
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| BUSINESS BRIEFS (continued)

no moving parts and useful as a
power source for such things as
aircraft, mobile and portable
radios. Scads of manufacturers
asked to be placed in touch with
him, and we relayed their requests
along.

Association of American Rail-
| roads reports the following per-
| centage increases in radio-station

authorizations from May 1948 to
May 1949:

Train (base) .........ccoiuvun .. 1849,
Train (mobile) ................ 94

Yard, terminal and utility (base) 47
Yard, terminal and utility (imoble) 78

In the same period inductive-
carrier equipment installations by
railroads increased:

Train (hbase) .......... e 289
Train (mobile) .............. . 23.6
Yard, terminal (base)....... e 4.8
Yard, terminal (mobile)....... . 125

Ixhibiting Our Ignorance con-
cerning double-entry bookkeeping,
we are always intrigued by the
nice balance of assets and liabil-
ities in reports to stockholders that

| come across our desk. Take one
totalling $28,824,677 for example.
We find patents and trademarks
listed under assets at $3 and can't
for the life of us see where its

| balancing counterpart is fitted in
on the liabilities side of the ledger.

| Also, we wonder what the patents
and trademarks are that are worth
only $3.

Marine Radar is used by about
187 ships operating on the Great
Lakes. Most of them are ore car-
riers. The Lakes have about 266
ore carriers and 334 bulk carriers.

Quote: “In 20 years your radio
cabinet will be as obsolete as a
wood-burning cook-stove” says
Howard C. Hardy of Illinois Tech.
You won’t have to wait that long,
judging from some of them we

" have seen for the past 20.

Dr. Hardy thinks most radio
| equipment will be built into walls
| of homes in the future. We don't.

' Reading Our Own Ads, we
notice that:
Many manufacturers are selling
their engineering service just as
| hard as their products.
| Technical bulletins and/or sam-
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ples are offered by a preponderance
of adwvertisers.

Random-noise-sourée instruments
are being made by more and more
companies (imagine paying for
noise in the old days!).

Toroids seem to be experiencing
a renaissance.

Screws now come like bullets on a
machine-gun belt, and soldering
lugs are available in continuous
strips.

Transformer makers now offer
types for communications, for in-
dustrial applications and a third,
rock-bottom-price variety for ama-
teur and similar use.

It took us, incidentally, just three
hours to read quickly through the
September ads. And it was worth
it in product-knowledge that was
gained.

1950 Census questionnaires have
already been drawn up and funds
for tabulation allocated. So it will
not be easy to throw in an addi-
tional question at this late date.
We have it on good authority, how-
ever, that the number of television
receivers in use in the country, as
well as the number of radios, will
be checked if the Bureau can
swing the extra work within its
budget.

Television Designers have done
an effective job of getting receiver
prices down without sacrificing
picture quality. They have, how-
ever, permitted the sound quality
to drop off and we are receiving
reports from the field that the
pablic is aware of it. Newsstand
radio magazines are beginning to
run articles telling owners of sets
how to improve tv-set audio re-
sponse.

Nostalgic Note: Editor Fink
spent his vacation with the Hen-
ney’s in New Hampshire, the
writer sailed a sloop to Block Is-
land, Markus went home to
Minn-e-sota, Zeluff went to Ber-
muda to duck the heat, McKenzie
broke ground for a summer shack
in the White Mountains, O’Brien
worried the crabs on the south
snore of Long Island and Fahne-
stock took in the Cleveland Air
Races.
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" Improved 2 KVA STABILINE

- Automatic Yoltage Regulator

by THE SUPERIOR ELECTRIC COMPANY
BRISTOL, CONNECTICUT

In this compact regulated A.C. supply. an electronic circuit monitors the output
voltage and- makes’ corrections by motor control of a variable autotransformer. It
has the advantages of relative simplicity, zero waveform distortion, and response
time fast enough for most purposes.

Assisting-in achievement of fast response is the high power gain supplied between
the electronic circuit and the motor by means of two fast, long life SIGMA relays,
adaptations of the standard type 41R.

Within certain limitations of frequency response, the use of relays as amplifiers”

or power modulators gives tremendous gain, and performance otherwise achievable
only with much more expensive and high powered electronic components.

Two-way positioning may be achieved, as in this equipment, by a pair of fast
single pole relays, one in each plate circuit of a push pull outputstage. SIGMA Type 41
relays are excellent in this service. Where variation in the fotal plate current of the
push pull stage cannot be controlled, the relay stage.must respond only to differential
plate current. Here a 3 position or null seeking differential relay is usually necessary.

Two such types are made by SIGMA. Both are polarized, both have positive detent
centering. Series 6 operates at sensitivities from 5 to 100 milliwatts differential power,
switching up to 4 poles. Series 7, faster and more sensitive, is single pole and operates
in the range of 2 to 10 milliwatts differential power.

See more complete description of these relays
given in bulletins available on request.

Slgma [nstruments, ixc.
CMereactive mELAYS

62 CEYLON ST., BOSTON 21, MASS.
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The Spotlight’s On
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M P.R.,MALLORY.8 CO.Inc. Y
®
1 etrO The little BIG addition to the
Mallory Line of Television Controls.

Mallory has done it again. Here is an all-new, revolutionary control that is B Ee e e
perfect for television application. Only 15{"" in diameter, it is Mallory’s
answer to the designer’s cry for smaller and smaller controls. '

, MALLORY CONTROLS
| FOR

) . _ TELEVISION APPLICATION
Don’t be deceived by its compact size. It’s all Mallory through and through. ]
For instance: Shaft is completely insulated from chassis. Good for higher
voltage applications—can’t get a shock. The insulated shaft is knurled
for easy adjustment—has screw-driver slot for back panel applications. f
Thoroughly tested, the Mallory Midgetrol has come through with flying [

colors for television applications.

For volume

For focusing

. For height of picture
For linearity

For centering picture on lube,
horizontal or vertical

For contrast or brightness
For horizontal and vertical
“hold”™ controls

. For audio tone control

.

A

P No AW

The Mallory Midgetrol is typical of Mallory superiority in controls. Today, T MR

Mallory has a control, carbon or wire-wound, required for any specific

5
| ]
°]
]
1

5

usage, for every television application.

The dependability of today’s television receivers which is responsible for You Expect More
the great public demand has as one of its bases the precision performance And Get More
built into Mallory controls by special skills, long experience and devotion From Mallory

to quality ideals.

And with all this superiority, Mallory offers service—quick delivery for both
standard and special applications—and low price.

Precision Electronic Parts—Switches, Controls, Resistors

SERVING INDUSTRY WITH

Capacitors Rectifiers
Contacts Switches
Controls Vibrators

Power Supplies

Resistance Welding Materials

INDIANA
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McGRAW-HILL PUBLICATIGNS

Show You
How To Gei —_n

___;_

ngher + 1
_I’roductlvlty :

> CAMPAIGN . . . It is always
gratifying when the parent takes
up the cudgel where the child has
fought. We speak of our parent,
the McGraw-Hill Publishing Com-
pany, which is undertaking in
some thirty publications a cam-
paign to promote techniques for
keeping production costs down
while maintaining and improving
the quality and quantity of the
product. This is the vineyard in
which ELECTRONICS has been labor-
ing for nigh unto twenty years.
This magazine has published
more than 15,000 pages of editorial
material since 1930, nearly 4,000
of which have dealt with indus-
trial applications of vacuum tubes
tc process controls, automatic
measurements, and protection of
property and personnel. In this
issue we present 16 more pages,
two articles dealing with plans for
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CROSS

TALK

process control, and costs in radio
receiver manufacture.

Our participation in the higher-
productivity, lower-cost campaign
involves no fanfare. But we can
hardly fail to underscore its im-
portance. If our half of the world
doesn’t adopt techniques to get
costs down and push productivity
up, we shall surely run into a stone
wall, as the other half of the world
so freely predicts.

» STANDARD I-F . .. JTAC, in
a report made to the FCC August
26th, recommends that the Com-
mission arrange for the adoption
of standard television intermedi-
ate frequencies (41.25 and 45.75
mc for sound and picture respec-
tively). Time was when the radio
manufacturing industry would
have screamed that receiver de-
sign was no part of the govern-
ment’s responsibility; and the FCC
would have agreed. But the
climate seems to have changed.
The problems of the tv spectrum
and the control of oscillation
radiation interference loom so
large that government-coordinated
standardization is actively sought
by a joint committee of the RMA
and the IRE. Coordination be-
tween channel allocations and re-
ceiver design has always been a
good idea. But the legal founda-
tion for enforcement has been lack-
ing, or so the lawyer said. We
hope the Commission will accept

the responsibility and that the
industry will cooperate whole-
heartedly.

» PICKUP . . . Readers will recall
that the FCC has set up a channel
centering on 27.12 me for the ex-
clusive use of medical diathermy
and similar electronic heating
equipment. The rules pertaining
to this allocation provide that any
interference caused by such equip-
ment to authorized radio services
shall be remedied forthwith. Sub-
sequent to the making of this rule
it was realized that the picture
i-f passband of the majority of
television receivers includes or
borders on the 27.12-me frequency.
Moreover, it was soon found that
most tv receivers of current design
display an alarming susceptibility
to direct pickup of interference
at intermediate frequencies. The
question then arose whether dia-
thermy and other heating-equip-
ment manufacturers were required
to ameliorate such interference.
We are happy to report that the
FCC proposes no such thing. The
Commission proposes, in fact, to
exempt the diathermy equipment
manufacturers from such respon-
sibility, when the interference is
caused by direct i-f pickup. This
puts the shoe on the foot of the tv
designer, where it belongs. There
are plenty of forms of interference
from which the television service
must be protected by regulation,
but direct i-f pickup is surely not
one of them. The cure lies in
proper shielding of i-f components.
The alternative is to shut down all
radio transmissions of substantial
power in the range from 20 to 30
me.



RAILROAD TRACK

Rail flaw detector car inspects track at a rate of about 12 mph.
Detector coils and current-carrying brushes are mounted on
rear carriage

Operator, sitting at rear of car, directs engineer by means of
intercom system. Operators work in one-hour shifts to avoid
tatigue

WW»&‘. P s o S s
3 L B =

Transverse rail fracture of the type which
is now prevented by early detection

By ROBERT D. WALKER, Jr.

Sperry Rail Service Division
Sperry Products, Inc.
Danbury, Connecticut

LIMINATION of accidents caused

by shorteomings of track con-
struction or upkeep depends largely
on the operating railroad’s ability
to locate rails which have become
potentially unsafe through the de-
velopment of internal fissures.
Known to metallurgists as sub-
molecular disintegration within the
steel, these fissures are attributed
to fatigue failure of the steel form-
ing the head of the rail.

The transverse fissure, potentially
the most dangerous of the various
types of defects, generally grows
slowly in a plane normal to the
length of the rail and spreads out-
ward from a nucleus until it attains
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a size sufficient to weaken the ef-
fective strength of the rail and
cause complete rupture. The rate
of growth of such defects is unpre-
dictable. Large or small, a trans-
verse fissure is always a potential
danger since it may grow suddenly
to a size which will cause the rail
to break under load as easily as a
brittle iron casting.

Detection Methods

Years ago railroads relied upon
track-walkers to inspect the track
visually for signs of defective rails.
This method was successful in de-
tecting some of the defects which
had grown large enough to break
through the surface of the rail, or
to cause an external deformation of
the rail head. It was completely
useless in the detection of defects
which were wholly internal.

In 1911 the United States Bureau
of Standards conducted a series of
experiments culminating in the de-
velopment of the magnetic system
of rail testing. The principle ap-
peared to be sound in theory and
was successful in laboratory tests,
but in actual trials on track it was
found that the equipment was un-
able to differentiate between dan-
gerous true defects and the strains
caused by slipping locomotive
wheels, surface irregularities, cold
working by car wheels, and residual
magnetic spots.

An electric contact method was
tried but soon abandoned when it
was found that rust, dirt or surface
irregularities on the running sur-
face of the rail prevented good con-
tact and resulted in more false than
true indications.

The method developed by E. A.
Sperry proved to be the solution to
the problem. The testing car passes
a heavy low-voltage current through
the rail, thereby setting up a strong
magnetic field around the head of
the rail. A series of searching coils
suspended at a constant distance
above the head of the rail detects
any deflection or variation in the
magnetic field caused by the pres-
ence of fissures within the railhead.
A defect in the rail detlects the cur-
rent in the rail head at the location
of the defect and thus causes a cor-
responding distortion of the mag-
netic field at the defect. When the
searching coils are passed through
the distorted magnetic field, a volt-
age is induced within them. This
voltage is used to actuate the indi-
cating components of the detection
equipment aboard the car.

Detector Details

Since the detector car tests both
rails of the track simultaneously, it
is necessary to have two complete
sets of testing equipment on each
car, one for each rail of the track.
The main rail current system con-
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INSPECTION CAR

Testing rail by hand with more sensitive equipment. A paint
spot near the operator’s hand marks a flaw detected by the

moving car

Closeup view of rail flow-detecting system, showing pick-
up coil assembly at center and brushes contacting rail on

each side

Self-propelled mobile laboratory permits nondestructive inspection of railroad tracks.

Special generator passes large currents through rails, and search coils detect internal flaws

which are accompanied by nonunifermities in the magnetic field surrounding the railhead

sists of a homopolar generator with
a rated output of 8,000 amperes at
1.8 volts, to provide non-fluctuating
direct current, the associated con-
trols, and the main brush carriages.

The output of the generator is
introduced to the rail through a
cluster of alloy brushes at the rear
end of the main brush carriage.
The current flows forward to the
brushes at the front end of the car-
riage to complete the circuit. In
this manner a strong, constant mag-
netic field is set up around the por-
tion of the rail between the front
and the rear brush clusters of the
main brush carriage. The strength
of the field can be adjusted by the
operator through rheostats wired in
series with the field windings of the
hcemopolar generator.

The searching unit, containing a
number of variously wound and
spaced pairs of coils, is suspended
in a constant-position carriage mid-
wsy between the front and rear
brush clusters of the brush car-
riage. In this position it is moving
through a magnetic field of constant
strength and is not affected by
variations in the transmission of
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current from the brushes to the
railhead. Each of the various sets
of coils consists of a pair of coils
wound with opposing outputs. This
arrangement prevents the genera-
tion of a signal due to fluctuations
in the rail current which affect the
entire field around the rail. The
spacing of each pair is such that a
local variation in field strength due
to a defect will affect each coil of
the pair unequally and thus gener-
ate the signal needed for indication.

A pre-energizing current, sup-
plied by a twin generator, is passed
into the rail, prior to the passage of
the searching unit, through the for-
ward brushes of the main brush
carriage and through the brushes
of the pre-energizing brush car-
riage which is mounted on the rear
end of the drive truck of the car.
The function of this current is to
provide improved detection by
better energizing of the rail.

The signal amplifiers are de-
signed to respond to the unusual
characteristic signal generated in
the presence of a rail defect. They
incorporate several novel features
such as resonant circuit elements

Tape printer and puller cre mounted so the
tape moves across the iable toward the
inspecting operator
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which serve to peak the sigmal for
maximum defect detection effi-
ciency, high inherent stability to
maintain ecritical calibration, and
unusual interlocking connections
with other equipment to present im-
mediate tape and meter indications
of any malfunctioning equipment.
The power supply for the amplifier
is regulated to prevent any serious
drift which might occur between
calibration periods.

Indicating System

The output of each amplifier con-
trols the action of one or more pens
at the pen unit, plus one paint-gun
relay. A defect in the rail will cause
the appropriate recording pen to
deflect momentarily from the
normal line on the recording tape.
Simultaneously the paint gun will

fire a spot of paint onto the rail web

at the precise location of the defect.

The magnitude of the signal in-
duced in the searching unit coils is
proportional to the size of the
causative defect. In order to control
the minimum size of the defect de-
tected, the sensitivity of each ampli-
fication channel is adjusted so that
it will react only to signals above a
predetermined level. To maintain
the amplifiers at the proper sensi-
tivity level, a signal-generator
calibrator is employed. By switch-
ing this calibrator into the lines
leading from each searching unit
channel and sending a standard
signal to the amplifier channel, the
unit can be calibrated to the desired
value. This value, which is based on
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Double pips on A and B (right rail) of the recording tape indicate a rail flaw. The chan-

nels are: A, coil on field side of rail: B, coil on gage side of rail; C. center of rail;
C,. insensitive range for C coils for extra large flaws; D. rail burns and transverse
defects: and t showing five-second timing intervals and landmarks which are
recorded by pressing a button at the operating position. Actual tape is 3% inches wide

percent size of the minimum defects
to be detected, will vary with differ-
ent weights and types of rail.

The record drawn on the tape by
the recording pens is not in itself
sufficient for complete determina-
tion of the type and size of the
defect. The operator may verify a
defect by identifying the character-
istic deformation or discoloration of
the railhead. If the visual examina-
tion does not permit classification
of the defect, a hand test is made.

In hand testing, the running sur-
face of the rail is thoroughly
cleaned with abrasives and a heavy
current passed through the suspect
length of rail. A hand contactor

Three-channel amplifier of the type used in the flaw detector car for amplifying the
signals picked up by the search coils so they may be used to actuate recording pen
and paint-gun relays
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consisting of two spaced metal con-
tacts connected to a sensitive milli-
voltmeter is then slid along the rail.
If a defect exists, when the two
contacts are spanning the defect, it
will be visually indicated by a meas-
urement of potential drop on the
millivoltmeter. In the case of trans-
verse defects, the potential drop is
a measure of the area size of the
separation within the rail.

Car Details

The detector cars operated by
Sperry Rail Service are self-pro-
pelled, utilizing a gasoline-electric
drive system.

Complete living quarters are sup-
plied for the operating crew. A
bedroom contains four bunks with
adequate storage space for clothing
and personal effects. A complete
dining salon, with a separate galley,
is used for meals and for after hour
recreation. A steward is employed
on each car for cooking and main-
tenance of the living quarters.

A fleet of twenty detector cars
tests almost 200,000 track miles an-
nually (at a rate of about 12 mph),
this mileage including the majority
of the main line trackage in the
country. Track submitted to excep-
tionally heavy service may be tested
as often as six times yearly in order
to make fully certain that no trans-
verse defect is given a chance to
grow to dangerous size before de-
tection and removal of the rail.
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Progress Toward

INTERT]
TV ST

IATIONAL
NDAR

S

First meeting of Eleventh Study Group of C.C.I.R. at Zurich comes to agreement on aspect

ratio, interlace, and power frequency independence. Nations favoring 405, 525 and 625

lines agree to conduct further study looking toward eventual regional or worldwide

0 EXPLORE the possibility of
Tinternational agreement on
television standards, representa-
tives of 11 nations met in Zurich,
Switzerland, July 4th to 14th, 1949.
The conference was called by the
International Radio Consultative
Committee following instructions
issued by the C.C.L.R. at Stockholm
last year.

A Study Group (number 11 in
the C.C.I.R. roster) was set up and
requested to formulate recom-
mendations on standards which
might be acted upon by the C.C.L.R.
Plenary Session scheduled to meet
in Prague in 1951. The study was
instituted by Dr. Balthasar van der
Pol, Director of the C.C.LR., who
sent a questionnaire to all the na-
tions and organizations connected
with the C.C.I.R. This question-
naire asked that preferences be
stated on nine points:

(1) Should standards be agreed
upon regionally or on a worldwide
basis.

(2) Should a television system
operate independently of the fre-
quency of the power system.

(3) The optimum mnumber of
frames per second.

(4) Optimum number of lines per
frame.

(5) The aspect ratio.

(6) Interlace and interlace ratio.

(7) Posttive or negative modula-
tion.
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standards

By DONALD G. FINK
Editor, ELECTRONICS; Technical Adviser

to U. 8. Delegation, C. C. I. R. Television
Study Conference

(8) Horizontal or vertical polar-
ization, and

(9) F-M or a-m for sound trans-
mission.

The unswers to these questions,
as of the conclusion of the confer-
ence, are given in Table I.

Agreements Reached

As Table I shows, substantially
unanimous agreement was reached
on three points. In the first place,
the aspect ratio (question 5) was
adopted as 4 units horizontally to
3 units vertically. This conforms
to the U.S.A. standard. At present
the British standard is 5 by 4 units,
but the BBC plans to change to the
4 by 3 ratio in the near future. The
basis of the choice was the fact that
the aspect ratio of commercial
35-mm and 16-mm films is very
close to the 4 by 3 value.

The second agreement was on
interlacing (question 6). It was
agreed that interlacing should be
adopted, using the 2-to-1 odd-line
method.

The third point of agreement was
on the independence of vertical
scanning and the power-system fre-
quency (question 2). When the
conference opened, the vote was 6
in favor of independent operation

to 5 against it. At the conclusion
of the meeting the vote had changed
to 12 to 1 in favor of the inde-
pendent method. This change of
opinion represented one of the im-
portant accomplishments of the
meeting.

Most television stations operate
with the vertical synchronizing
pulses rigidly synchronized with the
a-c power source to which the stat-
tion is connected. This is done to
minimize the effect of a-¢c hum in
the filament and B-supply voltages
within the transmitter and to per-
mit motion-picture projectors to
be synchronized simply with the
scanning process. Similar advan-
tages accrue at the receiver, pro-
vided the power system supplying
the receiver is rigidly tied in with
that supplying the transmitter. But
if the two power systems are not
tied together, stray fields and hum
components in the system make
themselves evident as geometric or
tonal distortions in the received
image.

In voting affirmatively on ques-
tion 2, the conference put itself on
record that transmitters and re-
ceivers should be so designed that
distortions would not be evident,
whether or not the two power sys-
tems were synchronized. Two reas-
ons lay behind this decision. First,
it was recognized that the power
system of various countries would
not usually be interconnected. Thus
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the interchange of programs be-
tween nations would be facilitated
by the independent type of opera-
tion. Moreover, power systems
serving different cities in the same
country are often not connected and
the advantage in such countries
would apply to domestic as well as
to internatienal programs.

In the second place, independence
of the vertical scanning frequency
from the power-system frequency
would permit changes in the verti-
cal scanning rate to be made at
some future date, should such a
change be desired. The European
nations favor a vertical scanning
rate of 50 flelds per second as
against the American value of 60.
These nations argue that this value
is high enough to avoid flicker and
allows additional horizontal resolu-

tion for a given bandwidth. The
American delegation pointed out
that the 60-field rate allows the re-
ceived picture to be 5 to 10 times
as bright, without visible flicker,
and that this additional brightness
might be demanded by the public
at a future date. If this demand
should arise, the scanning rate
might be changed, provided only
that the scanning system were set
up, initially, independent of the
power-system frequency. It was
recognized that additional costs
would be incurred in the inde-
pendent method of operation, and
studies of the costs of various
methods were to be undertaken
prior to the next meeting of the
conference.

One further agreement as
reached concerning the polarization

Table —Summary of Answers to Questionnaire
(July 14, 1949)

Question
(see text 14 2 3 4e 5 6 7 8 9
Austria = = — = — ves negativeif horizontal ~ f-m
2/1  a-m sound
positive if
{-m sound
Belgium —
Czechoslovakia yes 25/50 625 1/3 yes negative horizontal f-m
2/1
Denniark ves 25/50 625 1/3  ves
2/1  positive — f-m
France yes? 25/50  405¢ 4/3 ves positive  horizontal a-m
and 2/1 but not
819 important
ITungary ves 25/50 625 mnot ves negative horizontal f-m
im- 2/1
port-
ant
Ttaly — yes. 25/50 — 4/3  yes horizontal ~ f-m
2/1
Netherlands — vyes 25/50 625 4/3 yes nmnegative verticalbut f-m
2/1 not import-
ant
Sweden yes 25/50 625 4/3 yes
2/1
Switzerland ves 25/50 625 4/3 yes =
United yes' 25/50 405 4/3 yes npositive  vertical but a-m

Kingdom and 2/ not neces-

819/ sary to
standardize
United States —  yes? 30/60 525° 4/3 ves negative horizontal f-m
of America 2/1
Comp. Gen.de  — ro  25/50 405  — — —
T.S. F. and
819
L. M. Eriesso: ves  25/50 625 4/3 ves —
21
R.C.A. yes  30/60 525 4/3 yes  negalive  horizonidl -m
9/1

¢ Deferred to a later meeting.

b The figures 30 and 525 are compatible with 25 and 625 if question 2 is answered affirmatively.

<405 is intended for frequency band 41 to 68 nic, higher frequency hands to be used for 819 lines
or for color.

i Provided the price of receivers is not increased and the picture quality is not deteriorated in any
(,usnTO avoid misunderstanding on the significance of the answers listed under question | it is necessary
to point out that the number of lines only is not suflicient to define the guality of any television system.
The number of picture elements, the bandwidth effectively used und the fidelity ol transmission pro-
vided within this bandwidth should also be indicated.

71t is to be noted that the band of frequencies from 174-216 mc is not available for broadcasting
in the United kingdom and there is no intention ai present of starting a television service on 819 lines
o7 these or higher frequencies.
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of the radiated waves. The confer-
ence decided that it was not neces-
sary to standardize on this point.

Controversial Issues

No agreement was reached on the
remaining items of the question-
naire.

In the final vote, negative modu-
lation (question 7) was supported
by 5 votes and positive by 3, the re-
maining nations showing no dis-
tinet preference. F-M sound was
favored by 8 groups (question 9),
against 2 for a-m. These two ques-
tions were actively discussed in re-
lation to the intercarrier method of
sound reception, which requires f-m
for the sound and has thus far been
used only with negative modulation.
The British delegation pointed out
that the intercarrier system could
be used with positive modulation if
the synchronizing pulses were pre-
vented from reaching the zero-
carrier level. It was stated that
the syne pulses in the British trans-
missions do not, in fact, reach zero
carrvier., The British delegates
stated they intended to experiment
with the intercarrier system, using
positive modulation, and would re-
port the results at the next meeting
of the Study Group.

The principal subject of contro-
versy had to do with the scanning
standards, that is, the number of
lines per picture (question 4) and
the number of frames and fields
per second (question 3). Three
camps of opinion appeared: the
Americans favored the 525-line, 30-
frame, 60-field values. The Anglo-
French coalition supported 405
lines at 25 frames, 50 fields, for
channels in the 41 to 68-mc band.
The remaining nations constituted
a 625-line bloe, favoring 625-line
images at 25 frames, 50 fields.

The arguments behind these posi-
tions weare as follows: The United
States delegation stated that the 30-
frame value was necessary, regard-
less of the power-system frequency,
to allow picture brightness higher
than 20 foot-lamberts without ob-
jectionable flicker, and that the six-
megacycle channel is the optimum
compromise between picture quality
and spectrum economy. Finally,
525 is the proper number of lines
for a 30-frame image and a 6-mc
channel.
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The British position, to which the
French agreed during the course of
the meeting, was that 405 lines and
25 frames provided an adequate
service and occupied a channel only
5 mc wide (using vestigial-sideband
transmission, the standard in Great
Britain for all new stations). The
British government is committed to
providing service on these stand-
ards for a number of years. There-
fore, if neighboring European na-
tions desire to exchange programs

with Great Britain, they must
necessarily employ the 405-line
standard.

The other nations stated that

they did not desire to start a new
public service on as low a number
of lines as 405. Moreover, thev be-
leved that the 30-frame rate of the
U.S.A. system was unnecessarily
high and that even if the system
were divorced from the European
50-cps power rate the 25-frame rate
should be retained because it al-
lows about 20 percent additional
resolution for the same bandwidth.
These nations believed that a chan-
nel width between 6 and 7 mega-
cycles is optimum and that the
proper number of lines for such a
channel, at 25 frames, is 625.
During the discussion of these
points, the American delegation
pointed out that the 525-30 stand-
ard and the 625-25 standard had
an interesting relationship, namely
that the line scanning frequencies
of the two systems ave the same
within one percent (see line 6 in
Table IT). Morcover, substantially
all receivers in service have suffic-
ient range in the vertical hold con-
trol that either 25 or 30 frames can
be accommodated. It is thus pos-
sible that a receiver designed to
operate at 525 lines and 30 frames
would operate equally well on
625 lines and 25 frames. If the
synchronizing signals were not syn-
chronized with the power-system
frequency a receiver designed for
one set of standards could receive,
without degradation, programs
transmitted for the other set. This
would, however, be possible only if
“the polarity of modulation, type of
sound modulation and carrier spac-
ings were the same in both sys-
tems. Such a system of operation
offers a possibility of world-wide
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Table II—Comparative Specifications and Performance of American,
British and Proposed Television Standards

American British Proposed
1. Lines per frame (total) 525 405 625
2. Active lines per frame 190 385 583
(93.5 percent or 95 percent
of 1)
3. Vertical resolution 353 lines 277 lines 120 lines
(72 percent of 2)
4. Frames per second 30 25 25
5. Picture bandwidth 4.25 mc 2.75 mc 4.75 mc
6. Line scanning frequency 15,750 cps 10,125 cps 15,625 cps
(product of 1 and 1)
7. Line scan time (total) 63.5 usec 98.7 usec 64.0 usec
(inverse of 6)
8. Active line scan time 52.8 usec 88.8 usec 53.1 usec
(7 less approx, 10 usec)
9. Picture elements per line 449 188 505
(twice 5 times 8)
10. IMorizontal resolution 336 lines 390 lines 379 lines
(3/4th or 1/5ths 9)
11. Picture elements per frame 158,000 130,000 212,000
(product of 3 and 9)
12. Resolution ratio 0.95 1.10 0.9
(ratio of 10 to 3)
13. Aspect ratio 1/3 5/4 4/3
14. Screen area utilized 61 percent 62 percent 61 percent
(percent of circumscribed
circular area)
15. Maximum highlight brightness 100 ft- 20 ft- 20 ft-
for flicker-free images lamberts lamberts lamberts
16. Peak power output, at maxi- 5 kw 3.7 kw 5 kw
mum power output, of trans-
mitter (anode-dissipation limit)
17. Channel width 6.0 mc 3.0 me 6.75 mc
18. Modulation polarity negative positive negative
19. Sound Modulation F-M A-M F-M

agreement on dual standards which
would embrace both systems.

Proposals

Table II provides a comparison
between the proposals made by the
Americans and the British, together
with a third group of proposed
standards representing the major-
ity opinions in the replies to the
questionnaire. This table was pre-
pared by the U. S. delegation.

The principal differences in per-
formance appear in connection with
vertical resolution, horizontal reso-
lution, picture elements per frame,
maximum highlight brightness and
channel-width. The 625-25 system
exceeds the others in vertical reso-
lution and in total number of pic-
ture elements per frame. Its hori-
zontal resolution is intermediate to
the American and British systems.
The 25-frame systems (British and
proposed) are limited in brightness.
Finally, the 625-line system occu-
pies the widest channel width.

The conference concluded that
several important questions re-
quired further study by the vari-
ous delegations before agreement
could be reached on controversial

points. The first study would in-
quire into the methods and costs of
divoreing the vertical scanning rate
from dependence on the power-sys-
tem frequency. A second study
would deal with the relative flicker-
free picture brightnesses obtainable
at 50 and 60 fields per second. Two
other studies would investigate the
resolving power required in tele-
vision systems and would compare
television image quality with that
of motion pictures. Positive and
negative modulation would be stud-
ied with particular reference to the
eTect of noise on synchronization
and picture quality, and its relation
to age and intercarrier systems.
Geographic separation between sta-
tions as a means of controlling in-
terference was also to be examined.
Finally, the standardization of mo-
tion-picture films for television
transcriptions was to be studied.
The next meeting of the Study
Group, scheduled for the fall of
1945 or the spring of 1950, may
consist of a tour of the television
systems of the world. Invitations
to view the various systems were
extended by the American, British,
French and Duteh governments.
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TEXTILE INDUSTRY Amount of moisture in yarn is

measured and recorded conmtinuously with resistance-type
detector roll on top of yarn and associated Brown electronic

measuring and recording instrument in ccbinef at right. Instru-
mentation like this often pays for itself in a few months. Addi-
tion of automatic control promises still further 2ccnomies

Planning for AUTOMATIC

Factors to consider when adding modern electronic, electrical or other instrumentation to

a machine or process, starting with the error-sensing element and going on through avail-

able ready-to-use types of recorders and controllers to the final correcting device

McGRAW-HILL PUBLICATIONS

Show You
How To Get

| | L8]}
Hi}glﬁmrﬁT Llr

Productivity
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N THE BEGINNING of industrial

processing as it is known today,
control was crude. The human
senses of the operator, varying
widely with mood and health, were
the only indicators used to monitor
the process. In hundreds of plants
these human indicators are still in
use, controlling processes involving
hundreds of thousands of dollars
worth of materials a day.

The indicator era for industrial
processing begins when a mercury-
in-glass thermometer is installed ‘o
show temperature, a meter is
hooked up to indicate an electrical
quantity, or some other mechanical
or electrical device is put in to re-
place fickle human senses. An im-

mediate improvement in product
quality is obtained,

In one instance, installation of a
moisture indicator on a drying ma-
chine in a textile factory revealed
extreme overdrying. Operation ac-
cording *o indicater readings re-
duced drying power consumption
and speeded up the machine, giving
lower production cost and several
hundred percent increase in output.

There is much of a sameness to
the stories of early indicator instal-
lations in plants. After an appro-
priate period of showing off results
to top brass, the plant engineer ex-
plains the indicator to the machine
operator and considers his job done.
Passing by the machine a few
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CHEMICAL INDUSTRY Temperature of synthetic

resin in processing vessel at right is automatically maintained
by Leeds and Northrup controller on storage tank

PAPER INDUSTRY Measuring gloss of finished

paper output of calender stack. Phototube umit for sensing
gloss, near man on balcony, feeds circular-chart recorder

PROCESS CONTROL

weeks later, he all too often finds
the new indicater covered with dust
or even disconnected, with the oper-
ator controlling by guess and by
golly just as he always did. The
reason—man is inherently opposed
to change.

Thus is created a need for record-
ers, to show exactly how well an
operator maintains required condi-
tions over periods of hours, days or
weeks. Modern units are available
with either circular or strip charts,
for producing permanent printed or
inked records of up to 16 different
variables per chart. When the
operator of a machine is feeling un-
cooperative, however, the odds are
that even the recorder will be ig-
nored. The next logical step tech-
nologically, then, is to complete the
path of action from the recorder to
the controlled element in such a way
that corrections are made automati-
cally.

Despite man’s shortcomings, it

ELECTRONICS — October, 1949

takes a heap of thinking and de-
signing to build a device that will
replace him. Using the textile dry-
ing application again, there are ad-
mittedly a few men who can keep
moisture content within half a per-
cent of a predetermined value just
by feeling the dried cloth occasion-
ally with the fingers and varying
the speed of the machine accord-
ingly. These men seem able to an-
ticipate changes and make correec-
tions in advance so deviations do

not occur. Automatic controllers
must do this also, even though the
process has long time lags between
correction and result.

Automatic Controllers

Practically anything that can be
measured today can be controlled.
Some idea of the great variety of
sensing elements now available com-
mercially for measuring process
variables is given by the first
column in Table 1. Controllers and

of new installations

TRENDS

® Productivity per man-day is being increased significantly, in many industries using
continuous or batch processing, by changeover to automatic control

® Elimination of the costly human element from quality control is lowering production
costs as required by buyer attitudes in today’s market

® Electronic measuring circuits are expanding the list of measurable variables clear
across the board, to include even such elusive quality factors as chemical composition

® The ratio of electronic to other types of controllers is increasing in monthly reports
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TABLE [—Equipment Available Commercially for Automatic Process Control

DETECTION
OF ERROR

VW

PROGESS, MiLL OR MAGHINE BEING CONTROLLED

7

/ 7 ’:g;'j Z

0000000000000

N0

SENSING ELEMENT

Thermometer — Bulb filled
witlh  mercury, connected to
pneumatic controller with capil-
lary tubing. Range—minus 40
to 1,000 F. Other liquids and gas also used

BuLB

Thermocouple—-Heat at junc-
tion of i1wo dissimilar metal
wires produces voltage propor-
tional to difierence in tempera-
ture between junction and free
ends of the wires. Fast re-
sponse when exposed to heat source, slower
when enclosed in protecting well. Copper-
Constantan used for —300 1o 600 F; iron-
Constantan up to 1,600 F; Chromel-Alumel
up to 2,100 ¥; platinum-platinum rhedium
for higher ranges

WELL

Radiation pyrvoineter — Lens
focuses hea! rays on thermo-
couples or thermopile. Range—
75 1o 3,200 I*. Gives tempera-
ture inside furnace or of hot moving objects

ColL  Resistance thermometer —

Depends on change in resist-
aunce of coil of pure nickel wire
with temperature. Slower in re-
sponse than lare thermocouple. Generally
in protecting well. Range—20 to 300 F

Photocell or phetotube — Resistance
varies with intensity of light given o by
hot body. Range—850 to 3,000 I

Electric  hygrometier —— Conductivity of
moisture-sensitive componnd on dual wire
winding varies with moisture absorbed

Bourdon-tube gage—Arc of
thin-walled tubing straightens
oul when pressure is applied
to open end, moving pointer
through linkage. For 30 to
10,000 psi

Spring-opposed bellows gage
—Pressure being measured acts
on outside of bellows enclosed
in shell, compressing it against
spring action to move pen or
pointer linkage. Range 15 psi
down to vacuum

Inverted bell gage——Inveried
bell suspended in oil from bal-
ance. Pressure 1o be measured
is applied to inside of bell so
increasing pressure raises bell.
Other end of balance beam may
have counterweight or another inverted bell
for measuring difference in pressure be-
Lween 1wo sources

Representative Types of Sensing and Measuring Elements

AUTOMATIC CONTROLLER

Differential pressure or head

é% meter — Constricting orifice

plate, venturi tube or flow noz-

zle in flow line creates artificial

pressure drop relaled to rate of flow, and

measured with U-tube manometer. In elec-

tric version, soft iron armature attached to

float in manometer moves through iwo
coils to unbalance a-c bridge circuit

Area-type flow meter—Pision lifted by

upstream pressure varies size of orifice in

line to maintain constant differential pres-
sure. Armature atlached to pision actuates
induction-hridge transmitter

AIR

Air purge lignid level meih-
od—Air line is immersed in
lignid below minimmn level and
" regulated to give slow bubbling
when vessel is filled. Pressure in air line,
equal to back pressure exerted by head of
liquid, is then measured

]
24

Mercury manometer liquid level

method—One end of mercury-filled U-tube
goes below minimum level of open vessel,
other is open 10 air. Level of float on mer-
cury, proportional to head of liquid, is
iransmitted electrically or pneumatically to
controller

Electrodes — For control of

liquid level at one specific
point. Uses electrical condue-
tivity of solution. Two elec-

Irodes give stability in turbulent liquids

pH—Glass elecirodes immersed in process
liquor form electrolytic cell with output
voltage proportional to hydrogen-ion con-
centralion

MATERIAL  Moisture With resistance-type
lsteclor, fabric or other mate-
rial passes belween metal de-
-5 tector roll and grounded metal
idler roll on machine. Resistance between
two rolls. varying with moisture content,
is connected into one leg of self-balancing
Wheaistone bridge in controller. With
capacitance-lype delecior, material moves
between metal-plate electrodes, and change
in dielectric constant of material with
moisiure is measured with special elec-
tronic bridge circuit

Chemical eomposition-—Gas analyzer us-
ing sensilized filament measures concenira-
tion of any combustible gas within lower
explosive limits. Gas analyzer using ther-
mal conductivily measures concentration of
inert gases when controlling purity or
proportioning one gas o another

Automatic Controllers

Two-position—Places control
element in either high or low
position, which may be on and
off. Electric version uses move-
ment of galvanometer pointer to actuate
output relay; galvanometer pointer is peri-
odically clamped to determine its position

Proportional — Produces defi-
nite position of control element
for variable being controlled.

$  Throttling range adjustment de-
termines amount of error that will move
valve or other control element through en-
tire operating range. Recognizes amount,
direction and speed of change in variable
and provides continuous corrective action

DROOP

Typical electric version has null-balance
Wheatstone bridge circuit to provide in-
termediate positioning of conlrol motor.
Controller has slidewire resistor over which
contact moves in direct relation to pen.
Eleciric motor on control valve drives
similar contacl over its own slidewire. Bal-
ancing relay detects unbalance in bridge
containing hoth slidewires and closes proper
motor winding to maintain balance of
bridge resistances or voltages

Typical electronic version uses vibrating-
reed converier to change sensing element
output to a-c for amplification to drive 1wo-
phase balancing motor that rebalances
slidewire bridge

Proportional-reset—Same as

DrRoop Droporiional except relurns pen

- to control point after each cor-

rection, so there is no droop

or permanent drift in value heing main-

tained. Can handle all combinations of

process characteristics, even the most un-

favorable, except for a few special types
requiring rate action

EFloating—Final control element is moved
gradually at constant rate toward open or
closed position in response lo sensing ele-
meni, and !loats or remains stationary at
position it has when variable gets back
into neuiral zone around desired control
point. Similar to two-position control ex-
cept for slower movement of control ele-
ment and intermediate positioning. Ideal
for processes that respond very fasi to cor-

reclions, such as speed control. Llectric
only
Propor:ional-reset plus rate action—

For any amount of process capacitance,
transfer lag or dead time and process load
changes. Used when it takes a process
longer than two minutes or so to respond
lo a correction
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CORRECTION

777/ OF ERROR

Correcting Devices

Geured cleetric motors—For
operating valves, dampers and
other mechanical control ele-
ments. Two-position operation is
obtained directly from contacts.
Positioning action is obtained
with balancing potentiometers

Solenoid electric power units
1 - Used with two-position elec-
tric controllers for operating
sliding-stem control valves in
smaller sizes. Has only two
positions, full-open or full-
closed

Stalled-motor electric control valve—
Used chiefly for low-pressure gas lines.
Motor opens valve by driving gear train.
At full-open position, mechanical stop stalls
motor and gears. When power is cut oll,
spring action drives gear train and motor
backward to close valve

AR Pnemmatie diaphragm mo-
tor-—Air pressure from pnen-
matic controller (2 to 15 psi) is
appliel to one side of dia-
phragm and spring pushes
3 other side, so diaphragm posi-

tion varies with air pressure

for driving valve or damper
directly or through lever. Fast-acting for
1wo-position control. For proportional con-
tral, generally used with valve positioner
to overcome Iriction and ge! closer conirol

Valve positioner — Auxiliary air pilot sys-
tem using separate 15 or 30 psi air supply
applies full air pressure on diaphragm or
exhausts air until stem of valve is at exact
position called for by controller output air
pressure

Springless pneumatie diaphragm mo-
tor—Fixed air pressure used in place of
spring on valve side of diaphragm. Position-
ing is by differential air pressure on either
side of diaphragm. Provides greater forces
for sensitive positioning of heavy dampers,
louvres and large control valves

Pneumatie power cylinder—
Gives more power and longer
stroke than diaphragm motor,
as required for dampers and
special control elements. Air
power is used in both direc-
tions of travel. Intermediale
positioning obtained with device
similar to valve positioner. Available with
strokes up to 32 inches and internal di-
ameters up to 12 inches to give forces up
to 11,000 1b

ELECTRONICS — October, 1949

process-correcting devices are also
listed, to give a birds-eye view of
the entire field of modern instru-
mentation.

The number of possible combina-
tions of existing manufactured ele-
ments for controllers is not quite
infinite, but nearly so. At least one
manufacturer can produce from
standard design items over 2 mil-
lion distinctly different models and
ranges of controllers for industrial
use,

Practically all controllers have
some form of pointer-type indicator
for telling the operator what is go-
ing on. Many have recorders, for
checking on operators and control
equipment, providing data for cost
accounting, providing clues to pro-
duction difficulties, and providing a
means of reproducing quality from
batch to batch.

Automatie control does more than
improve quality and lower costs—
it increases the output of a given
plant. For example, a petroleum
plant built today may appear no
larger than one erected fifteen yvears
ago, yet have a capacity many times
that of the older unit. This is
achieved largely by stepping up the
velocity of fluid throughout and re-
ducing the amount of stored liquid
capacity, all because every stage of
the process is under rigid automatic
control.

By bringing down percentage of
rejects, automatic controllers keep
production costs at the absolute
minimum, An excellent example of
this is the plastics molding busi-
ness. When molds are too cold the
plastic does not flow to all extremi-
ties and a reject drops out. When
molds are too hot the required cool-
ing time goes up and the press slows
down. Automatic temperature con-
trol of the dies on injection and
compression-molding machines is
thus becoming a must for those in
the business.

Types of Control Systems

The four basic types of control
systems are two-position, propor-
tional, proportional-reset and float-
ing. The first three are available
in both electric and pneumatic
forms, while the lesser-used floating
system is available only for electric
operation. Under comparable con-
ditions, performance characteristics

of a controller are the same regard-
less of whether it operates from
electric power or from a compressed
air line.

The choice between electric and
pneumatic controllers is governed
by the availability of an air supply,
the existence of explosive or in-
flammable conditions that preclude
electric operation, and the nature of
the final device to be controlled.
Electric switches and relays are
best controlled electrically, while
valves are easier to control with air-
actuated diaphragms.

Personal preference of plant en-
gineers in various fields also enters
into the final choice. Chemical, pe-
troleum and rubber industries favor
pneumatic controllers since they are
used to handling piping and gener-
ally have air supplies available.

The choice of the basic type of
control depends upon the nature of
the process and the required accu-
racy of control. For seme processes
the simple and relatively inexpen-
sive two-position controller will
perform just as well as the more
complex types. For other processes
the controller must have capabili-
ties approaching those of a mind
reader. Here the past experience of
instrument engineers with similar
problems becomes highly essential
to the planning of a successful in-
stallation.

The characteristies of each basic
type of controller will now be taken
up in turn, with advantages and
drawbacks of each, as a starting
point for planning an industrial
process control system.

Two-Position Controller

The two-position controller moves
the final control device back and
forth between two fixed positions of
travel in response to changes de-
tected by the sensing element.
These two positions may correspond
to open and shut or on-off action or
to partly open and partly shut set-
tings of the valve, damper, or other
controlling means.

Two-position control is popular
beeause of its simplicity, and is
generally satisfactory for processes
that respond quickly to the valve
or other control device. It is not
perfect when there are large or sud-
den changes in the load being con-
trolled, as it permits considerable
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FOOD INDUSTRY Banana-ripening temperature is

requlated by electronic controller on back wall, using vacuum-
tube action to position steam valves accurately, This type of
device indicates but does not record

deviation before settling down to
even cycling. It is ideally suited,
however, for such applications as
temperature control of a cooking
kettle, where the only load is that of
maintaining a heat balance against
radiation losses.

Proportional Controllers

When the position of the valve or
other final control element varies
proportionally with the position of
the indicating pointer or pen, we
have a proportional controller. This
is sometimes called a throttling con-
troller, because the valve or damper
is  throttled continuously and
smoothly over its range as re-
quired to maintain the desired con-
stant conditions, Corrective action
for an error is provided almost im-
mediately, with a rate and magni-
tude directly proportioned to the
error. A triode vacuum tube pro-
viding linear amplification of the
input signal is a perfect analogy for
this proportioning action.

Proportional control is ideally
suited for pneumatic installations,
because air-actuated motors are
available in a wide variety of sizes
and designs to move valves and
dampers smoothly between their
limits of travel and provide inter-
mediate positioning of these con-
trol elements. Electric applications
of proportional controllers require
more costly installations of revers-
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DRUG INDUSTRY Oven temperature of machine

for applying and baking decoration onto collapsible metal
tubes is controlled electronically by unit in center.

Blank

tubes enter on conveyor at lower left

ing geared-down electric motors to
provide this same gradual and
closely controlled positioning of a
valve.

Proportional controllers have a
throttling range adjusiment which
determines how much the control
valve will move for a given change
in the measured variable. For ex-
ample, on a temperature controller
for a highly critical whiskey distil-
lation process a one-degree change
in temperature could be so serious
that full-open action of a valve
would be called for. In monitoring
a bath of molten glass at several
thousand degrees F, however, this
same cone-degree drift would be
negligible and the throttling range
would therefore be set so it caused
very little movement of the control
valve,

The taste of blended whiskey is
actually being controlled by some
manufacturers today through use
of proportional controllers on the
stills. This instrumentation permits
duplicating a given taste from year
to year without reliance on the
tongues of tasters.

In normal operation a propor-
tional controller develops a certain
amount of droop or permanent drift
from the control point. As a result,
the value that should presumably
be held constant is slowly drifting
around either above or below the de-
sired condition. For some applica-

tions this is permissible, but in
others it must be eliminated by
automatically resetting the control
to the correct point after each cor-
rection.

Proportional-Reset Controllers

The proportional controller may
be equipped with an automatic reset
feature that returns the indicator
or pen to the control point after
each and every load change. The
resulting instrument is more com-
plex since its throttling and reset
actions occur simultaneously, but is
used when precise control under the
most adverse conditions is essen-
tial.

As the representative applica-
tions in Tables II and III indicate,
proportional-reset controllers are
used more than any other type in
continuous industrial process con-
trol. This is natural, because most
processes require the maintaining
of a fixed temperature or other con-
dition rather than a rough elimi-
nation of wide fluctuations in con-
ditions.

Floating Controllers

Floating control is like two-posi-
tion control except that the final
control device moves gradually
rather than suddenly between its
open and closed positions whenever
the controlled variable gets outside
the neutral zone. When the variable
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TABLE II—Examples of Process-Control Applications in Four Major Heavy-Industry Markets

Typical Installations

Mar- Process Factor Controlled Type of Equipment
ket
Oxidation of sulphur to| Process reaction heat, Thermocouple in combustion chamher outlet;
sulphur dioxide inby varying air input to proportional-reset controller with diaphragm PROPORTIONAL -
burner for manufactur- burner motor for damper in air intake RESET CONTROLLER
ing sulphuric acid DTS
Cooking of syntheticTemperature and| Thermocouple in bottom of kettle; proportional-
resins for varnishes pressure of batch in|reset con'.roﬁer: diaphragm-operated valves in WASTE HEAT
kettle cooling water line and air lines to gas burners; 80LER
burper flame-failure detector BURNER ,FURNACE
Sewage sludge digester| Temperature of heat- Thermocouple; proportional controller; dia-
ing water, by varying|phragm-operated valve
= ratio of warm to cool -
= water /
S z
= |Purification of water |pH pH electrodes in raw water; pH amplifier with —
= reset action; proportional controller; electronic
= motor control; feed motor for dry corrective
= chemical
o
Fractional precipita-/Temperature of pro-|Resistance thermometer; proportional-reset con-
tion of blood plasma |cessing room troller; diaphragm-operated mixing valve in re-
frigerant supply line
Electroplating Temperature of heat-Mercury-filled stainless-steel thermal system;
|ing water flowing|proportional pneumatic controller; diaphragm-
through jacket around|operated valves in steam and cold water lines
plating tank
Operation of sludge Differential in liquid|Air purge type differential liquid level detector;
screen cleaning rakes|/level on upstream and|two-pesition controller; rake motor
in sewerage treatment downstream size of
plant clogged stream
Fractional distillation|/Rate of feed of crude|Qrifice-type flowmeter; proportional controller; X
of crude petroleum in|0il into refractionating|diaphragm-operated valve in feed line ;gm’;ggﬂggg S {'
refineries column ) PRESSURE | CoNDENSER
RECORDER "
Composition of over-|Thermocouple in top of column (temperature is = M (6{ i
head product with-{direct measure of composition); proportional- @’Eiﬁ%ﬁ? e ‘y’ -
drawn, by varyingreset controller; diaphragm-operated valve in 1 =]
withdrawal rate product line = 643 QL,
VALVE! TTEE -FRACTIONATOR
Level of bottom pro-|Liquid level detector in bottom liquid; pro-
duct in kettle section portional controller; diaphragm-operated valve A
of column In pumping-out line
N = CRACKING PLANT
Gas pressure in reflux|’ressure-sensitive element near top of column;
= condenser proportional-reset controller; diaphragm-oper-
IS ated vent valve
&= GONTROLLER
= Partial vaporization of Outlet temperature of Thermometer bulb at still outlet; proportional- GAMMA RAY COUNTER S
g fluid by adding heat in|processed fluid, by|reset controller; diaphragm-operated valve in gas
= tube still varying fuel to burner|or oil fuel line
E Use of catalysts for/Temperature of cata-'Thermocouple in salt inlet line to catalyst cases; il 115
conversion of beavy lysts, by control of cir-|proportional-reset sup ressed-range controller; T
petroleum fractions|culating molten salt diaphragm-operated valve in salt by-pass line |
into gasoline
! GAMMA
Manufacture of avia-‘Protluct composition, | Infrared spectrophotometer with output product RAYS ™>-
tion gasoline and by controlling intensity|flowing through absorption cell; controller; dia- | _FLOAT CONTROL
hutadiene of infrared radiation at Fhrugm-opem ted valves at appropriate corrective [-"GUIDES VALVE
a fixed wavelength ‘ ocations
Storage of explosive or|Liquid level, by moni—!Geiger--MuHer tube; gamma ray counter; con- Ek%‘JAVgX:‘
inflammable liquids in|toring gamma radia- troller; diaphragm-operated valve in tank inlet ~"SOURGE
tanks tion from radium-bear-|line
ing float inside
Rub- [Conversion of prepared|pH value, by control-[pH electrodes; proportional controller; dia-
ber |latex to crumb form of ling addition of acid to phragm-actuated valve in acid feed line TWO-POSITION PROPORTIONAL
synthetic rubber coagulation tank | | CONTROLLER ONTROLLER
Hot-dip tinning of Quality of tin plate, by| Thermocouple in {tin bath; proportional con- f BALANCING
sheet steel maintaining constant|troller; electric motorized throttling valve in fuel RELAY
temperature of molten|line to burner. Thermocouple in oil; two-
tin and palm oil in gas-|positior controller; electric motor driving pump T0. 0 ELECTRIC
fired pots throughthat circulates oil from pot through water-cooled pUMP MOTORIZED
which steel sheets arelheat exchanger VALVE
run N
Gas carburizing of steel Temperature of each|Thermocouple; two-position controller; relay and
in electrically heated heating zone contactor for ea¢h zone
furnaces |
Open-bearth  furnace/Roof temperature and/Radiant heat-sensing element in furnace roof and
for melting metal rate of fuel flow tlowmeter in fuel line; two interlocked pro-
portional controllers, arranged so roof-tempera-
) ture controller takes over control of fuel valve
- only when roof temperature approaches preset
< safe maximum; electric-pneumatic relay feeding ;
E diaphragm-operated fuel valve . -0IL PUMP BURNER
s HEAT EXCHANGER
Blast furnace for pro-/Temperature of hot/Thermccouple in hot blast line near bustle pipe;
ducing pig iron last, by varying ratio|controller; air-actuated power cylioder linked
of hot and cold air with mixing valve in cold blast line j —
Gas-fired soaking pits|Temperature of soak-/Thermocouple in pit; proportional-reset con-
for bringing ingots to/ing pit, by varying air-|troller; electric drive unit for gas valve in fuel lino =3 8&A§IgER
correct temperature for fuel ratio and input to| TINSTRIP — —
rolling mills urnace W O To REEL
Heat treating of steellTemperature of fur-/For pre-heat zone: thermocouple in furnace; pro-
products in continuous/nace, by varying air-|portional controller; dia hragm-operated mixer| TACHOMETER __OlL VALVE
gas-fired furnace fuel ratio to burners |valve in air line. For final zone, same except ~ DRIVE
proportional-reset controller e -
e AT ==z2)

Lubrication of electro-
lytic tin strip with oil
fog

Amount of oil on strip,

Tacbometer coupled to mill; proportional con-

by varying oil volume)
with speed of mill

troller; electric drive unit for oil valve

PROPORTIONAL CONTROLLER
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TABLE IlI—Examples of Process-Control Applications in Five Major Light-Industry Markets

f
L;‘Iar- Process l Factor Controlled Type of Equipment Typical Installations
et
Drying of paper with‘lMoisture in sheet, by Resistance-type oisture detector roll; pro-
steamhea cylinders oox:itrolling steam flow poruonﬂlir%et controller; diaphragm-operated PROPORTIONAL -
r steam valv RESET
J rye team e J1QUID LEVEL R;coaosn; CONTROLLER
Preparation of bleach‘p}{ of liquor, by ad-|pH electrode assembly in bleach storage tank; = =
liquor for pulp making|justing input of liquid|amplifier; proportional-reset controller; dia- v
chlorine phragm-operated valve in chlorine input line
Reclamation of turpen-|Flow of cooling water Temperature-sensitive bulb in condenser water
tine from digester relief"!o condensers output line; proportional controller; diaphragm-
ga?es of alkaline pulp) operated valve in cooling water input line
mill
| S
Flow of heating steam Temperature-sensitive bulb in turpentine vapor | il BLEACH
1o turpentine still output line of still; proportional-reset controller; = STORAGE
| diaphragm-operated steam valve ‘ - | TANK
Digesting of pulp Amounts of black and|Two of each, for white and black liquor.measurin%
white liquor used to|tanks respectively: air purge type liquid leve
charge digester, by|detector; two-position controller; electric motor| SLAKING MILK OF LIME BLEACH LIQUOR
« controlling liquid levels driving pump TANK DILUTION TANK ~ MAKING TANK
m in measuring tanks |
(=% —
: Applying uniform coat«{Leve! of coating mix-\Two stainless steel electrodes spaced about
ing to paper ture in supply pan L/2 inch vertically in mixture; conductivity- c . AR I
f detecting relay;ielectricnl-pneumatic relay; dia- D%gng\(’s .
lhragm-operated valve in mixture supply line ELECTRIC-
|phiragm-op PPy RECAY; PNEUMATIC -
Viscosity of coating|Mercury-filled thermometer bulb in mixture; pro- el
mixture, by holding portional controller; diaphragm-operated valve TO 1o voLT
temperature constant |in steam valve to heating coils of coating pan LINE DIAPHRAGM
- e MOTOR VALVE:---
Recovery of chemicals|Liquid level in evapo-/Thermometer bulb at desired liquid level so bulb
by disc evaporator injrator is uncovered and senses decrease in temperature STAINLESS STEEL
sulfate mill when level of hot black liquor drops; proportional ELECTRODES, /
controller; diaphragm-operated valve in black ﬁ@ﬁ?ﬁb"&
‘llquor input line SUPPLY
. | 3 R e z
Recovery of lime in Baume of lime mud|Baume measuring element at storage tank output; =
soda or sulfate water leaving storage tanks, proportional controller; dilutibn valve in lime GOATING
by diluting lime mud|mud line of rotary iilter ROLL
at rotary flter
Batch cooking of jams, Temperature of batch, Thermocouple immersed in balch; two-posilion| FROPORTIONAL STEAM PRESSURE
and jcllies by varying steam input|controller; solenoid valve in stcam line RES) ,“CONTROLLER
. o s P . R CONTROLLER=a] AIR
Flash pasteurizing of Sterilizing temperature| Thermocouple in juice output line; proportional- L P
fruit juices of juice, by varying|reset controller; “diaphragm-operated valve in
steam input steam input line; steamn pressure controller
Retort cooking of small|Cooking time and tem- Thermometer bulb in retort; proportional con- . CONTROL VALVE
A |cans of foods perature, by varying|troller with built-in timer; air-actuated throttlin
) steam input and blow-|valve in steam input line; diaphragm-operate ?ANgag‘f STEAM
Ia) ing retort at end of on-off valve in drain line ald e L A=
= cycle
Baking of soda crack-|Baking temperature in|Thermometer bulb in oven; proportional con-| € STERILIZER %
ers and cookies omnjoven, by regulating gas|troller; diaphragm-operated gas valve HEATED Juic
traveling mesh in tun-|flow to burners JUICE.
nel oven ouT
| )
Blanching of fruit and|Temperature of water/Thermometer bulb in hot, water; on-off conlroller;| iN &
vegetables for deacti-|in rotary blancher, by solenoid valve in steam line ) . N
vation of enzymes regulating steam input| AN
App}icalion of size Level qf_ solution,_ to|Two level-sensing electrodes; electric relay;
solulion to yarn before|give uniform yarn im-|electric-pncumatic  relay; diaphragm-operated
Iweavmg mersing time valve in size solution inlet line
| = 5 A . s
Continuous bleaching Temperature of cloth|Thermocouple pressing against moving cloth; WARP DRAW ROLLS
of cloth as 1L enters storage proportional-reset controlter; diaphragm-oper-| i CABLE gg!rsETcuT%%
o | chamber ated steam valve in input line to J-box - T ARGE N, Y6 sPLIT N} ROLL
- 5 e B B R YLINDER L i,
% |Dyemg of piece goods |Temperature of 'dyEIThermomcler bulb in dyeing machine; pro- v \‘ ) EA,ODS 5y ’%53
'[: iquor and llm0|p0.rli0nill controller; time-pattern traosmitter| 3 i Wy ,,
® | schedule, by con-lusing scissor-cut aluminum cam; diaphragm-| B
2| |trolling steam 1nput  |operated valve in steam input line NN
= = )
|Warp sizing operation| Percent regain of mois-| Resistance-type moisture detector roll bearing St = Som
lon cotton slasher ture in sized warp, byjagainst yarn at delivery end; proportional con- | I come EEAM
adjusting speed of|troller; speed-changing mechanism PROPORTIONAL CABLE
| slasher GONTROLLER 4 VARIABLE - SPEED
- — . (ELEGTRONIC) e ORIVE UNIT
1Nculralizing of wool |pH of neutralizm_g]pH electrodes; controller; air-actuated valve inl
solution, to hold it|alkali line
’ peutral by adding di-
lude alkali |
lFiring of vitrified clay|Kiln temperature, by|Thermocouple in kiln; proportional controller;
pipe in kiln adjusting oil llow to|air-actuated valve in oil line to burner
burner
PNEUMATIC-MANUAL PROPORTIONAL
Melting of glass for|Temperature of molten|Thermocouple immersed in molten glass; pro- piapHrAGM CONTROL SWITCH  CONTROLLER
automatic glass-blow-|glass in fecder portional controller; diaphragm-operated valve in MOTORS FOR
 |ing machines air or gas line to burner DAMPERS * 180° F
= : : - EXHAUST 3. NREELY
= Melting of refractory|Melt temperature, by|Radiation pyrometer aimed at bath; proportional ' N ¢
< |materials and fluxes in'varying combustion air controller; diaphragm-operated valve in com-
5 smelter to produce/to burners bustion air line to burner
o |enamel frit |
| N
| . . .
High-temperature 24- Kiln tem peratu_re‘Thermomcu:r bulb; proportioning controller;
hour curing of concrete during stcaming period diaphragm-operated steam valve; two diaphragm-
locks by varying steam input operated dampers
and during hot-air dry-|
ling by adjusting . STEAM
|dampers DIAPHRAGM-OPE RATED
VALVE
Plas- llujcclion molding of| Temperature of die, by Thermocouple inserted in drilled hole in die;
tics 'polystyrene lvmyiug water feed to on-off controllers; solemoid valve in water feed
| !die block line to die block
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enters the neutral zone again, the
valve stays put or floats at whatever
position it happens to have then.

Floating control is relatively
little used except for fast-acting
processes such as those involving
speed control, because it is appli-
cable only to processes having lim-
ited time lags and is available only
as an electric controller. Any ap-
preciable time lag in the process
causes excessive overshooting and
wide cycling.

Other Types of Control Action

A number of special modes of
control are also available, for less
common applications that generally
call for consulting services of ex-
perienced instrument application
engineers. As an example, ratio ac-
tion might be added to a propor-
tional or proportional-reset control-
ler when a process takes several
minutes to respond to a cotrrective
action. Ratio action provides a cor-
rection based on how fast the proc-
ess is drifting away from the con-
trol point, on the theory that a fast
drift calls for a bigger correction.

Final Process-Correcting Device

The valve, damper, motor or
other device that makes the re-
quired correction on a process or
machine is just as important to the
success of an automatic control sys-
tem as the sensing element and the
controller.

Valves of all types are generally

operated by pneumatic rather than
electric power units. Diaphragm
motors and variations thereof are
the most common type of pneumatic
power unit for valves. A dia-
phragm motor has a flexible dia-
phragm with a pressure-type cham-
ber on one side to which the air
output line of the pneumatic con-
troller is connected. On the other
side of the diaphragm is a com-
pression spring and a rigidly fas-
tened rod that is directly attached
to the valve stem or lever. Air
pressure applied to the top of the
diaphragm moves it down, com-
pressing the spring further until a
balance is reached between air
pressure and spring pressure. Each
change in air pressure results in
a new position of the diaphragm,
hence the diaphragm motor is a
sensitive means for intermediate
positioning of the final control ele-
ment.

Diaphragm motors are also used
for two-position control. Here the
control air pressure from the con-
troller is either maximum or mini-
mum, to position the valve in either
of its two extremes of travel.

Electric process-correcting de-
vices employ either electric motors
or solenoids as power units. The
motors are geared down, and gener-
ally use either a lever arm or cam
for converting the final rotary mo-
tion to the required linear motion
for operation of valves, dampers
and the like. In a few instances,

METALS INDUSTRY Newest application of electronic control in this major

market for instrumentation maintains surface temperature of gears accurately to
within 5 degrees F of required red-heat temperature, for selective surface hardening
in Cincinnati Flamatic hardening machine. Sensitive radiation thermopile in overhead
housing is focused onto work
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CYBERNETICS vs CONTROL

“The first industrial revolution de-
valued human labor. No pick-and-
shovel ditchdigger can sell his services
at any price in competition with a
steamshovel. The second industrial
revolution of electronic robots is here.
The completely automatic factory
without o human operator is on its
way.

“We already have something very
close to it in the electric power plants
and the chemical industries, where
gauges not only report the condition of
the process but take executive action
to keep it going right and check up to
see that their orders have been carried
out. Such machines will make it very
difficult for the human being to sell a
service that consists of making rou-
tine, stereotyped decisions. The elec-
tronic brain will make these logical
decisions more cheaply, more reliably,
ond, of course, more quickly.”

Dr. Norbert Weiner,
N. Y. Times, Apr. 10, 1949

direct drives are used for rotary
valves. The motors are invariably
reversible, and have built-in limit
switches.

Looking Ahead

The trend in instrumentation and
control today is definitely toward
electronics. Already machines and
processes are being controlled with
gamma-ray and x-ray equipment
that is monitoring specific gravity,
density, thickness and other factors
related to selective absorption of
radiation. Already Geiger-Muller
tubes and their associated electronic
counters are permitting precise con-
trol of inaccessible processes
through thick steel walls, monitor-
ing chemical composition to new
degrees of accuracy through their
response to radioactive isotopes,
and doing a host of other still-
secret control jobs in connection
with the processing of U-235. In
addition, electronics has made pos-
sible the use of dropping-mercury
electrodes, hygrometers, and infra-
red and ultraviolet spectrometers
as sensing elements for process con-
trol.

But the trend is not a landslide.
There are still, and will be for
countless years, simple control jobs
that can be done more cheaply and
just as well with simpler instru-
mentation.—J.M.
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COLLECTOR CURRENT IN MILLIAMPERES

FIG. 1—Construction details of crystal
tetrode suitable for use as a mixer

FIG. 2—Input voltages are applied to the
emitter electrodes as shown

FIG. 3—Curve of conversion transcon-
ductance with respect to collector current

Crystal-Tetrode Mixer

By ROWLAND W. HAEGELE

Physics Laboratries
Sylvania Electri¢ Products, Inc.
Bayside, New York

RYSTAL DEVICES have been used

for many years as demodula-
tors and mixers. Of more recent
interest® is the crystal-triode ampli-
fier or transistor employing two
closely-spaced whiskers and a ger-
manium crystal. This device can
also be used as a mixer and will
show a conversion gain in a manner
analogous to that of the thermionic
triode.

A crystal mixer using three whis-
kers offers certain advantages over
the crystal diode or triode mixer,
though the use of such a tetrode is
by no means limited to mixers. The
crystal-tetrode mixer provides the
advantages of good conversion gain
with accompanying high conversion
transconductance, low interaction
between input circuits and useful-
ness at input frequencies which are
much higher than can be amplified
in the germanium triode.

The construction of a crystal tet-
rode suitable for use as a mixer

80

is shown in Fig. 1. This construc-
tion is particularly adaptable to
experimental use since either the
whiskers or the crystal semicon-
ductor can readily be changed,
though a simpler construction
might be more suitable for produc-
tion. The three whiskers are ar-
ranged in a triangle spaced about
0.002 inch. In most of the tetrodes
thus far made in the laboratory,
germanium crystals of the type
commonly used in 1N34 diodes were
used. These are given the same
processing as crystals used in tri-
odes.

Performance

The input voltages are applied to
the emitter electrodes 1 and 2 in
the manner indicated in Fig. 2.
Usually, emitter 1 connected to the
local oscillator requires no bias
since, by adjusting the local oscil-
lator voltage to the proper level, a
self-biasing action can be obtained.
A resonant circuit tuned to the
intermediate frequency, or a fre-
quency equal to f. —f,, is used for
a load in the collector circuit.

One of the usual ways for de-
scribing the effectiveness of a mixer
is by the conversion transconduct-
ance. The range of conversion

transconductance obtainable from
vacuum-tube mixers is from 200 to
600 umhos. As as example for com-
parison with the crystal mixer, a
6SA7 pentagrid converter has a g,
of 425 pumhos at a plate voltage of
100 volts and a cathode current of
12.3 ma. Typical operating values
of the crystal mixer include a col-
lector voltage of 30 volts, a col-
lector current of 2 ma and a value
of g. of 300 umhos. Values as high
as 1,100 umhos and conversion
power gain of 41 db have been
observed.

Typical of the manner in which
g. varies with collector current in
the crystal mixer is the curve shown
in Fig. 8. For voltages and cur-
rents below those required for
vacuum-tube mixers, the crystal-
tetrode mixer gives a conversion
transconductance quite comparable
to that from common tube types.

An important feature of the
crystal tetrode is the degree of iso-
lation that can be achieved between
the emitter circuits. From inspec-
tion of Fig. 4 it is evident that ex-
cellent signal isolation can be ob-
tained so that the signal impressed
on each emitter does not tend to be
transmitted to the other to a great
extent nor does the heterodyne fre-
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FIG. 4—Curve shows excellent signal
isolation obtained with crystal tetrode

FI1G. 5—Typical crystal-tetrode interaction
tramsconductance characteristic

FIG. 8--Crystaltetrode frequency char-
acteristic for several coupling methods

Provides good conversion gain, high conversion transconductance and low interaction

between input circuits. Useful at input frequencies higher than those that can be amplified

in the germanium triode

quency appear in large measure in
either emitter circuit.

Further evidence that there is
good isolation between emitters
can be found in the static interac-
tion transconductance curve in Fig.
5, which shows the dependence of
current in one emitter on the volt-
age applied to the other. A typical
operating point indicated on the
curve has an interaction transcon-
ductance of 570 pumhos. When com-
pared to the usual input conduct-
ance of either emitter, which is of
the order of 10' umhos, it is evident
that signal interaction will be small.

Another important feature of the
crystal-tetrode mixer is the fre-
quency range over which it mayv be
used. The crystal triode as an am-
plifier is ordinarily limited to fre-
quencies less than about 5 me, usu-
ally because of transit-time losses.
The same is true for the tetrode
when either emitter is used with the
collector to form an amplifier cir-
cuit. However, if the i-f frequency
used in the mixer is kept within
the useful range of the device as an
amplifier, the two input frequencies
can be extended far beyond the 5-me
limit with no loss in conversion
efficiency. Crystal tetrodes have
been operated at an i-f of 500 ke and
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input signals beyond 100 mc with
conversion transconductance actu-
ally higher than that obtained at
much lower frequencies. As an
example. a typical mixer with an i-f
of 600 k¢ showed a conversion volt-
age gain of 2.5 and a corresponding
conversion transconductance of 430
wmhos at a frequency of. 150 mec.
Figure 6 shows more completely the
frequency characteristic of the
cryvstal-tetrode mixer.

Experiments indicate that the
noise in the collector circuit is at
least no greater than in the crystal
triode. By way of example, the
signal and noise outputs in some
units were about equal with the
input signal reduced to 2 microvolts.

Conclusion

It should be mentioned that the
crystal triode gives good results as
a4 mixer at some frequencies with
somewhat higher values of ¢. than
have been obtained with the tetrode.
However, due to the complete lack
of isolation between the signal and
local-oscillator circuits, and the
difficulty of matching two signals
into the sume low impedance, the
crystal tetrode offers considerable
advantage over the triode as a
mixer.

A device as new as the crystal-
tetrode mixer cannot be tully evalu-
ated In one short paper. Such
important details as an equivalent-
circuit analysis, &« more thorough
study of its frequency character-
istic and a measure of its noise
figure are necessary before the
complete picture of its useful-
ness can be known. However, the
fact that it has a conversion truns-
conductance equal to that of ordi-
nary tube mixers but requires less
power, is physically very small, and
operated with input signals at
least up to 200 mec, should muke
further investigation very much
worth while.

The excellent isolation of the in-
put circuits is an important ad-
vantage over diode or triode mixers.
The maximum intermediate fre-
quency at which it may be used
seems to be about the same us the
maximum frequency for crystal-tri-
ode amplifier operation, which is
to say that the input frequencies
may be much higher.

The writer wishes to acknowledge
the experimental help given by
E. W. Burke and Frieda A. Stahl.
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Technique for

Data taken in the New York area indicate that field strengths measured on radials at

10-feet antenna height are not truly representative of actual service rendered. Traverse

measurements are suggested and measured height factors reported

HEN a field-strength survey

of a television station is
made, two purposes are usually in
mind. The first is to satisfy the
FCC that the station performs in
accordance with the specifications
of the construction permit, the
second to assure the management
of the station that a satisfactory
signal is available to the majority
of the population lying within the
service area.

These two purposes are not
necessarily served by the same set
of measurements. In fact, the pur-
pose of this article is to point out
that measurements made along
radials in accordance with FCC
standard proof-of-performance pro-

cedure may give too optimistic a
picture of coverage.

Standard survey procedure has
recently been described in detail®
Briefly, the procedure is as follows:
At least eight radials are drawn
from the station, either at 45-de-
gree intervals, or following roads at
approximately 45-degree intervals.
Profile graphs are drawn along
these radials and the average ele-
vation over the 8-mile distance from
2 to 10 miles is calculated. The
height of the transmitting antenna
above this elevation is taken as a
reference and the expected field
strength, for the given value of
radiated power, is computed by ref-
erence to FCC coverage charts.
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Contours are drawn through the
500-microvolt points on the radials.
It is presumed that the 500-micro-
volt signal is available throughout
the area enclosed by this contour.

After the station is in operation,
measurements of actual field
strength must be made, and the
values shown to agree within
reasonable limits, with the pre-
dicted values. The FCC recom-
mends that mobile measuring
equipment be used, with an omni-
directional receiving antenna about
10 feet above the ground. The field
values so measured must be cor-
rected to represent the actual field
strength 30 feet above the ground,
the latter value being the nominal
height of antennas installed in
homes. Simple theory, acceptable
to the Commission for this pur-
pose, states that the field strength
should increase linearly with
height. Thus, if field-strength
measurements are made at 10 feet
the stated values for 30 feet would
be three times as great.

When the terrain between the
station and the point of reception
is flat and free from obstructions
the measured and predicted values
are usually found to be in reason-
able agreement. But when rough
terrain or massive obstructions are
encountered, two discrepancies ap-
pear. First, the field increases at a
rate less than proportional to the
antenna height. Second, the values
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FIG. 1—Four radials and two traverses
for the
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employed in making the measuremenis
survey

FIG. 2—Height factors on channels 7 and
11, along Jamaica and Huntington radials
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TV Field Surveys

By JOHN F. DREYER, Jr.

Crosby Laboratories
Mineola, N. Y.

of field strength measured along
the radials are generally higher
than those measured at locations
between the radials. The latter ef-
fect probably is accounted for by
the fact that roads along radials
generally follow the gaps and val-
leys in the terrain, hence the ob-
structions between the station and
the points of meuasurement on rad-
lals are generally smaller than
those at other points.

Figure 1 is a map of a portion
of the New York metropolitan area.
Five television stations in Manhat-
tan lie within the center circle.
Station WATV, on channel 13, is
located just off the map, 16 miles
west of the center point. Four
radials are shown and are referred
to as the Jamaica radial, the Hunt-
Ington radial, the Mamaroneck
radial and the Alpine radial.

At the FCC hearing held in
Washington Dec. 1, 1948, the
writer submitted an analysis of 66
measurements made on the two
Long Island radials, These meas-
urements were made on channels 7
and 11 by the cluster method®. At
each point, the signals at 10 ft and
30 ft were observed. The ratio of
the signal strengths at these
heights are plotted in Fig. 2. The
ratios cover a wide range. At one
point, the signal at 30 ft was 0.7
of that at 10 ft while at the other
extreme, the 30-ft signal exceeded
the 10-ft value by 12 to 1. When
analyzed on probability paper, the
distribution seems to be random,
with a median value of 2.2.

Yery Flat Country

In an attempt to arrive at a
more comprehensive understanding
of the height factor several other
areas were investigated by a simi-
lar method, namely readings of
signals recorded on tape in a mov-
ing vehicle. In a given area, a re-
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DEAD END me
TEELILIL 7

Survey car, showing antennas at 10 and 30 feet

cording was made while the vehicle
moved slowly around a closed course
with the antenna at 10 ft. This
procedure was then immediately
repeated with the antenna at 30 ft.

A section of the Meadowbrook
Causeway, about 2,500 feet long,
was selected. Referring to Fig. 1,
this location is neur the end of the
Jamaica radial in the center of a
coastal marsh with no hills, houses
or overhead wires, located 224 miles
from a transmitter operating on
channel 11. The car wuas operated
at approximately 2 miles per hour,
or 3 feet per second. The time con-
stant of the recording system was
3.5 seconds.

Checks were made at the be-
ginning and end of each run to de-
termine if the station output had
changed appreciably. Most meas-
urements were made on the sound
signal of the station in question,

since the picture signal is appar-
ently subject to variation when
cameras are switched. Otherwise,
the behavior of the sound and pic-
ture signals is very similar.

The recording tape was divided
into 20 sections and the average
value of each section plotted, as
shown in Fig. 8. Twenty-one sig-
nal ratios were calculated. It was
found that 50 percent of these
ratios exceeded 2.94 (the median
value). This is in very close agree-
ment with the theotretical value of
3.0. With the car stationary, at the
center of the run, measurements
were made of the signal at 15, 20,
25 and 30 ft. on channels 4 and 11.
(The results are plotted in Fig.
6A.) It is interesting to note how
precisely linear is the height factor
for this flat type of terrain. An-
other height vs signal measure-
ment was made in very similar ter-
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rain at Heckscher Park, 30 miles
further east. The distance of over
50 miles puts the Manhattan sta-
tions well below the horizon. These
measurements (Fig. 6B) would in-
dicate that the height factor is de-
termined principally by the terrain
in the vicinity of the receiver.

The same procedure was followed
at Thomaston, 14 miles out on the
Huntington radial. As may be seen
from the contour, Fig. 4, this re-
gion is at the bottom of a fairly
deep valley. It is, however, not an
“impossible” region, since many
television installations could be seen
on nearby buildings.

A run of 500 ft was obtainable
free of overhead wires. To obtain
.a better average, a complete closed
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circuit was made twice, giving a
total travel of 2,000 ft. The tape
was divided into 20 sections and the
values plotted. The signals in this
case at 30 ft were hardly different
from those at 10 ft, the median
value of the ratio being 1.05.

Observation of the signals on the
video channel was made on a re-
ceiver and no special multipath
conditions were noted. The signal
quality was good except for noise
and ignition interference. The di-
rection of arrival was noted to be
very closely the azimuth of the
transmitter. The signal path ap-
parently was one of refraction over
the top of the hill.

Measurements were also made in
a cluster with the car stationary

and antenna heights of 10, 15, 20,
25 and 30 ft on channels 4 and 11.
(One typical location is illustrated
in Fig. 6C.)

Another location, 18 miles out in
a residential part of Manhasset was
checked. This point lies on rela-
tively high ground but the terrain
is covered with trees (no foliage
at the time) and detached frame
dwelling of approximately 30 ft
height.

No recorder run was possible be-
cause of overhead branches and
wires but the cluster measurements
indicated conditions not very dif-
ferent from those in the valley. (A
typical position is illustrated in
Fig. 6D).

Residential Flat Country

On the Jamaica radial at 22
miles, a residential development in
Baldwin was investigated. This
seemed representative of suburban
communities. The streets are wind-
ing, lined on both sides with two-
story frame dwellings, with trees
of about 25-ft height (no foliage
when the measurements were
made.) A recorder run around a
closed circuit of 3,000 ft without
overhead obstructions was feasible.
When the recordings were analyzed,
the median value of the ratio was
2.4, as shown in Fig. 5.

A recorder run of about 100 ft
length was made in the vicinity of
Oceanside. This is only about 12
miles from the Baldwin location and
the neighborhood is very much the
same. The 30 to 10 ft ratio was
2.25.

Figures 6E and 6F illustrate the
signal-versus-height factor at the
Oceanside location on New York
stations (peak video signals were
used in this case).

Radial vs. Peripheral Measurements

During the course of several sur-
veys in the New York area during
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FIG. 5—At Baldwin, on the Jamaica
radial, the median signal ratio was 2.4
(see position on profile in Fig, 3B)
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the past year, it has been observed
that, in built-up regions, the signal
on radial avenues is much greater
than on cross streets. It seemed
likely that this condition might also
occur in hilly rural areas, because
vehicle surveys following radial
roads naturally follow valleys,
rivers, and notches in hills. To in-
vestigate this possibility, measure-
ments were made on portions of
the Alpine and Mamaroneck radials
straddling the Bronx, nearby New

Jersey and Westchester regions
{See Fig. 1).
The Alpine radial (principally

along route US 9W) lies on top of
the Palisades and has a clear signal
path. The Mamaroneck radial tra-
verses flat country in the Bronx and
Tollows the Boston Post Road fairly

counters some hills at its outer end.
Recorder measurements taken on
these radials are presented in Fig.
7. The readings are given as uv per
m at 10 ft in db above 100 uv per m.

For comparison, portions of two
traverses (peripheral paths) were
measured, one on roads approxi-
mating an arc at 9 miles radius and
the other at about 19 miles radius.
The measurements on the traverses
are presented in Fig. 8 In this
figure, the straight lines represent
the signal level as judged from the
values on the two radials.

On the Mamaroneck-Dobbs Ferry
traverse, through the center of su-
burban Westchester, the measured
signals fell substantially below
those predicted by the radials by
12 to 18 db, rising only on high

close to Long Island Sound. It en- ground near the center of the
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FIG. 6—Variation of signal with height at various locations, on channels 4 and 11
(a-d) and on all New York channels (E-F)
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FIG. 8—Average signal levels along

Dobbs Ferry-Mamaroneck and 181st Street

traverses. The median signal values are

12 db and 9 db, respectively, lower than
the radial values

county. The same is true of the
181st St traverse. The signal rises
to the predicted line only on a high
bridge across the Harlem River.

The writer favors use of a mov-
ing vehicle with 10-ft antenna
height. For the high-band televi-
sion channels (7-13), the height
factors to change readings made
at 10 feet to the value at 30 feet,
should probably be as follows: 3.0
in very flat country with no houses,
trees or other obstructions; 2.3 in
very flat country occupied by small
buildings and trees; 1.1 in regions
deeply shadowed by hills; interme-
diate values between 1.1 and 2.3 for
hilly country occupied by buildings.

To investigate off-radial cover-
age, it is suggested that two peri-
pherals be run, one at approxi-
mately 7 miles, the other at 20
miles, and that the recorder tapes
be analyzed in the arcs between
radials. These analyses should be
used in correcting the signal values
obtained on the radials.

The survey car should include a
collapsible 30-ft. antenna for spot
checks of the height factor. Multi-
path transmission should be inves-
tigated photographically at appro-
priate points on the peripherals.
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Reducing Costs in

McGRAW-HILL PUBLICATIONS

By SPENCER A. TUCKER
Chief Emngineer

Tucker & Co., Management Engineers
New York, N. Y.

HE ELECTRONIC INDUSTRY, espe-
Tcially that branch which serves
the consumer levels, has recently
experienced a transition from a
seller’s to a buyer’s market.

Many companies, operating with-
out the benefit of accurately deter-
mined costs and with no plans for
reducing costs, have found the
transition difficult. Others attacked
the problem with vigor, installed
wage incentives, reorganized, ana-
Iyzed the market for new products,
and maintained the positions they
had earned during the war.

Increase of productivity, along
with reduction of costs, is essential
for most companies at this time,
and it is to help such companies
solve this twin problem that this
article has been written.

A sound cost-reduction program
should be all-inclusive, with each
function of the company contribut-
ing its share. This includes the
sales and financial functions as well
as the engineering and production
ends of the company.

Cost reduction is accomplished by
many methods and manifests itself
in many ways, each effective within
its own sphere of influence. The
twelve basic elements of a cost-re-
duction program are given in
Table 1.

Incentive Plans

A wage incentive plan, if prop-
erly installed, is highly effective and
equitable. By paying off directly on
the basis of productivity it virtually
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puts each worker in business for
himself.

In most electronic plants on day
work it is believed that productivity
averages 65 percent of a full day’s
work at this writing. A good in-
centive plan requires that 100 per-
cent must be reached before in-
centive payoffs commence. After
100 percent, the plan should pay ofl
about a 1-percent increase in wages
for each 1-percent increase in
productivity.

In upgrading workers from 65
percent to 100 percent a productiv-
ity increase of 48 percent has taken
place, which is a direet labor cost
reduction. After 100 percent, direct-
labor costs remain fixed but direct-
overhead costs reduce as produc-
tivity increases.

In most cases it is difficult to ef-
fect the upgrade from the daywork
65 percent to the 100-percent stand-
ard for incentives, Upgrading
slowly by paying minor incentives
before 100 percent appears to be the
most effective way. A plan may be
used which asks the worker to in-
crease productivity to 80 percent,
at which point management starts
paying off. The payoff between 80
percent and 100 percent is about
one-half for one; after 100 percent
the one-for-one payoffs are re-
sumed, as indicated in Fig. 1.

In one radio plant, girl solderers
were producing an average of 300
soldered joints per hour. Three

weeks after an incentive plan was
installed, they were producing 430
an hour. After a month, with the
assurance that rates would not be
cut and that they alone were mas-
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Receiver Manufacturing

Suggestions for setting up a comprehensive cost-reduction program include sales and

management as well as production ideas. Cuse histories of successful applications of the

methods and fixtures recommended for assembling radio equipment are given

ters of their payroll check, average
productivity rose to 120 percent, or
520 joints per hour. After methods
improvements, to be discussed later,
productivity rose to 900 joints per
hour.

Reducing labor costs by methods
improvements in operations can be

executed by simple expedieats. In
many instances in the electronic in-
dustry jigs and fixtures can sharply
cut costs by increasing productivity.
These simple tools eliminate unnec-
essary handling and positioning yet
do not require costly new equipment
or expensive changes in existing

equipment in most radio plants.

It is usually much more effective
economically to concentrate efforts
upon plant hourly-productive-poten-
tial and use existing plant equip-
ment. Sometimes by a change in the
operation sequence, equipment may
be used as is. In other cases it may

i

i
8
21
4

Production lines in a typicai receiver assembly plant. illustrating use of overhead trolley-duct wiring, rail-guided chassis cradle

soldering-izon fixture and other costreducing methods and fixtures described

ELECTRONICS — October, 1949

in this article
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UNIT COST

PRODUCTIVITY AS PERCENTAGE OF STANDARD

FIG. 1—Efiect of inceniive pPay on unit
cost when payoff is started at 80 percent
of standard output

be necessary to make a simple
change or addition to produce
greater operational productivity.

The allocation of funds for expen-
sive machinery, elaborate jigs and
tools should be reduced to a mini-
mum, except in cases where the
sales order covers such cost or the
plant equipment has deteriorated to
such an extent as to make pur-
chase of the items mandatory.

On the other hand, simple devices
made in the toolroom are frequently
justified in terms of the savings
they create and by the high rate of
amortization.

Process Studies

The following example proves
that it doesn’t always take money
to make savings in the direct-labor
cost. A Brooklyn manufacturer of
home radios was thinking of de-
signing a new riveting machine to
rivet five sockets to the chassis at
one time, instead of riveting them
separately. The scheme was orig-
inally promoted on the basis that
when five were riveted at once the
cost should be less than five times
the cost of the single riveting
operation.

Upon analysis it wuas revealed
that the cost to rivet the five at
once was more than five times the
single riveting cost, in addition to
the cost of constructing the jig and
machine. The excessive cost was
due to the delicate positioning re-
quired and the dropping out of some
of the rivets in clamping the jig.

Statistically, the jig and machine
did five sockets at the cost of doing
seven individually. Methods anal-
ysis here produced a negative sav-
ing since it served to spot and
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FIG, 2—Example of parts that can be
assembled on feeder line before riveting
socket to chassis

negate a cost-provoking device.

While on this project, manage-
ment was questioned as to why they
would want to place five sockets on
the chassis at the same time, or why
they had to assemble all of anything
at the same time. They put on five
sockets at the beginning of the line,
then the variable capacitor assem-
bly, dial bracket, i-f transformers
and volume control. But when were
these items actually needed in the
assembly sequence? One was wired
one-quarter of the way up the line,
some half-way up, and others almost
at the end of the line. Why weren’t
these parts assembled into the
chassis at the point at which they
were to be used?

The advantages dre obvious:
Under the conventional sequence,
each person on the line was working
with the chassis at its maximum
weight, since wire, solder and small
components hardly affect weight.
However, by changing the sequence
slightly to accommodate this new
theory, the maximum weight was
apparent only toward the end of the
line. The handling of 1,000 such
units per day, on a half-minute
cycle, definitely makes the fatigue
element important. By restudy and
allocation of a lower fatigue allow-
ance, the direct labor cost dropped 7
percent, at no cash disbursement.

A questioning attitude is a too!l
of methods improvement. Iqually
important is the ability to remain
objective and open-minded in the
light of what analysis reveals. Here
is where many inquiring minds fail
to function fully.

While many managements arve
objective and advanced in terms of
a new piece of equipment, they

sometimes miss the boat on ideas
that threaten the security of their
ivory towers of tradition. Theyv
cling to the concept of operation
efficiency based purely on the expe-
rience factor: “We and the entire
industrv have done it this way for
twenty vears and have made money.
Why should we change it now?”

Savings from Specialization

This same assembly-line project
was continued further, effecting
large direct-labor savings without
any expenditure.

After relocation of mechanical
operations on the receiver line
under discussion, the degree of
specialization present at each opera-
tion was analyzed. It was dis-
covered that similar gspecialities
such as wiring-in wires and com-
ponents and soldering were widely
scattered along the line, making the
element of repetition important. It
was reasoned that if a wireman had
nothing to do but wire, just using
long-nose pliers and diagonal cut-
ters, and if a solderer did nothing
but solder, a higher productivity
would result due to the greater
skills which could develop from con-
stant repetition. Actually, however,

l«-ASBESTOS

METAL
TROUGHS
1770 HOLD
N ~ SOLDERING
4, /| 1RONS
[

“A-C QUTLETS

FIG. 3—Three-iron apron for a soldering

positicn, allowing workers to change

irons quickly when they cool during maxi-
mum production periods
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Table |—Elements of an Effective Industrial Cost-Reduction Program

(A) Reducing Direct Labor and Direct Overhead Costs

1. By wage incentives that increase hourly productivity, thus
reducing unit labor cost until standard is reached, and con-
stantly reducing unit overhead cost proportionately as produc-
tivity increases.

2. By improving and redesigning existing manufacturing meth-
ods and processes, and by the use of more modern equipment.

(B) Reducing Factory Overhead Costs

1. By budgeted cost systems, and through incentives to fore-
men and supervisors, in order to maintain an economical ratio
between department direct and indirect costs.

2. By control of indirect expenses through an analysis of cost
of such items as repairs, scrap and reprocessed parts, and by re-
placement of cost-provoking equipment.

(C) Reducing Materials Cost

1. By installing statistical quality-control plans to minimize
scrap, rejection and reprocessing losses.

2. By substituting less costly materials, fabricated differently.

(D) Reducing Plant Space and Process Costs

1. By proper plant layout to minimize manufacturing-cycle time
and linear travel of all parts.

2. By proper scheduling to minimize floor space by reducing
work-in-process, thercby releasing space.

3. By designing a flexible layout which is easily adaptable to
changes in sales requirements and current consumer demands.

(E) Reducing Non-Operational Labor Costs

1. By making transportation or movement of parts machine-
perfermed instead of man-performed, and handling materials by
conveyors, trucks or bins.

2. By eliminating labor duplication through proper raw parts
feeding to the line, and by using proper preparation technigues.

(F) Reducing Inventory Loss Costs

1. By proper stock control, purchasing and production control,
keyed to sales forecasts and requirements.

2. By considering financial position of company in terms of
working-capital ratios. Selected level of inventory should reflect
capital position as well as current market and overall business
conditions.

(G) Reducing Administrative Overhead Costs

1. By relating administrative fabor to some yardstick in pro-
duction such as units shipped or direct factory hours.

2. By designing entire organization to act as an accordion hav-
ing the flexibility to expand and retrench in accordance with any
given economic condition.

(H) Reducing Personnel Training Costs

1. By installing a personnel evaluation and sefection plan. This
includes aptitude and psychological testing for higher levels.

(1) Reducing Mortality Rate of Bids

1. By an accurate determination of all costs to allow consistent
bidding. This eliminates bids which are overestimated for safety
and thase which try to make up for a guessed previous underbid.

(J) Reducing Engineering Costs

1. By complete and thorough liaison between all engineers and
the production department for cost-conscious and cost-economic
design.

2. By scheduling and planning individual engineering assign-
ments and posting cumulative time to each job for control pur-
poses.

3. By reducing quantity of equipment stocked and purchased by
department, limiting purchases to necessary items.

(K) Reducing Selling Costs

1. By selecting salesmen on a scientific basis to ascertain their
sales aptitudes.

2. By selective selling through determination of most profitable
items and paying higher commissions for them, while restricting
rewards on least profitable lines.

(L) Reducing Money Costs

1. By limiting.borrowing of working capital by a proper align-
ment among the elements of market potentials, sales forecasts,
production budget and purchasing policies.

the wireman had to take a compo- On

the theory that

wiremen

consisting of the socket with previ-

nent not already in the set, such as
a paper or mica capacitor or a re-
sistor, and bend and cut its leads to
size before wiring it into the set.
Having other people prepare leads
of parts in advance helped a great
deal, but this was not the final
answer,
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should wire and solderers should
solder, feeder lines were established
near each major wiring position.
On these lines, components were
wired and soldered to loose sockets,
as illustrated in Fig. 2. Then, in-
stead of riveting an empty socket
into the chassis, a socket assembly

ously wired and soldered compo-
nents was riveted.

Wiremen on the main line never
put down their pliers. They did
nothing but complete wiring con-
nections within the set, never hav-
ing to locate and fuss with outside
component parts. In addition to
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cutting wiring costs, this procedure
decreased over-all soldering time.
Where formerly a joint consisting
of five wire ends required two
passes with the iron, at different
stages in the sequence, it now re-
quired just one pass. Concern over
parts falling out in transport had
necessitated a first pass with the
iron before.

All in all, feeder lines and spe-
cialization cut divect-labor costs
another 28 percent. It worked in
practice as well as in theory, even
including the somewhat inflated
time of the riveter because of the
extra positioning element due to
components hanging from the
sockets he had to handle.

Soldering lron Techniques

In another plant, solderers on in-
centive were working like wildfire,
doing 800 joints per hour under

iron were blamed. One remedy tried
was to provide 200-watt irons. This
did not help since the heavier iron
contributed to fatigue and lowered
productivity. Management in the
plant felt the problem was insoluble.
They were attempting to solve it in
terms of what other radio manufac-
turers did, however, instead of
opening their minds to possible new
solutions.

After much wrangling, it wuas
decided to let outside engineers use
an unprejudiced and fresh approach
to the problem. The result was the
design of a soldering “apron” made
of asbestos and sheet metal,
mounted to the right and below each
soldering operator. The apron con-
sisted of three metal troughs to ac-
commodate three irons, as shown in
Fig. 3. The asbestos was used to
prevent burning the operator’s leg.
On the front of each apron next to
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FIG. 4—Use of conveyor to speed moving of cabinets from stockroom to receiver
production line

certain conditions, then dropping
back severely due to “some trouble
with the irons”. The only trouble
with the irons was that as the girls
approached 800 joints per hour,
more heat was pulled out of the
iron than the heating element could
replace. This insufficient heat
melted the solder slowly, with a
consequent decrease in the number
of joints per hour.

The high production was always
evident during the first hour or so
in the morning, so that the oper-
ator’s fatigue and the quality of the
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each trough were three plugs into
which all three irons were plugged
at all times. A soldering girl took
one iron and used it until it was too
cold, then replaced it in the trough
and used another iron for awhile.
Lighter irons were used, which
minimized operator fatigue and
lowered power consumption.

With three irons per girl, produc-
tion increased and remained at a
constant average of 900 joints per
hour. The savings amortized the
inexpensive soldering aprons in a
matter of weeks, then gave to man-

agement a reducton of 63 percent
in labor and unit overhead costs.

With the bottleneck eliminated
that had previously prevented full
productivity from operations fol-
lowing soldering, production per
hour practically doubled.

Cabinet Bottlenecks

In the plant of a prominent man-
ufacturer there was a huge pile-up
of radio cabinets all over the final
assembly area, occupying almost
400 square feet. A casual look
could convince the most skeptical
that something was wrong and
could be improved, yet the foreman
and others would trip over the mess
every day with little or no reaction.

These cabinets were empty, being
rejected from the line because of
scratches, dents and other defects.
The situation was costing this plant
about $7,000 a year because of
plant space the rejects were occupy-
ing, additional time used by the
final assembly operator to reject a
cabinet, and full time of two stock
hands carrying the cabinets back to
the stockroom.

Starting with the last point first,
any simple materials handling ex-
pedient such as a hand-lift truck
could be used to return the rejects
to the stockroom. While that would
be some help, it wouldn’t remedy
the first two points.

The method finally adopted solved
all three problems. It consisted of
an overhead conveyor running from
inside the stockroom over the fenc-
ing to the terminus of the assembly
line. No plant space had to be pro-
vided or wasted for rejects, since
inspection was made in the stock-
room and only good cabinets were
placed on the conveyor for delivery
to the line. The final assembly-oper-
ator’s time was completely devoted
to his job and nothing else, which
increased his continuity of work
and consequently his productivity.
The two stock hands were not
needed.

The conveyor was a motor-driven
cleated-belt type which paced the
main assembly line by delivering a
good cabinet to the final position at
the same time that a completed
chassis arrived there. The conveyor
and its relation to the rest of the
assembly floor are shown in Fig. 4.
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The cost of the entire installation
was amortized within four months.

Trolley Ducts Give Flexibility

In this same project a new plant
had to be laid out. The items to be
manufactured were the usual table
model a-c/d-¢ radios and larger
a-m, f-m and television sets. Before
proceeding, it was agreed that the
layout should be as flexible as pos-
sible to permit inexpensive changes
in set-up wherever style, design or
sales trends demanded.

At the time of this layout, small
sets were at the height of their
demand. This management decided
to make 1,000 five-tube sets per day
and 500 seven-tube sets daily. How-
ever, they realized that this ratio
could be changed overnight. Flexi-
bility and minimum investment in
fixed items were therefore para-
mount.

The largest items of expense in
this plant were the lighting and
electrical installation. Fixed light-
ing was undesirable since it limited
the location of assembly lines to
the fixed lights. Fixed electrical
installations, such as overhead or
underfloor conduit, also limited
flexibility of assembly.

The most practical solution was
the use of trollev-duct electrical in-
stallation throughout for both light-
ing and power. This type of duct is
shown in Fig. 5. It was installed in
parallel lines 10 feet apart over the
entire assembly floor, so that indus-
trial fluorescent fixtures could
either be hung on a duct parallel
and below it, or at right angles be-
fween two ducts. In that way, every
inch of the 16,000-sq-ft assembly
area received an average illumina-
tion of 45 foot-candles.

T
L il i

Avoiding assembly operations at solderimg positions is one example of specialization
that cuts costs

The cost of the trolley-duct in-
stallation was one-third that of a
permanent installation. The end
cost was even less, for when the
manufacturer left this plant after
realizing his market potential, he
took the trolley system out with him
and sold it for a large percentage of
the original cost.

Portable Test Booths
For flexibility, in receiver pro-
duction lines, each r-f and i-f align-
ment booth should be movable,
should permit a belt conveyvor to run
through, and should be small
enough so other lines can be set up
parallel to it. Technical require-
ments were double copper-mesh
shielding plus room for a signal

generator and output meter.

An inexpensive portable test
booth design meeting these require-
ments is shown in Fig. 6. It was
built on a single-faced wooden pallet
which makes it easy to move by
hand lift truck. Side openings
admit the belt conveyor which runs
through the booth. In use, the oper-
ator takes a chassis off the conveyor
and places it on the small shelf
before him for alignment, then re-
turns the chassis to the conveyor.

Instead of equipping each booth
with individual signal generators, a
master signal-generating source fed
to strategic points throughout the
plant could be used. Coaxial -cable
tapped by T coax connectors would
provide ready plug-in points for
booths. The same cable could be
used for carrving more than one

INSULATION  CONDUCTORS

He ey o

CROSS-SECTION OF
TYPICAL DUCT

INDUSTRIAL FLUORESCENT
FIXTURE

DETAIL OF
SUPPORT
FOR
FIXTURE

TROLLEY

FIG. 5—Details of trolley-duct wiring system used in receiver-assembly department to
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rearrangement of production lines

give complete f{lexibility for any required
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signal at a time, by proper filtering.
With i-f signals of 455 k¢ and 10.7
me, filtering would not be manda-
tory at the booth, since the Q of
both circuits and the harmonic at-
tenuation of the 455-ke signal would
be sufficient to prevent difficulties.
In very large plants where many
people would be using the same fre-
quency at the same time, r-f equal-
ization of the line would be needed
at all the used frequencies to pre-
vent interaction due to lowered line
impedance.

Chassis Cradle

Some method of easily moving
a chassis from one position to the
next on the line is highly desirable
in receiver assembly. Push-along
methods generally involve too much
friction, since up to five chassis
units are usually found between
operators to cushion against wait-
ing for work or being overburdened.

A solution is found in the bench
and chassis cradle design of Fig, 7,
where the cradle rides on an angle-
iron rail. The cradle is constructed
from sheet metal. By a simple stud
and spring arrangement the chassis
can be rotated and indexed at any
position for maximum accessibility.
Four wheels on the cradle are roller
or ball bearing.

At the rear of each cradle is a
lever which is gravity operated and
which automatically engages in a
notch at each operating position.
When an operator finishes a certain
set she depresses the lever, disen-
gaging the cradle from the stop, and
rolls the cradle toward the next
operator.

The cost of the cradle was about
$4.00. At the operation prior to the
insertion of the tubes for heater
test, a cradle-return system pro-
vides for return of empty cradles to
the starting point, while the com-
pleted chassis is placed on a belt
conveyor which goes through the
portable test booth and on to the
end of the line.

Besides savings in fatigue, opera-
tional time was considerably re-
duced, which increased productiv-
ity. The cost of the cradle system
was amortized in about two months.
Direct labor savings amounted to
43 percent of an already lowered
total cost.

For larger sets the cradle was
made larger, but the rails on which
the cradle traveled were the same.
This made the workbenches highly
flexible and standardized at the
same time.

The soldering iron apron and the
rail are easily moved by loosening a

FRICTION

CATCHES IN

CONTACTS OR
RNAL

CHAMFERED
FIT

SNAP-IN X7
REAR HATCH X

COPPER MESH SHIELDING
BOTH INSIDE AND OUTSIDE
OF FRAMEWORK ON WALLS,
CEILING, FLOOR, DOOR AND
REAR HATGH

X=CONTAGCT-SHOE STRIPS FOR
COMPLETING SHIELDING CIRCUITS

X
X

HINGED
DOOR

e

J

d

FIG. 6—Portable shielded test-booth for chassis conveyor. It can be moved to any pro-
duction line in a few minutes with a hand-lift truck
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few screws, when Dbenches
moved to other positions.

are

Custom Building

One unending discussion in radio
and television assembly plants con-
cerns custom building larger sets
versus specialization and break-
down of operations. Those in favor
of custom building claim better
technical accuracy as regards such
things as critical lead dress, plus
the advantage of being able to fix
responsibility, which may yield
fewer rejects. Advocates of special-
ization claim increased productivity
because of the higher skills ac-
quired on repetitive jobs.

There are elements of validity in
both arguments. It is possible to
combine the advantages of both
methods by preparing and cabling a
large group of wires beforehand,
using a wooden jig with nails as
pegs. The cabling operation is done
on a feeder line by operators who
develop great skills in this opera-
tion. A large set may have two or
three cable assemblies. Only non-
critical leads are selected for
cabling. In a plant making 12 and
15-tube sets, cabling doubled custom
productivity. Including the cost of
external cabling, direct labor was
cut 40 percent.

Telescoping Stud Jig

In a plant manufacturing inter-
communicating equipment, consid-
erable direet labor was being used
in testing the completed units, espe-
cially in the switching circuits from
the master station to each call posi-
tion. The wiring at the multi-con-
nection terminal strip in the rear
of the unit had to correspond with
the station markings on the front
of the master station and had to
work at each station.

The method of testing was to con-
nect 42 spade lugs to each of the 42
terminals by unscrewing each and
then tightening each connection and
feeding it into a mock-up for visual
check of output at each position. In
connecting the spade lugs, care had
to be exercised to prevent the lugs
from touching and shorting out a
circuit. It took about 15 minutes to
test each unit, and that operation
became the bottleneck of the plant.

A new method solved the prob-
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lem. A jig containing 42 spring
telescoping studs, simulating the
same mechanical layout of the ter-
minal strip, was built. The terminal
strip of the unit was placed in this
jig and clamped so that each of the
studs made contact with each of the
terminal serews on the strip. The
springs compensated for screws
which were not screwed all in.

The studs were connected to an
external selector switch that fed
each station in turn into the master
unit. The station’s dynamic
speaker, used as a microphone, was
placed in front of the master sta-
tion speaker, and the external
selector switch was rotated through
each of the individual station posi-
tions. If the wiring was OK, acous-
tic feedback was heard at each posi-
tion. This insured communication
from individual stations back to the
master. To insure communication
from the master station to each of
the individual stations, the master
station speaker was switched to use
as a microphone, and the selector
switch was rotated back through
each of the positions. If the same
feedback was heard, the entire sys-
tem was functioning.

The entire new procedure took
approximately one minute.

Quantity Amortization

In making small metal parts for
electronic devices, methods-con-
scious managements often look for
the most modern and fastest meth-
ods of fabrication without duly
considering their real cost in terms
of quantity amortization.

In making small flat chassis
pieces and brackets, most progres-
sive factories think of stamping
dies and neglect simpler, less ex-
pensive methods on the basis that
they are old-fashioned. For small-
run production, the lower labor cost
induced by the dies, for example,
may still not be truly representative
of the end cost, since it takes a cer-
tain minimum amount of produc-
tion to pay for the die. If there is
no possibility of reaching this mini-
mum, which is high for dies, then
management had better use a
cheaper first-cost tool, even though
it means higher direct-labor cost.

In other words, management
should not use direct labor cost as
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DETAIL OF CHASSIS
CRADLE USED WITH
RAIL SYSTEM

CONNECTING
=~ CONDUIT

,5"4
Iz xlg ASSEMBLING
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FOOT REST POSITION

2" DIAMETER TIN TROUGHS
FOR RESTING IRON~— —-
WHILE MOVING
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SOLDERING
POSITION

ANGLE-IRON
LEGS

FIG. 7—Design of standard workbench for receiver assembly, and details of chassis
cradle that rolls along bench guided by rail in center. Back of bench is used for storage
of parts and for preparatory operations like cutting and bending wires

the sole criterion. Before a new
piece of equipment is purchased, a
comparison of both methods should
be made by plotting the information
on a bhreak-even chart to show the
amortizing quantity required for
the proposed new machine or proc-
ess. The data to make such a chart
is taken from a tabulation like the
following:

SAWING vs STAMPING TDres- Pro.

ent posed
Cost per M Method Method

(1) Labor .............. $3.72 $.94
(2) Power .............. .08 .19
(3) Maintenance and re-

PAIrs .. .m0 11 .41
(4) General plant ex-

pense ............. .04 .07
(5) (ieneral overhead.... .03 .02
(6) Supervision ......... .28 12
(7) Scrap cost. .......... 42 .02
(8) Cost of new equip-

ment ............. 0.00 3,500.00

Total cost, first 1,000‘
pieces $4.68 $3,501.77

Where this sort of tabulation is
not made, the decision to buy gen-
erally hinges on the labor item,
which here is clearly favorable for
the proposed method. But the cost
for the first 1,000 pieces is out of
line for the new method, if 1,000 is
the total expected production. From
a break-even chart it can be seen
that the new equipment is feasible
only when the expected production
exceeds 1,202,700 pieces.

If management uses or will use
up pieces at the rate of 100,000 per
year, then the proposed method will

pay for itself in 12 years. This may
be a poor financial policy since it
ties up working capital for a long
period. Therefore, another factor
should be used in evaluating a new
proposal—the loss to the firm from
a lowered working capital. This
can be done by estimating interest
charges on loans which ordinarily
might not be required.

Capital equipment changes can-
not be decided unilaterally. The
sales department must be involved
for market and sales forecasts. The
financial functions must state and
fix financial policies, and the oper-
ating departments must evaluate
direct savings.

In this same situation, even if the
past and expected production was
better than one million pieces per
year, making the amortization pe-
riod one year instead of twelve, the
capital and operating character-
istics of the company may veto the
proposal. If a company is under-
capitalized any large expenditure
jeopardizes the meeting of weekly
payrolls and immediate material
purchases.

The only answer to this problem
and all the others brought up in this
article is the ability to remain ob-
jective, to think and to have an
open mind.
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Compliance Meter

By A. M. WIGGINS

Engineering Director
Electro-Voice Ine.
Buchanan, Miclhigan

Compliance meter with a universal tone arm

INCE THE ADVENT of the one-

mil stylus, and the low needle
force required to prevent excessive
wear on stylus point and record
groove, it has been necessary to
design pickups with greuter compli-
ance than was heretofore necessary.
There have been several types of
compliance meters' and mechanical
impedance bridges® used which have
been very useful for determining
the value of the compliance of a
phonograph pickup. Some of the
instruments used in the past, how-
ever, have been strictly laboratory
instruments and involve time-con-
suming labor to make a measure-
ment or to calculate the compliance.

The compliance meter illustrated
is simple to construct and easy to
use. The compliance in centimeters
per dvne may be read directly from
a specially calibrated vacuum-tube
voltmeter by merely placing the
stylus of the pickup on the vibrat-
ing element.

The effective mass of a tone arm
may also be determined from the
data obtained.

The vibrating system of the com-
pliance meter is composed of a
cantilever reed which serves as the
armature of a magnetic driving
system. A piezoelectric ceramic
slab is cemented to this reed in such
a manner that a voltage is developed
which is proportional to the dis-
placement of the reed. Machined
into the top of the reed are V slots
to facilitate the application of the
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stvlus point to the reed. A sche-
matic drawing of the vibrating sys-
tem is shown in Fig. 1.

When an alternating force is ap-
plied to the reed by sending a cur-
rent through the driving coil, the
reed will vibrate with a velocity of

v=f/Znm (1)

where v is the velocity in centime-
ters per second, f the force in dynes
and Z, the mechanical impedance
in mechanical ohms.

The mechanical circuit of such
a system is simply a series circuit
composed of the mass A of the reed,
the compliance C, of the reed, and
the mechanical resistance R of the
reed, as shown in Fig. 2. The force
required to overcome the reactance
of the compliance is f..

When a lateral stiffness load such
as the stylus of a phonograph pick-
up is applied to the reed as shown
in Fig. 1, the stiffness at the stylus
point will be added to the stiffness
of the reed, and the reed will vibrate
with a different amplitude due to
the added stiffness of the stylus.
The mechanical circuit of the sys-
tem is shown in Fig. 3. The resist-
ance of the system is neglected as it
is quite small.

When the system is vibrating
with no load applied, the compliance
to be measured, C,, is shorted in
the circuit diagram. When the load
is applied the short is removed from
C,. From the mechanical circuit
under no load conditions

1

jwCR
e (2)

jwCr

7
Je =
JoM -

where f. is the force required to
overcome the stiffness of the reed
under no-load conditions, C, is the
compliance of the reed, M is the
equivalent mass of the reed, and o
= 2zf (where f is the frequency).
Under loaded conditions

AL
2R L 3)
joM 4+ 1 1
joCr  joCs

where f.” is the force required to
overcome the stiffness of the reed

under loaded conditions. Combin-
ing these two equations,
P I 1YL=
o = [t + o | 7 @)
. i _ Ci_ -
CG=7"F [1 — W MC )
For frequencies well below the
resonant frequency
1 >> w2 MC (6)
and the equation reduces to
/e Cr
Cz e 77 7
A )

The ceramic generates a volt-
age proportional to the displace-
ment, and the displacement is pro-
portional to f, and f’,

e « foand ep « f'; (8)

,~CERAMIC

DRIVING
_.colL
COIL
TERM{NALS :
\\\\\\ d // y\ j CERAMIC
//(\//,{ z %,,\,‘_;,/ TERMINALS
i/

S-MAGNETS

FIG. 1—Components of the vibrating sys-
tem
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For Pickups

Stylus point is placed on a vibrating reed on which is cemented a piezoelectric ceramic

slah whose output voltage is indicated on a vacuum-tube voltmeter that may be calibrated

in centimeters per dyne of compliance

where e, is the voltage generated
under no-load conditions and e, is
the voltage generated under loaded
conditions. The unknown compli-
ance C, may now be written as

er, C}e
s & — eL ®)
The compliance C, of the reed may
be determined by applying a known
compliance such as a cantilever reed
as a load. The compliance of a
cantilever reed may be calculated by
413
= Ey ¢ o)
where C is the compliance in centi-
meters per dyne, L is the length in
centimeters, b is the width in centi-
meters, ¢ is the thickness in centi-
meters, and E is the modulus. The
compliance Cr of the reed can now
be determined by

£

I

FIG. 2—Mechanical circuit of the vibrat-
ing system

_ 0 — €L
CR—C[ — :I

To measure compliance, the driv-
ing coil of the compliance meter is
connected to an oscillator. The
measurement should be made at a
frequency above the tone arm reso-
nance of the pickup and well below
the resonaunce of the vibrating reed
of the compliance meter.

The terminals of the piezoelectric
ceramic are connected across a
vacuum-tube voltmeter of at least
0.5-megohm input impedance. The
output of the oscillator may be set
so that the vacuum-tube voltmeter
reads full scale when no load is
applied.

When a stiffness load is applied
the meter will read less than full
scale by an amount depending on
the ratio of the stiffness of the load
to the stiffness of the reed. By
the use of Eq. 9 the meter may be
calibrated in centimeters per dyne.

When @ measurement is desired
at a frequency above about one
third the resonant frequency of the
reed, the mass of the reed must be
considered and Eq. 5 used. A
measurement should never be made
at a frequency within 100 cycles of
the resonance of the reed, as the
resistance of the system would then
have to be considered.

The effective mass of a tone arm

(1)

. ., w 1.5 = = -
—_— = = — y.
1- fé E 1.4 v‘/
| | S -
‘ CR | B Z e it |
| € 10 V.4
; | oo 3 s
| 0.8 7
f § 06| A |
| e 504 | |
202 [
= y
1 1L a 8 O Kl S S W S S T —
1R 20 506064 70 74 78 80 82
& E, -READING IN MILLIVOLTS
FIG. 3—Stiffness load added to the FIG. 4—Typical chart of compliance ver

mechanical circuit
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sus loaded voltage

mav be determined by placing the
tone arm on the vibrating system
so that the point of contact is at the
same position as the stylus would be
and measuring the resonant fre-
quency of the system by observing
the voltage maximum on the meter.
The cffective mass of the tone arm
may then be calculated from

M= L 12)

472 [ Cr
where M is the effective mass of the
tone arm and f, is the resonant fre-
quency of the system.

Care should be taken that the
vibrating reed is parallel to the axis
of the pickup cartridge when a
measurement is made. The reed
should not be driven at a displace-
ment high enough to produce rattles
or too great nonlinear distortion,

The tone arm should be quite
rigid and massive enough to have
a low tone arm resonance with the
lowest-compliance cartridge to be
measured.

In the compliance meter illus-
trated the resonance of the reed was
800 cycles per second with a compli-
ance of 0.32 x 10°° centimeter per
dyne. The no-load voltage output
of the ceramic slab is set at 0.1 volt
without producing appreciable non-
linear distortion.

A chart of compliance versus the
loaded voltage output of the cera-
mic slab, when the no-load voltage
is set at 0.1 volt, is shown in Fig. 4.
For rapid measurements, the cali-
bration of a vacuum-tube voltmeter
to read in centimeters per dyne with
a full-scale setting of the no-load
voltage is recommended over the
use of a chart.
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(1) B. B. Bauer, Measurenment of Me-
chanical Compliance and Damping of
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(2) A. M. Wiggins - Mechanical Im-
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Properties of

CONDUCTIVE PLASTICS

New conductive materials can be molded like ordinary plastics vet have electrical re-
sistivities approaching that of mercury. Many can be soldered or electroplated directly.

Promising applications include shielding, molded circuits, resistors and commutators

N INCREASING NUMBER of engi-
A neering problems require for
their solution structural assemblies
having selected properties of both
metals and plastics.

Efforts to secure desired com-
binations of metallic and plastic
properties usually depend upon such
methods as incorporating metal in-
serts in plastic bodies at the time
of molding, coating formed metal
parts with plastic insulator mate-
rials and metal-cladding molded
plastic objects. The most exten-

e =
5
[
MARKITE | o =3
[conpucTivE] 253,28
PLASTIC = & 32258
o
MATERIALS | 5 @ Z 85238
GLASS
’ | —__ 5 =
5 W
| RUBBER 5
Ag Ay | PORCELAIN ©)
1 Au ——
'lHq METALLIC DRY HARD wOODS
Lol ELEMENTS —_—
Co AL IR o Bl T
S8 -4 o 4 B 2 16 20
LOGARITHM OF RESISTIVITY
FIG. 1—Resistivity spectrum, showing

range covered by new conductive plastic

sively employed method of metalliz-
ing plastics is electroplating. How-
ever, since all ordinary plastics are
good insulators, it is necessary to
first render the surface conductive
in order that plating can take place.
This is accomplished by such means
as applying a conductive undercoat
such as a silver mirror deposit,
graphite-wax layers or conductive
bronzing lacquers.

For many purposes, the above
procedures are partially or wholly
unsatisfactory. Thus, metal-to-
plastic bonds may be subject to
severe stresses and may fail at ex-
tremes of temperature due to the
great disparity in thermal ex-
pansion coefficients of the two mate-

rials. Similarly, the use of a con-
ductive undercoat as a base for
metal plating introduces other

processing operations with attend-
ant expenses and sources of rejects;
deep recesses and isolated flat areas
involve special difficulties.

which can be molded like ordinary
plastics and can be directly plated
offer a solution to many of these
problems. Quite apart from serv-
ing as a base for electroplating, the
materials have other useful and
unique applications as engineering
materials. Thermosetting, therm-
oplastic and elastomeric variants
have been produced, many of which
exhibit enhanced thermal conduc-
tivity and heat stability.

As indicated in Fig. 1, Markite
conductive plastics have been pre-
pared which encompass a fairly ex-
tensive range of resistivity values.
Appearances vary from dark, opa-
que, semimetallic-looking materials
to completely transparent ones.
Most of these materials may be
classified as organic plastics and
seem to depend chiefly on high poly-
meric carbon-carbon chains and net-
works for their plastic structure.

Current costs are of the order of
several dollars per pound. Since

materials Electrically conductive materials  the molding operations are normally
PSI X103 % PSI X 103 PS| X 103 FT LB/IN.NOTCH
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FIG. 2 — Twelve properties of MS-501, representative mens of one typical general-purpose phenolic were used as

conductive plastic material, shown in relation to corresponding
properties of general-purpose phenolics (shaded areas). Speci-
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test controls. In general, conductive properties are obtained
in the new materials with no sacrifice of other desirable prop-
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Samples of typical thermosetting, thermoplastic and elasiomeric
Rods at left have less than 1 ohm resist-
Leads are soldered directly {o ends of

conductive plastics.
ance between ends.

resistor section at right. Disc sample with four terminals was
used to check homogeneity of material, by measuring resist-
ance between various pairs of terminals in turn

not conventional and special pre-
cautions must be observed, present
arrangements are designed to furn-
ish parts molded to the user’s speci-
fications rather than molding
powders.

More detailed properties of a
representative conductive plastic
are indicated in the bar graphs of
Fig. 2, which also provide a refer-
ence comparison with the familiar
general-purpose phenolics. In order
to have a more specific yardstick
and a cross-check on the test meth-
ods, specimens of a single typical
general-purpose phenolic were In-
cluded as test controls. Control
samples were molded, stored and
tested under the same conditions as
the conductive plastic samples.

Mechanical Properties

Test observations and compari-
sons with respect to specific gravity,
ultimate tensile strength, elonga-
tion, tensile modulus of elasticity,

sive strength, impact strength and
hardness show that the new conduc-
tive material behaves like the refer-
ence phenolics with respect to all of
the general and mechanical proper-
ties examined, as indicated in Fig.
2A, B, C, D, E, F and G. Acceler-
ated weathering tests showed sub-
stantially the same weathering re-
sistance as the general-purpose
phenolic control, with both exhibit-
ing little or no deterioration of
these mechanical properties under
the conditions of test. Incidentally,
in most applications involving use
as an electrical conductor, insulator
coatings or envelopes would prob-
ably be employed for electrical pur-
poses; bare specimens were em-
ployed in the above tests without
benefit of such supplemental pro-
tection.

Thermal Properties

The specific heat (Fig. 2H) falls
in the range of the typical plastic

temperature (Fig. 2I) is distinetly
on the high side of the general-
purpose range. Irrespective of the
electrical properties, a high heat
distortion temperature is definitely
advantageous when a molded part is
to serve as a structura] member at
elevated temperature.

The enhanced heat distortion re-
sistance may be at least in part a
result of the comparatively high
thermal conductivity, shown in Fig.
2J as being approximately four
times that of the average general-
purpose phenolic. High thermal
conductivity favors more even cur-
ing of large masses.

Many applications require com-
posite structures made up of insu-
Iators and conductors. Conductive
metallic inserts mounted in non-
conductive plastic masses are exten-
sively used in the electrical indus-
tries. Difficulties often arise due
to the differences in thermal expan-
sion coefficients; thus, general-

ultimate flexural strength, compres- materials. The heat distortion purpose phenolics have coefficients
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erties of ordinary plastics.

Material MS-501 is thermosetting,
black in color, and can be fabricated by compression molding,

machining and grinding. Water absorption (gain) is 0.55 per-
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of

cent; moisture vapor transmission is 44 g/10J sq in./24 hr/mil:
flexural modulus of elasticity is 11 x 10°° psi: tensile modulus

elasticity is 13 x 10°° psi
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of the order of 2.5 times that of
copper. These difficulties are natur-
ally accentuated at extreme temper-
atures and may result in loose-fit-
ting parts or splitting and deforma-
tion on shrinkage.

The thermal expansion coefficient
(Fig. 2K) of the conductive plastic
is squarely in the range of the gen-
eral-purpose materials, permitting
the combining of the two particular
plastic materials (which happen to
be comoldable) without shrinkage
difficulties. The thermal expansion
of both materials is the same over a
temperature range extending from
below —50 to 80 C (—60 to 180F).
Comoldings of both materials ex-
hibit good integral bonding char-
acteristics.

Electrical Properties

Conductivity (Fig. 2L) is of the
order of a trillion times that of the
reference general-purpose plastics,
and definitely in the range of the
substantial electrical conductors.
However, low resistivity is in itself
of little value for most electrical ap-
plications unless reasonable pre-
dictability and reproducibility of
behavior with respect to the chief
operating variables can be expected.
Important variables include temper-
ature, current density, duration of
loading and frequency.

The resistivity increases in a
simple and essentially linear man-
ner with increasing temperature as
indicated in Fig. 3. The tempera-
ture coefficient of resistivity of ap-
proximately <+ 0.2 percent per
degree C is, for many purposes, de-
sirably low. The value is roughly
one half that of the most familiar
conductor materials—copper, silver
and aluminum.

The effect of current density on
resistivity is indicated in Fig. 4.
For current densities up to about 16
amp/em®, the resistivity is inde-
pendent of the current density and
the material follows the simple
Ohm’s Law relation. In the neigh-
borhood of 30 amp/ecm® destructive
pyrolysis appears to take place. At
lower current densities the be-
havior is reversible and resistivity
values check on repeated testing
cycles. The increase of resistivity
in the 10-30 amp/cm*® band is
primarily a temperature effect.

At moderate and low current
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dengities, the resistivity is stable
and apparently exhibits no tendency
to drift or vary significantly after
an appreciable number of hours of
continuous loading.

For the range from d-c to 40 me,
resistivity appears to be inde-
pendent of frequency.

A number of these conductive
plastics are compatible with each
other and can also be blended with
certain conventional insulator plas-
tics to yield materials of intermedi-
ate resistivities. Predictable and
reproducible variations can also be
secured, within limits, by the in-
corporation of different fillers and
plasticizers and modifications of the
processing methods. It is thus pos-
sible to produce plastics of preas-
signed resistivities over a substan-
tially continuous range of values.
The extent of this range has been
indicated in Fig. 1.

Future Possibilities

Roughly summarized, it is feas-
ible to design materials having any
desired resistivity from approxi-
mately one megohm-em to less than
one milliohm-cm. There is evidence
that the range may be extended up-
ward to at least 1,000,000 megohms
and probably may be extended
downward to values approaching 10
microhms. The present conductive
plastic materials have resistivities
which span the range of the moder-
ate and semiconducting metals and
the high-conductivity rubbers. This
range includes all of the common
aqueous solutions of electrolytes
such as acids, bases and salts. The
present band is approximately
bracketed between multiply-distilled
water and mercury,

Resistivity values for a number
of specific conductive materials are
given in Fig. 5. Of those listed,
MP-401-8, MP-401-11, E-473 and
M-485 are thermoplastic; the others
are thermosetting. Lower-resistiv-
ity thermosetting and higher-re-
sistivity thermoplastic materials
have also been produced.

A unique member of the series is
£-473, which has distinet rubber-
like properties. Strips of this elas-
tomeric material have been revers-
ibly bent and twisted through arcs
of more than 180 degrees without
undergoing major changes in con-
ductivity during or subsequent to

deformation. This material has over
1,000 times the conductivity of the
highly conductive rubbers.

Applications

In many applications, such as de-
vices intended for aircraft use, a
special premium is placed on low
total weight. Similarly, low density
is often desired of parts which are
to be rotated at high speeds in order
to minimize centrifugal stresses.
The favorable conductivity-weight
ratios of a number of conductive
plastics commend them for such
purposes. The strength-weight
ratios also compare favorably with
those of the metals.

The wide range of resistivities
available and the desirable loading
and temperature characteristics na-
turally suggest the use of these
materials as resistors. There ap-
pears to be a serious need for rela-
tively inexpensive low ohmic value
(0.5-0.01) rvesistors suitable for a
frequency range in the neighbor-
hood of 100 me. The present mate-

rials are promising for such
purposes.
For a given material, a wide

range of resistances may be secured
by merely varying the path length
and cross-section. It is intrinsic-
ally just as easy to mold a tapered
resistor or the kev member of a
tangent potentiometer as it is to
mold a plain uniform linear re-
sistor. Cooling fins can be molded
integrally.

Many devices such as certain
wave guide auxiliaries, attenuators
and pads require high surface con-
ductivity; the conductivity of the
interior structural material may not

Sample of true elastomeric conductive
plastic, being twisted
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be as important. Often, intricate
shapes are involved which demand
elaborate machining and close toler-
ances. Conductive plastic parts
precisely molded and directly plated
with silver are inherently promising
for such applications.

Protective devices which depend
upon destructive action of prede-
termined overload currents may be
directly molded.

There is evidence that wide but
controllable variations of resistivity
with temperature may be designed
into these conductive plastic mate-
rials.

Irrespective of electrical func-
tions, it is often desirable to have
parts which can be fabricated with
the ease and speed of ordinary plas-
tics but which possess higher heat
distortion temperatures and greater
flame resistances. Several of these
conductive plastics are superior in
these respects, partly because of
their relatively higher thermal con-
ductivities.

Static electricity is a frequent
source of annoyance. In the hand-
ling of explosives and in surgical
procedures involving the use of
anaesthetics, it has been a cause of
many recorded deaths. Storage
containers, casters, handles, fun-
nels and laboratory appliances, in
general, molded from conductive
plastic materials will not build up
undesirable static charges.

Cabinets, instrument cases and
related members may be simultane-
ously furnished with shielding
properties at the time that they are
being molded on a mass-production
basis. In addition, the enhanced
thermal conductivity will tend to
minimize overheating effects.

Molded Circuits

By comolding compatible conduc-
tive and ordinary plastics of
matched temperature coefficients,
composite assemblies may be fabri-
cated in which the joints and inter-
faces are liquid-tight and gas-tight
and will remain so over a wide
temperature range.

Two and three-dimensional elec-
tric circuits can also be molded. In-
stead of requiring a panel on which
to mount wires and terminal equip-
ment (or to print a circuit with
conductive ink) the wiring itself
may be molded, threaded, tapped
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FIG. 3—Eiiect of temperature on resistiv-
ity of type MS-501 conductive plastic

and heat-bonded to provide a com-
pact and adequate support for
tubes, capacitors and other parts.
Soldered connections and awkward
lead wires may often be reduced in
number or eliminated completely.
Certain conductive plastics may be
soldered to directly.

Such molded circuits may be used
by themselves or in cooperation
with printed and other circuits. In
common with printed circuits, they
would possess the inherent advan-
tages of mass-producibility and lend
themselves to uniform and compara-
tively foolproof manufacture since
the correctness of most connections
would be fixed by the master dies.
Stocks of many miscellaneous parts
and supplies would be replaced by
a few molding powders and corres-
ponding molded sections.

Three-dimensional configurations
will permit the utilization of
corners and other irregular, incon-
venient and frequently wasted re-
gions, thus further favoring minia-
turization of equipment and allow-
ing movre space for other items such
as batteries.

Plastic commutators are special
examples of molded three-dimen-
sional circuits. Apart from simpli-
fied fabricating procedures, possible
advantages include the natural
tendency for matched plastic con-
ductors and plastic insulators to
wear down together more uni-
formly. By similar matching of
thermal expansion coefficients, close
relative dimensional tolerances may
be preserved over a wide tempera-
ture range.

Elements may be made to develop
heat by both ordinary resistance
and induction effects. Rubber-like
as well as rigid types may be fabri-
cated to form jackets, panels and
immersion units. Complex curved

FIG. 4—Effect of current density on re-
sistivity of MS-501 conductive plastic
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FIG. 5—Representative resistivity values
of various Markite conductive plastics,
compared with familiar conductors

shapes which will conform to preas-
signed contours may be built up in
sections and often as a single unit.

It is implied in the above ex-
amples that no one type or grade of
conductive plastic can be expected
to serve all purposes efliciently.
However, there is a fair chance of
satisfying almost any reasonable
specification.
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VHF Dummvy Antennas

Engineering Head

By B. E. PARKER

F-M Department
Gates Radio Company

Quincy, Illinois

FIG. 1-—Low-power dummy antenna con-
sists of a debased 32-volt bulb and a
variable capzcitor

HE INCREASING NUMBER of vhf
Tstations has accented the need
for revision of test techniques and
equipment designed for operation
on the lower frequencies.

At 100 megacycles, a load used as
a dummy antenna on the low fre-
quencies may have a reactance sev-
eral times its d-c resistance, with
consequent introduction of a high
standing-wave ratio. Standing-
wave ratios which do not exceed a
ratio of 1:1.5 are generally consid-
ered acceptable in the industry and
the three dummy antennas illus-
trated meet this requirement.

The 25-watt unit shown in Fig. 1
handles 25 watts up to 160 me with
a standing-wave ratio under 1:1.3
when properly adjusted.

The 1,000-watt unit, Fig. 2,
handles slightly over 1,000 watts at
any frequency in the f-m broadcast
band with a standing-wave ratio
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which does not exceed 1:1.3 after
the initial adjustment. With reas-
onable care in building and adjust-
ment it may be adjusted to give a
standing-wave ratio under 1:1.1 at
any given frequencyv in the f-m
band,

The 5,000-watt unit is illustrated
in Fig, 8. It presents a nonreactive
resistive load well beyond 160 mec.
Standing-wave ratios under 1:1.1
will be obtained up to 160 mec with-
out any kind of adjustment. This is
a marked advantage in laboratory
applications and in factories for
testing high-power transmitters.

Each of the dummy loads de-
scribed has been used by the final
test engineers in our f-m depart-
ment. For 10-watt f-m campus
transmitters and communications
transmitters, the 25-watt load has
proven popular, due largely to com-
pactness and ease in connecting to
the transmitter under test.

25-Wati Load

The only parts required for con-
struction of the 25-watt dummy load
are a 25-watt, 32-volt light bulb, an
Amphenol type 83-1SP plug, and a
Hammarlund type APC25, 25-uuf
capacitor.  The 32-volt light bulb
is of the popular rural-lighting-
system type and is readily available
from electrical supply houses in
most localities.

The base of the bulb must be re-
moved. A hacksaw, a soldering iron
and a pair of diagonal cutters will
do the job nicely without breaking
off the two wires. One side of the
bulb is soldered directly to the
center conductor of the plug. The
capacitor is soldered in series with
the plug shell and the remaining
bulb wire. The rotor connection
of the capacitor should connect to
the shell. The 25-watt dummy load
shown in Fig. 1 has a one-inch
length of polyethylene dielectric
pushed over the center lead to make
the bulb self-supporting. The poly-

ethylene was obtained from a piece
of RG8/U coaxial cable.

1,000-Watt Load

The 1,000-watt dummy load has
been of real value in field-engi-
neering use and should prove popu-
lar because of its portability to sta-
tions that experience difficulty in
the transmission system from the
transmitter up to and including the
antenna, When excessive standing-

wave ratios are experienced in the
transmission-line system, the trans-
mission line may be pulled apart
and terminated with the dummy,
thus isolating the difficulty to the
antenna, isolating unit, or section
of coax causing the difficulty.

FIG. 2-—Ten 100-watt bulbs and a variable
capacitor form the 1.000-watt load

While the dissipation or power-
handling capabilities of this partic-
ular dummy load is limited to a
little over 1,000 watts, this does not
limit its uses to stations of 1,000
watts or less. Most 3-kw f-m trans-
mitters can be reduced in power to
a kilowatt by means of transformer
taps for the isolation procedure.

To make the 1,000 watt dummy
load, ten 100-watt, 120-volt Sylvania
light bulbs are connected in parallel
by means of three twelve-inch
lengths of No. 8 or No. 10 tinned
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Three dummy loads for transmitter powers ranging from 25 to 5,000 watts and frequencies

up to 160 megacycles are easily constructed. Voltage standing wave ratios are well under

1:1.5 for all types described

copper bus wire. The bulb shells
are all soldered to the middle length,
with five on each side. The second
length of bus is laid across the bulb
center-contact point of one row of
bulbs and soldered, joining the five
bulbs together. The remaining
length of bus is laid across the
center contacts of the other row
of bulbs and likewise soldered.

The two outer rows of bus are
joined by a short length of copper
strap at least 1 inch wide. This
copper strap serves as the connec-
tion point for the inner conductor
of the coax. A Cardwell variable
capacitor is connected, by means of
a copper strap, in series with the
shells of the bulbs and the outer
conductor of the coax. It is para-
mount that connections be kept
short.

The 1,000-watt dummy shown in
Fig. 2 has a ten-foot length of
RG8/U coax with various adapters
attached to assist in connecting to
different types of fittings.

5,000-Watt Load

The materials for the 5,000-watt
unit are an IRC type LP 51.5-ohm
dummy resistor unit and a short
length (approximately 14 inches)
of 33-inch coaxial cable with end
flange attached. Cooling is done
by a filtered water flow of five gal-
lons per minute. A rubber hose for
carrying the water and the neces-
sary hose fittings and clamps for
attaching it to the dummy and the
water supply are also required as
shown in Fig, 3.

The type LP resistor slides down
into the 3%-inch coax with the
flange fingers gripping the outer
conductor. The lower end of the
resistance element is attached to
the inner conductor of the coax by
means of a 10-32 screw.

The hose carrying the incoming
filtered water is connected to the
resistor fitting marked INLET. The
ontgoing heated water is carried

ELECTRONICS — October, 1949

off by an additional length of hose
to the plumbing drainage system.
A fine-screen wire filter unit may be
obtained from a plumbing supply
house for insertion in the intake
line. The filter prevents abrasive
material, practically always present
in water mains, from wearing away
the thin ecarbon film constituting
the resistive element. Cost of the
element is around $70 and the com-
pleted dummy should be under $100.
This type dummy load may be
increased to 10 kw by using a 3-
inch T plumbing fitting and paral-
leling two 103-ohm type LP units.

Bulb Loads

It would appear that the number
of bulbs could be reduced by using
bulbs of greater wattage but this
has not been found practical. The
larger-wattage bulbs develop hot
spots on the filament, destroying it
before it can be brought up to bril-
liance. Also, a type of fluorescence

occurs, often accompanied by in-
ternal arcing.

FIG. 3—Complete 5,000-watt dummy an-
tenna is shown at left. The resistive
element is at right

G Ly R

(B)

FIG. 4—Basic representation of R, L and
C is shown at A, Complexities created
by bulb shell and mount are shown at B

The d-c resistance of the bulbs
when paralleled and operating at
full brilliance figures out to be 14.4
ohms. This is far from the 51.5
ohms desired. Apparently the act-
ual resistance is raised to 51.5 ohms
at vhf due to the predominance of
gkin effect.

Figure 4A is an over-simplified
schematic representation of the
complex inductance, capacitance and
resistance present in bulb-type
dummy loads. Resistance R, repre-
sents the 51.5-ohm resistance in
which we are primarily interested;
L. represents the series inductance
due to the filament structure and
length; C, is the external capaci-
tance added to series-resonate L, to
the operating frequency and make
the load appear purely resistive.

In practice, the complex react-
ances are more nearly represented
by Fig. 4B. Capacitance C, repre-
sents the shell and lead capacitance
in the base of the bulb; R. repre-
sents the insulating material used
in the base of the bulb as well as
the losses of the glass filament-sup-
porting structure due to the high
lead content used in the glass; L,
represents the inherent inductance
present in even the short external
lead lengths used as connections as
well as unavoidable inductance
present in the capacitor construc-
tion.
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Anastigmatic Yoke

Loss of picture detail in the corners of large tubes is caused primarily by spot or deflection
refocusing and can be corrected by means of a deflection voke that provides nonuniform
deflecting fields that restore the spot to its proper size

FIG. 1 —Top pattern obtained with urcorrecied yoke and bottom pattern with anastig-
matic yoke
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WO TYPES OF DISTORTION fre-
Tquently encountered in televi-
sion pictures are pattern distortion
and spot distortion.

Pattern distortion is a deviation
from the desired rectangular frame
and appears in the form of barrel
or pin-cushion geometry. Non-line-
arity of the scanning presentation
is a by-product of these geometric
distortions.

Spot distortion, also known as
detlection defocusing, causes a loss
of picture detail in the corners of
the picture. This eftect has passed
almost unnoticed in the smaller pic-
ture tubes. However, with the ad-
vent of large screens, such as the
16-inch tube, detlection defocusing
becomes quite noticeable since these
tubes are subject to viewing at
relatively close range.

In Fig. 1, the top photo shows a
picture exhibiting deflection distor-
tion, giving an idea of the magni-
tude of the defects involved. This
picture was obtained from a local
nmonoscope generator, using a
standard commercial deflection voke
and a 16-inch tube. The bottom
photo shows the same picture taken
with an anastigmatic yoke in use.

Spot defocusing can be compen-
sated by the use of nonuniform
deflecting fields which have a suit-
able and controlled amount of in-
herent field distortion. In so doing,
a slight amount of pattern distor-
tion is traded for spot defocusing
and the deflected spot is restored to
its original size. A deflection yoke
with this quality has been tenta-
tively termed anastigmatic yoke.

Practical tests with commercial
picture tubes have shown that the

Presented at 1RE National Convention,
New York, Mareh 1919,
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for Picture Tubes

By K. SCHLESINGER

Motorola Ine.
Chicago, Illinois

pattern distortion introduced by an
anastigmatic yoke is so small that
it may not be noticed, whereas the
original deflection defocusing is
easily detected. It is further found
that the adjustment of the yoke for
minimum astigmatism often coin-
cides with good rectangular geom-
etry. One reason for this may be
that the field distortion in the yoke
as required for focus correction is
of a type which, by itself, would
produce barrel distortion on the
screen. On the other hand, mag-
netic deflection from an undistorted
sawtooth current tends to project,
on a flat-face screen, a pattern of
pin-cushion geometry. Both effects
are small and of opposite sign, so
that they tend to cancel.

Astigmatism of Electron Beam

It is widely believed that a uni-
form field of deflection is all that is
needed to maintain proper focus,
even on a flat screen.” However, this
holds only for very small angles. It
may be shown, and has been con-
firmed by experiment, that mag-
netic deflection is inhevently astig-
matic even in a uniform field. This
is due to the circular nature of
electron trajectories in a magnetic
deflection field.

Figure 2 illustrates this in a
somewhat simplified manner. It
shows a pencil of cathode rays, rep-
resented by an axial ray 1 and a
meridial ray 2. Both rays are
brought to a point focus on the axis
at P. If a magnetic field H, is ap-
plied over a region L, both rays will
describe circles of radii r, and 7,
in the field, and leave it in the direc-
tion of the tangents at B, and B.,
with no change in velocity along
their path. The sagittal®* focus P
will therefore move in a circle with
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radius C; — P around a center of
deflection C, which coincides very
closely with the center of the mag-
netic field. (The deviation is less
than 10 percent for angles up to
==30 degrees). The meridial ray 2,
however, is deflected too much, so
that the meridial focus @ moves in-
ward along ray 1. Simple analysis
shows that the focus @ for meridial
rays 2 moves on a surface whose
curvature at the apex P is three
times that for the sagittal rays 1.
Accordingly, a spot focus at P will
be distorted, by deflection, into a
line focus @’Q”, and produce radial
astigmatism.

This condition cannot be cor-
rected by variations of the axial
focusing system. It can be cured,
however, by introducing a con-
trolled amount of nonuniformity
into the deflecting field. What is
needed is a change of the field in-
tensity H, in the direction of deflec-
tion and in such a way that the field
becomes stronger with increasing
distance off axis. This will then
deflect beam 1 more and beam 2 less
than shown in Fig. 2. Such a field
introduces some degree of barrel
distortion, but it restores the spot
to its original shape and size at
wide angles of deflection.

Theoretically, the spot in Fig. 2
would stay focused on a plane
screen through P if the trajectories
were parabolas rather than circles.
This seems to suggest that electro-
static deflection is in a more favor-
able position than magnetic deflec-
tion as far as astigmatism is con-

FIG. 6-—Eight-coil yoke with mount and focus coil

cerned. Unfortunately, this is not
so in practice since the idealized
setup of Fig. 2 cannot be realized
with electrostatic deflectors without
introducing troublesome chromatic
aberration due to electron accelera-
tion in the fringe fields.

In practice, electrostatic detlec-
tion lends itself less well to wide-
angle operation than magnetic de-
flection.® It is practical only for
angles below 30 degrees, while mag-
netic deflection handles almost twice
that angle.

For a given angle of deflection,
the magnitude of astigmatism on
the screen depends on the beam
diameter within the field. Present
tubes like the 16LP4 have a meas-
ured beam spread of only about two
degrees, which means a beam diam-
eter of approximately 4 inch inside
the yoke. The astigmatic aberra-
tion is less than half of that value,
or about two lines. This is tolerable,
and hence it follows that astigma-

SIN {3%) o

THIRD HARMONIC

WINDING
ARRANGEMENT

«
D =fn(_‘)d-\

'112
or a5 [DSNBIox
«:0

WINDING DISTRIBUTION

EQUIVALENT MAGNETIC
SHEATH

THIRD-ORDER TERM

ANASTIGMAT WITH
ALTERNATE WINDING

5 Ns s . 2
A3=0FOR "2/ = &y

CONDITION FOR
ANASTIGMAT ISM

FIG. 5—Anastigmatic deflection yoke with alternate winding
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tism in a uniform field is only partly
responsible for the much greater
aberrations observed in practice.
The main cause for deflection de-
focusing lies in the nonuniformity
of the deflecting fields themselves.

Astigmatism of Deflection Coils

We have considered the inherent
astigmatism of the electron beam
in a uniform magnetic field of de-
flection. This astigmatism of the
beam may be corrected by some
controlled nonuniformity of the
field.

We are, therefore, interested in
a simple and workable theory of
nonuniform fields inside the deflec-
tion yokes. Such a theory should
demonstrate the relationship be-
tween field distortion and ampere-
turn distribution, so that it may be
possible to control the one by the
other. The following theoretical
approach is based on a number of
simplifying assumptions. The prob-
lem is considered as two-dimen-
sional and the effects of fringe
fields are neglected. The results of
the theory apply therefore only to
cylindrical deflection coils of the
parallel-wire type. However, those
coils yield the highest deflection
sensitivity for given volume.*

As a further simplification, the
electron trajectories through the
voke have not been calculated. In-
stead, characteristics of deflection
are predicted from the field config-
uration in the plane of reference,
which is a cross section through the
center of the yoke. This procedure
is permissible as long as the yoke
may be considered thin as com-
pared to the total pencil length.
This, and the other simplifications,
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FIG. 7—Arrangement of test equipment for control of deflection distortion and defocusing

are best justified by the success of
the theory in its practical applica-
tions.

Figure 38 shows the theoretical
procedure used to study the field
problem in yokes. Figure 3A shows
some arbitrary distribution of
wires on the surface of the cylinder,
all being energized by the same cur-
rent. Fig. 3B shows the application,
to this problem, of Ampere’s theo-
rem of the equivalent magnetic
sheath. The rule states that the
magnetic field inside the cylinder
may as well stem from a magnetic
double layer on the surface, with a
specific dipole moment, per unit
area, of I/c. Here, I is the current
bounding the surface element in
question. Since the double layers
are piling up on top of each other,
the equivalent dipole moment at any
point on the surface is proportional
to the sum total of ampere-turns
between this point of reference and
the nearest pole (a =0).

By the next step (Fig. 3C), the
problem becomes very similar to an
equivalent boundary problem of
electrostatics. The magnetic field
inside the cylinder may be consid-
ered as the gradient of a scalar
magnetic potential ¢ . which in
turn is uniquely determined by a
potential distribution ¢ & ., at the
surface. The latter follows from
the magnetic double layer and is,
to a good approximation, propor-
tional to its dipole-moment, the
enclosed ampere-turns.

a
¢~ S n@de
a=0

Considering the conditions of
symmetry in our problem, the mag-
netic potential then appears in the
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following form

¢ = a; rsin @ + a3 3 sin (3a)
+ a5 P sin (5a) + . . . (1)

The coefficients a, in this form are
actually the Fourier coefficients of
the potential distribution ¢ . on
the boundary

ar = — J ¢ .sin (ko) da (2)
™ 0
Hence, we have control over the
coefficients a, in Eq. 1, by control-
ling the ampere-turn distribution
on the surface. One well-known ar-
rangement is the deflection coil with
cosine distribution

Ny = COSE  ¢(a) = SID @ 3

Within such a coil, the field is en-
tirely uniform:

@ iry o) = Q1 TSID Q@
az = G = e ==

)

All terms of higher order than the
first eancel out.

In practice, the ideal cosine
distribution has been approxi-
mated by the so-called semi-dis-
tributed type of windings, which
consists of several sections, usually
from three to six in number. Such
yokes are expensive to make and
are worth while only in cases where
beams of very large cross section
are to be handled, such as in the
orthicon, the image dissector tube,
and the like.

We have found that for ordinary
television picture tubes it is un-
necessary to use field correction of
higher than the third order. Mathe-
matically speaking, it is necessary
and sufficient to cancel the third-
order coefficient a; in Eq. 2, but
none of the higher terms. In prac-
tice, this does not require a distrib-

uted winding, but may be accom-
plished by simpler means as will
be shown below (Fig. 5 and 10}.

Figure 4 shows the results of the
theory if terms of higher order than
the third are neglected. Listed are
expressions for potential, field in-
tensity, and the force differential
across the beam diameter. It is
apparent that the third-order co-
efficient a. is equally responsible for
pattern distortion. nonlinearity of
deflection and spot distortion. The
diagrams of Fig. 4 and the table
show more specifically how these
aberrations are correlated.

The shape of the equipotential
lines is indicative of the picture dis-
tortion, since they are at right
angles to both the flux lines and the
beam and henee coincident with the
lines of force of magnetic deflection.
On the basis of Fig. 4, we expect
barrel distortion to be associated
with radial astigmatism, while pin-
cushion distortion brings with it
tangential astigmatism.

If the third order term is made to
vanish, rectangular geometry ob-
tains over most of the field. How-

-
-~

ol

FIG. 8—Relationship between pattern and
spot distortion. Anastigmatic adjustment
is shown in center
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FIG. 9—Detail at wide angles for various stages of yoke correction

ever, the inherent astigmatism of
the beam (Fig. 2) requires for its
correction some slight radial de-
focusing. This may be brought
about by allowing a slight degree of
barrel distortion to remain in the
yoke (a. slightly positive). The ab-
sence of serious defocusing in some
commercial yokes is probably due to
the fact that many of them exhibit
some degree of barrel distortion,
which has helped, more or less ac-
cidentally, to correct for the astig-
matism of the beam.

Alternate Winding

On the basis of the above theory,
it has been possible to develop suc-
cessfully some special arrangements
of windings suitable for obtaining
anastigmatic deflection. One such
form is shown in Fig. 5. This is
an alternate winding. Each com-
ponent of defection consists of two
pairs of coils, so that there is a
total of eight coils on the yoke.
Each pair of coils is composed of
one main or field coil, and one auxil-
iary or corrector coil. Hence the
surface of the cylinder is alter-
nately, and completely, covered with
vertical and horizontal coils.
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Figure 6 shows the appearance of
this yoke complete with focus coil in
a common mounting.

To make this system anastig-
matic, it is necessary to adjust a
critical ampere-turn ratio for each
pair of field and corrector coils. The
design procedure for the yoke is
based on the preceding theory and
is indicated (Fig. 5) in several
steps. The winding distribution
N is Plotted for the first quadrant

of the cylinder, and is integrated to
obtain the equivalent surface-po-
tential function. This is then multi-
plied by the third harmonic of the
angle and the product is integrated.

The yoke will become anastig-
matic if this integral vanishes, that
is, if the shaded areas above and
below the axis are equal. This con-
dition obtains if the main coil pro-
vides 58 percent of the total mmf
of the pair. The turns ratio of
both coils in series connection then
comes close to 1/1.5.

To prove this theory an experi-
mental test was set up as shown in
Fig. 7. Corrector and field wind-
ings were separated and each was
fed sawtooth current from a sepa-
rate amplifier. The ratio of these
current amplitudes and the sign of
the corrector current could be con-
trolled along a potentiometer in-
cluded in the circuit.

The resulting pattern and spot
distortion is shown in Fig. 8 On
top and bottom are the two extreme
cases of barrel and pin-cushion dis-
tortion, while the anastigmatic cor-
rection is shown at the center. The
results confirm the above theory;
radial defocusing occurs along with
barrel geometry, and tangential de-
focusing with pin-cushion geometry.
The anastigmatic adjustment, for
which there is no noticeable spot-
distortion, is found to be also re-
markably free from pattern distor-
tions. This condition occurs at an
ampere-turn ratio of 0.60, in good
agreement with the calculated ratio
of 0.58.

Figure 1 shows the picture im-
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provement obtained with this type
of yoke. The upper part was done
with a-conventional 4-coil yoke. The
bottom picture was obtained with
the anastigmatic yoke. Note the
slight residual barrel distortion,
and the improvement of detail at
wide angles of deflection.

In Fig. 9, a portion of the pic-
tures shown in Fig. 1 have been
repeated. The center view shows
more clearly the improvement in
definition as obtained by the ana-
stigmatic correction. The two com-
panion pictures show how barrel
distortion (bottom) impairs ver-
tical definition, while horizontal
definition (top view) is reduced by
pin-cushion distortion. The anastig-
matic voke preserves full definition
for deflection angles of more than
50 degrees.

The 8-coil yoke is remarkably
sensitive, due to the absence of
dead-angles of winding. Its power-
efficiency lies between 25 and 30 per-
cent.® It is more expensive than the
standard four-coil yoke, but its
higher sensitivity makes it possible
to use simple circuits so that the
total cost of a receiver using this
yoke is not prohibitive.

Slotted Winding

There is still another way to ob-
tain third-order corrvection in a
c¢ylindrical deflection coil. This al-
ternative method has only 4 coils,
but it makes use of their angular
position to obtain anastigmatic
correction.

Figure 10 shows the structure
and design of a slotted voke. This
is a one-layer, four-coil arrange-
ment, which differs from the con-
ventional deflection voke by the
existence of four dead-angles, or
slots around the poles. By proper
design of these slots, it is possible
to make this yoke anastigmatic.

The procedure for finding the
critical slot width is similar to that
used on the alternate winding. The
angle a, for the start of each coil is
left variable and its value is deter-
mined by the condition that the
taird-order term should cancel. It
is found that this happens if the coil
extends from 15 to 45 degrees. The
slots then subtend an angle of 30
degrees at the center. At this set-
ting we get pattern correction.

To obtain spot correction it is
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necessary, as outlined above, to
move somewhat further in the di-
rection toward barrel distortion.
This requires the slots to be nar-
rowed down to about 20 degrees.
At this point wide-angle definition
is practically restored. If the slots
are narrowed down still further,
excessive barrvel distortion results
and the astigmatism returns.
Figure 11 shows the coil form for
a slotted winding, complete with
focus coil. Figure 12 is a dot pat-
tern, taken from an experimental
voke of this kind, which had slot
correction at the vertical poles but
no slots at the horizontal poles. The
picture shows strong radial astig-
matism in the horizontal direction
but practically no defocusing with
vertical deflection. The slotted
winding is somewhat less sensitive
than the alternate winding, since
only two thirds of the available
winding space is used. This slight
disadvantage may be outweighed,
however, by its greater simplicity
and lower cost. The electron-optical
performance of the two types of
vokes is equally good. The slotted
voke of Fig. 10 is emploved in one
of the latest television receivers
produced by this company.

Circuit Technique

The high detlection sensitivity of
the anastigmatic vokes, especially
of the eight-coil type, has made it
possible to use relatively simple de-
No sweep trans-
for

flection circuits.

formers are necessary either

FIG. 11-Winding form for a slotted yoke
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FIG. 12—Slotted-yoke pattern with verti-
cal detflection corrected and horizental
deflection uncorrected

direction, which more than makes
up for the cost of the yokes. In
addition, it was found practical to
use the flyback energy of the yoke
to operate, through a rectifier, the
focus coil of the picture tube. This
method may be developed to a point
where the focus stays fixed over a
wide voltage range.

In a sweep-focus circuit of this
type the focus coil is removed from
its customary connection in series
with the B-supplv. This avoids a
considerable voltagee drop and makes
it possible to operate the receiver
from a low-voltage power supply,
using, for example, a simple voltage
doubler directly off the power line
but no power transformer. A re-
ceiver of this type combines the
benefits of anastigmatic deflection
with economy of cost and operation.

The author is grateful to D. E.
Noble, vice-president and director
of research at Motorola, whose in-
terest and encouragement made this
work possible. He is also indebted
to V. Graziano, for his work on
pulse equipment to test the yokes,
and to Messrs. Costello and Grigg,
who built them.
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FIG. 1—Conventional phototube circuit
using shielded cable

FIG. 2--Low-output-impedance photo-

tube amplifier

FIG. 3—Equivalent circuit of Fig. 2 for
voltage analysis

Phototube Amplifier With

Both amplification and low-impedance output are obtained from a single-stage cathode-

loaded phototube amplifier. Circuit analysis and development are given to show advan-

tages over a conventional cathode follower

By NORMAN ALPERT*

Senior Development Engineer
Hillyer Instrument Company
New York, N. Y.

HE PROBLEM of coupling to a
Tremotely located phototube has
been solved in the past by employ-
ing several feet of low-loss shielded
cable in a circuit such as that in
Fig. 1.

To obtain a low output impedance
and at the same time amplification
of signal, the circuit of Fig. 2 has
been successfully employed. The
phototube is considered to be a con-
stant-current device since it has a
very high internal impedance (of
the order of 100 megohms). This
is a valid assumption for a vacuum
phototube like the 934 when the
plate voltage is kept between 50 and

* Now with Servo Corp. of America,

New Hyde Park, N. Y.
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250 wvolts. Under these conditions,
the phototube current /., can be ex-
pressed as follows:
Ipu = KF (1)
where F' = light flux in lumens

K = proportionality constant
(308 per lumen for the 934)

Yoltage Gain
The equivalent circuit of Fig. 2
is shown in Fig. 8. By Kirchhoff’s
Voltage Law,

—uwEre+IRi+ U — Ipy) Ry
iy ey @

Exg=—LR —Ipy R, 3)
Combining Eq. 2 and 3 and rear-
ranging,

_ — R

1= = 1311 117(:?132 fz; @
The output voltage drop will be de-
fined as

Vo= —1(R+ Ry
The input voltage drop is

Vi=1Ipu R,

Thus, the voltage gain G can be
written as

_ Vo I(RitRy
e Vi Ipy R, (8)
Combining Eq. 4 and 5 produces
Gl = M Rﬂ =l Rz (6)

. > \g,
<R1+R2+1+R1 +R2>Ra
Usually puR, is much greater than
R. and Eq. 6 becomes

H

G =
WRitT ™
Rr
where
Ry = R+ Ity

This result could also be obtained
by considering the triode as a feed-
back amplifier where

B = feedback factor = i _IE‘ oA
&, = gain without feedback =

u (B + Ry)

7‘,, + Rl + R2
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FIG. 4—Equivalent circuit for determin-
ing output impedance

F1G. 5—Output voltage and impedance
for circuit of Fig. 2

4300V
r,10,000

FIG. 6——Practical circuit developed from
that shown in Fig, 2

Low Output Impedance

Hence 6 =
u (B T Ry
G, vy + L+ Ry X
T468 | w4k H
rp R+ R R+ R
m
w bk + 1, + 1 8)
Rr

This result is the same as Eq. 7.

Output Impedance

To calculate the output impedance
of the circuit of Fig. 2, impress a
voltage £ across the output and
set 1,,, equal to zero as shown in Fig.
4. By Kirchhoff’s Voltage Law,

—E4+ L+ L) B+ k) =0 ()]
— wEge+ E+Ir, =0 (10)
Exe = — (L + D) R: (11,
From Eq. 9, 10 and 11,
£ p Rj(

I, ¥ URlij?K+"p
The output impedance iz there-
fore

o Ric
u R+ Rg + 1y
1
wRi+ Ry ) (12)
Ty RK R/\'

E
Zo= 1

The circuit of Fig. 2 can thus be
replaced by a box as shown in Fig.
5, where the minus sign in the ex-
pression for E, indicates that L.
decreases as I, increases.
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It should be noted that although
the output impedance is larger than
that obtained from a conventional
cathode follower, it is considerabply
<maller than that obtained from a
one-stage conventional degenerative
amplifier, In addition, while the
sain of a cathode follower is always
less than unity, the gain of the cir-
cuit of Fig. 2 is of the order of yu,
the amplification factor of the tube.
This is due to the fact that R, is
not grounded, and the input voltage
i= not considered from grid to
ground, but as that across R,.

The circuit may also be consid-
ered as a device for effectivelv in-
creasing the phototube load resis-

10
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FIG. 7—Plot of ouput voltage versus
phototube current

tance K, to a value GR,, thus giving
a higher output voltage and at the
same time presenting an output
impedance which is very much
smaller than R,.

Experimental Results

The circuit of Fig. 6 is a practical
illustration of Fig. 2. Resistors R,
and R, were chosen on the basis of
linearity and favorable operating
point considerations. By means of
q. 8 and 12, the gain was calcu-
lated to be 9 and the output re-
sistance was 7,500 ohms. The volt-
ages listed on the diagram were
those for 71, 0. Noise measure-
ments indieated that this circuit
(all resistors were carbon type)
had approximately 100 microvolts
rms of noise.

Figure 7 is a plot of the output
voltage variations V, as a function
of phototube current 7., and it may
be seen that the curve is quite linear
and is in close agreement with the
theoretical curve.

1f it is desired to pass high-fre-
quency signals a pentode could be
used instead of a triode. By this
means, advantage is taken of the
inherently low grid-to-plate inter-
electrode capacitance of the pen-
tode tube.
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FIG. 1-—Energy spectrum of betaray
particles (A), showing significance of
maximum energy rating, and material
density required to stop beta rays with
various maximum energies (B). Absorp-
tion of beta rays by a material is de-
pendent only on density, hence is inde-
pendent of the nature of the material

By J. R. CARLIN

Tracerlab, Inc.
Boston, Mass.

ANY MANUFACTURING proc-
M esses require a method of
continuously measuring the thick-
ness of material in one or more
stages of production. It is usually
preferable to accomplish the meas-
urement without physically con-
tacting the specimen, in order not
to interfere with production or
cause material damage. The ad-
vantages derived from the utiliza-
tion of such a thickness gage are
improved quality control, elimina-
tion of material wastes, time sav-
ings and the removal of manufac-
turing uncertainties.

Several methods of thickness
measurement have been proposed
which have achieved varying de-
grees of success. One arrangement
is to have the material under in-
vestigation flow between the plates
of a capacitor, whose capacitance is
affected by the mass and nature of
the dielectric between the plates.
A simple relation, however, between
thickness and capacitance is hardly
possible because the contribution
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to capacitance made by some mate-
rials is completely out of pro-
portion to their concentration in
the specimen. Consider, for ex-
ample, the inaccuracies introduced
by the presence of water of dielec-
tric constant 81 in paper of dielec-
tric constant 2.0 to 2.5.

Other methods involve the meas-
urement of absorption, reflection or
scattering of a radiation by the
material being measured. When the
specimen is accessible from two
sides the absorption method is usu-
ally employed because of the gross
and easily measured changes occur-
ring in the radiation upon penetra-
tion of matter.

Thickness-measuring instru-
men tsemploying x-rays have been
used successfully for some time.
They are limited, however, by their
inability to measure thin materials
accurately because of the pene-
trating nature of the radiation.
Even very low energy x-rays suffer
little or no change upon transmis-
sion through thin sheets of plastic,
fabric or paper. The high cost of
x-ray equipment and the appreci-
able replacement cost of an x-ray
tube, whose useful life rarely ex-
ceeds one thousand hours, have re-
duced the applicability of this type
of radiation.

Nuclear radiations, on the other
hand, have become readily available
with various energy and penetrat-
ing characteristics from an impos-
ing list of pile-produced radioiso-
topes, some at almost nominal cost.
Their applicability has been proved
and a Jine of thickness gages em-
ploying radioisotopes is now com-
mercially available. These instru-
ments gare based on the principle
that radiations from radioactive
substances undergo reductions in
intensity upon penetration of mat-
ter. The degree of absorption of a

nuclear radiation is a function of
the total mass between the radia-
tion source and detector.

Geiger counter tubes and ioniza-
tion chambers are at present the
only radiation-sensitive devices that
appear to be suitably reliable for
commercial application. The stabil-
ity of Geiger tubes is frequently
questionable and their life is in-
herently short, hence ionization
chambers were chosen as the radia-
tion-sensitive elements.

An ion chamber is simply a cav-
ity containing some ionizable medi-
um, in this case air at atmospheric
pressure. Contained within the
medium are two electrodes across
which a voltage is applied. Upon
irradiation, the ions drift to the
collecting electrodes, establishing a
small current which can be meas-
ured directly by an electrometer or
amplified and used to operate a cur-
rent meter or recorder.

Choice of Radiation

Consider now several important
aspects of nuclear radiations. Alpha
particles, or positively charged

helium nuclei, ionize profusely and
are stopped completely by only sev-
eral milligrams per sq cm of ab-
For practical use, however,

sorber.

Gaging thickness of paper at Continental
Paper Co., Ridgefield Park, N. J.
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Material moving bgtween ionization chamber and radioisotope source ahsorbs beta or

gamma radiation in proportion to thickness. Meter in basic electrometer amplifier ciredit

can be calibrated to read thickness directly. Recorder is easily added

Materials

for Moving

alpha particles possess too limited
a range and are applicable only to
very thin thickness measurements
which can be accomplished with
low-energy beta radiation.

Beta rays are composed of high-
energy electrons originating in the
nuclei of atoms undergoing radio-
active transformation. The wide
range of beta-ray energies provided
by available emitters makes pos-
sible thickness measurements from
0.000015 in. aluminum to approxi-
mately 0.1 in. steel, corresponding
to a density range of 0.0001 to 2 gm
per sq cm.

Gamma rays, which are electro-
magnetic in nature like light or
x-rays, are far more penetrating
and are suitable to the measure-
ment of considerably more ponder-
ous masses or thicknesses up to
several inches of steel or concrete.

Radioisotopes are obtainable
which emit beta or gamma rays
only of one or more energies, or any
combination of the two. Where
there is a choice between a beta
and gamma emitter, the beta-ray
isotope is usually more desirable
because its greater ionizing ability
requires less activity for equal
chamber response.

Beta rays emerging from a radio-

Installation oi indicating

plastic sheets at Dewey-Almy Chemical Co. plant in Lockpert, New York.

under it beneath moving sheet material.

radicactive thickness gage on machine producing thin
Ionization
chamber is over plastic sheet at top of machine and radicisotope housing is directly

Calibration chart is on rack at right,

below indicating meter

active source are not monoenergetic
but rather possess a continuous
spectrum of energies, as shown in
Fig. 1A. In describing the beta rays
from a source, the maximum energy
usually is stated; the average beta
particle energy is appreciably less
than this maximum. Figure 1B pro-
vides an indication of the total
weight per unit area of absorber
material required to siop completely
the beta radiation whose maximum

energy is plotted as abscissa. The
range of weights indicated vrepre-
sents a wide variety of industrial
thickness measuring applications of
beta-ray absorption, such as paper,
cardboard, textiles, plastic films and
metallic sheets.

The process of absorption of beta
rayvs by matter is due to the electro-
static interaction between the high-
velocity electron and the electrons
present in the absorber. The beta

Fully automatiic recorder-type radioactive thickness gage (left)
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and model providing meter indication only,
continuous procuction measurements

Both models are for
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particle®Imparts its initial energy
to residual electrons during inelas-
tie collisions with absorber atoms.
The thickness of absorber required
to stop completely a beta ray de-
pends obviously upon its energy at
incidence and upon the density of
electrons present in the absorber.
If the weight per unit area instead
of thickness of absorber is consid-
ered the mass required to stop a
beta ray is independent of the na-
ture of the absorber since the num-
ber of electrons in a specific mass
of material is substantially inde-
pendent of the nature of the
material.

For each particular application
the choice of isotope depends pri-
marily upon the maximum weight
per area to be measured by the in-
strument, remembering that the
most ideal isotope is that which gen-
erates greatest ionization in the
chamber and provides the steepest
and most linear section of its ab-
sorption characteristic over the
range of weight per area to be cov-
ered. In addition, cost considera-
tion and convenience require that
the radioisotope be reasonably long
lived.

Circuit Details

A complete instrument design
including a basic electrometer
amplifier arrangement is shown in
Fig. 2. The small direct ionization
currents developed in the chamber
produce a measurible voltage drop
across a high-value resistor R, in
the grid circuit of the amplifier
tube. The Raytheon CK571AX
electrometer tube used has a grid
current of the order of 10 ampere
and a transconductance of approxi-
mately 120 pmhos. A high-imped-
ance circuit of this type necessi-
tates careful shielding and good
insulation technique. These diffi-
culties can be reduced by increasing
the magnitude of the chamber cur-
rent by raising the level of radia-
tion to which the chamber is
exposed.

The maximum amount of activity
which can be incorporated in the
source is of course limited by the
associated health hazard. One milli-
curie of a beta emitter like Sr™ can
be, with relative ease, safely
shielded to prevent any likelihood
of overexposure to nearby personnel
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and yet will produce in a chamber 5
liters in volume a current of the
order of magnitude of 10 ampere.
The exact value of ionization cur-
rent developed is dependent on the
solid angle subtended by the cham-
ber at the source and the percent-
age of the total path lengths of the
primary beta rays spent in the
chamber volume,.

The zero-signal plate current is
balanced to zero in the meter by
the auxiliary circuit loop containing
IZ. and R,. One method of calibrat-
ing such a thickness gage is to
allow the source S to irradiate the
chamber after first inserting a
standard absorber 4 between the
two. The meter in this case is true
zero centered, and the voltage im-
pressed across R, by the chamber
current is counterbalanced by
potentiometer R, to provide a zero
meter reading. Any subsequent
changes in the weight per unit area
of A will produce a positive or
negative meter deviation from zero.

To establish a scale range of,
for example, ==10 percent, the meter
is first zero-adjusted by RE. with 4
interposed between the source and
chamber. Absorber A is then re-
placed by another A’, differing from
A within the limits ==10 percent.
The meter shunt rheostat R, is then
adjusted so that the deviation 100
(A" — A)/A appears as the meter
reading whose scale ends are ==10
percent of the value represented by
the meter zero at center scale, in
this case, 4.

Calibration of Instrument

A complete calibration chart can
be provided giving settings of R,
and R, for various values of weight
per area represented by center
scale. It is necessary for the meter
sensitivity to be altered by adjust-
ments of K. for different center
scale values to compensate for the
changing slope of the absorption
characteristics at various values
of absorber weight per area.

The calibration chart need not be
repeated once carried out. When
the specific gravity of a particular
material is known, the calibration
can be put in terms of units of
thickness instead of weight per unit
area. The operator, after consult-
ing the calibration chart, adjusts
the settings of R, and R, for a par-

Radicactive thickness gage as designed
tor single measurements in laboratories

ticular thickness of muaterial being
produced. If exactly that thick-
ness of material passes between the
source and chamber, the meter
reading will indicate zero deviation.
Subsequent changes in thickness
from this value will be evidenced by
changes in meter reading up to
=+10 percent or almost any other
desirable limits. 1f only one mate-
rial is used and one thickness range
is adequate, the meter may be cali-
brated to read thickness directly.

By locating the absorber closer
to the detector than to the source,
the effect of fiutter associated with
moving absorber materials can be
diminished. If the flutter is so
great that tluctuations in the output
meter are still observable, an inte-
grating circuit is necessary to pro-
vide a smoothing action. The aver-
aging etffect of such an integrating
circuit is advantageous when meas-
uring nonuniform or inhomogene-
ous materials in motion.

Laboratory Test Model

A small laboratory model gage
has been used for measuring thin
sheets of mica in a Geiger tube pro-
duction plant. The ionization cham-
ber and source of radiation are
contained within the instrument
cabinet. The samples are placed on a
slide that is moved manually to in-
troduce the specimen into measur-
ing position within the cabinet.
Profiles of a wide sheet of material
can be studied by cutting off a strip
along the width of a sheet and run-
ning the strip at a constant speed
through the instrument. This in-
strument is also suitable for labor-
atory measurements of sheet mate-
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FIG, 2—Basic electrometer circuit used with indicating type
radioactive thickness gage

rials like paper, plastic film, metal
fnil, mica and textile yarn roving.

Gage for Moving Materials

Another form of the gage, de-
signed for continuous production
measurements, employs the circuit
shown in Fig. 3. The ionization
chamber and source are supported
on a U-shaped bracket which in
turn is mounted on or near a ma-
chine engaged in sheet production.
The material under study flows be-
tween the source and chamber and
the desired information appears on
a large front-panel meter which can
be set several hundred feet away
from the pick-up head. Tolerance
limits ean be set on a supersensitive
relay so that a flashing red or green
light will appear if thickness toler-
ances are exceeded. Terminals are
also provided for accommodating
any auxiliary warning or control
equipment.

In most industrial installations
of thickness gages for measuring
moving sheets of materials it is de-
sirable to have the results appear on
a recorder chart. In addition, the
use of a self-balancing potentio-
meter-type recorder makes possible
a method of automatic standardiza-
tion, suggested by W. C. Peacock.
The recorders should be equipped
with the feature for automatically
standardizing slide wire potentials.

In normal operation a portion of
the potentiometer voltage opposes
the input voltage signal. When
these two voltages are equal their
sum is zero and the potentiometer
contactor is at the balance position.
The contactor is coupled to a pointer
which indicates the magnitude of
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FIG. 3—Electrometer circuit with automatic standardization, for

use with selfbalancing potentiometer-type recorder

the applied potential. If the two
voltages are not equal the instru-
ment determines the magnitude and
direction of the unbalance and ad-
justs the postion of the potentio-
meter contactor to rebalance the
system.

The balancing operation is fre-
quently accomplished by converting
the d-c signal voltage to a-c and
after amplification applying the
voltage to two poles of a four-pole
induction motor. Since the other
two poles are actuated by line
voltage, the phase relationship be-
tween the two alternating voltages
determines the direction in which
the balancing motor rotates to re-
establish balance.

In application, the potentiometer
voltage R, in Fig. 3 is placed in
series with the voltage developed
by the eurrent from the ion cham-
ber flowing across the grid resistor
R, of the first amplifier stage. The
input to the recorder amplifier is in
the plate circuit of the electrometer
amplifier tube whose zero-signal
plate current is balanced to zero by
the auxiliary bucking loop. Varia-
tions in ion current change the
voltage developed across R, and up-
set the null condition between the
recorder amplifier’s input terminals
in the plate circuit. The potentiome-
ter readjusts itself so that it devel-
ops a voltage to equalize the new
potential across E,. In normal op-
eration the switch SW is in position
N.

When standardizing, the main
radiation source S becomes momen-
tarily blocked by a heavy absorber
so that it cannot affect the ioniza-
tion chamber. At the same time, a

small standard source, identical in
nature to S, is automatically per-
mitted to energize the chamber
from within. Simultaneous with
this operation SW is switched from
the normal position N to the stand-
ardized position ST. Potentiometer
R, is initially adjusted so that the
voltage developed across R,, due to
the irradiation of the chamber by
the standard source, is equalized by
the R, voltage. The null condition
between recorder amplifier input
terminals remains unaffected. Any
deviation from the null condition
will upset this balance and the
standardizing rheostat, which dur-
ing standardization becomes cou-
pled to the balancing motor, rotates
to restore the null condition at the
amplifier input. By this operation,
which occurs approximately once
every half hour for a period of sev-
eral seconds, the instrument auto-
matically corrects for variations in
battery voltage, source strength
and electronic components.

The ionization chamber, situated
above the source mount, is equipped
with a flag indicating the presence
of radiation. In order to exceed
radiation tolerance limits, it would
be necessary for a man to stay
within six inches of the source for
8 hours per day.
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MEASURING PHASE
at Audio and

ERIODIC SIGNALS are character-
Pized by the parameters of
amplitude, frequency and phase
relative to some time reference.

Measurement of amplitude and
frequency, at audio and ultrasonic
frequencies, can be carried out
rather easily, but accurate measure-
ment of phase has proved much
more difficult and has consequently
been neglected in many applications
where it could provide useful in-
formation. In contrast to amplitude
and frequency, phase is a relative
concept—that is, one is generally
interested in the phase difference
between two periodic signals.

A variety of methods has heen
used to measure phase difference.
The most familiar of these is the
display of Lissajous figures on the
screen of a cathode-ray oscilloscope.
These patterns, obtained by apply-
ing one signal to the horizontal de-
flection plates, the other to the
vertical deflection plates of the cro,
indicate the phase difference be-
tween the two signals; for example,
a straight line indicates 0 or 180
degrees, while a circle indicates 90
deg. Another method, also using a
cro as an indicating device, employs
an electronic switch to produce a

* Now with Bell Telephone Laboratories,
Murray Hill, N. J.

A commercial phase meter embodying the circuits shown in Fig. §

superposition of the two signals on
the screen, so that the phase differ-
ence can be scaled off directly.

Other cro methods, not so widely
known but capable of greater ac-
curacy, make use of a circular
sweep derived from one of the two
signals. One such scheme, devised
by K. S. Lion’, is illustrated. The
circular sweep, ordinarily of very
small diameter, is expanded momen-
tarily by each of the two signals
being compared; the geometrical
angle between the two spikes thus
produced is the unknown phase
angle. More than two signals can
have their relative phases displayed
simultaneously.

Schemes not requiring a cathode-
ray oscilloscope fall into two classi-
fications : null methods, requiring a
balancing operation, and direct-
reading methods that produce a
direct phase-angle indication on a
meter. As an example of the former,
amplitude and phase of one of the
two signals can be changed until it
completely cancels the other. The
required phase shift is then read
from a calibrated dial. The use of
ordinary  phase-shift networks
would render the calibration fre-
quency-sensitive, but by adding a
quadrature component to one of the
signals it is possible to obtain the
necessary phase shift independently
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FIG. 1—Direct-reading methods of phase measurement
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FIG. 2—Block diagram of direct-reading flip-flop meter
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Ultrasonic Frequencies

By ERNEST R. KRETZMER*

Research Laboratory of Electronics
Massachusetts Institute of Technology
Cambridge, Massachusetts

Phase difference between two periodic signals is compared in a flip-flop circuit. The average

current is read directly in degrees of phase on a calibrated meter. Possible applications

include measurement of phase shift in feedback amplifiers, from screen-grid degeneration

in a pentode stage, and in simulated antenna arrays

of frequency, over a finite fre-
quency range.” Apart from the
inconvenience of the balancing
operation, this null method has the
disadvantage of requiring sinus-
oidal signals.

Two practical methods that give
direct meter indications of the
phase difference between two sig-
nals X and Y are illustrated in Fig.
I. The signals (which need not have
sinusoidal waveforms or equal
magnitudes) are converted to
square waves whose edges coincide
with the zero-axis crossings of the
ariginal signals. In Fig. 1A, these
two square waves are fed to a gate
tube that produces a current pro-
portional to the fractional overlap
of the positive portions of the
square waves. Similarly, the over-
lap between the positive portions of
square wave x and the negative por-

tions of square wave y, or vice
versa, can be measured by means of
a diode and a d-c meter. In any
case, the meter reading is propor-
tional to the magnitude of the phase
difference, or its supplement, and
is ambiguous to the extent that one
cannot distinguish between the
angles 4 and 360 f.

The ambiguity of the overlap
method is avoided in the case of the
flip-flop method, illustrated in Fig.
1B. Here, the two square waves
X and Y are used to form pulse
trains X and Y, respectively. Each
X pulse triggers a flip-flop circuit
into the flip position, for a time
interval T, until the next ¥ pulse
arrives and triggers the circuit into
the flop position, for a period 7.,
and so on. It is clear that the angle
by which signal X leads signal Y is
directly proportional to the fraction

Oscillograms showing a method of phase measurement employing a circular sweep
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T,/(T. + T.), and hence to the
average current through the X side
of the trigger circuit. Conversely,
the angle by which Y leads X cor-
responds to the fraction T./(T,

T.) and hence to the average cur-
rent through the Y side of the trig-
ger circuit. The remainder of this
paper will be devoted to this flip-
flop method. It was patented in
1945°, and other workers have since
experimented with this as well as

FIG. 3—Cathode-coupled clipper circuits
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FIG. 4—Simplified circuit diagram of the direct-reading phase meter

with the overlap method.”*

The Flip-Flop Method

Figure 2 shows a block diagram
of an instrument employing the flip-
flop method for measuring the
phase difference between two peri-
odic voltages. Two identical chan-
nels, X and Y, handle the two sig-
nals, X and Y, respectively. The
principal operation performed in
each channel is the limiting-ampli-
fying process by which the signals
are converted into square waves.
The first three stages serve this pur-
pose. The second stage is, in addi-
tion, a phase inverter that makes it
possible to reverse the signal polar-
ity. If the signal has evenly spaced
zero-axis crossings, such a reversal
represents a phase shift of 180 de-
grees. The square wave in each
channel is fed to a pulse former,
which, in effect, differentiates the
positive-going edges. The resulting
pips are fed to a flip-flop circuit. A
d-¢c meter measures the average
current through either side of the
circuit, allowing the meter to read
either the angle 6 or the angle 360

4. This switching arrangement,
together with the phase-reversing
switches, permits any angle to be
transposed into the first quadrant
(0 to 90 deg), so that the meter
scale can be expanded by a factor of
four if increased meter sensitivity
is desired.

Although the block diagram of
Fig. 2 appears straightforward,
severe problems are encountered in
the design of an instrument com-
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bining simplicity with accurate
readings that are independent of
input amplitude and frequency over
wide ranges.

Square-Wove Generation

The most difficult operation is the
formation of square waves from the
original signals, since the square-
wave edges must coincide exactly
with the zero-axis crossings, re-
gardless of signal amplitude and
frequency. Most instruments con-
structed in the past have made
use of cascaded pentode-diode com-
binations. Such extensive amplifier-
limiter stages are neither simple,
nor do they answer the require-
ments of wide frequency band
and large amplitude range as well
as might be expected. A circuit
that appears better suited for the
present application is the cathode-
coupled clipper,® the basic form
of which is shown in Fig. 3A.
The grid of the right-hand triode is
returned to a fixed positive voltage,
V.. The signal is applied to the
grid of the left-hand triode that is
also returned through a high re-
sistance to a fixed positive voltage,
V. For small input signals, the
circuit acts as a linear amplifier.
However, if the instantaneous sig-
nal voltage goes below a certain
value (a few volts below V), the
left-hand triode cuts off, and above
a certain value (a few volts above
V.), the right-hand triode cuts off.
Thus, both the positive and nega-
tive limiting results from one or the

other tube’s being cut off, and very
good limiting symmetry can there-
fore be attained. Like a cathode
follower, the cathode-coupled circuit
has high input impedance and can
handle a large range of input volt-
ages without drawing grid current.
It has other useful advantages, il-
lustrated in Fig. 3B. First, by insert-
ing the resistor R, in the plate line
of the input triode, one obtains a
phase inverter, the usefulness of
which was pointed out in the dis-
cussion of the block diagram (Fig.
2). The limiting action at the plate
of the input triode is not exactly
the same as at the plate of the out-
put triode, but by means of a type
IN34 germanium crystal diode it
can be made very nearly the same.
A second useful modification is ob-
tained by connecting a capacitor
C, as shown. This addition makes
the circuit regenerative without de-
stroying its controllability and re-
sults in an output square wave with
edges of short rise and decay times
limited only by stray capacitance.

Elementary Circuit

A simplified circuit diagram of
a complete phase meter in Fig. 4
shows close correspondence to the
block diagram. Three cascaded
limiter-amplifier stages are cathode-
coupled types, the first stage being
in the basic form, the second modi-
fied to provide phase reversal if de-
sired, and the third stage being re-
generative so as to insure very
steep square-wave edges. The fourth
stage in each channel is a triode
followed by an r-c¢ differentiator.
The triode has a high load resist-
ance but a low plate resistance, so
that it reacts rapidly only to the
positive going square-wave edges—
producing large negative pulses of
0.5-usec duration at the differentia-
tor output.

These pulses mark the positive-
going zero-axis crossings of the
original signal (either channel X
or channel Y), unless the phase-re-
versing switch is in the 180-deg
position—in which case the pulses
mark the negative crossings. The
fiip-flop circuit, triggered alter-
nately by pulses from channels X
and Y, is an Eccles-Jordan type.
The average current through either
half of the circuit is measured in
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the cathode-to-ground lead; al-
though two separate meters are
shown for the sake of simplicity
there is actually only one that can
be switched into either side. A re-
cording instrument may be con-
nected in series with the meter if
the phase angle is to be recorded
continuously.

The complete circuit diagram of a
commercial phase meter is shown in
Fig. 5. The meter-scale switch pro-
vides four different full-scale
ranges in addition to the test posi-
tion in which the full-scale adjust-
ment is made. An electrical zero
adjustment is not required, since
zero phase angle means no conduc-
tion through the triode containing
the meter. There is a small region
of uncertainty in the immediate
vicinity of 0 degree, because the two
pulses coincide and confuse the
trigger circuit. Changing the posi-
tion of either phase-reversing
switch remedies this condition.

scale. The

accuracy

perfectly linear.

volts and frequency between 20 cps
and 100 ke, the error would not ex-
ceed 3.5 degrees if the meter were
Since the meter is
accurate only within 1 percent of
full scale, the total maximum error
is 3.5 degrees plus 1 percent of full

instrument functions

D

even with input amplitudes down to
0.1 or 0.2 volt, and frequency as
low as 3 to 5 cps.
amplitudes generally reduces the
stability rather than the accuracy
while decreasing the frequency does
cause a gradual reduction in accu-
racy. At 10 cps, the maxium ervor
is 6 degrees plus 1 percent of full
scale. A similar gradual decrease in
occurs at the high-fre-
quency end, beginning at 20 ke, only
if the two phase-reversing switches
are in opposite positions, in which
case the maximum error reaches 6
degrees plus 1 percent of full scale
at 40 ke. In normal operation, the
switches are in identical positions

ecreasing the

and the accuracy does not change

Practical Performance

appreciably

The performance of the com-
mercial instrument is substantially
independent of signal amplitude and
requency over wide ranges. With
amplitudes between 1 and 170 peak

with

increasing fre-
quency up to more than 100 ke.
Since the flip-flop method meas-
ures the phase difference as the
fractional time between zero-axis
crossings, the measurement has a

definite meaning, regardiess of the
signal waveform. Exceptions may
occur in extreme cases of distortion
in which the signal crosses the zero
axis more than twice during one
period, but such cases are rare and
unimportant.

Asymmetrical Signals

The zero axis, as a result of a-c
coupling in the limiter-amplifier
stages, is the average of the a-c
component of the signal. Conse-
quently, if a sinusoidal signal has
either its positive peaks or its nega-
tive peaks limited, the resulting
signal is not only asymmetrical
but its zero-axis crossings are no
longer evenly spaced because the
zero axis has been shifted. In such
a case, changing the position of
either phase-reversing switch will
not alter the reading by 180 de-
grees, inasmuch as opposite zero-
axis crossings are not 180 degrees
apart., The phase meter affords a
means of detecting such asymmetry
with greater sensitivity than a
cathode-ray oscilloscope. For ex-
ample, it is a simple matter to as-
certain that the positive and nega-
tive half-periods of the square
waves produced by some commercial
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FIG. 6—Phase shift of an amplifier for various degrees of
inverse feedback over a wide band of frequencies

square-wave generators are gener-
ally unequal. The phase meter can
readily be used to determine the
duty factor of a train of pulses as
well as the time delay between two
pulse trains, provided that the
repetition rate is not too high and
the pulses are not too short.

R-F Phase Mecasurements

All methods of audio-frequency
phase measurement can be used to
measure the phase difference be-
tween radio-frequency signals, as in
the testing of broadcast antennas,
by taking advantage of the hetero-
dyne principle. If both signals are
heterodyned into the audio fre-
quency band by means of & common
heat oscillator, their phase differ-
ence will be preserved. The required
converter stage could bhe added to
each of the two channels with rela-
tively little complication. A pre-
ferable solution may be to precede
the phase meter with a separate
unit containing heterodyne stages
and amplifiers. Both audio and r-f
phase measurements can then be
made at low (millivolt) input levels.

Applying the Phase Meter

A typical problem in which the
direct-reading phase meter finds a
nuseful application is that of phase
shift in feedback amplifiers. Figure
6 shows plots of phase shift versus
frequency (from 10 c¢ps to 100 ke)
obtained in approximately ten
minutes by means of the phase
meter described. The three curves
are for various degrees of feedback,
ranging from zero to critical feed-
back. The amplifier tested contains
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FIG. 8-—Phase shift versus frequency for
an electroacoustical system used in test-
ing loudspeakers

two triode stages and a trans-
former, resonance in the trans-
former being responsible for the
peculiar phase variation at 30 ke
Another example is the measure-
ment of phase shift resulting from
screen-grid degeneration in a single
pentode stage.  Accurate computa-
tion of this phase shift, even with a
good knowledge of the tube charac-
teristies, is not a simple matter, al-
though the phase meter affords an

easy way of measuring it. The
phase shift plotted versus fre-
quency, for various degrees of

sereen-grid bypassing, is shown in
Fig. 7. Both the magnitude and
phase angle of the gain can also be
plotted on polar coordinates.

A most interesting and important

application of the direct-reading
phase meter occurs in acoustics.
Arrays of phased loudspeakers,

used to simulate directive antenna
arrays, contain hundreds of small

FIG. 7-—Phase shift in a pentode stage with various degrees of
screen bypassing when screen resistor is 240,000 ohms

speakers whose phase characteris-
tic must be within certain toler-
ances over a wide band of audio
frequencies. The test setup for
these loudspeakers is shown in Fig.
%, together with a plot of phase shift
versus frequency. It contains the
speaker, an anechoic chamber, a dy-
namic microphone, and two trans-
formers whose resonances are
evident in the plot. A linearly
increasing component of phase shift
results from the chamber whose
length, expressed in wavelengths,
is directly proportional to {fre-
quency. Practice has shown that,
by cro methods, only 3 to 5 speakers
can be tested in one day, while up
to 60 can be tested per day by means
of a direct-reading phase meter.
Some applications require the test-
ing of hundreds of speakers, so
that, several months’ work is re-
duced to a week’s work.
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Receiver Noise Nomograph

Over-all noise figure of radio or radar receiver is quickly found when noise

factors of first two sections and gain or loss of first section are known

N THE DESIGN of radio and radar
I receivers, it is often advanta-
geous to determine quickly the
feasibility of using components at
hand. The following nomograph
was developed for this purpose, and
is based on two well-known formu-
lag™*

NF, — 1

NF (49 = NF + W
1

(N

NFpix = Lt )
where NF..., is noise factor (in
power) of overall receiver, NF, is
noise factor of first network, NF,
is noise factor of second network,
NF,... is noise factor of mixer, W,
is gain (or loss) of first network,
L is loss of mixer and ¢ is noise
temperature (ratio) of mixer.

The nomograph can be used with
either a mixer followed by an i-f
amplifier as the second network or

AB8

— [ Mixer-a
i NFI( R-F-B)

PWR | db

14

25

By CHESTER W. YOUNG

Electronic Engineering Designer
Consolidated Vultee Airceraft Corp.
San Diego, Calif.

with an r-f amplifier followed by a
mixer-i-f amplifier combination
whose overall noise factor can be
worked prior to adding the r-f
amplifier. Scale A is used if the first
network has a gain (or loss) less
than one and Scale B is used if it
has a gain greater than one.

How to Use Nomograph

Place a straightedge on desired
values on A and B scales to locate
turning point on AB scale. Using
this turning point and value on A
scale (or B scale), read final value
on adjacent A scale (or B Scale; use
A scales together or B scales to-
gether). The L and t scales are
used to determine noise factor of
the mixer.

Example: If requived range for

system with a given transmitted
power requires over-all noise figure
to be 13.65 db (noise factor of
23.2), what is minimum noise figure
which cerystal mixer can have if it
has a loss of 13 db, and can this be
used with an existing 3-db i-f
amplifier?

Starting on left side of nomo-
graph, align straightedge with
noise temperature of 1.0 and mixer
loss of 20, and read NF ..., as 20.

Using this and overall NF..civer
value of 23.2, find turning point on
AB. Using turning point and 13-db
(mixer gain of 0.05) loss point on
slant A scale, read 0.65 db for NF.
on vertical A scale, as maximum
permissible noise figure.
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Mallory Vibrators

Are Relied Upon For
Complete Dependability

Whatever vour vibrator application, the odds are that
a standard Mallory Vibrator already is performing a
similar job. The illustrations on this page are only a few
of many examples where Mallory Vibrators are giving

dependable service.

Mallory engineering skill, long experience, and com-
plete adherence to quality ideals mean that Mallory

Vibrators will give you longer life and less trouble.

More Mallory Vibrators are used in original equipment
than all other makes combined. Why take a chance on

anything less than this standard of excellence ?

Send complete technical detuils of your

problem. Mallory will supply the answer.

Vibrators and Vibrapack™ Power Supplies

SERVING INDUSTRY WITH
P.R.MALLORY & CO.Inc. | Capacitors Rectifiers

Contacts Switches
Controls Yibrators
Power Supplies

Resistance Welding Materials

P. R. MALLORY & /€CO.; Inc., INDIANAPOLIS 6, INDIANA

*Reg. U. 5. Par. Off.
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TUBES AT WORK

Including INDUSTRIAL CONTROL

Edited by VIN ZELUFF

Built-in Picture Tube Filter.... ...
Leak Detector Tests Welded Tanks

Edsac

Microwave TV Remote..........
A Voltage-Controlled Muliivibrator
Two-Way Radio in Industry... ..

Oxide-Coated Cathodes
Twin Oscillator

.........

Built-in Picture Tube Filter

A CONTRAST RATIO of approximately
35 to 1, highlight to darkest shade,
is provided for picture tubes by a
new glass called Teleglas when used
as the tube face.

Developed primarily as the tube
face for metal-coned tubes, the glass
is practically colorless. Certain
metallic oxides are added to the
¢lass in manufacture to produce
uniform attenuation throughout the
visible light range. The coefficient
of expansion of the treated glass is
the same as that of clear glass suit-
able for sealing to the metal of
metal-glass picture tubes. Light
transmission of the treated glass is
about 65 to 70 percent. Clear glass
is about 90 percent.

Teleglas was developed in the
Creighton Research Laboratories of
the Pittsburgh Plate Glass Com-
pany and tubes containing face
plates of the material are featured
in the Zenith television receiver

line. It is being used in 12 and 16-
inch metal tubes. Its use in all-
¢lass tubes would be predicated
upon agreement between all of the
picture tube manufacturers.

Under normal conditions, cleur-
¢lass picture tubes have a contrast
ratio of about 35 to 1 onily when
operated in an otherwise dark room.
Use of external room light falling
on the tube face then causes the
dark picture areas to appear lighter
in tone or grev. To minimize this
condition, many televiewers have
installed the commercially available
filters. These attenuate the external
light, which has to pass twice
through the filter: and although
theyv attenuate light from the phos-
phor as well, this passes only once
through the filter, and the contrast
ratio between the two is increased.

The new g¢lass operates in the
same manner to reduce the effect
of ambient light, and in addition it

Picture tube at left has clear glass face that, although it transmits 80 percent of light

from phosphor, has low contrast ratio because of room lighting and reflection of light

from phosphor from front surface into dark areas. Tube at right has Teleglas face that
transmits about 65 percent of light but shows contrast ratio of 35 to 1
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also helps reduce halation from the
phosphor. In clear-glass tubes,
light from bright picture areas of
the phosphor that strikes the ex-
terior tube face surface at angles
greater than 48 degrees is com-
pletely reflected over into the dark
picture areas, reducing its apparent
blackness. Teleglas attenuates this
light both before and after reflec-
tion from the front surface so that
the dark picture areas seem blacker.

Leak Detector Tests
Welded Tanks

WELDED FUEL TANKS for use in
large transportation trucks have
capacities ranging from 85 to 150
gallons. To make certain there are

no possible places for gasoline to

Pistol-shaped pickup is passed along «

welded seam in a fuel tank. Gas leaking

through weld is indicated visually on the

General Electric leak detector on trolley

hook and audibly to inspector via head-
phones

seep out, all welds are checked by a
portable leak detector before the fin-
ished tanks pass from the assembly
line at Lintern Corp., Berea, Ohio.

Six welders and one inspector
armed with the leak detector can
turn out about 18 tanks in the aver-
age dav. Fabrication is in six
stages. The tanks are placed on
iron vails rather than positioners o
that they can be pushed from one
welding booth to another as they
move along the assembly line.

The top plates of the tanks are
made of mild steel deck plate; the
bottoms and ends are 12-gage sheet
steel. Iirst the inner baffles and
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SOLDERING TIFE ™

DIP SOLDERING

‘Container—The Solder Pot should be
made of fine grained non-porous cast
iron or steel; free from defects,

Size—The size of the solder pot is deter-
mined by the overall size of the articles
to be tinned and the depth to which they
are to be submerged.

The introduction of a large mass of cold
metal into a solder pot causes a decided
drop in the solder bath tcmperature and
thought should be given to the size of
the pot so that an adequute reserve of
heat will be maintained.

Excessive chilling due to the addition of
masses of solder may be avoided bv con-

tinuously feeding solder wire into the |

pot or by frequent addition of small
lumps of solder

Temperature—The temperature of the
solder bath will fall as each article is
dipped into the solder so that it is neces-
sary to keep the solder bath well above
the liquefaction point of the allov being
used. Generally from 130° T7. to 300° T
above the liquefaction point of the sol-
der, before the immersion of the article,
is satisfactory. Tor 50% tin 509% lead
solder this would be from 364° TF. to
714° T,

Too high temperatures will he inefficient
dne to excessive and rapid forming of
oxides over the solder bath.

Contamination—Solder baths will gradu-
allv become contaminated due to the
affinity between tin and copper, result-
ing in the formation of sludge at the
hottom of the pot and the gradual di-
minishing of the tin content. Trequent
stirrings will help to keep the allov
normal and as the solder bath becomes
increasingly contaminated, the entire
mixture should be changed.

Adding new solder to a badly contami-
nated solder bath is false economy and
the use of floor sweepings should never
be considered as they frequently contain
metal filings. Use the correct flux, this
will enable yon to do a quicker, easier
tinning job. Eliminate all doubts about
the quality of vour solder by purchasing
virgin metal solder from a reliable manu-
facturer.

If you are in doubt about the corrosive
qualities of the flux you are now using.
send a sample assemblv/or soldered
parts to the Kester Solder Company.
4204 Wrightwood Avenue, Chicago 39,
Illinois, and an accelerated humidity
test as outlined in Army-Navy Aero-
nautical Specifications will be made and
vou will be informed of the results. The
test itself requires 72 hours: and since
facilities are naturally limited, please
allow plentv of time for vour tests to
be made. Of course, there is no charge.
“Soldering Tips” will be pleased to
answer all inquiries pertaining to solder,
soldering fluxes, and soldering technique.
Merely address “Soldering Tips.” Kester
Sclder Co.. 4204 \Wrightwood Ave., Chi
cago 39, Il

NOW AVAILABLE . . . The New Manual |

—"SOLDER and Soldering Technique’!

Send for this complete analvsis of the
properties of soft solder allovs and sol

dering fluxes . . . a comprehensive refer
ence boolk that you will want to retain
[t’s vours tor the asking . . . request it
NOW!

ADVERTISEMENT
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KESTER SOLDER

parfner in

Kester “Resin-Five” Core Solder is The TV tuner pictured above, manu-
more active, more efficient, and factured by Standard Coil Products
faster than any rosin flux—yet is Company, contains 210 soldered
absolutely non-corrosive and non- connections, all made with Kester
conductive. The finest flux-core sol- "Resin-Five" Core Solder.

der made for all television and Call in a Kester Technical Engi-
radio work. Available in diameters neer today and have him show you
as small as .010". .. 5 different core how “Resin-Five” Core Solder in the
openings for each diameter. .. all proper size and alloy will increase
practical alloys. your soldering efficiency.

FREE —TECHNICAL MANUAL

Send for Kester’'s new manual, “SOLDER

and Soldering Technique”—a complete N
analysis of the application and proper-

ties of soft solder alloys and soldering

fluxes.

KESTER

KESTER SOLDER COMPANY SOLDER

4204 Wiightwood Avenue; Chicago 39, illinois

Factories also at Newark, New Jersey ¢ Brantford, Canada
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braces and the bottom sections are
tacked together, the side panels
are then tacked on, and final weld-
ments are made after all the parts
are assembled. Sixty feet of weld-
ing electrode goes into each tank.

An inspector checks all welded
seams in finished tanks with the
Type H leak detector. This elec-
tronic instrument can detect leaks
small enough to release only one
ounce of gas per 100 vears. Previ-
ous leak-testing methods uncovered
only the large leaks.

Edsac

CAPABLE of working out 15,000 op-
erations in one minute, Edsac is the

Electronic Delay Storage Auto-
matic Calculator installed at the
Mathematical Laboratory, Cam-

bridge University, England.
Problems are coded on ticker tape
and fed into the brain which stores
them and shows their presence on a
cathode-ray tube. The instrument

B
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st i
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can store 512 numbers of ten figures
each. The intricate operations are
carried out by 3,500 tubes mounted
on 120 panels in twelve racks.

Maintenance requirements are al-
most negligible and are met by one
man working part time. Power con-
sumption is about 10,000 watts.

Circuits are provided that check
the answers obtained. The machine
takes only 0.005 second to multiply
two ten-figure numbers but it can
be fooled. When set to multiply a
series of numbers by zero it con-
tinues to try until it is turned off
or a tube ceases to function.

Microwave TV Remole

IN BRINGING a special broadcast
from Winchester, Va. to Washing-
ton, the WMAL-TV engineering de-
partment employed its own micro-
wave relay facilities to cover a
course of approximately 74 miles.

Two problems were encountered

Convenience in replacing tubes is provided in the Edsac by its designers M. V. Wilkes
and W. Renwick

Timing monitor or counter tube, memory tube and sequence control tube are cathode-ray
tubes in the Edsac
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View of 2,000-mc four-foot reflector mounted
on a scatfold below the cabin of the fire
tower

in setting up the relay. First, line-
of-sight does not exist between
these two points, and second, the
distance involved is considerably
greater than can normally be span-
ned by a single microwave link.

A convenient intermediate relay
point was established atop Signal
Mountain along the Blue Ridge near
Linden. This point is 17 miles line-
of-sight from the point of program
origination in Winchester, and is 57
miles line-of-sight to the WMAL-
TV transmitter tower in Washing-
ton. A conventional 100-milliwatt
7,000-me relay was used for the first
leg of the circuit, and a 50-watt
2,000-mc relay was used over the
57-mile course.

The transmitting and receiving
equipment proper was housed in
the cabin atop the fire tower, while
the antennas were mounted on a
specially constructed scaffold ap-
proximately 20 feet below. A six-
foot dish was on the receiving cir-
cuit from -Winchester, while a four-
foot reflector was used on the trans-
mitting ecircuit to Washington.
Power was provided by a gasoline-
driven motor-generator set.

The receiving point in Washing-
ton is shown in one of the illustra-
tions. An eight-foot parabolic re-
flector is mounted on a platform at
the 225-foot level of the WMAL-TV
tower at American University
campus. The antenna and reflector
assembly is oriented from the

ground by a station-constructed
{Continued on p 140)
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. . . the story of PERMERON- b
[-T-E’s new magnetic core material

The curves on this performance chart show the static and dynaniie
(1000 cycle) magnetization characteristics of Permeron — I-T-F’s
new development in magnetic allovs.

Fxamine the dynamic curve particularly, to sce how Permeron acts
under typical operating conditions. Note how magnetic saturation is
achieved with only the slightest change in magnetizing current
how the knees of the saturation curve are consistently sharp — even
at higher frequencies.

These characteristics of Permeron open up entirely new possibili-
ties in the design and manufacture of core and coil assemblies. For
instance, they make it possible to build smaller magnetic amplifiers of
extreme reliability.

And all Permeron cores have identical magnetization character-
stics.  With Permeron, you can prediet performance accurately and
positively!

Permeron cores are available now in widths of 20 mm. and 30 mmn..
in any specified inside and outside diameters. The cores are delivered
Leat-treated and insulated, in housings specially designed to protect
the magnetic material against deformation.

For complete information on Permeron, write Rectifier Divi-
sion, I-T-E, or ask your local I-T-E Representative.

Irrr

Permeron . . . another new product

of |.T-E—where better designs and
better equipment are developed first,

FRMFRON

A product of Rectifier Division, |-T-E CIRCUIT BREAKER COMPANY,

19th & Hamilton Streets, Philadelphia 30, Pa.

SWITCHGEAR < UNIT SUBSTATIONS - ISOLATED PHASE BUS STRUCTURES - MECHANICAL RECTIFIERS - RESISTORS - SPECIAL PRODUCTS

ELECTRONICS — October, 1949
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THE ELECTRON ART

Edited by JOHN MARKUS

Tropospheric Measurements

Carrier-Type D-C Amplifier For Biological Research............

Deposited-Carbon Resistors

Microwave Secondary-Emission Switch. . ................ ... .. ..
Oxide Cathode Theory......... ...
Survey of New Techniques..... ..

Tropospheric Measurements

By PETER HARBURY

Cruft Laboratory, Harvard University
cambridge, Massachusetts

THEORETICAL STUDIES indicate that
vertical incidence transmissions
near 100 mc are likely to produce
measurable reflections from air
mass boundaries in the tropo-
sphere. It is expecled thal data
obtained from these transmissions
will yvield valuable information re-
garding meteorological phenomena.
In addition, it is expected that the
use of a sharp beam will yield new
information regarding meteoric
ionization at higher elevations.

The antenna and recording sys-
tem described herein are part of a
tropospheric research project car-
ried on at the Ilarvard University
Field Station in Concord, DMassa-
chusetts, under the auspices of the

The parabolic reflector shown is 62 feet in diameter and 13 feet deep.
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Armed Forces. It is a continuation
and extension of work done at mi-
crowave frequencies by A. W.
Friend at Harvard University.

The Antennu System

The antenna system consists of
a driven dipole with a dise-type
parasitic reflector spaced 2/4 and
the entire assembly placed at the
focus of a large parabolic reflector.
The retlector recently completed is
shown in the accompanying photo-
graph.

In order to minimize back radia-
tion, as well as side lobes caused by
currents flowing along the vertical
stay wires, a series of wires is sol-
dered to the verlical stays a quar-

~0l 008 006 004
\ MINOR LOBES

—— MAJOR LOBE
| ——— SIDE AND

BACK LOBES A

FIG. 1—E.Plane field pattern using dipole

and disc reflector in a scale model parallel.

wire paraboloid at a frequency of 1,325

mc. The H.plane pattern is similar except
for slightly larger minor lobes

ter-wavelength down from the sur-
face of the parabola. A high
impedance is accordingly presented
to currents tending to flow along
these vertical stays.

Maximum gain and minimum side
lobes are obtained for a focal length
of 0.30 to 0.35 D (depending upon
the type of radiating element used).
A disc type of reflector was se-
lected as a result of field pattern
measurements of various scale-
models.

The E-plane field pattern shown
in Fig. 1 is for a scale-model radi-

It has a power gain of 24 db over an isotropic radiator.
Beam widths between half-power points are 12 and 11 degrees for the E and H planes respectively
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Laboratory Instruments for TELEVISION

scnEaaTol
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Tooutan Ragio COR
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FM SIGNAL GENERATOR
Type 202-B

The Type 202-B #M Signal Generator is specifically
designed to meet the exacting requirements of
television and FM engineers working in the fre-
quency range of 54 megacycles to 216 megacycles.
Following are some of the outstanding features of
this versatile instrument:

RF RANGES: 54-108, 108-216 mc. = 0.5% occuracy.
Also covers 0.4 mc. to 25 mc. with accessory 203-B
Univerter.

VERNIER DIAL: 24:1 gear ratio with main frequency dial.

FREQUENCY DEVIATION RANGES: 0-24 kc., 0-80 kc.;
0-240 ke.

AMPLITUDE MODULATION: Continuously variable
0-50%, calibrcted ot 30% and 50% points.

MODULATING OSCILLATOR: Eight internal modulating

frequencies from50cyclesto 15 kc.available for FM, AM.

RF OUTPUT VOLTAGE: 0.2 volt to 0.1 microvolt. Out-
put impedance 26.5 ohms.

FM DISTORTION: Less than 2% at 75 kc. deviation.

SPURIOUS RF OUTPUT: All spurious RF voltages 30 db
or more below fundamental.

If you have an FM or television instrument requirement,
let us acquaint you with full particulars and technical
data concerning the Type 202-B FM Signal Generator
and Type 203-B Univerter.

DESIGNERS “AND. MANUFACYURERS ‘OF THE Q- METER - QX CHECKER
¢ BEAT FREQUENCY®
GENERATCR AND OTHER DIRECT READING INSTRUMENTS

FREQUENCY MODULATED SIGNAL GENERATOR

ELECTRONICS — October, 1949

Type 202-B
FM SIGNAL

GENERATOR
Frequency Range
54-216 mc.

Additional coverage from
0.4 to 25 mc. with accessory
UNIVERTER Type 203-B

e — ’
i VmivenTIR |
LT @ e,
] Baaion wagio conr
ot

UNIVERTER
Type 203-B

AVAILABLE AS AN ACCESSORY is the 203-B
Univerter, a unity gain frequency converter which,
in combination with the 202-B instrument, provides
the additional coverage of commonly used inter-
mediate and radio frequencies.

R.F. RANGE: 0.4 mc. to 25 mc. (0.1 mc. to 25 mc. with
no carrier deviation).

R. F. INCREMENT DIAL: == 250 kc. in 10 ke. increments.
R. F. OUTPUT: 0.1 microvolt to 0.1 volt, = 1 db. Also
approximately 2 volts maximum (uncalibrated).
OUTPUT IMPEDANCE: Approximately 60 ohms at 0.1
volt jack, 470 ohms at 2 volt pin jack.

BOONTON ‘RADIO |

BOONTON-Ny-u-s:A- \_ME/¢ 'Zd«/&‘f—/{“ \C)
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Tropospheric receiving and recording equip-
ment provides a wide variety of sweep
ranges and range markers

ator consisting of a half-wave-
length dipole and a disc reflector
spaced a quarter-wavelength above
the driven element.

Transmitier and Recorder

The transmitter consists of SCR-
270 radar having a peak power of
100 kw operating at 106 mc with
a pulse repetition frequency of be-
tween 300 and 400 cps. The pulse
width is of the order of 10 psec.

The original 12-inch A-scope,
which is a part of the equipment,
together with the associated sweep
and marker circuit provides sweeps
up to 200 miles, with five-mile
markers injected when desired.
However, since the area of interest

for tropospheric measurements lies
between the earth’s surface and ap-
proximately 15 km, sweeps of much
shorter duration and of greater ac-
curacy must be employed.

The recorder for this project, a
block diagram of which is shown in
Fig. 2, was adapted from similar
recorders used by the Wave Propa-
gation group located at Cruft Labo-
ratory.

Two types of presentation are
possible. The first permits inten-
sity modulation of the baseline by
the echo =signal; the second is a
regular A-scope presentation for
wave-form analysis. There is a
choice of five sweep ranges, between
0-4 km and 0-220 km, with range
markers spaced at 2 or 10-kw inter-
vals, as desired.

The recording camera, which pho-
tographs the crt face, makes use of
a continuously-moving strip of pho-
tographic paper capable of moving
at speeds of 36, 24, 12, 6 and 4
cm per hour, Single time-reference
markers may be injected automati
cally every ten minutes and a double
marker every hour; or, if desired,
reference markers may be injected
manually. This is done by bright-
ening the baseline of the cathode-
ray tube momentarily which results
in the recording of a black line on
the photographic paper.

The research program described
in this paper was made possible
through the support extended Cruft
Laboratory jointly by the Navy De-
partment Office of Naval Research
and the Signal Corps, U. S. Army,
under contract N5ori-76.

Carrier-Type D-C Amplifier
For Biological Research

By C. R. MADUELL, JR.
Electronic Engineer
Delta Electronic Equipment Co., Inc.
New Orleans, La.
AND H. MaLcoLm OWEN
Special Biologist

Lowisiena Dept. of Wildlife & Fisheries
New Orleuns, La.

THE CONTINUOUS recording of

small, slow, mechanical motions

(below 0.1 min and 20 ¢ps) has usu-
ally been done with mechanical

Pickup mechanism of instrument as posi-
tioned for observing the heart beat of an
oyster that is slowly dying in a salt-water
environment simulating that produced by

industrial pollution. Coils are held by
clamp. For this usage, the instrument has
been named an astreodynamometer

amplifiers of motion and a clock-
driven drum. At best, the system is
far from being friction free, and
usually contains quite a bit of

inertia and mass which use up con-
(continued on page 176)

EXTERNAL TRIGGER TRIGGER SQUARE WAVE SWEEP
| AMPLIFIER GENERATOR CIRCUIT
—
| il || sopua
2KM MARKERS '
®]
f I0KM MARKERS O]
TRIGGERED
— - - || BLOCKING | _| 51 COUNTER |____| BLOCKING ___T MARKER AND
75 Ke AMPUIFIER SOUARER PEAKER OSCILLATOR AND GATED CLAMP DSCILLATOR VIDEO MIXER
OSCILLATOR )
VIDEO INPUT

FIG. 2—Block diagram of recorder used in conjunction with parabolic antenna for tropospheric measurements
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gives

W/W

5-WAYS

Here'’s why...

VARGLAS Tubing is now impregnated with G. E. PERMAFIL

9y
Here’s how...
BETTER DIELECTRIC RETENTION

e ... 7,000 volts — and keeps its high dielectric value under toughest service
conditions.

BETTER FLEXIBILITY

. . twist it — tie it — bend it — wrap ith No crack — no peel — no dielectric loss.

BETTER HEAT RESISTANCE

.. withstands more than 2,000 hours at 105° to 110° € — 1,000 hours at 125°
C — extensive periods even at 150° C.

AVAILABLE IN COILS

. so that you can cut the length you need — no more, no less, no waste.
Standard colors — wide range of sizes — meets or exceeds al| AS.T.M,
specifications.

CAN BE AFTER-TREATED Send for

. in baking and varnishing operations. Reacts F R E E
better than most oleoresinous materials and other

synthetic coated tubings. Sample_

r--——-—-— Full

Inf ti
VARFLEX Corporation, 308 jay St., Rome, N. Y. nformation

CORPORATION

Makers of
Electrical Insulating

Please send me full information as well as a free sample of your new
Varglas Tubing impregnated with General Electric Permafil. § am particularly
interested in samples suitable for

I Name.
Tubing and Sleeving I Company .

Street..... e L O e I e

City
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NEW PRODUCTS

Edited by WILLIAM P. O'BRIEN

Cross-Hateh Generator

THE HICKOK ELECTRONIC IN-
STRUMENT Co., Cleveland, Ohio, has
developed the Model 620 cross-
hatch generator which provides a
stable video pattern at any time for
alignment and trouble shooting. The

instrument has output frequencies
for 4 channels—2 through 5 inclu-
sive; output voltage is 50 to 5,000
uv, with all modulating frequencies
crystal controlled. The unit oper-
ates on 105-125 volts, 60 cycle a-c.

Wideband Amplifier

U. S. Electronic Co., 262 Canner St.,
New Haven 11, Conn. Model 100
wideband amplifier is designed for
application in the field of nuclear
research or for general problems
involving the study of transients.

Bandwidth extends from 4,000 cy-
cles to 22 me. Voltage gain is 520
on the high-impedance output con-
nection and response is uniform
within 3 db.

Transmission Measuring Sel

THE DAVEN Co., Newark, N. J,,
Tyvpe 11A transmission measuring
set is a single-meter instrument de-
signed for specific use in checking
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{requency

response,
matching chavacteristics and gain

impedance

and loss measurements. The unit
features a 1.0-percent accuracy and
a frequency range from 20 to 20,-
000 cycles. Attenuation measure-
ments can be made to 111 db in 0.1-
db steps. This instrument is appli-
cable in telephone transmission
work and as test equipment in audio
laboratories and broadcast stations.

Pocket YOM

ELECTRONIC MEASUREMENTS CORP.,
423 Broome St., New York 13, N. Y.
Model 102, a light-weight 1,000
ohms-per-volt meter, features a 3-
in. square meter. Exact specifica-

tions, which include 5 a-c and 5 d-c
voltage ranges, 4 d-¢c and 3 a-¢ cur-
rent ranges and 2 resistance ranges,
can be had by writing directly to
the manufacturer.

Disc Ceramic Capacitors

SPRAGUE ELECTRIC C0., North
Adams, Mass. The new wafer-thin
capacitors consist of a half-dime
or dime-sized ceramic plate of very
high dielectric constant with sil-
vered electrodes fired on both faces

Unidirectional leads
are soldered to the silvering and the
capacitors are coated with a mois-
ture-resistant insulating resin. The

of the disc.

units fit across miniature tube
sockets, and can be used for by-
passing at high-frequencies. They
are available in ratings up to 0.01 or
2 2 0.004 pf., 500 volts d-¢ working,

Aircraft Inverter

[XICOR, INC., Chicago, Ill., is produc-
ing an aircraft inverter which elec-
tronicallv controls output voltage
within =#1.0 percent and output fre-
quency within a 1.5-percent range.
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>