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OUR MILLIONTH FILTER SHIPPED THIS YEAR. ..
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You are invited to the

National Symposium

Quality Control and Reliability
in Electronics

New York City Friday, Saturday

Four Sessions © 16 Papers
Nationally Known Speakers Sponsored by IRE Professional
Luncheon Group on Quality Control and

Broadway Ilit Tickets Available.

For information on Registration, Co-Sponsored by the Electronies
Hotel Rooms, Entertainment,
write to Vietor Wouk, Publicity
Chairman, Beta Flectric Corp.

333 E. 103rd Street, New York 29

Technical Committee of the
American Society for Quality

Control

Hotel Statler November 12, 13, 1954

"A new giant is making its ap pearance on the American industrial scene.”’
.., "and it has announced its first trade exposition for November,” says
June INDUSTRIAL MARKETING.

You are invited. to The Firat
INTERNATIONAL AUTOMATION
EXPOSITION

which will be held in the 244th Regiment Armory,
I 125 West 14th Street, New York City,
Novcember 29th-December 2, 1954

Electroni  ‘anufacturers will be showing their

products components, which have application

in automatic production.

FIRST INTERNATIONAL AUTOMATION EXPOSITION
845 Ridge £ . Pittsburgh 12, Pa. Fairfax 1-9831

| - B

East Coast
Conference

on
Airborne
and

Navigational

Electronics

November
4.5
Sheraton-
Belvedere
Hotel
Baltimore, Md.

Jointly sponsored by the
Baltimore Section of the
IRE and the Professional |
Group on Airborne and |

Navigational |

Electronics

IRE Members & Stu ents $1.00
Non-Members $3.00

ProcekpiNGs OF THE I.R.E. October, 1954, Vol. 42, No. 10. Published monthly by the Institute of Radio Engineers, Inc., at 1 East 9 Street, New York
21, N.Y. Price per copy: members of the Institute of Radio Engineers $1.00; non-members $2.25. Yearly subscription price: to members $9.00; to non-

members 1

n United States, Canada and 1].5. P'ossessions $18.00; to non-members in foreign countries $19.00. Entered as second class matfer, October

26, 1927, at _the post office at Menasha, Wisconsin, under the act of March 3. 1879. Acceptance for mailing at a special rate of postage 1s provided for
in the act of February 28, 1923, embodied in Paragraph 4. Section 412, P. L. and R.. authorized October 26, 1927.

Table of Contents will be found following page 80A



PRECISION TEET AND MEASURING INSTRUMENTS FOR LABORATORY, PRODUCTION AND FIELD

2a

RADA-NODE

the ONLY COMPLETE
RADAR NOISE FIGURE
MEASURING SET

Combines all elements necessary for making precise noise figure
measurements. The central unit contains regulated power supplies
for every type of noise generator, with precision calibrated meters;
30 and 60 mc amplifiers; precision attenuators and DB meter.

Accuracy 10.25 db.

The Rada-Node may be used, with its accessory noise sources,
over the entire frequency range from 5 to 26,500 mc. Noise diodes
are used for the lower ranges, fluorescent or argan gas tubes in
waveguides for the higher frequencies.

Noise Diode A" covers the range from 5 ta 400 mc, and is
supplied as part of the Rada-Node together with a set af plug-in

IF prabes.

Noise Diode /B’ covers the range from 10 to 3000 me.
Gas-tube microwave noise sources start at 1200 me and cover
the range to 12,500 mc in eight bands.

SPECIFICATIONS:

Noaise Figure
Range: 0 to 21 db.
Accuracy: To +0.25 db.

Detection
IF amplifier frequency:
{1) 30 mc (2) 60 mc
Amplifier Gain: 75 db
Amplifier bandwidth:

4 mc
Input Impedance: 50 ohms

Measurement
Attenuators:
1. 21 db main attenuator,
steps 1, 2,3, 5, 10 db.

2. 3 db (2X-power) atten-

uator.
3. 0-2 db interpolation
control.

Noise Factor Meter: Noise
output meter in conjunction
with noise-source current

meters.

PRICE:

Power Supplies

1.

2.

3.

Electronically regulated
supply for IF amplifiers.

Regulated supply, with
variable control, for noise
diades.
Regulated supply, with
variable control, for gas
tubes.

Auxiliory Equipment

1.

IF probe.

2. Noise Diade head "A"
3. Noise Diode head “B"

4.

RF noise source (gas tube)
eight sizes, consisting of:

a. Noise source waveguide
and tube

b. Waveguide termination

¢. Co-axial transition.

$1,395.00 with Noise Diode “A” and IF probe. $470.00 for Noise
Diode “B*’. Consuit catalog for prices af Micrawave noise sources.

KAY ELECTRIC COMPANY

14 MAPLE AVE. . CAldwell 6-4000 . PINE BROOK, N. J.

Meetings with Exhibits

@ As a service both to Members and the
industry, we will endeavor to record in
this column each month those meetings of
IRE, its sections and professional groups
which include exhibits.

October 4, 5, 6, 1954

National Electronics Conference,
Sherman Hotel, Chicago, Il1.

Exhibits: Mr. George H. Wise, c/o
DeVry Technical Institute, 4141
Belmont Ave., Chicago 41, 1Il.

November 4 & 5, 1954

East Coast Conference on Air-
borne and Navigational Elee-
tronics, Sheraton-Belvedere Hotel,
Baltimore, Md.

Exhibits: Mr. C. E. McClellan, Air
Arm Division, Westinghouse Elec-
tric Corp., Friendship Airport, Bal-
timore, Md.

November 18 and 19, 1954

Sixth Annual Electronics Confer-
ence, Hotel President, Kansas City.

Exhibits: Mr. Robert W. Butler, P.O.
Box 8857, Kansas City, Mo.

February 10, 11, 12, 1955

Seventh Annual Southwestern IRE
Conference, Baker Hotel, Dallas,
Texas

Exhibits: T. W. Sharpe, Collins Radio
Co., 1930 Hi-Line Drive, Dallas 2.

March 21-24, 1955

Radio Engineering Show and
I.LR.E. National Convention,
Kingsbridge Armory, N.Y.C.

Exhibits: Mr. William C. Copp, In-
stitute of Radio Engineers, 1475
Broadway, New York 36, N.Y.

May 9-11, 1955

National Conference on Airborne
Electronics, Biltmore Iotel, Day-
ton, Ohio

Exhibits: Mr., William Klein, 1472
Earlhain Drive; Dayton, Ohio

Note on Professional Group Meetings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working commitieemen on these
groups are asked to send advance data
to this column for publicity informa-
tion. You may address these notices to
the Advertising Department, and of
course listings are free to IRE Profes-
sional Groups.

"“
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RMASEAL

CISION RESISTORS

NOW!

PERMASEAL accurate wire-wound resistors are

ideal for point-to-point wiring, for terminal board
mounting and for use on processed wiring chassis.

Encapsulated for protection against high hu-
midity, these resistors will stand up in military
and induscrial clectronic service. The protective
housing also guards against physical damage

during installation and during equipment

ENCAPSULATED AXIAL LEAD STYLES
FOR 85°C, 125°C and 150° AMBIENTS

85°C PERMASEAL « RESISTORS
SPRAGUE SHZE RATE + AX
TYPE o] 1 LEADS WATTS OHms
200E 2 No. 22 AWG 20 120,000
201E W 95 No. 22 AWG 3 225 000
202t : No. 20 AWG 50 500,000
203€ No. 20 AWG 75 700 000
204E 2 7 No. 20 AWG 75 2 M0
205E Y No. 20 AWG 1.00 17 MQ
204E No 20 AWG 1.50 28 2
125 C PERMASEAL . RESISTORS
FAT “AX

T09¢ wat

300E No 22 AWG 10

30E No. 22 AWG

302e No. 20 AWG 25

303 No 20 AWG 30

304E No 20 AWG 30

305E No 20 AWG 40

306E No 20 AWG 60

age at ambient temperatures of 85°C and 125°C.

Special units can be made for operation at 150°C

ambicnt with full rated wattage dissipation.

Unusual long-term stability of resistance is an-

other plus feature of Sprague Permasecal Resistors
—as the resule of careful matching of winding
forms, resistance wire and encapsulating material
—together with a thoroughly controlled aging

process during manufacture. Permaseal Resistors

maintenance.
Standard designs are available in seven differ-  are available in resistance tolerances P—w;ﬁ .
ent physical sizes for operation at full rated watt-  down to 0.1%, when necessary. t‘tx:‘( o~
; FOR COMPLETE DATA, WRITE FOR COPY OF SPRAGUE °
R ENGINEERING BULLETIN NO. 122, WITHOUT DELAY.
- SPRAGUE ELECTRIC COMPANY, o
235 Marshall Street, North Adams, Mass. I ?4»‘ ;’

PIONEERS

NORTH ADAMS, MASSACHUSETTS
CABLE: SPREXINT

EXPORT FOR THE AMERICAS: SPRAGUE BLECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS.
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Zone Refining apparatus, showing tube and induction-heating coils. For transistors—tiny electronic
amplifiers—germanium is made extremely pure. Then special impurities are added in controlled amounts

for best transistor performance.

To make the most of their revolu-
tionary invention, the transistor, Bell
Laboratories scientists necded ultra-
pure germanium.

The scientists solved their problem
by devising a radically new refining
process. The germanium it vields
may well be the purest commercially
produced material on carth.

It has only one part in ten billion
of impuritics harmful to transistor
performance. That’s about the same
as a pinch of salt in 35 freight cars
of sugar.

Yet the new process, Zone Refin-
ing, is simple in principle. An ingot

BELL TELEPHONE LABORATORIES

IMPROVING AMERICA'S TELEPHONE SERVICE PROVIDES CAREERS
FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS

in 10,000,000,000

of germanium is drawn through a
series of indnction-heating coils that
melt narrow zones of the snbstance.
Since impurities are more soluble in
the liquid than in the solid form of
a metal, the molten zones collect
impuritics. They are swept along
by the successive melts to the end of
the ingot, which is finally cut off.

Zone Refining is also being applied
to the ultra-purification of other ma-
terials useful to telephony. Thi
single achievement of research at
Bell Telephone Laboratories clears
the way for many advances

America’s telephone system.
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12,800 TO 50,000 NMC

integrated equipment for

E xtremely
High
Frequencies

Now, Polarad has applied its advanced engineering techniques to
produce fully self-contained microwave test equipment for use in the
Extremely High Frequency region--12,800 to 50,000 MC

This new line of Signal Generators, Signal Sources, and Spectrum
Analyzers is designed to save engineering manhours in the laboratory
and on production lines—obviating experimental test set-ups.

The Extremely High Frequency Polarad Signal Generator, for example,
furnishes monitored power output as well as measures external signal
strength and frequency.

Highest accuracy and reliability of operation are assured by
carefu! engineering and the use of highest quality compohents.
For complete information write to your nearest Polarad
representative or directly to the factory.

SIGNAL
GENERATORS

SIGNAL
SOURCES

SPECTRUM
ANALYZERS

SIGNAL GENERATORS

SIGNAL SOURCES SPECTRUM ANALYZERS

lated as follows:
1. Internal
1000 CPS Square Wave
2. Externalp
a.

PRF: 100 to 10,000 CPS

Polarity: Positive
b. Sawtooth or Sinusoidal

*Internal variable pulse and FM modulation

Modulation: Ail units e;(cept the SG gle' and SG 1617° can be modu-

ulse
Pulse Width: 0.5 to 10 Microseconds
Pulse Amplitude: 10 volts Pk to Pk Min,

Frequency: 100 to 10,000 CPS
Amplitude: 15 Voits RMS Min,

Frequency Range Mode! Number Output Power Model Number P°&f,'eg"gtep)"t Model Number (Sisg%’;ﬂmtize) l)(l:eee;as;gr)\
12.8 to 17.5 KMC SG 1218 —10 DBM $S 1218 15 mw SA 1218 —70 DBM 30 MC
15.75 to 16.25 KMC SG 1516° —6 DBM $$ 1516 5 mw SA 1516 —70 DBM 45 MC
16.25 to 16.75 KMC SG 1617* —6 DBM $S$ 1617 5 mw SA 1617 —70 DBM 45 MC
18.0 10'22.0 KMC SG 1822 —10 DBM $S 1822 10 mw ] SA 1822 —~60 DBM 40 MC
22.0 to 25.0 KMC SG 2225 —10 DBM S8 2225 ] 10 mw SA 2225 —60 DBM 40 MC
24.7 to 27.5 KMC SG 2427 —10 DBM SS 2427 10 mw - SA 2427 —60 DBM 40 MC
& 27.27 to 30.0 KMC SG 2730 —10 DBM S8 2730 10 mw SA 2730 —60 DBM 45 MC
29.7 to 33.52 KMC SG 3033 —10 0OBM $$ 3033 10 mw SA 3033 —60 DBM 45 MC
33.52 %0 36.25 KMC SG 3336 —10 DBM $S 3336 9 mw SA 3336 —-50 DBM 45 MC
35.1 t0 39.7 KMC SG 3540 ~10 DBM $$3540 |  5mw SA 3540 —50 DBM a5 MC
37.)1 to 42.6 KMC External Source Power Measurement_ $S 3742 Approx. 3 mw
— Range: +6 to 430 DBM I.F. Gain Control: 0 to 40 DB
41.7 t0 50.0 KMC Accuracy with Correction: +2 DB SS 4150 Approx. 3 mw

I.F. Band Width: 50 KC
Sweep Frequency: 5 to 40 CPS

REPRESENTATIVES » Albuquerque * Atlanta « Boston  Chicago *

ELECTRONICS CORPORATION 100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK

Cleveland * Fort Worth  Kansas City * Los Angeles ¢ New York * Phila-

delphia » San Francisco * Seattle ¢ St. Paul » Syracuse * Washington, D. C. * Canada, Arnprior—Export: Rocke International Corporation

PROCEEDINGS OF THE I.R.E. October, 1954
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Same signal recorded at
chart speed of 250 mm.
per second for optimum

Typical signal recorded
at chart speed of 10 mm.

: BRUSH ELECTRONICS COMPANY, Dept. F-108

| 3405 Perkins Avenve, Cleveland 14, Ohio

| Gentlemen:

: [0 Please send bulletin on new oscillographs.

| {0 Please have your representative call.

! Name _

i

| Position N _
: Company S _
{ ress R
: City -— State________

New Brush
Direct Writing
Oscillographs

WIDEST RANGE OF
RECORDING CHART
SPEEDS AVAILABLE

From 10” per day to 10" per second

ITH THE NEW BRUSH 4- and G-channel oscil-

lographs you have a choice of up to 16 chart
speeds—from 10 mm. per hour to 250 mm. per
second. This permits excellent resolution of a
great variety of signals—with economy in chart
paper. From the various speeds available, you
select the slowest speed that will give desired
resolution of recorded signal.

The chare drive is electrically controlled; thus
speeds can be changed instantaneously, from either
local or remote locations. The high accuracy of
the chart drive system provides a linear time base
for all recordings at all speeds. With ink writing,
the trace is uniform regardless of type of signal
or chart speed. Electric writing is also available
for unusual operating conditions,

Get all the facts—send the coupon today, or call
your ncarby Brush representative. Brush Elec-
tronics Company, Cleveland 14, Ohio. In Canada:
A. C. Wickman, Ltd., Toronto.

BRUSH ELECTRONICS WW COMPANY

| formerly
MEN —
(131 :L::::::‘csr::::n‘::s"s“:f:ul:'?ln:[ v[.ch - —-' The Brush D» clopment Co.
. ' Y -— e Brushk Electrontes Company
MAGNETIC RECORDING EQUIPMENT  |mmm.  amm| B it of

[ is an operatin
uLTRAsoNIC €qu MenT | PITTTITIAY S
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WAR DECLARED ON
DEALER CALL-BACKS!

NEW TUBE TYPES FROM
SYLVANIA SPEARHEAD ATTACK!

The most important step in a concentrated campaign to eliminate

dealer call-backs has been taken by Sylvania with the release of a

group of new tube types. Sylvania’s new 5U4GB leads the group.

The 5U4GB attacks the call-back enemy on many different fronts:

1. The tube has been re-designed. Now, plates are longer and heavier
with twin wings for better heat dissipation, Sylvania’s 5U4GB car-
ries increased ratings of 275 ma at 44 volts drop with 1.0 amp peak
plate current.

2. Wafer Stem Construction—originally developed by Sylvania for the
lock-in tube—has been adapted to the 5U4GB. The wafer stem elimi-
nates electrolysis, provides stronger mount construction, permits
better spacing.

3. A new T-12 bulb provides greater heat dissipation, gives added
strength, more rigidity because of its straight construction.

4, Bottom mica has been added to make the tube stronger, improve
filament alignment and eliminate arcing,

Other Sylvania types are vastly im- biggest profit-robbing enemy canlook 10 IDENTIFY SYLVANI A’S NEW

proved, too! All have Sylvania’s fa- forward only to an incessant, contin-
mous wafer stem construction, plus uing effort on the part of Sylvania to
these additional design features: make his existence a thing of the past. RE(EIVlNG TUBES I'OOK FOR
e Better Lead Spacing These quality tubes are now at your THE NEW c ARTON!
® Stronger Mount Supports Sylvania distributor’s. —
e Stronger Micas
@ Firmer Filament and Plates
o Greater Protection Against Shock

and Vibration

Better Heat Dissipation
No Glass Electrolysis
Fewer Burnouts ¢

Stronger, More Rugged Overall
Construction

NO MINOR SKIRMISH
The Sylvania war on dealer call-bLacks
is not a minor skirmish, It will con-
tinue until dealer call-backs on these
and other receiving tube types are
completely elimmated. The dealer’s

This new tube carton identifies Syl-

‘7[JVANM vania’s new high quality, improved
receiving tubes. It’'s assurance to
dealers evervwhere that inside is one
of the finest receiving tubes made—

Sylvania Electric Products Inc, v 1740 Broadway, New York 19, N. Y. unsurpassed for quality and perform-
In Canoda: Sylvania Eloctric (Canodal Ld., University Tower Bldg., St. Catherine Strest, Mantreol, P. @ ance. For further inforimation write
LIGHTING * RADIO -+ ELECTRONICS - TELEVISION to Dept. 4R-3110 at Sylvanic.
PROCEEDINGS OF THE LR.E. October, 1954 i




G.E.s

CUSTO
143 PO

<9< Smallest unit size yet developed!

9 Most reliable performance of any rectifier
within this category!

9 Hermetically sealed for lifetime use!

Jr— ——

& The following germanium rectifier stacks, each occupy-

2

¢ ing a volume of only 1.62” x 2.5” x 6.00", are typical of
i the 143 standard stacks in G. E.’s new rectifier line.
! CIPCUIT D.C. OUTPUT (55°C Resistive Load) :
HalfWave . . . . . . . . . 2amps@ 280 voltsor 3amps @ 190 volts :
Full Wave Center Tap . . . . . 2amps @ 280 volts or 3 amps @ 190 volts &’
; Full Wave Bridge . . . . . . . 1amp @ 565 voltsor 3 amps @ 210 volts | v
| Three Phase Half Wave . . . . 1.12amps @ 420 volts or 4.5 amps @ 140 volts 7 -
| Three Phase Bridge . . . . . 1.3amps @ 575 volts or 2.6 amps @ 280 volts b |
i Three Phase Star . . . . . . 1.8 amps @ 280 volts or 3.6 amps @ 140 volts

8 . *x K X

8a PROCEEDINGS OF THE [.R.E. October, 1954
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#  Plus IMMEDIATE DELIVERY

%
B

General Electric leads the industry again! Announcement of this revo-
lutionary G-E Stacked Germanium Rectifier opens up new avenues of
power progress that were heretofore thought impossible to travel. Now,
the amazing total of 143 power combinations has been provided with this
one product! Your specifications requiring series or parallel stacks in
single or polyphase circuits are custom-completed at G-E’s factory.

This unit is smaller, weighs less, is more reliable, lasts longer, has
better power ratings than any other dry rectifier made any place by any
other company. AND, G.E. offers you immediate delivery.

Designed and built to deliver new power performance,the G-E Stacked
Rectifier is 75%, less by volume and weight than any other comparable
dry type rectifier. And, rectifier losses are reduced to one-third or less of
those encountered withyany other type of rectifier. You can count on ex-
treme reliability . . . tested for compliance to 10,000-hour standards. Note
also that there are no forming or aging effects.

WRITE US TODAY 1 GET
ALL THE FACTS ON THIS
IMPORTANT NEW PRODUCT!

General Electric Company, Section X52104,
Electronics Park, Syracuse, New York

«« GENERAL &3 ELECTRIC

o . ' oF TIHE IR.E. Octobcr, 1954



HOW TO TAP THE BRAIN
of a piece of metal

GUN ELEVATION
of TARGET

_:Saxu RS \3@ $
N | \
| (N)

RANGE
“~_ of TARGET

\.@ &

/O o\

In making computers. such information as mathematical functions can
be stored in a precision-cut cam. thus allowing its follower to be displaced
in aceurate reply to the input position ot the cam. Ford Instrument Com-
pany designs and makes cams of all sizes and shapes to achicve these
results. To manufacture such cams with the precision demanded, the
encineers of Ford Instrument have devised remarkable automatic ma-
chines which. by tollowing a carefully plotted ink line on a roll of paper.
cut the exact shape into the metal. Then. careful point-by-point checks.
sometimes as many as 2000 measuremeuts, insure finest accuracy.

If you have a cam problem—call on Ford Instrument Company.

You can see why a job with Ford Instrument offers young FORD IN STRUM E NT co M PANY
engineers a challenge. If you can qualify, there may be
a spot for you in automatic control development at Ford.

Write for brochure about products or job opportunities. DIVISION OF THE SPERRY CORPORATION
State you, preference. J_ 31-10 Thomson Avenue, Long Isiand City 1, N. Y.

10 PROCEEDINGS OF THE [.R.I toher, 19034
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" a-CHANNEL

As a graphic example of the design idea
that has brought new versatility to industrial
recording, a Carrier Preamplifier (A) is
shown above in position to plug into a
Driver Amplifier in framework with Power
Supply (B) which are normally already in
place in the Basic Cabinet Assembly.

The identical design principles of the
four-channel system are provided in the
two-channe!, the only difference being the
number of channels.

‘150"

The two-channel
version of this
sys tem will
comprise Cabinet,
two-channel
Recorder,and
one dual channel
amplifier.

[

Ask, alse, for a copy of the
Right Angle — a Sanborn pub-
lication devoted to oscillo-

graphic recording in industry.

PROCEEDINGS OF THE LR.E October, 1954

design conce

COMPLETE FOUR-CHANNEL SYSTEM
FOR USE WITH ANALOG COMPUTERS

This “150" system consists of a Cabinet
Assembly, a four-channel Recorder, and two
dual channel DC Amplifiers. Each amplifier
is complete with a common power supply.
Each measures and records two separate
single-ended signals, at sensitivities between
one and one hundred volts per centimeter.

fits your
oscillographic
recording need?

Sanborn 150" Recording Systems that put to use the original
pt of amplifier interchangeability (illustrated at the
left) start with either a four-channel or two-channel standard

Basic Assembly, to which the user adds
whatever selection or combination of pre-
amplifiers (A) are needed for his recording.
problem. The standard Basic Assemblies
comprise a metal Cabinet, Recorder, and
a built-in Driver Amplifier and Power
Supply (B) for EACH channel. Presently
available Preamplifiers are: AC-DC, Car-
rier, DC Coupling, Servo Monitor, Log-
Audio, and Low Level Chopper.

Advantages common to ALL Sanborn
Recorders are: inkless recording (by
heated stylus) on plastic coated strip:
chart paper, and in true rectangular
coordinates . . . high torque galvanometer
movement . . . time and code markers . . -
numerous paper travel speeds.

‘.150.'

SINGLE-CHANNEL RECORDER

A compact, lightweight unit for use when only
one channel is required — provides permanent,
inkless recording in truerectangular co-ordinates;
five paper speeds (5, 10, 25, 50, 100 mm/sec.);
extra stylus for either manual or remote timing
and coding marks. Designed for simple, patch
cord connection to any of the several 150’
preamplifiers (plus driver amplifier and power

supply), avail-
A 8
L

able soon in
portable metal
cases.

-t

-

L
ALt
-~

Catalog and technical
data on all *150" equip-
ment available on re-

quest.t

“SANBORN COMPANY

CAMBRIDGE 39, MASS.

11a



PLUG-IN UNITS

s

TYPE 53A—DC to 10 mc, 0.035
psec risetime; 0.05 v/cm to 50
v/em, calibrated .. ... ....$85

\ N
LI %
\ KN

TYPE 53B — Same as Type 53A
with additional calibrated ac-
sensijtivity to 5 mv/cm....$125

W o
; oo
“ P

ae

TYPE 53C—Dual-trace unit. Two
identical amplifier channels, dc
to 8.5 mc, 0.05 v/cm to 50 v/cm.
Electronic switching triggered by
oscilloscope sweep...or free run-
ning at about 100 kc.....$275

Nl

f‘ NN

‘\.’00

\\‘ P
\ a

”~

7Y

TYPE 53D — Differential input,
high gain. DC to 350 kc at 1
mv/cm — pass-band increasing
to 2 mc at 50 mv/cm. Full range
—Imv/cmto 125 v/cm...$145

«
R'GHT.’ But there’s more here than convenience. There’s
better performance than you've known...over a far wider range :
than you’d expect. This method of quick conversion provides for
the future, too...offering adaptability to new work at the mod-
erate cost of a new plug-in unit. ‘:

You’'ll save valuable engineering time and accomplish much
more with a Tektronix Type 531 or Type 535. The money you
invest will work harder, longer.

OSCILLOSCOPE CHARACTERISTICS

Balanced Delay Network
0.25 psec signal delay in vertical amplifier.

Wide Range of Triggered Sweeps
0.02 usec/cm to 12 sec cm, continuously

L1 Sensitive Horizontal Amplifier
24 calibrated sweeps from 0.1 usec/cm to 0.2 v/cm to 20 v/cm sensitivity.

5 sec/cm, accurate within 3%,
Versatile Triggering

Internal ar external, with amplitude level
selection ar automatic triggering.

Accurate 5-x magnification.

High Writing Rate

10 kv on new precision crt — permits
phatagraphing single sweeps at the
fastest sweep speed.

Square-Wave Amplitude Calibrator
0.2 mv to 100 v in 18 steps, accurate

within 3%.
T P P DC-Coupled Unblanking

ide-Ban utput Amplifier 1 .
DC-coupled amplifier designed for use with all CRT Beam Position .ndicators

Type 53-Series Plug-In Units, Electronic Power-Supply Regulation

TYPE 531 —3$995 plus price aof desired plug-in units.

TYPE 535 -—same characteristics— plus delayed sweeps. 1 usec to 0 1 sec calibrated delay in 12
ranges, incremental accuracy within 0.2% of full scale. Conventional or triggered operation . . .
$1300 plus price of desired plug-in units.

Your Tektronix Field Engineer-or @op&seni-
ative will gladly arrange o demonstration
at your convenience . . . Call him today.

Prices f.o.b.
Portlznd (Beaverton), Oregon

(,.,? b Tektronix, Inc. 3

P. O. BOX 8318 + PORTLAND 7, OREGON
CYPRESS 2-2611 . CABLE: TEKTRONIX
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""" “ AMERICA’S LEADING s LEADING EQUIPMENT MANUFACTURERS
USE AMERICA'S BEST INDUSTRIAL TUBES...

A that’s why yow’ll find

wm some of the finest

INDUCTION and
DIELECTRIC HEATING
EQUIPMENT

in the country!

.

There can be no question about 1it. 5870/AGR — 9951 — . 333

AMPEREX tubes deliver outstanding
performance at lower operating cost.
. Because of Ruggedizing and other ex-
clusive techniques, AMPEREX tubes
have a substantially longer life and
withstand heavy, industrial use much
better . . . both physically and electri-
cally. Whether you manufacture or use
Induction and/or Dielectric Heating
Equipment, you will obtain smoother,
more reliable performance at lower
maintenance cost with AMPEREX

9904R

tubes. 5924/AX —

Technical Data and Brochures Are Avail-
able on Request from our Application

B Engineering Department.

R
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LABORATORY DELAY LINE STANDARDS

The Millen delay line kit effectively provides a means for the
development and design engineer to cheek the affeet of various
delays in their actual developmental setups without the time loss
and expense of producing separate lines for each trial. Increazed
requirement for time delay cirenits in radar. color televizion and
other modern clectronic applications has presented a problem to
the design and development engineer as it has heen hoth time
consuming and expengive to obtain delay lines for deyelopmental
work as each line was necessarily cut to the estimated delay and
any change in requirements necessitated the fabrieation of a new
delay line. The Millen delay line kit is designed to provide a ready
means of obtaining various delays from .10 microzeconds through
2 microseconds in increments of .05 microseconds except at the
extreme ends of this range. The lines may be nsed repeatedly
without deterioration as they are hermetieally scaled. the smaller
lines in glass tubes, the 1 mierosecond line in a metal container.

Each set consists of:

NOMINAL
DELAY ToL. CALIBRATION TOLERANCE
. 2—0.10 us. = C.01 pus. = 0.002 us.
2—0.25 us. = 0.025 us. = 0.002 us.
1—0.30 us. = 0.03 pus. = 0.002 us.
1—1.00 ps. = 0.05 us. = 0.01 us.

JAMES MILLEN

MAIN OFFICE

Actual delay as measured by phase shift method are marked on
cach delay line. The laboratory calibration of each delav line is
accurate to = 0.002 microzeconds on all of the .10 microsecond,
.25 microsecond and .03 mierosecond lines and = 0,01 mierosecond
on the | microsecond line. Combination of delay lines supplied
makes possible the following delays:

0.10 us. 0.55 us. 1.10 us. 1.55 us.
0.20 0.60 1.20 1.60
0.25 0.65 1.25 1.65
0.30 0.70 1.30 1.70
0.35 0.75 1.35 1.75
0.40 0.80 1.40 1.80
0.45 0.90 1.45 1.90
0.50 1.00 1.50 2.00

Characteristie impedanee — 1350 obms = 209,

PHYSICAL DIMENSIONS:
0.1 us.—'%,"" dia. x 4%’ long
0.25 us.—1%,"’ dia. x 7% long
0.30 us.—'%"’ dia. x 7%’ long
1.00 us.—4%" x 4% x 1"

All seven lines are mounted in a metal case 915" x ‘5" x 134"
for convenience in storing and safety in handling.

MFG. CO., INC.

AND FACTORY

MALDEN, MASSACHUSETTS, U.S. A.

PROCEEDINGS OF THE I.R.E. October, 1954

'z




Military Eqepment Designers:

GET POWER GAIN 10-to:1 AND UP
WITH GL-6283 U-H-F TETRODE!

Wide frequency range a feature!
Tube will operate anywhere berween
low audio bands and 900 mc at full input—
above 1,000 mc at reduced input.

ET 150 w of useful CW power—

dependably, with 300 w plate dissipation to
back up performance! Apply this output, as
oscillator or amplifier tube, at any frequency
.rom kilocycles up to 900 mc! Type GL-6283
meets both these design needs . . . does so
efficiently, with a 10-to-1 or better power
gain (depending on the circuit) that
spells real economy.

Forced-air-cooled; compact; easy to plug
in or remove —these are GL-6283
installation advantages. The tube is

ideal for voice-communication
transmitters . . . coded-communication
transmitters which control pilotless
planes and guided missiles . . . other
military circuits calling for a tube

with low-to-medium power that's versatile,
efficient, and rugged.

G-E Tube Design Service developed the
GL-6283 with your power needs directly in
mind. Full ratings, performance curves,
and descriptive facts will be rushed on
request. Wire or write Tube Department,
General Electric Co., Schenectady 5, N. Y.

b 1 *a

Gives o DEPENDABLE 150 w of useful CW output.

‘4 e . r' . . . .
300-w plate dissipation means extra margin of operat-
ing sofe'].

min. re_iuire.d.
AR

\ L
In¢talls i'n’seconds. Just grasp tube by handle ond lower
into cavity:

*

*

* Forced-air-coolad for convenience. Only 23 cu. f1. per
*

-

R-F
FIELD

R-F EFFICIENCY IS
DESIGNED IN!

Note how radiator areo of G.E.'s GL-628&3
is completely external to r-f field (termi-
nals and tuned circuitry) . . . so thot the
v-f paths are short and vninterrupted.

Wide areas for spring-finger contacts assure good
electrical connections.

Compact—less than 22" wide, 42" high. Weighs
approx | pound.

Sturdy, shock-resistant, with strong internal supporting
members.

Long-lived. Durable ceramic construction; high-e[ficiency
ceramic-to-metal seals.

ﬁogress ls Ovr Most Imporfant Prodvct

GENERAL @3 ELECTRIC
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TRUSCON STEEL T(?WERS *AM ¢« FM ¢« TV « MICROWAVE

16A

Base for Broadcasting

This is the base of a Truscon Self-Supporting Steel Tower. Standing sturdy
and staunch astride the heart of the wheat country, it helps broadcast the AM
signal of KFRM, Concordia, Kansas.

This picture of a firm, solid base, sgcurely anchored, is but part of the story of
Truscon “towers of strength.” From this base rises a beautifully engineered,
precision-manufactured steel spire that stands strong and steadfast against
wind and weather.

Truscon knows towers. Truscon builds them for you tall or small... tapered
or uniform in cross section . .. guyed or self-supporting . .. for AM, FM, TV,
and Microwave broadcasting. Your phone call or letter to any Truscon dis-
trict office, or to “tower headquarters” in Youngstown, will get your tower
program under way without delay. Truscon® is a name you can build on.

TRUSCON STEEL DIVISION
REPUBLIC STEEL

MARK OF MERIT . 1072 Albert St., Youngstown_1, Ohio
i Export Department: Chrysler Building, New York 17. N. Y.

.
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53RD YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORM’I N

CHATTANOOGA 5, TENNESSEE

so many buyers insist on

HISTMEL

Jectrccal Ceramecs

because. .. AlSiMag is manufactured
under strict quality control from the best
materials available.

because ... Precision tolerances and su-
perior workmanship are matters of routine
with AlSiMag.

because. .. Thoroughly trained Re-
search and Engineering Staffs are available,
without charge, to help with customer’s de-
sign and application problems.

because ... AlsiMag represents the net
result of over 53 years of specialized experi-
ence in the technical ceramics field.

because ... with AlSiMag, you can be
sure of receiving as many parts as you want
—when you want them. Four large plants
house an abundance of the most up-to-date
mixing equipment, high-capacity presses,
die and tool shops, huge kilns, skilled man-
power.

Your own experience will add many more reasons.
specify AlSiMag on your next order for precision
pressed or extruded ceramics . . . see how easy your
buying job can become!

A SUBSIDIARY Of MINNESOTA MINING /

AND MANUFACTURING COMPAL

Branch offices in these cities (see your local telephone directory):

Cambridge, Mass. * Chicago, Ill. * Cleveland, Ohio * Dallas-Houston, Texas * Indianapolis, Ind. * Los Angeles, Calif. -«
Philadelphia-Pittsburgh, Pa. *

St. Louis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. + Tulsa, Okla.

Newark, N. J

- a




COMPLETELY
SELF-CONTAINED
FIELD TEST INSTRUMENTS

FREQUENCY
+ STANDARDS

These precision-built field test instruments were designed by
Frequency Standards to provide rapid and accurate means of
frequency measurement in the field. Frequency is determined
by means of a micrometer dial. This reading is translated to
frequency by accurate individual calibration charts or curves.
Transducers, fittings, and cables can be supplied to meet the
requirements of customers and convenient storage space for
these items is provided in the lid of the instruments.

FREQUENCY RANGE ACCURACY
9001200 MC 01%,
1200-1700 MC 029
1700-2300 MC .02,
2300-3500 MC .02%
3500-4500 MC 01%,
4400-5800 MC A
5800-8200 MC 01%

ILLUSTRATED RS
BULLETINS S
SENT ON - ° 6, W
REOUEST Addrseésxmcguc;fs to

PROCEEDINGS OF THE I.R.E October, 1954




A

«°

=
e
P
e
o
e
e
S
o
—
-
S
o

g

Brush Tvpe BK-1514, a 14-channel re-
cording-reproducing head for use with
magnetic tape.

Revere Extruded Shape used for the base
of the head,

For Brush

The base of the magnetic recording-reproducing
head shown here is a Revere brass extruded shape.
You can see that it is rather simple in design, yet
Brush Electronics Co., Cleveland, Ohio, reports
that the shape saves 15¢ per piece (1}5” long)
over the previous method of milling the piece out
of solid bar. There were three operations required
on the bar, which weighed 1.61 th. per foot, against
1.22 Ib. per foot for the shape. Eliminating the
machining operations, and reducing scrap almost
to the vanishing point, produced the economy.

The head in question can record and reproduce
signals from 14 channels, at frequencies within,
below, or above the audible range. Such a head is
being increasingly employed to handle informa-
tion to be used for computation, telemetering,
inventory records, process control (automation)
and similar purposes.

Extruded shapes by Revere should be looked
into if you are doing any extensive machining of
raw stock in copper and its alloys, and aluminum
alloys. The extrusion process is much like squeez-
ing paste from a tube. Much more intricate shapes
than the one shown here are possible. Naturally,
all design lines must be parallel to the axis of
extrusion. Get in touch with the nearest Revere
Sales Office, and see if Revere Extruded Shapes
may not save you money.,

REVERE

COPPER AND BRASS INCORPORATED

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

Mills: Baltimare, Md.; Chicago and Clinton. 1ll.; Detrait, Mich.; Los
Angeles and Riverside, Calif.; Neu Bedford, Mass.: Rome, N. Y. —
Sales Offices in Principal Cities, Distributors Everywhere.

SEE 'MEET THE PRESS” ON NBC TELEVISION, SUNDAYS

PROCEEDINGS OF THE I.RE.
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NEW PRODUCTS

ANEWS and

QOctober 1954

Digital Converter

A new digital converter, for digital
data reduction and handling, has just been
introduced by the recently-formed Data
Reduction and Automation Div., Fischer &
Porter Co., 22 Jacksonville Rd., Hathoro,
Pa.

The function of the Digi-Coder is to
convert into a digital signal the analog
output of primary sensing devices, such as
flow meters, thermocouples or pressure
transducers, and so forth. Digital signals,
represented by discrete contact positions
in the Digi-Coder, are the required inpuat
to clectric typewriters, digital computers,
punched card equipment, and other data-
handling equipment.

Two basic types of Digi-Coder are of-
fered. One type converts a mechanical mo-
tion, delivered to its input shaft from a
pneumatic or other receiving mechanism,
into a digital output signal. Torque re
quirements are less than 0.20 inch/ounce.
Low moment of inertia makes the con-
verter adaptable to any servo instrument.
The second type of Digi-Coder, which con-
tains an integral self-balancing potenti-
ometer, converts an analog voltage input
into the digital signal. The voltage-input
type will operate on a 0-1 millivolt input
and up, with either a linear or nonlinear
relationship maintained between input and
output signals.

The Digi-Coder is accurate to the near-
est digit, regardless of the number of
digits in the output. In a 5-drum train,
demonstrated accuracy is better than 1 in
34 billion parts. The Digi-Coder may be
obtained with a  hystercsis-free  input
coupler than enables the feclers to operate
without interrupting the motion of the
input shaft. The device can operate at
speeds up to 5,000 counts per second.

Miniature Transformers

A recent announcement by the Audio
Development Co., 2833 13 Ave. S., Minne-
apolis, Minn., covers a new line of minia-
ture hermetically-sealed transformers and
chokes. Suitable for use in circuitry such as
geophysical or transistor application,
these compact transformers and chokes
measure $X 3 X137 inches. Available in
both standard steel and nu metal, they are

20A

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your |.R.E. affiliation.

classified into the following groups: input
300 (125) ohms to 150,000 ohms €. T,
primary inductance 8.5 henries +35 per
cent; output, 20,000 ohms C. T. to
16/8/4/2 ohms, primary inductance 1,200
henries: inductors, 1,500 henries, with two
2 per cent taps.

Special designs are also available up to
10-watt, 400-cps power transformers, audio
transformers and inductors with ratings
similar to those shown above. For addi-
tional information address your inquiry to:
Industrial Sales Div., Audio Development
Co.

Computer Power Supply

Magnetic Research Corp., 318 Kansas
St., El Segundo, Calif., has developed a
magnetic regulated dc power source for

digital and analog computers, called the
stabevolt type C. It is doubly magnet-
ically regulated and has low internal im-
pedance and close dynamic regulation.

PROCEEDINGS OF THE I.RE.

Dynamic regulation is better than 0.1
per cent for step change of ac line voltage
from 95 to 135 volts, and better than 0.1
per cent for line frequency variations from
537 to 63 cps. For output load variations
from zero to full load the static regulation
is better than 0.15 per cent and the dy-
namic regulation is better than 0.2 per cent
for step change of 20 per cent in dc load
current, The ripple is less than 0.2 per cent
RMS and can be reduced to 0.01 per cent
if required. This type of power source can
be supplied in ratings ranging from 1.3 to
500 volts and 1 to 100 aumperes output.

Field-Test Frequency
Meters

Frequency Standards, Box 304, As-
bury Park, N. J., has recently announced
a new line of field test frequency meters in
addition to their standard line of wave
meters. The ranges covered by these in-
struments are: 900 to 1,200 me, 1,200 to
1,700 mc, 1.700 to 2,300 mc, 4,400 10 5,800
mc, 5,800 to 8,200 mc.

Accuracy of models 1217 and 1723 1s
0.02 per cent; in all others it is 0.01 per
cent.

A usable indication on the self-con-
tained micro-ammeter is obtained with 1
milliwatt input.

All models have type BNC input and
accessories  such  as  coax-to-waveguide
transducers and cables, which are avail-
able for the particular requirements of the
customer. Fach meter i~ individually cali
brated and charts or curves are supplied.
The frequency-determining elements of the
wavemeters are made of invar to keep the
temperature coefficient of the instruments
as low as possible.

Models Nos. 4438 and 5882, which op
erate in the TEj; mode, are sealed and
feature a built-in desiccator to eliminate
the effect of varving relative humidity o
the calibration of the instrument. Readers
are invited to request new bulletins from

the firm.
(Continued on page 27A4Y
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CapRE. . e 4 :
DA MEN This unit provides the necessary information on transmission character-
istics for the installation of terminal equipment, for the maintenance of termi-
nal equipment, and for the field service of transmission lines and terminal

equipment for microwave relay systems.
TRA N S M I S S ' 0 N In one portable unit for efficient field use are combined the functions

which normally would be performed by a separate Vacuum Tube Voltmeter,

Audio Oscillator and Equalization Filters.
M EA S U R I N G S ET This unit has filters for providing response curves for accurate indication
of 144, F1A or flat transmission lines. The 12-A also has provision for measure-
ment of harmonic distortion and has its own self-contained low distortion
TY P E ] 2 - A 1000 cycle oscillator with variable amplitude.
The amplifier of the 12-A provides range levels from plus 20 to minus
80 DBM in calibrated steps of 10 Db. The associated meter is calibrated in

. 0.5 Db steps. The dynamic characteristics of the indicating meter are such
f 0 r M e a S ll f I ﬂ g t h 8 that its response approximates the speed of appreciation of sounds by the ear.

c h a ra c t e r i s t i c s This unit has line blocking capacitors for use across central battery

. and dial telephone lines.
of Microwave
Relay Systems

Write for additional specific information and for catalog material.

THE D A MEN e 195 Central Avenue
Newark 4, New Jersey
¥

WORLD"'S LARGEST MANUFACTURERS 0F ATTENUATORS



CTC Components shown include: A. capacitor; B. standard and in-
sulated terminals; C. coil form kit; D. RF choke kit; E. coil forms

and coils: F. coil kit; G. RF chokes; H. dinde clips; I. parel hardware;
J. standard and custom terminal boards; K. ceramic board.

One big family with a single thought

Whether you need terminals, clips,
coils, chokes, capacitors — or any of a
number of electronic components —
you can be sure they’re right if they're
made by CTC.

One continuing basic idea governs
the manufacture of every CTC prod-
uct. And that idea is: quality control.
We could not guarantee our products
as we do without a constant check of
numerous details that determine reli-
able performance. Qur quality control
engineers see to it that these manufac-
turing standards are consistently main-
tained — right through to periodic mi-
croscopic inspection.

Pictured here are a number of com-
ponents available at CTC including our
three kits. These items come in stanrd-
ard forms and are also custom engi-
neered to meet your particular require-

22A

ments. We would be glad tc give vou
complete details, including specifica-
tions and prices, on any or all CTC
units — as well as information on how
CTC components can be specially de-
signed to solve your individual elec-
tronic components problems.

You will find it well worthwhile to

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,

custom or standard

use components that are guaranteed.
Write to Cambridge Thermionic Cor-
poration, 456 Concord Avenue, Cam-
bridge 38, Mass. West Coast manufac-
turers contact: E. V. Roberts, 5068
West Washington Blvd., Los Angeles
16 and 988 Market Sticet, San Frane
cisco, California.

PROCEEDINGS OF THE I.RE.
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BUSS.. one souree

- TO MEET ALL
YOUR FUSE NEEDS!...

Constant research and engineering over the past ~
39 years have resulted in a most complete line of BUSS 4
fuses: dual-element (slow blowing), renewable and
one time types . . . in any size from 1/500 amperes up —
plus a companion line of fuse clips, blocks and holders.

To make sure that BUSS fuses meet the highest
standards of dependability . . . every BUSS fuse
normally used by the Electronic Industries is tested in
a sensitive electronic device that automatically
rejects faulty fuses.

Many manufacturers and service organizations
have standardized on BUSS fuses to simplify their
buying, stock handling and records — and to
safeguard their good-will and reputation. You too,
will find it good business to let BUSS meet all your
fuse needs.

Let BUSS save you engineering time

If you should have a special problem in electrical

protection, BUSS places at your service the

world’s largest fuse research laboratory and its staff
of experienced engineers to help you determine

the right fuse for the job and if possible, one
available in local wholesalers’ stocks.

Makers of a complete line of fuses for home, farm, commercial, electronic aond industrial use.

] BUSSMANN Mfg. Co. (Div. McGraw Electric Co.) [ ]
University at Jefferson, St. Louis 7, Mo. 3

Please send me bulletin SFB containing facts on BUSS
',T::;:::::",’.::,:‘,f;: small dimension fuses and fuse holders. .
| |
W Name Title | |
a Company n
FOR MORE INFORMATIONGB 5. [
MAIL THIS COUPON : City & Zone Seate 1054 :

IRE
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ONE IN A SERIES: discussing the importance of selecting the proper permanent magnet to use in your product

24A
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Why SOUND, FUNCTIONAL MAGNET DESIGN

guarantees superior product performance

Magnets must be “‘tailored’” to your
product . . . tailored in size, shape, and the mate-
rial used . .. if greatest efliciency, at the lowest
possible cost, is to be expected.

The magnet assemblies shown above are typ-
ical of such **tailoring.”” Those used in test meters,
for example, are designed specifically to maintain
a magnetic field of uniform high energy, so neces-
sary to the precise operation of such meters.

Others—for holding applications—are de-
signed so that their magnetic circuits provide the

THE INDIANA STEEL PRODUCTS COMPANY

Valparaise, Indiana

World’s Largest Manufacturer
of Permanent Magnets

INDIANA
PERMANENT
MAGNETS

T

greatest possible tractive power. In applications
where the magnet acts on moving parts of an
assembly, still different designs may be required.

Cur engineers—specialisis in permanent mag-
net design and application—welcome the oppor-
tunity to assist you with vour designs. For their
recommendations—without cost or obligation—
write us today. Or return tke coupon below for
a free copy of the helpful article, “Selecting
the Proper Permanent Magnet Material for Your
Product.”

The Indiana Steel Products Co.. Dept. 10(¢;
Valparaiso, Indiana

Magnet Material for Your Product.”

Name Title _

Company_
Street___

emgn

IN PERMANENT MAGNETS

Please send me a free copy of **Selecting the Proper Permanent
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Hoffman

Admiral
M a ﬂ NMAvoXxX

GREAT NAMES IN COMMUNICATIONS...

[ J
RELY ON%‘W CRYSTALS

These companies—and many others in leadership position
in the field—depend on Midland crystols for completely

reliable frequency control in their products.

THAT FACT IN ITSELF is testimonial enough to the kind
of performonce Midland Quality Control hos built into

millions of crystals for every communicotions use.

Whatsoor ypan, Gugital ned, comsenctiinal, o hi pocsibid,
wwwmd(’:‘fqad&,w,w il

[ J
M MANUFACTURING COMPANY, INC.
3155 Fiberglas Road, Kansas City, Kansas

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS
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Tube life in time-
¥ proved GATES 5/10k
AM transmitters “exceeds estim e{tleosl’('w

E‘.itel-McCullough. Inc.
San Bruaos California

Gentlemen:

4 few years ago our enginee department was requeé sted to
ral entirel s in the 5/10KW power
oth medium @ jal service. —
qu'u'emem.s was t i ¢ a modern t
.ment that w ould substantially re cost both initially
greateT life expectancy.

nd exhaustive tegts in our own
3X2500F3 was decided upon-
e excellent put even success-
cbstitute for several years that
life expectancy:

These several years have nOW passed. Gates transmitters employing
the world in every kind of service including

24-hour internati unications. broadcasting and many

SKW mobiie i nili ice. Checks indicate, 23S both radio _

frequency amplifiers 2 m the life expectancy is .

not only meeting OUT orig tes and expeCtat'\ons but in many
instances far exceeding them.

we congratulate you on an excellent produc'/ that has indeed saved "“
the industry untold thousands in tube expense and again express

our appTe ciation for the excellent cooperation of your enginee ring
department.

yours very truly,

GATES RADIC OMPANY

p. S. Gates rj
Pre sident

| TR Fimac 3K2500F3's feature j
oo ALK A8 JOF3’s featured i
Gates models B0-B and BC-10B

EIMAC 3X250 H
W AM orid i |
TRANSHITIERS b bl o
MODU
BC-5B 2 Ei::::ﬂ PA

. 3X2500FF Eimac
BC-108 Pronys e

3 A 2 Eima
X2500F3's 3X25UF's : ’

26
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your |.R.E. affiliation.

(Contined frem page 204)

Analog-to-Digital Converter

\n analog-to-digital  converter  espe
ciallv designed for use in data handling
svstems or digital computers has been an-
nounced by Librascope, Inc., 16007 Flower
St., Glendale, Calif.

Signal travels Trom shaft position to
cole dises and thenece to cither a relay svs
tem or a diode scinning network followed
by a single Hip-tlop. Time sharing of con
trol circuits is possible for multi channel
svstems using i=soliition diodes in series with
cach pick-off brush. allowing control cir-
cuit to be’ nsed for scanning manyv con-
NCPLers.

Ambiguity is eliminated hy using two
pick-off brushes for cach track of the code
diz¢ except the first, or least significant.,
Standard code dises are manufactured for
binary operation, but Grav, decimal, or
other svstems may be ordered. Present
models include 7, 13,17, and 19 digit units,
all 2 inches in diameter and varving in
fength from 249764 to 4 13716 inches.

Converston from digital code to analog
shaft rotation may be made, but with a
slight inercase o cirenitry,

Specitications: Input torque, under 0.2

nee/inche Coarrent carrving capacity: 2
ma per pick-ofl brush. Digit output fre
queney may vary from 500 ¢ps to 1 me or
higher. Stabilitv: Operates independent of
voltage, temperature,  frequeney limita
tions over a wide range. Life Expectaney:
3 Million or more evelings of input shaftat
speeds of 1o 2 RPSWeight: 8 ounces.,

Color Bar White Dot
Generator
\ new color television test instrument,

designed to produce color bars, white dots,
or a crosshateh pattern, has just been an-

PRocCEENINGS o THE TLRUE. Octobey

MODEL S§-14-A

DC COUPLED
10 mv/inch
o2 CYCLE SWEEP

Size:12'" x 6'' x 7"’
12% Pounds

< e

B
ANOCTHER EXAMPLE OF_—!lmman. PIONEERING. ..

The HIGH GAIN POCKETSCOPE. model S-14-A, is an outstanding
achievement in the field of oscilloscopes. The high vertical and horizontal
sensitivities of 10 and 15 millivolts rms/inch respectively; frequency re-
sponses within —2 db from DC to 200 K(C; non-frequency discriminating
attenuators and gain controls; plus individual calibration voltages are but a
few of the heretofore nnobtainable characteristics of DC coupled oscil-
loscopes. ‘The sweep is operated in either a repetitive or trigger mode over a
range from 0.5 cyeles to bevond 50 KC with synchronization polarity
optional. All this and portability too! The incredibly small size and light
weight of the S-14-A now permits “on-the-spot™ use of the oscilloscope in all
industrial, medical, and electronic fields. Its rugged construction assures
“laboratory performance’ regardless of environment.

WATERMAN PRODUCTS CO., INC.

PHILADELPHIA 25, PA.

ikt lsaiies P ske WATERMAN PRODUCTS INCLUDE

$-4.C SAR PULSESCOPE "

$-5-A LAB PULSESCOPE

$-6-A BROADBAND PULSESCOPE
$-11-A INDUSTRIAL POCKETSCOPE™
$-12-B JANized RAKSCOPE"

$-14-A HIGH GAIN POCKETSCOPE
$-14-8 WIDE BAND POCKETSCOPE
S-15-A TWIN TUBE POCKETSCOPE
RAYONIC ! Cathode Ray Tubes

and Other Associated Equipment

—“;-‘,M ) |

1
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ELECTRICALLY AND MECHANICALLY INTERCHANGEABLE

MEETS ALL MIL-T-27 REQUIREMENTS MEETS ALL CIVILIAN REQUIREMENTS

Completely hermetically sealed tp meet MIL-T-27 speci- A complete line to MIL electrical specifications, housed
fications. Military Standard types ore included. Catalog in conventional cases. Satisfactory performance af sub-
Listing M L stantial savings. Catalog Llisting C L

HOUSED IN CASES WITH STANDARD MIL-T-27 DIMENSIONS, RN G IRULTISNE N0 S (TR TH 7Y () (I U7 L) {4

A : R Bt

/ \
\\
‘K’/ The new Kenyon Military and Commercial Lines feature the very latest practice, using the best class “A”
/ wire and insulation now available, and the latest types of core material, to obtain minimum size at reasonable
\/ cost. . . . Cases are identical to the requirements in the MIL-T-27 specification and standard units are
finished in a smooth, durable medium gray. Other colors are available on special order. Full rating information
and schematie is furnished in the form of a stencil on each case. . . . Special units with other ratings and the same or
similar cases are available on short delivery, in any quantity. Class B, class C,and class H units can also be delivered
no special order. Where casing is not required yet sealing is important, we recommend our “Ken-Seal”” molded
transformers, available on special order. Write for catalog. Your inquiry will receive prompt attention.

KENYON TRANSFORMER CO., INC., 840 Barry St., New York 59

PROCEEDINGS OF THE I.RE
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Find
Facts
Fast!

on MEN - FIRMS - PRODUCTS - IRE
in the IRE DIRECTORY

Out October 15 for IRE Members above student "

l

Azowany 7Y 1

grade in America.

1. 32,617 Members names, firms and addresses

2. 32,6117 Members indexed geographically

3. Biographies of 567 IRE Fellows

4. IRE Constitution, By Laws and information

5. 2760 Radio-Electronic Firms Indexed

6. 128 Catalog pages of company ads in Multiple Page Section
Apparatus Index, Audio, Broadeast, Communications

8. Components Index, Classified as Engineers Think

9. Instruments & Controls Index, Informative, detailed

10. Materials & Services Index, easy to use

THE INSTITUTE OF RADIO ENGINEERS
| East 79th Street, New York 21, N.Y.

PROCEEDINGS OF THE ILR.E. October, 1954
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NEW G-E LONG-LIFE

% 5AUA4
*k 5U4-GA
% 5Y3-GT

Sturdy, resist shocks, dissipate heat
efficiently...yet prices are unchanged!

HE tmprovements you can SEE in the new
T5U4-GA apply to all three-new G-E rectifier
tubes for television. G-E Design Service brings
you, at no price increase, two rectifier tubes that are
completely re-engineered, plus one brand-new
type, the SAU4. All are much more dependable
than present tyves, so help reduce your TV
produczicn-line rejects. The new tubes are
longer-lived—they cut down on service
call-backs, increasing the reputation of your sets.

Recent introduction of new 6BQG6-GA and
25BQG-GA sweep tubes, and this announcement
of new G-E rectifier types, are only the first
steps ir an extensive General Electric program
to design and build greatly improved receiving
tubes for TV. Manufacturers of sets are asking
for better tubes . . . G.E. is devoting every
resource to the task of supplying them!

Keep in touch with G.E. for new-design tubes
that wil. mean wew high quality, #ew value,
new reliable performance in the receivers you
design and manufacture! Address

Tube Department, General Llectric Company,
Schenectady 5, New York.

Gl

wagp w st

e

You can SEE the improvements o\v_'e.r bro-iofyp.e (left)

The 5U4-G prototype, though it did a good electrical job,
was subject to damage from shocks and vibration. G.E.'s
new 5U4-GA withstands hard usage, gives long service.
Arrows (above, right) point to reasons why:

1.

Substantial mica supports brace the tube st-ucture at both
top and bottom, instead of at the top only.

2,

Glass bulb now is straight-side, compact, and strong. Diame-
ter is 30% less than 5U4-G.

3.

New double-fin plate construction improves heat dissipation.

4.

Base construction now is button-stem, with the leads passing

through widely spaced individual seals at bottom of glass

anvelope. Adds strength, gives shorter leads ard greater

lead separation, and brings about better heat conduction
. which in turn reduces electrolysis and air-leakage.

New G-E 5U4-GA has same base diameter and fayout
as prototype 5U4-G—is fully interchangeable.

progress Is Our Most Important Prodvct

GENERAL ELECTRIC

162-1A5




All “SLUBS” look alike, but . ..

Hi-Q.CARTWHEELS |

have that unique sealing!

Heavy ceramic bedy; positively-bonded electrodes;
intimately.joined terminzls—such details are common to all
“slug” ceramic capacitors. The assembly is then sealed—and that's where

HI-Q “Cartwheels"” are different.

“Cartwheels” feature a cast casing, completaly and permanently sea'ed
in one operation. The exclusive pot:ing compound results in meticulous jacketing.

Especially developed for Color-TV, Hi-Q “Cartwheels”” mean ratings up to 30 KV;
much higher corona-starting voitages; greatly increased dielectric strength;
excellent arc-resistant properties; ‘nsulation resistance greater than
50,600 megohms; power factor of 1.5% max. at 1000 cps; greatest
immunity to humidity and heat; outstanding service life.

Latest literature on request. Hi-Q specialists

Gef "le FACTS ! / will gladly collaborate on your high-voltage

/ and other ceramic-capacitor requirements,

*Reg. trade mark

AEROVOY coRPORATION
: ; OLEAN, N. .

AEROVOX ACME CINEMA
CORPORATION ELECTRONICS, INC. ENGINEERING CO

NEW BEDFORD, MASS. MONROVIA, CALIF. BURBANK, CALIF.
DIVISIO N B
; In Canude AETOYOKX CANADA LTD. Muriltan, Ont L

IOUMR ADDRESS 748 Bollvvile Ave, New Bodlord Mass - Ui

News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your |.R.E. affiliation.

(Continwed from page 27

nounced by the Jackson Electrical Instr.
Co.,, 10 S, Patterson Blvd., Davton 2,
Ohio. Designated the Model 712, the new
generitor is priced at approximately 8330

The instrument is entireh self-con-
tained and provides a complete NTSC
svstem color ditference signal as well as all
required synchronizing signals. A 1.3 me
crystal controlled oscillator provides for
accurate tuning of the color set’s fine tnn-
g control. A 3.58 me crystal controlled
burst oscillator, with its associated Color
Lock control, assures aceurate locking with
the color bhurst generator in the set.

When the generator is set to produce
Color Bars, either single bars or a nmltibar
pattern are available. Single hars, selected
from a front panel switch include Red,
Blue, or Green bars. In the “NMulti” posi-
tion the instrument produces 3 simulta
neous bars consisting of Orange (I signal),
Red (R-Y), White (multiple), Magenta ()
signal, and Blue (B-Y).

The new Jackson gencrator will also
produce a white dot pattern made vp of
6 rows of 8 dots cach for the gonvergence
adjustments of tri-color #hes. \ cross
hatch patiern is adso available for linearity
adjustments.

Laminations Catalog

Magnetics, Inc., Butler, Pa., has just
i~sued a new Magnetic Lamination Cata-
log describing the company's standard line
of laminations, laminated cores, and dises.

Catalog ML 101, “Performance Guar
anteed Magnetic Laminations, ™ includes
lamination specification sheets, showing
both the individual Luninations to actual
scale, as well as properties of square cross
section core stacks, and weights and counts
for dilferent nuterials,

Scections are devoted to laminated core
assemblies,  mechanical  and  magnetic
parameters and lamination toleranees,

The firm nanufactures both progres
sive tungsten-carbide dies for high produc
tion, and fine tolerance Luninations and
hi-carbon, hi-chrome dies for sharter pro
duction runs, These dies for “Perform
ance Guaranteed™ Luminations are de
scribed. The catalog also includes a section
on the proper information needed in deter
mining and ordering quamnm ties of magnetic
laminations,

Copies mav be obhiained by writing on
company letterhead.

PROCEEDINGS OF THIE 1R ( hey, 1934
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AEROVOX
These manufacturers have invited PROCEEDINGS TYPICAL TEMPERATURE
readers to write for literature and further technical

GEE CAPACITANCE CURVE
11| TYPE PBBN CAPACITORS B

information. Please mention your I.R.E. affiliation.

News—New Products ‘ SENSEERERSEEEEEEEE
|
|
|
|

(Continued from page 32:1) i

RMS Voltmeter ‘ AT e n

Model 230, manufactured by Ballan- |
tine Labs., Inc., Boonton, N. J., is a volt- | OF —~
meter of the ultra-sensitive type, de- | APPEA | /, ]
signed to measure true root-mean-square
values of highly complex wave forms, and | p.d

sinusoidal waves. It operates over a range : ,/
of 100 mv to 320 volts and in a band of | o U 1]
5 cps to 500 ke. Accuracy is better than 3 | /

per cent between 15 cps and 150 ke for any
reading regardless of scale position. i = h ||

|
‘ | 0 IR ) 11

(
Y/
/4

Other features include 10 megohm input
impedance, provision for simultancously | of
observing the voltage reading and monitor- | 0
ing the amplified signal with phones or >
CRO, and a built-in calibrator unit for
correcting the effects of advanced aging of

tubes, Accessories are available for extend- D u R A “ l T E *
ing voltage range to 20 mv and 10 kv and :
for measuring rms currents from 0.1 ’
microampere to 10 amperes.
MOLDED TUBULAR PAPER CAPACITORS

Boyers Heads_N_a:clonal | The new and improved Duranite (Type P88N} paper tubulars
RS R still feature Aerolene*—the solid impregnant—combining the advantages
of wax and oil impregnants. No need of stocking both types.
No risk of shelf deterioration.

And now Duranites are molded in blue non-inflammable plastic.
| Top eye appeal—and outstandingly rugged. Pigtails, centered
and firmly imbedded, won't work loose or pull out.

performance characteristics—insulation resistance; power factor

|

| Units essentially immune to moisture penetration. Exceptional
|

| .

l vs. temperature; 100° C. operating temperature.

[ Get the FACTS!

e’ Descriptive literature on request. Write on business
letterhead for sample. Standard values stocked for
immediate delivery. Let us quote on your needs.

AEROVOY cORPORATION

4
HUN G (0]
ENIVYER

The appointment of Mr. John 8. |
Boyers to the National Co., Malden, Mass.,
as Chicf lingineer of the Magunetic Mem-

g R o . Hi- ACME CINEMA
AL B WS D ROEE (ES I C0 BIVISION ELECTRONICS, INC. ENGINEERING CO.
nounged by Paul H. Frye, Vice-President | OLEAN. N. Y MONROVIA, CALIF. BURBANK, CALIF.

in charge of linginecering.

(Continned on page 74A) *Trade-mark Export: Ad Auriema, Inc., 89 Brood S1., New York, N. Y. Cable: Auriema, N. Y.,

PROCEEDINGS OF THE 1.R.E. October, 1954 33a
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high quality
at low cost!

s

LA o

NEW
Potter & Brumfield

RELAYS

GENERAL PURPOSE
SERIES KA

Designed for either current or

voltage actuation. Small size, high

capacity and many contact com-

binations make KA series univer-
sal in application.

APPLIANCE SERIES AB

The AB relay is primarily designed
for appliance applicaNons to elim-
inate noisy and troub.esome clap-
per or solenoid type contactors.

Heiland’s new 700C Recording Oscillograph enables
the testing engineer and scientist to solve a wide variety of
industrial and laboratory problems involving the measure-
ment and correlation of strains, stresses, vibrations, accelera-
tions, pressures, impacts, temperatures, ete.

The 700C Oscillograph provides up to 60 separate MULTIPLE LEAF

recording channels, has record widths of 8 to 12 inches,
record speeds as high as 144 inches per second and as low as
.030 inches per second. The 700C accommodates Heiland’s

SERIES GA

The GA series permits a wide
range of contact combinations for *
multiple circuit swtching of

.. power loads
new Sub-Miniature Galvanometers and temperature con- '

trolled magnet assemblies in which a new high in stability | sumples aveilable for diliasdianl

and sensitivity has been attained. shipment ¢ quotations on request

@LE.Z%

20TH ANNIVERSARY

-

POTTER & BRUMFIELD

PRINCETON, INDIANA
subsidiary of m
130 EAST FIFTH AVe.  [REREEHAVEO A Y..

Export: 13 E. 40th St., New York
Sales offices in principal cities

Heiland Research Corporation .5 . Jo ave

34a PROCEEDINGS OF THE LR.E.



CUT IRON CORE COSTS

with = Stackpole
“PREFERRED TYPES”

UL

MY

Made 1o well-known Stackpole quality
standards, these new “EE” Cores are
available only in commonly needed grades
and sizes. They’re ready for

delivery from stock . .. at low prices . .. and
without the usual set-up charge for

custom-engineered cores.

Mechanical specifications conform to

the latest MPA recommendations. Electrical
standards fully meet 8 out of 10
requirements of radio, TV, and
communications eqnipment.

* ‘YWrite, wire, or ‘phone for details.

SSTACKPOLE CARBON COMPANY

Electronic Components Division
St. Marys, Pa.

PROCEEDINGS OF THE I.R.E. October, 1954 35A
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TECHNICAL LITERATURE

AVAILABLE:

Bulletin No, 47—Crystals,
Ovens, Frequency Stand-
ords, MiL-type Specifica-
tion Index

Bulletin_ No., 45-A—Solid
Ultrasonic Delay Lines

Bulletin No, 46-A—"Bantam
BX" Crystals

Bulletin No. 44.8—Amoteur,
Standard Frequency, Ship-
To-Shore, and TY Service
Crystals

B‘R YSTqu

36A
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Blitey
BANTAM BX
CRYSTAL UNIT

BANTAM IN EVERY WAY—
BUT PERFORMANCE!

The BANTAM BX is precision in pint-size! Meets all
of the demanding specifications dictated by space
limizations in portable and pocket size gear.

In design, if the sub-miniature assembly calls for
multi-channel operation, BANTAM BX crystals
with wire leads may be conveniently mounted in a
sub-mintature selector switch. Or, the BANTAM
BX can be directly wired into printed circuitry.

BANTAM BX crystals meet all performance re-
quircments of larger units such as the Bliley BH6A.
Supplied in frequency ranges: 10 mc - 100 mc.
Hermetically sealed

More technical information may be secured by
requesting our Bulletin No. 46-A. Send your prints
for a prompt quotation.

g&‘(eq
ELECTRIC COMPANY

UNION STATION BUILDING
ERIE, PENNSYLVANIA

B R RV RN 0%

Industrial Engineering Notes

\ERONAL [0S

Plans were completed by the Civil
Aeronautics Administration and the Air
Force for CAA operation of Radar Ap-
proach Control Centers (RAPCONS) at
18 military bases, to serve both civil and
military traffic, it was announced by F. B.
Lee, CAA Administrator. | nder the pro
gram, the CAN will operate the surveil
lanee radar units for approach control of
all tradtic in the vieinity, while the \ir
Foree will operate the precision approach
radar for actual landings by military craft
at the air bases under instrument flight
rules (IFR) conditions. A1l cquipment for
the RAPCONS will be provided by the \ir
Foree, which consists of three surveillnee
and two precision approach radar scopes
The CAN also announced the procurement
ol 75 picces of cquipment for two-wiy 1
cording at some 25 busv towers and cen
ters around the country, The equipment
has already heen installed at the Washing
ton National Nirport, now making it pos
sible for the first time to record all con
versations hetween pilots and CAN (ower
and center personnel. Previousiv, only ot
going CAN messages were recorded

FCC Acrions

The Federal Communications Com-
mission adopted, with modifications, pro-
posals made September 4, 1952, to provide
for the operation of certain fixed radio
(nonbroadcast) stations in the 72-76 mc
band and, at the same time, afford ade-
quate protection to television operations on
Channel 4 (66-72 mc) and Channel 5 (76~
82 mc) which straddle that band. 'I'he
amended rules were effective Angnst 9
195¢. The resulting standards, designed e
minimize e possibilities of interference 1o
television channels 4 and 30 provide (1)
that all operations in the 72 76 me hand
are subject to the condition thar no harm
ful interference will be caused 1o TV r
ception on the channels; (27 present fixed
operations in that band will be permitted
to comiuue on i noninterference hasis, hut
interference complaints must be eleared
up within 90 davs; (3) that a fixed <tation
would he authorized between 10 and &0
miles from such a transmitter only it it
came within certain eriteria establi<hed
by charts provided for this purpose: |1
() that no fixed station would be author
ized for operation in this band when the
proposed  separation hetween its tran
mitter and that of a TV station transmitte
operation on Channel 4 or S was 10 miles or
Tnas

FrEpERAL PERsSONNE]

Several high-ranking Signal Corps
officers have been reassigned, Maj. Gen.
George I. Back, Chief Signal Officer, an-
nounced. Brig. Gen Wesley 10 Guest

N "

* The duta ot which these NOTES are based were
sclected by permission tiom Ind Re port
issues of July 5, 12,19, 26, and August I shie
by the Radio Electronics-Television M
\ssociation, whose helpfulness is grateful
edged.




Magnets for rotors or stators
...dny deslgn orsize you may require.

“MAGNETIC MATERIALS CATALOG”

Write for your copy

Contains handy data on various types of
Alnico Magnets, partial lists of stock
items, and’information on other perma-
nent magnet materials. Also includes
valu#ble technical data on Arnold tape-
wound cores, powder cores, and types
“C” and “E” split cores in various tape
gauges and core sizes.

ADDRESS DEPT. P-10

PROCEEDINGY OF THE I.R.E. October, 1954

The use of Alnico permanent magnets in rotor and stator assemblies
of motors, generators, magnetoes and tachometers has revolu-
tionized the designs of these devices. Whatever your need may be
-—from a tiny rotor for a timing device to a large slab for power
generators—Arnold can take care of your requirements, cither for
experimental samples or production quantities.

® Let us work with you. You will have the advantage of working with
a leading producer of rotor magnets, whose manufacturing and
testing facilities—the most modern in the business—give you the
best assurance of high quality standards and uniform performance.

wapsiea

THE ARNOLD [ENGINEERING (;OMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CCRPORATION

iiiiad

PSS (i~ 7!

M General Office & Plant: Marengo, lllinois
- DISTRICT SALES OFFICES . .. New York: 358 Fifth Ave.
N os Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St.

37a



COMMON CH
TYPE 2028B

Pinion Data

ARACTERISTICS OF ALL
MOTOR GENERATOR UNITS

... 10T.96P. 20° P.A.
1.000 inch

0.D. of Case
Overall Length ............ 2 37/64 inches
Weight ..........5 ounces
Frequency. ...400 cycles
No. of Poles (Motor). .6
No Load Speed (Min.)............6500 rpm
Rotor Inertia.............. 1.1 gram-cm?

ELECTRICAL CHARACTERISTICS
OF TYPICAL TYPE 2028B MOTOR GENERATORS

OUTSTANDING FEATURES OF
TYPE 2028B MOTOR GENERATOR

New methods of manufacture result
in high efficiency

-
High torque to inertia ratio to give I
fast response

Available for 115 volt -115 volt two
phase or single ended tube operation

high impedance winding for direct
plate to plate operation available

High generator output voltage with
excellent signal to noise ratio

Zero degree phase shift in generator
Al metal parts corrosion resistant

Extremely wide operating temperature
range

gkollsman

INSTRUMENT CORP.

TYPE NO. MOTOR GENERATOR
’ OuTPUT
EXCITATION INPUT s Theoretical | EXCI- PER
20288 — PER TORQUE Acceleration! TATION 1000
FIXED | CONTROL PHASE AT STALL | FIXED | INPUT pm
%
0411110 26 26 2.3 0.4 25600 26 | 1.8 .51
0412120 26 26 4.0 0.6 I 38500 26 222 ‘.68
0413120 26 26 1.8 0.3 19200 26 2.2 .68
0460600 115 115 4.0 0.6 38500 115 2.6 1.00
0470600 115 P-P 40 0.6 38500 115 ' 2.6 1.00
%
voits volts watls 0z-n rad/sec? | volts watts volts

a new peak of efficiency

n small servo motors

Input per phase only 1.8 watts

A new line of units has been added to the Kollsman “Special Purpose
Motors™ family combining precision machining, advanced electrical
design and the latest in new materials. This new line consists of
Induction Motors and Induction Generators supplied separately or
combined in a single case one-inch in diameter. The new motors
have been designed to give the maximum torque per watt ratio
with the minimum rotor inertia. The generators have been designed
to give the maximum output voltage with the minimum residual
voltage and phase shift.

Onc of the principal features of the Kollsman “Special Purpose
Motors” is the interchangeability of parts which permits numerous
clectrically different combinations of motor and generator windings
within the same case.

Another unusual feature of the new line is the integral gear head
unit. Contained within a single case is the gear train and motor; or
gear train, motor and generator. Gear ratios as high as 300:1 can
be supplied.

Other models of one inch O.D. units

TYPE NO. DESCRIPTION
2103 Induction Motor
2101 Geared Induction Motor
2131 Geared Motor Generator

Latest catalog and/or com-
plete specification drawings
will be sent upon request.

80 10 45th AVE., ELMHURST, NEW YORK « GLENOALE, CAL{

384

FORNIA » SUBSIOTARY OF Sfdnd,’a/ch COI1L PRODUCTS CO. INC.
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MODELS

RUGGEDIZED

Now, completely new design extends the field of \
utility to applications where severe shock and vibra- > s M A l l E R
tion are prevalent. : o0 o

C s A g Substantial reduction in physical size compared
‘ ey : to standard models . . . readily installed in
existing microwave systems.

o SN |

-

swock VIBRATION e L >
WIDER RANGE OF OPERATING STANDARD ol
> TEMPERATURES TSGR
Range from —55°F to 4 180°F permits use in high
temperature environments. 7 AVAILABLE FOR USE IN

PRESSURIZED SYSTEMS

These new models can be supplied, modified,
for use in pressurized systems.

“y» PERFORMANCE CHARACTERISTICS
~_ SAME AS STANDARD MODELS
All new ruggedized models retain the desirable 7 GREATLY EXTENDED FIELD
performance characteristics of their standard, OF APPLICATION

equivalent frequency range, counterparts. o o .
For use in aircraft and missiles, for mobile and

fixed microwave communications equipment.

“y> FIVE MODELS AVAILABLE
MODEL R88.96; 88 1o 9.6 kmes, - p» OTHER CASCADE FERRITE DEVICES

MODEL R96-104: 9.6 to 10.4 kmcs. Other CASCADE microwave ferrite devices in-
clude: UNILINES for other frequency ranges,
and for high power applications.. GYRALINE,
the microwave amplitude modulator. Com-
plete information on request.

MODEL R69-74: 6.9 to 7.4 kmes.
MODEL R64-69: 6.4 to 6.9 kmcs.
MODEL R59-64: 59 to 6.4 kmes.

6 -
W/
%’d’/’” 7__MICROWAVE LOAD ISOLATOR Write for descriptive bulletins.

A practical application aof the Faraday rotation properties of
ferrites at microwave frequencies. By its use, highly effective

isolation is provided between source and load without the
requirement of external power source or supplementary equip- =
ment and with negligible loss of transmitted microwave power.

e ————
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ALLEN-BRADLEY RADIO, ELECTRONIC, AND TELEVISION COMPONENTS

1

2 WATT BRADLEYOMETERS —ADJUSTABLE RESISTORS —1.3 & 2 WATT

g

i

4 Sizes—1/4", 3/87, :
9/16", 5/8"

EAA-AAIC:CAI;”ACITORS—O.OOOO'I to 0.022 M;D o FERRITE QUARTER RING CORES AND U éOl;ES
BUILD QUALITY into your electronic equipment
by standardizing on these time-tested quality units

BRADLEYUNITS —Every radio, electronic, and BRADLEYOMETERS —Now offered in two sizes

television engineer is familiar with the QUALITY — V¥ and 2 watt. The solid circular resistor can be
repuiation of Bradleyunit resistors. Their extraordinary molded to provide any desired resistance-rotation
reliability is due to the fact that they are rated at 70C curve. The shaft, cover, faceplate, and other metal
ambient temperature . . . not 40C. Under continuous parts are made of corrosion resistant metal. There
full load for 1000 hours the resistance change is less are no riveted, welded, or soldered connections. Not
than 6% . Available in %2, 1, and 2 watt ratings. affected by cold, moisture, or age. The sliding contact
CERAMIC CAPACITORS —Every step in making ~ "P'0"e® ™ifh oge.

A-B ceramic capacitors is performed in the Allen- FERRITE CORES —The production of Allen-Bradley
Bradiey plant . . . from the molding and sintering of ferrite parts is held to the same close standards as
the ceramic discs to the final impregnating and testing all other A-B radio and television components, The
of the finished capacitors. Approved by the engineer- Allen-Bradley line of ferrite cores will meet all tube
ing departments of leading electronic and telephone requirements, Television equipment manufacturers con-
laboratories. They are not low in price . . . but tops sider Allen-Bradley as a major source of quarter ring
in quality and performance. and U cores. Prompt delivery can be made.

Allen-Bradley Co. In Canada—
114 W, Greenfi):ald Ave, Allen-Bradley Canada Ltd.

Milwaukee 4, Wis, / k//" N ) Galt, Ontarid”
ALLEN-BRADLEY

RADIO & \Qgeuvnsnou f‘ympousurs

s, el
o QUALITY =<—
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S uE w-._\_ﬁx Y o Outstanding performance -
1 Lu.llu « Uniformly dependable Humm
Py e T
| T o Rigid quality control BN

§
!
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Constantly improved

RADIO RECEPTOR Co. conducts continuing laboratory research to maintain highest stand-
ards for existing types of selenium rectifiers, silicon and germanium diodes and tran-
sistors—and to develop new units, including those to meet special needs where necessary.

As rapidly as possible we publish bulletins on our products and they are always avail-
able upon request. Sometimes, though, we find the printing presses simply cannot keep
up with our progress . .. So, for the best and most up-to-date facts about RADIO RECEPTOR
semi-conductor products we suggest you submit your specifications. Qur engineers will
gladly make recommendations incorporating the very latest information at their com-
marnd. Just address Section ’-1,

Semi-Conductor Division

RADIO RECEPTOR COMPANY, INC.

SALES DEPARTMENT: 251 WEST 19TH STREET, NEW YORK 11, N. Y.
Teleptone: WAtkins 4-3633, Factories in Brooklyn, N. Y.
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GENERAL MAGNETICS INC. Introduces

to the Temperature Control Field

MTC 293
MAGNETIC THERMOCOUPLE CONVERTER - AMPLIFIER

THE GENERAL MAGNETICS THERMOCOUPLE
CONVERTER IS DESIGNED TO CONVERT AND
AMPLIFY LOW LEVEL DUAL POLARITY DC SIG-
NALS INTO 400 CYCLE SINUSOIDAL AC VOLT-
AGES OF CORRESPONDING AMPLITUDE AND
PHASE SENSE.

E I R e CE— - <

64+ —a4 1 e

AcTuAL sizE g 5 -—Zé_ IS N S I i

Ao — 11 ] |
D . CONTROLES/IGN~NAL D€ rMMILLIAMPERE S
/0 Ed ] 7 L3 5 b .3 .2 z z -3 * 5 6 7 8 bl rL0
Kl 1 I 3 3 1 1 i 3 + 3 + + + + "
T T T M T M T T i T L 1 T T 1 1 M M c
S0 ‘5 40 25 Je 25 20 /5 /0 kg 5 Iz ’5 20 25 Jo Is f0 ¢S5 So
D.Cc. CONTROL S/ GN AL D.c. Mrirrroers
I — = S S D AR
I MTC 293

AMPLITUDE RESPONIE CURVE.

2
HEREREEN :

T 1 ST e Input Signal Resolution— e No Moving Parts or Con-
Less than 5 microvolts tacts to Fahl
- -t + — 1 o ——1—— —— o Greater Stabllity with o Practlcally Unlimited Lite
LN Temperature o Operation in Temperature
N I S } - - R S ST . Ambients from --70°C to
/ N o Higher Galn + 200°C,
me N r 1 1 sl o Extremely Low Hysteresis ® No Internal Rectifiors

y e Negligible Time Delay e High Shock and Vibra.

L S— 1 + 4 1 +4+—4 L4090 e Clean Output Wave Form tion Resistant

_.._/_/.. — L S U SR SN S ._\)
é R SPECIFICATIONS
1 i | | 1 ) B S S Y 5 1 Excitation: 12 V. RMS 5 Output at null: 30MV
= 10% @ 400 CPS + * max, RMS (Composed
10% of even and odd har-
| . 1 1 J. — A1 _cel monics)

2 ACRinuutsinpedanceley Output phase: 0 or 180°

We specialize in control systems and magnetic amplifier *  About 2500 Ohms 6. "';:' Lt
components for Automatic Flight Control — Analog Com- 3, Output Impedance — 7. Marmonle distortion _in
puters — Fire Control and Armament — Guided Missiles — © About 10,000 Ohms ¢ signal range: About 15%
Nuclear Applications — Magretic Voltage Regulators and 4. No load voltage gain — g Overall dimension (%"

Power Suppl.es. © 250 x 1%" x 2“ high

Write on your letterhead for further details

GENERAL GML > MAGNETICS

INC.

MAGNETIC MODULATORS AND AMPLIFIERS VOLTAGE REGULATORS CONTROL SYSTEMS
135 Bloomfield Ave., Bloomfield, N.J,
42A PROCEEDINGS OF THE I.R.E. October, 1954
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184
AVAILABLE CAPAC!
TOLERANCES

CAPACITY

5.10-20%
5.10-20% GMVY

production
down

down

down with RMC
HIGH VOLTAGE DISCAPS

|
|
- [

costs go
GMY
10-20% GMVY
M C (‘miticl)
CTOR: ‘\7 Max. (@)
TSSYJ/E:TFSN: Durez p?\enohc vacuum waxed

AVAILABLE C APACITY
TOLERANCES

331-470
471-1000
1001-2700
2701-5000
5001-10000| HIK

——

= — __”—‘

In addition to lower initial cost, RMC high
voltage DISCAPS, offer the advantages of
smaller size and greater mechanical strength
z for faster production line handling.

1001-5000 Rated at 2000. 3000, 4000, 5000 and 6000
volts DC, RMC DISCAPS assure the volt-
age safety factor required in deflection voke
or special electronic applications. They are
available in any capacity between 5 MMF
and 10,000 MMF.

RMC engineers are prepared to help vou
with vour problems on standard or special
ceramic capacitors. Write us today about
your specific requirements.

681-1000

131-330
331-1000

101-220 1200-K
221-470 1200-K 71/3”
221-1000 HH‘(( 72”
-1000 Hi o
47P‘O]WER FACTOR: 1.5% Max. @ 1 KC {initial)
INSULATION: Durez phenolic—vacuum waxed

Discaps with a dielectric of 1200 K or over are not recommended
- for deflection yokes or other 15,750 cycle applications.

a0

DISCAP
CERAMIC
CAPACITORS

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, IIl.

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

October, 1954

-
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eled, etched circuit
Low temperature operation
Fits all standard counters

Ideal for special purpose
applications -

COMPLETE

COVERAGE HEWLETT-PACKARD
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) AC-4A

CADE
UNTERS

The unique ctched circuit in -bp- AC-4A Counters sets a new standard
of reliability and makes possible high speed counting to 120 k. A stair-
case output voltage proportional to count is available to operate recorders
or external equipment using coincidence detectors. The circuit is fully
visible, accessible, labeled and arranged diagrammatically for simple serv-
icing. Mcchanical layout permits maximum ventilation-—lower tempera-
tures and longer life. Optically engincered illuminated numerals are clear,
bright, casy to read under all light conditions.

AC-4A Counters usc binary flip-flop circuitry wherein each input pulse
advances the count onc numeral, and at "9 an output pulse actuates the
next Counter for cascading. A reset terminal restores 0" : or the Counters
will reset to 9" for Special applications. Etched circuits give excellent
balance and uniform incidental capacities for high 120 ke counting rate.
Resistors arc premium quality 59¢ tolerance units, coupling condensers
are silver mica, and tubes are of the computer type.

-hp- AC-4A Counters are recommended replacement units for -hp- 522
and 524 series Electronic Counters; and arc ideal for experimental or
special applications.

SPECIFICATIONS

Staircase Output: 135vat 0, 55 vat 9.
Internal resistance 700 K

Counting Rate: 120 k¢ max.
Double-Pulse Resolution: 5 lisec

Input: Approx. 80 v neg.; 1 fisec rise Size: 5% " deep, 1% " wide, 6%" high.
i . Weight 1 Ib.
Output: Apprax. 80 v neg. ta drive suc- . y
ceeding caunter Mounting: Standard. Fits actal sacket
Reset: To O or 9 Price: $45.00.

Data subject ta change withaut natice. Prices f.a.b. factary

HEWLETT-PACKARD COMPANY

3204D Page Mill Raad + Pala Alta, Califarnia, U.S. A.
Expart: 275 Page Mill Raad, Pala Alta, Califarnia
Cable: “HEWPACK"

Sales engineers in all principal areas

INSTRUMENTS

PROCEEDINGS OF THE I.R.E. October, 1954

Versatile -hp-

ELECTRONIC COUNTERS

-hp- 52438 ELECTRONIC COUNTER

With this revolutionary new all-purpose
Counter you buy just the instrumentation
you need now—later add other inexpensive
plug in units to double or triple the instru-
ment's usefulness. The basic 5248 Counter
measures frequency 10 cps to 10 me, and
period from O cps fo 10 ke with stability of
1/1,000,000. Plug in Frequency Converlers
extend range to 100 or 220 mc while in-
creasing video sensitivity. For low-level
work, plug in Video Amplifier unitincreases
sensitivity fo 10 millivelts, 10 cps to 10
me. Time-Interval plug in permits Counter
to measure interval -1 fisec jo 100 days
with accuracy of 0.1 isec &= 0.001 % . Read-
ings direct in seconds, milliseconds, micro-
seconds. -hp- 524B Counter, (without plug
ins), $1,915.00. -hp- 525A/B Frequency
Converters, $225.00. -hp- 526A Video Am-
plifier, $125.00, -hp- 5268 Time Interval
Unit, $150.00.

-hp- 522B ELECTRONIC COUNTER

Compact, low cost versatile instrument for
frequency, period or fime measurements.
Range 10 cps to 100 kec. Reads direct in
cps, ke ds or milli ds. Counts are
dutomatically reset, aclion is repetitive.
Stability of time base is 5/1,000,000. Dis-
play length variable at will; or may be
“held" indefinitely. Easily used by non-
technical personnel. $915.00.

COMPLETE

COVERAGE

45a



TUNGSTEN AND CHEMICAL PRODUCTS

Sylvania Tungsten wire, rod, and
components are quality controlled
from ore to finished products and
tested in the laboratory and in the
field. Suppliers to all leading manu-
facturers in the radio and television
industry, Sylvania offers you tung-
sten and chemical products that meet
the highest standards of purity, pre-
cision, and uniformity.

Let Sylvania help you

Sylvania maintains large diversified
metallurgical and chemical labora-
tories for the development and per-
fection of its many products. Today,

these facilities are also available to
help you. Sylvania engineers, Syl-
vania “know-how,” and Sylvania
equipment will aid you in product
development or in the solution of
tough manufacturing problems.

If it's a quesiion concerning any-
thing . . . from a precision, custom-
made tungsten wire to a specially-
ground tungsten part, or from a high-
purity phosphor to germanium di-
oxide for your crystals .. . put it up
{o Sylvania. A note on your letter-
head will bring you the information
you require. Address: Department
4T-3110, Sylvania Electric Products
Inc., 1740 Broadway, N, Y, 19, N. Y.

Initial sintering of a tungsten ingot formed
by high compression of tungsten meta
powder.

Section of metallurgical laboratory of
Sylvania engineering department.

LIGHTING

46A

e RADIO ¢ ELECTRONICS

\cous... POWDERS

HIGH PURITY SYLVANIA
TUNGSTEN and CHEMICAL
PRODUCTS NOW AVAILABLE
INCLUDE:

Tungsten

Radio Heater and Grid Wire
Support Wire and Rod

Gold Plated Wire

Ground Seal Rod

Formed or Ground Parts

Cut and Bevelled Pieces
Hand Wound Coils

Molybdenum

Wire, Rod
Metal Powder

Special High Purity
Chemicals and Compounds

Potassium Silicate ¢ Etching Inks
Carbonate Emission Coatings
Mica Spray Coatings

Basing Cements

Metal Powders
Silicon ¢ Germanium
Phosphors
Cathode Ray Tube Phosphors

e TELEVISION

PROCEEDIN(GS QF THE 1.R.E. October, 1954
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Miniaturization

with
Hughes

Diodes

New computer matrixz has high component density

This experimental

reading gate matrix for

airhorne computers etfectively
tilizes the subminiature size of
Hughes Point-Contact Germanimn
Diodes®. Developed by the
Miniatrization Group of Hughes
Research and Development Labo-
ratories, the wiit neasures 514 by
318 by 14 inches (excluding phigs
and frame). It contains 504 diodes,
209 resistors. Average component
density: 94.5 per cubic inchl

Reprints of a paper describing the
packaging techniques of the sub-
miniature matrix are available,
too. Your copy will be sent
promptly on request.

PROCEEDINGS OF THE I.R.E.

Frequently, space requirements of
conventional - wiring  techniquies
will not permit electronic equip-
ment to be miniaturized to the
same extent as the components.
However, spot-welded  connec-
tions can cffectively reduce wiring
spacc . . . and it is casy to spot-
weld the dumet leads of Hughes
diodes. There is no adverse effect
on diode characteristics, even when
the connections are welded close
to the diode body. With Hughes

|
: Aircraft Company, Culver City, Calif.
|
PR

October, 1954

diodes, designers can take full ad-
vantage of advanced packaging
and wiring techniques.

Hughes diodes are easy to mount
in conventonal assemblics or in
subminiature cquipment. Inscrvice,
these diodes have earned a reputa-
tion for reiable performance and
stability under severe operating
conditions. Make your selection
from the mary standard and special
types available — all listed and de-
scribed in our new Bulletin, sp-24a.

e

*Actual size, diode

body: 0.265 by 0.130

inches, maximum.

47a
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NO CUESSWORK

AAARAT

with a
DIRECT READING
HYCON

DIGITAL

VTVM

MODEL 615

A

ILLUMINATED nmdromt =7

" AND POLARITY. SiGN

$374.50

The Model 615 VTVM is a precision instrument —
functional in design . -, professional in appearance.
The direct-reading digital display eliminates most
interpolation error — shortens costly “learning
curve” in factory and assembly line inspection.
Other features — never before offered in an
instrument of comparable price —include 1%
accuracy (DC and ohms), and I millivalt
sensitivity. Inspect the Model 615 at your Electronic
Parts Jobber's. You'll agree the new standard is
Hycon .. ."where accuracy counts.”

® 12 RANGES: AC, DC, OHMS ® AC FREQUENCY RESPONSE
TO 250 MC (with auxiliary probes) ® OVERLOAD PROTECTION
® LIGHTWEIGHT, STURDY STEEL CASE ¢ PROVISIONS
FOR BENCH STACKING -
The Model 615 VTVM is one of a matching set-of
precision test instruments, which includes the
Model 617 Oscilloscope (designed for color TV)
and the Model 614 Standard VTVM.

2"';““ COLORADO STREET..PASADENA 8, CALISORNIA

“Where Accuracy Counts”

Industrial Engineering Notes

Continued n | {

formerly Commandant of the Army Signal
School at Fort Monmouth, N T, will he
come Chief Signal Ofticer of the European
Command, succeeding Brig. Gen. Edward
R. Petzing, who is returning to the Office
ol the Chief Signal Officer.

Brig. Gen. Victor X, Conrad, Chicel of
the Procurement and Distribution Branch,
OCSO, will succeed Gen. Guest in the Fort
Monmouth School. Also returning to the
Ofttice of the Chiel Signal Officer is Brig.
Gen, Ehon Fo Hammond, who has heen
Signal Otficer for Army Forees, Far Fast.
He will be replaced in the Far East assign
ment by Col. Albert F. Casevant, who
was Assistant Chiefl of the Procurement
and Distribution Division of the OCS().
Col. William D Hamlin, Army representas
tive on the staff of the Defense Depart
ment’s Ofhice of Transportation and Com
nunications, has been named  Assistant
Commander of 1he Signal Corps School at
Fort Monmouth. Succeeding Col. Hamlin
will be Col. Kenneth F. Zitzman, Capt.,
John T Havward (USN) has been named
Commanding Otticer of the Naval Ord
nance Lab., White Oak, NMd. He succeeds
Capt. Fdward L. Woodvard, who retired
aflter 30 vears of service.

INDUSTRY STATISTICS

Television production during the first
half of this year was reported as 2,845,147
units compared with 3,834,236 sets manu-
factured in the same 1953 period. The six-
month radio production total was 4,886,559
compared with 7,265,542 sets manufac-
tured in the comparable 1953 period. | he
report showed the production of 8,394 color
sets in the first six months, of which 347
were manutactured in Jone. The number
of sets manufactured this vear to tune ubf
increased to 636,456 with the production
of 99401 recetvers in June.

MogiLizarvioN

The Bureau of Aeronautics, Depart-
ment of the Navy, announced a new policy
in which its various divisions having cog-
nizance over design and procurement of
electronics are directed to encourage con-
tractors to produce equipment utilizing
mechanized production techniques. This
is particularly true, in the procurement of
cquipments with high  m#Bilization re
quirements. “Mecechanically produced elec
tronic equipment has shown many superior
military qualities compared to equipment
produced by conventional means,” accord
ing to the BuNer announcement, “and
progress in the fichl of mechanical pro
duction has now advanced sutheiently to
warrant its use in ficld cquipment for the
fleet.™ The newly-announced policy, it was
pointed out, “provides substantial incen
tive for manufacturers to wse the Buler
Burcau of Standards develoned “Tinker
toy’ process.”

ntinned page 58.-1)
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Look Who's In The/Act?

Starring
in a
CONMMAND
PERFORMANCE

EXTREMELY SENSITIVE e
RUGGED ¢ SHOCKPROOF

MODEL LA-239C

ACCURATE e jﬁ‘. ° I I

DEPENDABLE oscilioscope
REASONABLY In a project where there is no margin for error
—where every element must perform with
PRICED utmost accuracy and speed—the unique fitness
of this Lavoie Oscilloscope merits a place among

the elite in America’s defense program.
Here is a multi-purpose broad band test
\ oscilloscope that is far ahead in technique and
design . . . replete with exclusive features of
You'll Want lo Lavoie construction...yet so simple and access-
Know More — / 4 ible that engineers and technicians are instantly
won by its facility of operation—its economy

about this distinguished
Oscilloscope and we have 1 i

complete data in bro:hu:e / Oﬂ.’ VO'UOble englneenng man AT
form, ready to mail at

your request.

*@ Sawoic Laboralories Inc.

MORGANVILLE, NEW JERSEY

—

i
‘.
»
L]




SILVERLYTICY CAPACITORS

New Ratings . e

Smaller Sizes

N :"
v ~
N 2
N X
RNz

Mallory Silverlytic Capacitors are now available in the ratings and sizes
listed below. They are ideal for transistor circuitry and other applications
/\ requiring miniaturized components.
/N ,
) For extreme temperatures and wide range of ratings: T'vpe 'T'AP
< h \\ tantalum anode Silverlvties of the polarized type are capable of
)\ ' operating from —55° C to +85° C. Case measures 75" in diameter
by 32" long. These units exhibit extremely low DC leakage current
and are noted for their long operating and shell life. They are available
in ratings from 2 mfd. at 100 volts to 30 mfd. at 6 volts.

For moderate range of temperatures and ratings: T'vpe ALA Silverlyties
with aluminum anode structure cover ratings from 4 mfd. at 1 volts
to I mfd. at 10 volts. . . are also available in fractional capacities at

Expect More... 10 volts. Their case size is the same as Type TAP. Their temperature
Get More range is from —30° C to +65° C. Lowerin cost than Tyvpe TAP, these
units have excellent characteristics within the temperature range
from specified.
: Y For complete specifications, prices and technical information, write or
MAI-I.OR call Mallory today.

Parts distributors in all major cities stock Mallory standard components for your convenience.

Serving Industry with These Products: P.R.MALLORY & CO.Inc.
Electromechanical —Resistors * Switches o Television Tuners * Vibrators
Electrochemical — Capacitors « Rectifiers e Mercury Batteries
Metallurgical—Contacts » Special Metals and Ceramics » Welding Materials

*Trade Mark P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

3CA PROCEEDINGS OF THE I.R.E October



stays hig with Tung-Sol
“series string” TV tubes

(2

2AF4

(Prototype —6AF4}
Heater Current 0.6 A
Heater Yolts 2.35

3AL5

(Prototype —6ALS)
Heater Current 0.6 A
Heater Volts 3.15

3AU6
(Prototype—6AU6)
Heater Current 0.6 A
Heater Volts 3.15

3AV6

(Prototype —6AY6)
Heater Current 0.6 A
Heater Volts 3.15

3BC5
(Prototype—6B(5)
Heoter Current 0.6 A
Heater Yolts'3.15

3BE6

{Prototype —6BES)
Heater Current 0.6 A
Heater Volts 3.15

3(B6

(Prototype —6(B6)
Heater Current 0.6 A
Heater Yolts 3.15

4BQ7A
(Prototype—68Q7A)
Heater Current 0.6 A
Heater Volts 4.2

4877
(Prototype—6817)
Heater Current 0.6 A
Heater Yolts 4.2

5AN8

{Prototype —6ANS}
Heater Current 0.6 A
Heater Volts 4.7

5AQ5

{Prototype —6AQS)
Heater Current 0.6 A
Heater Volts 4.7

58K7A
{Prototype — 6BK7 A}
Heater Current 0.6 A
Heater Yolts 4.7

518
{Prototype—6T8)
Heater Current 0.6 A
Heater Yolts 4.7

5u8
{Prototype—6U8}
Heater Current 0.6 A
Heater Yolts 4.7

5V6GT
(Prototype—6Y66T)
Heater Current 0.6 A
Heater Yolts 4.7

6AU7
{Protatype—12AU7)
Heater Current 0.6 A
Heater ¥olts 3.15*

6AX7

(Prototype —12AX7)
Heater Current 0.6 A
Heater Volts 3.15*

6S4A

(Prototype —654)
Heater Current 0.6 A
Heater Yolts 6.3

6SN7GTB
(Prototype —6SNTGTA)
Heater Current 0.6 A
Heater Yolts 6.3

12AX4GTA
{Prototype—12AX4GT)
Heater Current 0.6 A
Heater Volts 12.6

12B4A

{Prototype —12B4)
Heater Current 0.6 A
Heater Volts 6.3*

12BH7
{Prototype—12BH7)
Heater Current 0.6 A
Heater Volts 6.3%

12BQ6GA
(Prototype—6BQ6GA)
Heater Current 0.5 A
Heater Yolts 12.6

12BQ6GT
{Prototype —68Q6GT)
Heater Current 0.6 A
Heater Yolts 12.4

12BY7A
(Prototype—128Y7)
Heater Current 0.6 A
Heater Volts 6.3*

12L6GT
(Prototype—25L6GT)
Heoter Current 0.6 A
Heater Volts 12.6

12W6GT
(Prototype —6W6GT)
Heater Current 0.6 A
Heoter Yolts 12.6

1WAU4

(Prototype —6AUAGT)
Heater Current 0.6 A
Meater Yolts 18.9

25CD6GA
{Prototype —25(D66G)
Heater Current 0.6 &
Heater Yolts 25

*Using heaters
connecfed
in parallel.

Thermal characteristics of all the heaters are con-
trolled so that heater voltage surges during the

v cycle ore minimized, provided that these
jvoes are used vith other types similorly controlled.

All the economies of series string design, with
no sacrifice in reception quality, are available
to TV set manufacturers who engineer their
sets around this new line of Tung-Sol Receiving

Tubes.

The competitive position you achieve through
savings in transformer. and circuitry costs will
be strengthened by the long life and high per-
formance of these Tung-Sol Tubes. G

The statistical quality control meth- ! i”
ods by which Tung-Sol maintains

October, 1954

Heater ratings are based on 600 milliamperes of
current with heater voltage adjusted for same power
os in the prototype. All other characteristics ond
ratings identical to those of the prototype.

Use of these tubes provides completely satisfacrory
receiver characteristics during warm-up.

(Other types are in development)

outstanding uniformity in tube production,
make these new types your best assurance of
utmost economy in series string TV set manu-
facture. For more information, write to Com-

mercial Engineering Department, Tung-Sol

RS ¥,
¥, JEARS
o

adio and TV Tubes, Dial Lam

TUNG-SOL &

PROCEEDINGS OF THE I.R.E.

Electric Inc., Newark 4, New Jersey.

Sales Offices: Atlanta, Chicaga, Columbus, Culver City (Los
Angeles), Dsallas,l Denver, Detroit, Newark, Philadelphia,
eattle.

Tung-Sol makes All-Glass Sealed Beam Lamps,
Miniature Lamps: Signal Flashers, Picture Tubes,
Radio, TV and Special Purpose Electron Tubes
and Semiconductor Products.




"4 Rubber

(NATURAL AND SYNTHETIC)

Recommends Materials Best Adu ted
to your Vibration Control Requ:reme:.ts

Metal —Natural Rubber — Silicone—Neo-  vibration control problem.

prene—Buna S—Buna N—and others are LORD research is constantly deve'oping
selected by LORD Engineers to satisfy your  and evaluating new materials and processes
specific environmental conditions and as-  to insure that the most complete line of vibra-
sure the most economical solution of your tion control mountings is at your disposal.

LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLYANIA DAYTON 2, OHIO
7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street

Life Building
DETROIT 2, MICHIGAN NEW YORK 20, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO
311 Curtis Building 630 5th Avenue 520 N. Michigan Ave. 811 Hanna Building

Rockefeller Center

LORD MANUFACTURING COMPANY « ERIE, PA.

/%ﬂﬂ/ aarfem' or
(.L'ﬁ‘@ \/IBRA'I'ION Couéxou.

Over 27,000 basic designs and
their variations are already
available from which to choose.
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PIONEER
IN WESTERN
ELECTRONICS

IF IT'S AN ELECTRONIC PROBLEM — SIMPLE OR COMPLEX —

IF IT CALLS FOR RESEARCH, DEVELOPMENT OR PRODUCTION — e
S S
CALL Kz‘
% & A
) HOFFMAN 5/
THE INTEGRATED ELECTRON!ICS OPERATION #

Yes. Hoffman has estabtished itself as a leader in the rapidly grow-
ing electronic industry in the West by doing progressively complex
jobs — on schedule — to specifications — and to cost estimates.

g

Hoffinan Laboratories, Inc., is engaged in projects covering
every phase of electronics — radar, sonar, guided missile controls, W
countermeasures, fire-control apparatus, noise reduction, com- W
munications, navigation equipment, computers. its long list of
contributions to the electronics industries and to our national
security is dramatic evidence that now, as in the past decade,
Hoffman Laboratories gets things done.

Hoffman has the facilities to design, develop, test and produce Mg, S
this equipment — with the added advantage of being located in
the heart of the airframe and missile industries. Its close liaison
with the research centers, air-frame plants, military installations
and test sites in this area means that Hoffman gets things done
— on the spot where they're most needed.

4 HOFFMAN LABORATORIES coorcns comounves o ustonng sectonic an

mechanical engineers, Write Director of Engineering.

ofectrenics leader in the heart of

The Air-Frame Industry
Electronics Research
Guided Missile Development
Military Test Sites

*Call Hoffman at RIchmond 7-9661 in Los Angeles

= LABORATORIES, INC.

S Sopedile S S, U o A DIVISION OF HOFFMAN RADIO CORP.

3161 $OUTH HILL STREET, Los KNBELE 7 eatiForma(hy
e WY 4 f N ¥ ‘.‘ K

 Phgg,
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UNITS FOR
SECTIONALIZING
CIRCVUITS

® For panel-rack or other sectionalized
circuits, Lapp offers a variety of plug-
and-receptacle units, some of which
are shown here. Any number of con-
tacts can be provided (in multiples of
twelve). Male and female contacts are
full-floating for easy alignment and
positive contact. Contacts are silver-
plated, terminals tinned for soldering.
Polarizing guide pins are provided
where desired. Insulation is steatite,
the low-loss ceramic . . . non-carboniz-
ing even under leakage flashover re-
sulting from contamination, moisture
or humidity. Write for complete elec-
trical and mechanical specifications of
available units or engineering recom-
mendations for an efficient component
for your product. Radio Specialties Di-
vision, Lapp Insulator Co., Inc., 218
Sumner St., Le Roy, N. Y.

MULTIPLE-CONTACT
PLUG RECEPTACLE

= = e e e mmEm e, e o Em .- —— - - - — - —— - -
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TELEMETERING

FILTERS

FEATURES . ..

* HYCOR telemetering filters
have excellent characteristics
due to the use of high “Q”

toroid inductor elements.
The filters may be used in
low level circuits with
negligible hum pickup resulting.

e In addition, only the finest
capacitors are employed
to assure stability.

e Available in standard
RDB frequencies.

[}
)
1
]
'
'
'
)
!
'
'
'
'
1
t
'
)
t
§
]
'
t
]
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GENERAL SPECIFICATIONS
Impedance 5007500

1
TYPE | BANDWIDTH| ATTENUATION | FREQUENCY RANGE )
]
+7%% -3 db or less
— cpd X |
1500 T20% [-30 db or more 400 cps 10 14.5 ke '
4300 _*7%% | -3 dbor less } 100 cps to 960 cps
+20% 40 db or more cps to 14.5 ke !
*71%% | —-3dborless 400 cps to 960 cps ,‘
4000 +15% 45 db or morell 1300 cps to 14.5 ke ¢
+15% -3 db or less .
+28% 45 db or more“ 2RO olke

Other frequencies and impedances
available on request.
DISTRIBUTOR
Hycor Sales of California
11423 Yanowen St., No. Hollywood, Calif.
REPRESENTATIVES
Beebe Associates
1155 Waukegan Road, Glenview,!llinois
Burlingame Associates
103 Lafayette Street, New York City
Harrison J. Blind, 1616 Cord St.
Indianapolis 24, Indiana
G. M. Howard & Associates
734 Bryant St., San Francisco 7, Calif.
EXPORT DIVISION
Morhan Exporting Corporation
458 Broadway, New York 13, N.Y., U.S.A.
Cable: ““MORHANEX”

October, 1954



Communication
Equipment

Blowers & Fans

Compressors

Package
Machinery

) -
~ Photographic
Equipment

Machine Tools

For Original Equipment or
Replacement Applications
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PRECISION ENGINEERING
CUSTOM MANUFACTURING

TERN

RECORDING SYSTEM

Spherical radiation patterns for antennas
avtomaticclly drawn in standard polar coordinate form.

SPECIFICATIONS

Pen Positioning System

INPUT 1. Audio-frequency voltage of fixed
frequency between 500 ond 2000
cps. Amplifier bandwidth 35 cps.
Maoximum sensitivity 100 microvolts

for full scale deflection.

2. Direct voltage of either polarity.
Maximum sensitivity 1 volt for full
scale deflection.

PEN SPEED
PLOTIING DIAMETER
ACCURACY

15 inches per second.
12.1/2 in.

*+2% of full scale.

Turntable Positioning System

INPUT 1:1 and/or 36:1 synchro signals,
115 volts 60 cps, size 5.

TURNTABLE SPEED
ACCURACY

Maximum 7 rpm.
+1/4 degree.

Primary Power
115 v, 60 cps, single phase, 350
waotts,

Size and Weight

24 x 29 in. x 40 in.
pounds.

Price: $7500 FOB Mineola

PATENT NOTICE: Tne polar coordinate pattern recording
equipment described herein uses invertions of United
States Patents 2,602,924 and 2,681,264 owned by Airborne
Instruments Laboratory, Inc.

high, 250

AIRBORNE
INSTRUMENTS
LABORATORY

OLD COUNTRY ROAD, MINEOLA, L. I.,

N. Y.




Tarlony

advancement
in instrument 2
design

IMPROVED SOLDERING OF
woucrion soweems i | SMALL PARTS AND ASSEMBLIES

Low cost, low powered and porta-

H 37 1,7 "
‘bslg Ib : sp'm 15% xl i ]Z] 5x '5"' Typical of the Marion developments that have heiped make Marion stand for “advancement in
s. Fower suppy: volts instrument desigr” is the Marion Model PMI Induction Soldering Unit. Originally designed and
60 cycles. Draws 775 watts full h . . . .
presently used by Marion for true glass-to-metal hermetic sealing of Marion meters, it also has
laad, 100 watts standby. . .
proven to be a valuable production tool for many purposes. Illustrated above. for example, is

Marion’s use of the PM! in the soldering of magnet assemblies where quality and uniformity result,

Other manufacturers use Marion PM1 units in the production of magnet
assemklies, relcy armatures, connectors, capacitors, transformer cans,
etc., as well as in other fields such as jewelry, waiches, toys, and
automotive parts. Shown here is 6 battery of Marion PM! units at the
Clyde, N. Y. plant of the General Electric Company where, on the
whisker diode line, ¢ small pellet of germanium metal is soldered to
the end of a nickel pin

The Marion Mode! PMI speeds up production, reduces costs and improves quality. Heat is
generated within the work itself — even in parts otherwise inaccessible. Oxidation, scaling and
damage to surface finish are minimized. Scldering of an entire seam or several jig-located
parts at one time is readily accomplished.

This is an example of how Marion's belief in “Advancement in Instrument Design” has produced a pro-
duction foo} which not only improves Marion instruments but also provides other manufacturers with better
soldering equipment. . Marion Electrical Instrument Company. 407 Canal Street, Manchester, N. H,

®
marion mniciers
S = & G

MANUFACTURERS OF RUGGEDIZED AND “REGULAR’ METERS AND RELATED PRODUCTS
Copyright 1953 Marion Elec. Instr. Co.

Reg.U.S.Pat. Off.
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Ruggedized
and aged

“RELIABLE” DOUBLE TRIODE

Do you have an aircraft or industrial
application that requires wtmost de-
pendability in increasing or controll-
ing alternating voltages or powers
...in changing electrical energy from
one frequency to another . . . or in
generating an alternating voltage?

If so, specify the Red Bank RETMA
6385 “Reliable” Double Triode. For
it is specially ruggedized to perform
at top efficiency longer, even under
operating conditions of severe shock
and vibration. And, as further assur-
ance of its extra reliability, each
RETMA 6385 is factory-aged with a
45-hour run-in under various over-
load, vibration and shock conditions,
such as it might meet on the job.

Whether you need tubes as amplifiers,

mixers, or oscillators, it will pay you
to investigate the superior, longer-
lasting performance qualities of the
Bendix Red Bank RETMA 6385.

&I)J /

EATONTOWN, N. J.

BT Gonk

RATINGS*
Heater voltage—(AC or DC)** . 6.3 volts
Heater current 0.50 amps.
Plate voltage—(max.) 360 volts
Max. peak plate current (per plate) . .. 25 ma
Wax. plate dissipation (per plate) . . 1.5 watts
Max. peak grid voltage :tlog :Z:::
Max. heater-cathode voltage 300 volts
Max. gnd resistance 1.0 megohm
Warm-up time 45 sec.

(Ptalte)and heater voltage may be applied simultane-
ously.

*To obtain greatest life expevtancy from tube, avoid
designs where the tube is subject 10 all maximum
ratings simultaneously

**Voltage should not fluctuate more than =5%.

PHYSICAL CHARACTERISTICS

Base 5 Miniature button 9-pin
Bulb. ; -6Y2
Max. over-all length .. 2% In
Max, seated height 1%gin
Macx. diameter 7 In.
Mounting position Any
Max, bulb temp. 160° C
AVERAGE
ELECTRICAL CHARACTERISTICS
Heater voltage, E¢ . 6.3 volts
Heater current, I¢. ... 0.50 amps.
P.ate voltage, Es 150 volts
Grid voltage, E = —2.0 volts
Piate current, |b 8.0 ma.
Mutual conductance, gm 5000 umhos
Amplification factor, u
Cut-off voltage —10 volts
Direct interelectrode capacitances (no shield)
Plate-grid (per section 1.7 upt
P'ate-cathode (per section) 11 puf
Grid-cathode (per section) . . 2.4 uuf
Plate-plate 2 . 0.1 ppuf

Manufacturers of Special-
Purpose Electron Tubes,
Inverters, Dynamotors and
Fractional HP D.C. Motors

DIVISION OF

West Coost Soles ond Service: 117 E. Providencio, Burbank, Colif.
Export Soles: Bendix Internotional Division, 205 E. 42nd St., New York 17, N. Y.
Conodian Distributor: Aviation Electric Ltd., P.O. Box 6102, Montreol, P.Q.
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Industrial Engineering Notes

(Continued from page 48A4)

RETMA ActiviTies

The Joint Technical Advisory Com-
mittee, under the chairmanship of A. V.
Loughren, Hazeltine Corp., has filed a
10-page statement with the Federal Com-
munications Commission regarding the
Commission’s proposed rule-making pro-
ceedings on restricted radiationdevices.
JTAC, a technical committee formed by
RETMA and the IRE to advise. the
government, commented on the FCC
docket (9288) and brought the Commis-
sion up-to-date on the work done by the
committec on spurious emissions in con-
nection with an earlier government re-
quest. On the general subject, JTAC ad-
vised the FCC that it is continuing a study
program to determine presently and, pre-
spectively: (1) the intensity of interfcring
signal that each service in each porton of
the spectrum could feasibly be ex’ %ted to
tolerate: (2) restrictions on spurlddé radia-
tions which would be necessary to avoid
interference of more than these maximum
amounts; (3) technical factors governing
the cost of alternative methods dlilieting
the resulting requirements; (4).siipations
which cannot feasibly be metyyy initial
design or type modifications of apparatus.
On completion of this program, JTAC told
the FCC it would then be in a position to
propose limitation standards for spuriou
radiations by categories. Commenting on
the specific proposals in the FCC rule-
making proceedings, JTAC felt that the
Commission’s definition of “harmful .in-
terference” was too broad. JTAC also said
that it felt that the FCC suggestions re-
lating to field strengths permissible after
June 30, 1956, were not based on known
technical data. [t also was pointed out
that the committee did not feel that this
reduction in ficld strength would solve
an appreciable number of interference
cases. J TAC suggested that the FCC might
wish to consider withholding adoption of
its Table until after June 30, 1956, and to
state that periodic review will be made
taking into consideration all new develop-
ments in the art. The technical committée
noted that in some areas standardized
measurement methods for spurious radio
emission are not yet available. In conclu-
sion, JTAC said it will continue its in-
vestigations and that it hoped that before
the June 1956 effective date definite in-
formation permitting a more factual ap-
proach to these problems will be available.
. .. A Symposium on Printed Wiring and
Circuitry, under sponsorship of the RETMA
Engineering Department, has been sched-
uled on January 27-28, 1955, at the Uni-
versity of Pennsylvania, Philadelphia, Pa.
A task group from the Enginecring De-
partment met on August 4 in the New
York RETMA offices to make plans for
the forthcoming symposium. . . . RETMA
went on record as opposing a suggestion
that the Attorney General be approached
by a congressional subcommittee for an

(Continued on page 60A)
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RATINGS of G-E drawn-oval capacitors range from 1 to 10 uf, 600 to 1500
volts d-¢, and 330 to 660 volts a-c.

G-E“drawn-oval capacitors
save space and cost less

If you use fixed paper dielectric capacitors, G-E drawn-ovals
offer you an opportunity to save up to 20% on weight, and as
much as 109 to 209 on cost. The oval-shaped container,
developed by General Electric, offers more capacitance per dollar
than similarly rated rectangular capacitors. And, by conforming
to the natural shape of the winding, it results in a smaller, lighter
unit, too. They’re avaifable in ratings from 1 to 10 uf, 600 to
1500 volts d-c, or 330 to 660 volts a-c, 60 cycles.

G-E drawn-ovals feature: A double-rolled seam, between case
and cover that makes a mechanically strong, hermetic seal which
stays leak-proof even under severe operating conditions; a choice
of eyelet, fork-type, or quick-connect (solderless) terminals:
silicone bushings between terminal and cover, that effectively
maintain a high insulation resistance despite long operation and
wide temperature variation.

General Electric drawn-oval capacitors are being used in room
air conditioners, business machines, fiuorescent lighting ballasts,
and industrial and military control systems. If you would like
speciﬂc application assistance, contact your local General
Electric Apparatus Sales Office. General Electric Company,
Schenectady 5, New York.

Progress /s Ovr Most Important Prodvct

GENERAL @D ELECTRIC

October, 1954
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IN ROOM A[R-CONDITIONERS G-E drawn-oval improves
power factor and reduces running current.

IN ELECTRIC TYPEWRITERS AND BUSINESS MACHINES,
the compact G-E drawn-oval is used with split-phase
capacitor-run motors.

IN FLUORESCENT LAMP BALLASTS, G-E drawn-ovals
(left) improve power factor.

CAN YOU USE THIS VERSATILE CAPACITOR?

Generai Eieciric Co.
Section D442-19
Schenectady 5, New York

Please send me Bulletin GEA-5777.

Position o _ _

|
|
I
! Name
|
|
[
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... basic in current electronic trend. .
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Now, through the use of tantalum, new high standards
of electrolytic capacitor performance are available. The
tantalum oxide film is the most stable dielectric, chemi-
cally and electrically, yet discovered. As a result, Tan-
talum Capacitors offer advantages not found in any
other electrolytic type — long life, space saving, wide
temperature range excellent frequency characteristics,

no shelf aging.

Tantalum Capacitors are made
by Fansteel and other leading capa-
citor manufacturers. Ask for current
information bulletins on Fansteel
T'antalum Capacitors.

FANSTEEL METALLURGICAL CORPORATION

NORTH CHICAGO, ILLINOIS, U.S. A,
Tantalum Capacitors. .. Dependable Since 1930
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Industrial Engineering Notes

(Centinued from page 58A4)

opinion looking toward antitrust exemp-
tion for television set manufacturers who
agree to produce only all-channel re-
ceivers. The Association also expressed its
opposition to a suggestion which would ban
the interstate shipment of TV sets which
are not capable of all-channel reception.
The comments were submitted ina letter
by RETMA President Glen NeDaniel
to Senator Charles Potter (R, Micho),
chairman of the Subcommittee on Con-
munications of the Senate Interstate and
Foreign Conunerce Commitiee. The sub-
committee has conducted hearings recently
on the status of uhf telecasting and the
suggested  measures were  presented by
two different witnesses who appeared be
forec the group. Mr. MeDaniel said he
would consider it a “serious mistake™ for
the subcommittee to scek an opinion from
the Attorney General looking toward an
antitrust exemption for set manufacturers
who agree to make only all-channel re-
ceivers. He pointed out in his letter to
Senator Potter that: “The basic purpose
of the antitrust laws is 1o preserve free
competition. The members of this industry
are in full sympathy with that objective
and believe that the antitrust laws are a
necessary and valwable part of the laws
of the United States. This industry, which
has been referred to with good reason as
being ‘the most competitive of American
industries,” adheres to both ¢he spirit and
the letter of the federal antitiust laws, As
I stated in my previous testimony {(before
the subcommittee): ‘We believe that
system of free competition is best for the
public in the long run.’ In short, we believe
any weakening of the application of the
antitrust laws is contrary to the best in
terests of the American public.” As to the
suggestion that the powers of Congress be
used to prohibit the interstate shipment of
TV sets which are not equipped for all-
channel reception, Mr. NMeDaniel said:
“We believe that aceeptance of the sug
gestion and exercise of such a power by
Congress would be an abuse of federal
power, would mean the intervention by
government in the regulation of the manu-
facture of television sets and would he of
doubtful constitutionality. Iach of these
consequences in itself is ample justification
for rejection of the suggestion.” The set
manufacturers are aware of the problems
confronting many hroadeasters today, Mr.
MeDaniel said, and are vitally concerned
with their well being. He told Senator
Potter that although it is the hope of the
industry that the broadeasters” problema
can be solved: “Under no circumstances do
we Dbelieve that it would be proper or
desirable to solve the problems by carving
out exceptions to the antitrust laws or by
imposing federal regulation on the manu
facturer of television sets,”

TECHNICAL

The National Bureau of Standards is-
sued a new publication covering the second
phase of a continuing program for the de-

(Contimed on page 684)
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The Only

All Band 10 me

fo
33,000 mc

Direct Reading

Single Control

SPECTRUM

ANALYZER
Model LSA

Saves Engineering Manhours

The Model LSA Spectrum Analyzer is FEATURES:
Polarad’s answer to rising engineering Frequency Range 10 mc-
costs when high performance and 33,000 mc; 5 tuning heads
economy are essential. Accuracy Frequency
This unique engineering tool helps Calibration—1%
get results faster with fewer personnel Spectrum Display variable
and in less space. Because of its ultra from 250 kc to 25 mc
simplicity, tremendous frequency Frequency Marker for measur-
coverage and remarkable instrumenta- ing frequency differences
tion the Model LSA can handle almost of 0-25 mc
any problem in the radio spectrum (10 Broad Band R.F. Attenuators
me to 33,000 mc) with the greatest of 10 mc-12,000 mc
ease, reliability and accuracy. Automatic Voltage selector for
each tuning head
How The Model LSA Single Dial Contro!
Cuts Production Costs Direct Frequency Reading
In the factory, Model LSA’s simplicity Spectrum Displayed on 5
of operation, direct reading and “GO- L ay
NO-GO” electronic display speeds
production and cuts costs. Uniform USES:
quality and high performance of your Examine pulse spectrum of
complete equipment is assured by magnetrons and klystrons
checking it with a Polarad Spectrum Measure noise and inter-
Analyzer. ference spectrum
Expensive personnel training pro- Act as broad band receiver
grams are eliminated by the Model from 10 mc to 33,000 mc
LSA, which often actually takes the Observe and measure harmonic
place of the microwave specialist and frequency differences
frees engineers for other work. For Measure band width of
further details contact your nearest microwave cavities
The Madel LSA provides direct means of E)OIl?Sr‘ad L LGRSO E:rlslb:‘%e g:lecsrg]gg::rsosm"a

rapid, accurate meosurement of spectrol dis-
play of r. f. signals from 10 to 33,000 MCS

Available on Equipment Rental Plan

QOVE

Pﬂ/ﬂl’ﬂd Polarad Electronics Corporation

100 Metropolitan Avenue, Brooklyn 11, N. Y.

N RELIABl[[,

Electronics €otpomao«

REPRESENTATIVES » Albuquerque ¢ Atlanta « Boston * Chicago « Cleveland « Fort Worth  Kansas City * Los Angeles « New York « Phila-
delphia ¢ San Francisco ¢ Seattle * St. Paul * Syracuse  Washington, D. C. « Canada, Arnprior—Export: Rocke International Corporation
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MEASURES:

® Conductance values of low loss
dielectric materials.

® Q of small high quality capacitors.

® Capacitance of dielectric materials
and capacitors.

® RF resistance of large value
resistors.

©® Dynamic impedance of resonant
circuits,

The G Meter, 192-A, may be used to obtain values of
diclectric constant and power factor of test samples to
the degree of refinement required m standard testing
methods such as ASTM speatfication D-150-47T. Test
samples with very small losses and capacitances may be
accurately measured. The instrument 1s self-contained
and requires no external generator or detector for its
operation,

The G Meter, 192-A, employs a crystal controlled os-
cillator to supply a constant amplitude voltage to a high
quality reference tuned circuit. A calibrated precision
loss circuit and a differential VI'VM are internally con-
nected across the resonant circuit, External means are
provided for connecting test samples across the same
resonant circuit. By substituting iternally connected
values of calibrated loss and capacitance for the test
sample, to secure a reference voltage, the conductance

BOONTO

BOONTON, N.J. U.S.A.

A Conductance Measuring Instrument

weTtR |
ORIy |

COVUt et wrtra
Poerte mue
Tom
—

_—
e — \J.

and capacitance of the sample may be determined. The
differential VIVM provides very great sensitivity to”
changes from the reference voltage allowing very ac-
curate settings of the conductance and capacitance dials.

SPECIFICATIONS

CONDUCTANCE RANGE: O to 35 micromhos—Direct reading in
seven ranges.

CAPACITANCE RANGE: O fo 100 micro-micro-farads-—Direct reading.
(Simple indirect method allows measurements to 1000 mmf.)

FREQUENCIES: 1 mec. and 30 mc. crystal controlled.

SENSITIVITY: 10% Deflection of Panel Meter results from conductance
change of 0.003 micromhos at 1 mc. and 0.03 micromhos at 30 mc.

VOLTAGE ON TEST SAMPLE: 20 to 35 volts RMS.

LINE VOLTAGE: Internal regulation permits operation over range of
105-125 volts.

Werite for further information

ADIO
ctelion
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breatiily P/ac;é

Pioneers | ew P |
of modern c“‘ePN(\;\NER
crystal D SUPP _

development Y%

- for general laboratory
and production line use

e more widely used for
military applications power supply for many
e more widely used by the low v°ltage klys.fons
world’s leading airlines f s e :

sazmea—, T —

e more widely used for
critical  frequency  con-
troi for practically any

application
oL |
[ \\;_\
NEW CRYSTAL % i -
CATALOG ... " g
[ <]

just off press . . —

listing ofl stond- [ |
ord crystol types.

Write for your
copy todoy.

A

.

STANDARD PIEZO COMPANY

Carlisle, Pa.

$275.00 f.o.b. N. Y.
Features:

* Wider than usual output range:
“B” supply 0 to ==600V. at 200 ma.
“C" supply 0 to —250V. at 5 ma.

e Additional fixed supply —250V. at 50 ma.
* Unregulated 6.3V., 10A. C.T. filament supply
e Excellent voltage regulation (only ==.25V.)
o {ow ripple (less than 4 mv.)

e Input 115/230 Volts ac,
50/60 cps, single phase

The PRD Type 807 is a general purpose,
Flexible ground permits stacking c_onslant.vo‘:ugeﬁpowe!' supply, comé)eu-
of supplies to provide up to —600V. llV?ly price lo_ L any instrument b'u Se"
cathode voltage and an oddi- It is conservatively rated for continuous
tional 0 to —250V. for the reflec- service. Panel voltmeter monitors either
tor ‘of “low: voitage: kiysteons; supply voltage; milliameter indicates “B”™
supply current. Write for bulletin.

STANDARD
PIEZO

CRYSTALS

The world’s largest, most
complete line

WAy
SN RESEARCH
‘ \® & DEVELOPMENT €O - Inc
‘ | o 202 TILLARY ST, Chicago Sales Office:
> ' LYN ‘ N.Y go Sa ce:
B'K » NY. 1 S0. NORTHWEST HWY., PARK RIDGE, ILLINOIS-TAlcot 3-3174
‘ | . Telephone: Los Angeles Sales Office:
Ulster 2-6800 741, NO. SEWARD ST., HOLLYWOOD 38, CAL.~HOllywsod 5-5287
i
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o Hermetically sealed oil

o Stable 5651 reference tubes

Model 60 ........... $259.50 Model 63 .......... $239.50
Model 60M... . ...... 289.50 Model 63M........... 269.50
Model 61 ... ... ..... 249.50 Model 64 ... . . ... .. 244.50
Model 61M.. . ....... 279.50 Model 64M_ ... .... .. 274.50
Model 62 ... . ...... 239.50 Model 65 .......... 249.50
Model 62M........ .. 269.50 Model 65M. . ........ 279.50
Avallable for | diate delivery. Prices F.O.B. factory, Corona, N. Y.

Rack Model 60M (with meters}
(Also illustrates Models 61M, 62M, 63M,
64M and 65M. Models 60, 61, 62, 63, 64
and 65 identical equipmeni without meters.)

SPECIAL FEATURES

e Time-delay tube protection
filled condensers
e Easy-to-read 3!/, meters

SCHEDULE OF PRICES

SPECIFICATIONS FOR “"600 MA SERIES”
Input:

105-125VAC, 50-60C, 875W (Model 60); 825W (Model 61);
775SW (Model 62); 715W (Model 63); 675W (Model 64);
585W (Model 65)

DC Output (regulated)

Voltage and currents:

Models Voltage range* Current range¥#¥
60 & 60M 345-405VDC 0-600MA
61&61M 295-355VDC 0-600MA
62 & 62M 245-305VDC 0-600MA
63 & 63M 195-255VDC 0-600MA
64 & 64M 100-200VDC 0-600MA
65 & 65M 0-100VDC 50-600MA

*Voltage range for any given model is completely
covered in four continuously variable bands.
**Current rating applies over entire voltage range.
Regulation (line) .. ...Better than 0.15% or 0.3V
Regulation (load).. etter than 0.25% or 0.3V
Impedence. ... ..Less than 2 ohms
Ripple and Noise. R, Less than 5 millivolts rms
Polarity............. Either positive or negative may be grounded
AC Output (unregulated):

6.5VAC at 20A (at 115VAC input). Allows for voltage drop in
connecting leads. Isolated and ungrounded.

$289.50

o Vernier high-veltage control

{ FOUR MODELS, HIGHER
VOLTAGE RANGES, ADDED
TO 600 MA” SERIES

Four new heavy-duty, precision-regulated
LAMBDA power supplies are now available
for installations which require voltages
through 405V.

Models 60, 60M, 61 and 61M are the newest
additions to the LAMBDA catalog. Intended
primarily for fixed voltage use, they are
adjustable over the voltage ranges indicated
for each model. Rated for industrial
applications, and based on continuous-duty
operation at maximum ratings. Representative
applications are for television studio and
transmitter equipment, tube ageing apparatus,
computer installations, and multi-channel

= equipment.

T

ST

COST LESS THAN
BUILDING THEM YOURSELF

LAMBDA power supplies are precision
equipment. Engineers rank them first in both
recent impartial preference surveys made
among power supply users. You get quick
delivery, dependable units, ready for
immediate installation. You save design and
supervision time which would be required if
you built your own power supply. In most
cases, the complete LAMBDA unit costs less
than you would have to pay for the
individual parts.

i (1

Ambient Temperature and Duty Cycle:
Continuous duty at full load up to 50°C (122°F) ambient.

Controls, Terminals and Overload Protection:

DC output controls: Band-switches and screw-driver
adjusting vernier-control, rear
of chassis

AC and DC switches: Front panel

External overload protection; AC and DC fuses, front panel

Internal failure protection: Fuses, rear of chassis

Input and output terminals: Barrier terminal block, rear of

chassis
Meters:

314" rectangular voltmeter and milliameter (Models 60M, 61M,
62M, 63M, 64M and 65M only).

Voltuge Reference Tube: '

A stable 5651 voltage reference tube is used to obtain superior
long-time voltage stability.

Time-Delay Relay Circvit:

A 30-second time-delay relay circuit is provided to allow tube
heaters to come to proper operating temperatures before high-
voltage can be applied.

Size, Weight, Panel Finish:

Size: Standard 19" relay-rack mounting
12Y4" Hx 19" W x 9" D
Weight: 70 1b. net; 140 1b., shipping

Panel Finish: Black ripple enamel (standard)

&LAMBDA Electronics Corp.

THE FIRST

103-02 NORTHERN BLVD. e

NAME |IN

POWER SUPPLIES
CORONA 68, NEW

PROCEEDINGS OF THE I.R.E,

YORK

October, 1954



o

WHEN

IS A FACTOR

—— GAsE. CARBONYL IRON POWDERS

THE K-TRAN—made by Automatic Manufacturing Corporation
— icasures only 35" across. Yet it is available in R¥ and I trans-
formers covering frequency ranges from 20 KC to 30 MC and
higher! For its size, it covers the widest range of uses in the 13
field—and with unsurpassed stabilities. . . . As indicated, the
makers credit K-TRAN’s success, in large measure, to the con-
trotled uniformity of G A & ¥ Carbonyl Iron Powders.

Today there are ten types of iron powders made by the Carbonyl
Irpn Process—with the particle sizes ranging from 3 to 20 microns
in diameter. The iron content of some types is as high as 99.0

to Y9.9%.

With quite different chemical and physical characteristics, the
ten types lend themselves to many differeut uses—to increase ()
values, to vary coil inductances, to reduce the size of

ANTARA

From Research to Reality

PROCEEDINGS OF THE 1.R.E. Qctober, 1954

435 HUDSON STREET ¢ NEW YORK 14, N. Y.

coils. to confine stray ficlds and to increasc transformer coupling
factors. The Carbonyl Process assures the quality and uniform-
ity of each type.

We urge you to ask your core maker, your coil winder, your in-
dustrial designer, how G A & F Carbony! Iron Powders can in-
crease the cfficiency and performance of the equipment or
product you make, while reducing both the cost and the weight.
We also invite inquiries for powders whose performance char-
acteristics are diflerent from those exhibited by any of our
existing types.

This 32-page book offers you the most comprehensive
treatment yet given to the characteristics and applications of
G A & F Carbonyl Iron Powders, 807 of the story is told with
photomicrographs, diagrams, performance charts and tables,
For your copy—without obligation—kindly address Depart-
ment 90,

carbony! iren
powders

ANTARA. CHEMICALS

| A SALES DIVISION OF GENERAL ANILINE & FILM CORPORATION

65A



Tl‘ansactions

Ol the ’-RE

At least one of your interests
is now served by one of IRE’s
21 Professional Groups

Each group publishes its own ialised papers in its Transactions,

some annually, and some bi-monthly, The larger groups have organ-
hoileal

ized loeal Chapters, and they ako sp 1 at IRE
Conventloms.

Aeronautical and Navigational Electronics (G 11) Fee $2
Antennas and Propagation (G 3) Fee
Audio (G 1) Fee $2
Broadcast & Television Receivers (G 8) Fee $2
Broadcast Transmission Systems (G 2) Fee $2
Circuit Theory (G 4) Fee $2
Communication Systems (G 19) Fee %2
Component Parts (G 21) Fee $2
Electron Devices (G 15) Fee $2
Electronic Computers (G 16) Fee $2
Engineering Management (G 14) Fee $1
Industrial Electronics (G 13) Fee $2
Information Theory (G 12) Fee $2
Instrumentation (G 9) Fee $1
Medical Electronics (G 18) Fee gl
Microwave Theory and Techniques (G 17) Fee $2
Nuclear Science (G 5) Fee $2
Quality Control (G 7) Fee $2
Radio Telemetry & Remote Control (G 10) Fee $1
Ultrasonics Engineering (G 20) Fee $2
Vehicular Communications (G 6) Fee $2

IRE Professional Groups are only open to those who are
already members of the IRE. Copies of Professional Group
Transactions are available to non-members at three times
the cost-price to group members.

The Institute of Radio Engineers
1 East 79th Street. New York 21. N.Y.

USE THIS COUPON
Miss Emily Sirjane PG 10-54
IRE—1 East 79th St.
New York 21, N.Y.

Please enroll me for these IRE Professional Groups

............................................................... S
............................................................... S
Namme .. e e
Address ... e e e e
4P a0 a0 6008 600806008 686500 0B00a0A0Ba 8008080000808 806308 088008055,

Please enclose remittance with this order.

Professional Group
on

Circuit Theory

One of the most fundamental sub-
jects in the radio engineering pro-
fession is circuit theory. It forms
a basic part of every engineer’s
schooling. The methods of analyzing
the characteristics of circuits and

| the techniques of designing circuits

for optimum performance find wide
application in practically every
branch of communications and elec-
tronics. It is not surprising, there-
fore, that a substantial portion of the
technical literature is devoted to this
important subject.

While circuit theory is broad in its

| applications, the formulation of these

methods and techniques is a sharply
defined and well-developed field in
its own right, requiring specialized
knowledge of a high degree. The
IRE Professional Group on Circuit
Theory is playing a key role in fur
thering the development of this ficld
by making this specialized knowl-
edge readily available to those who
need it.

The Circuit Theory Group began
operating in April, 1949 and since
that time has become one of the larg
est and most active Groups in the
IRE. Its most important activity has
been the publication of its own tech-
nical periodical, called Transactions.
Begun in 1952, the Transactions is
issued quarterly to some 2500 mem-
bers as a part of their two-dollar
assessment. An interesting and valu-
able feature of Transactions is that
many of the issues are built around
a special topic. Among the topics
thus treated or soon to be covered
are Servo-mechanisms, Circuit Sta-
bility, Network Approximation,
Nonlinear Filters, and Time-Vari-
able Networks.

The Circuit Theory Group has
been active also in sponsoring meet
mgs and in organizing sessions at
several national conferences. Nu
merous meetings are also held in sev
eral cities by local chapters of the
Group. The net result has been to
give engincers a gclden opportunity
to keep fully informed of the many
significant developments in this im
portant field.

W A. 5. Baker

Chairman, Professional Groups Committee
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STANDARD

When you need closures=-

CONSULT m FIRST!

Quality Metal Stampings The HUDSON system of standardized production methods
To Exact Specifications makes it possible to supply even unusual closures, quickly
Simple stamping or complex, multi- from stock. The HUDSON standard caialog line of cases and
operation sub-assembly, Hudson can covers includes hundreds of different shapes and sizes with
[PUCEIE §7200 [P0 GRG0 IR COes numerous optional features. Sizes range from large to minia-
:::::r:gr;:,osreg:ogc:::?:g‘:nms;:;‘;t: ture and unit costs reflect mass production savings. Check
ing quantities required. Call or write with HUDSON today, for closures of brass, copper, alumi-
today for the new Hudson catalog. num, steel and MU metal.

O ND QUALITY METAL HUDSON TOOL and DIE COMPANY - inc

STAMPINGS EXCLUSIVELY 118-122 SO. FOURTEENTH ST, NEWARK 7, NEW JERSEY

PROCEEDINGS OF THE 1.RE. October. 1954




Original
Thinking
plus
Precision
Components

3/4" DIA. SERVO MOTOR—FULL SIZE

RB0O4 SERVO MOTOR-GENERATOR-~1/2 SIZE

KEARFOTT COMPONENTS
INCLUDE:

Gyros, Servo Motors, Synchros,
Servo and Magnetic Amplifiers,
Tachometer Generators,
Hermetic Rotary Seals, Aircraft
Navigational Systems, and other
high accuracy mechanical,
electrical and electronic
components,

Send for Bulletin giving data of
components of interest to you.

A SUBSIOIARY OF GENERAL PRECISION EQUIPMENT CORPORATION

Kearfott Firsts

1947 First with "“Penny Size” Servo Motors
.938" diam. x 31/32" long.

1948 First with Servo Motors in Navy BuOrd
Sizes 15 and 18 featuring straight-thry bores and
integral {“potted”) * stator-housing assemblies.

1949 First with Navy BuOrd Size 11 Synchros
featuring "potted”™* stator construction and
straight-thru bores.

1950 First with Navy BuOrd Size 11 Servo
Motors featuring "potted"* stator construction
and straight-thru bores.

1951 First with Navy BuOrd Sizes 15 and 18
Servo Motor—Rate Generator combinations fea-
turing “potted"* stator construction and straight-
thru bores.

1952 First with temperature stabilized Drag
Cup Motor-Integrator Generator combinations in
Navy BuOrd Size 15 featuring “potted’* stator
construction and straight-thru bores.

1953 First with Servo Motor-damping Gener-
ator combinations in Size 11 featuring "potted"*
stator construction and straight-thru bores.

1954 First with 3/4” Diam. "‘Penny-Size" Servo
Motors and Synchros. First with .05% linearity
Tachometer Generators in Size 18. First with 115
volt Servo Motor Generator 980" in diameter.
All Featuring "potted* stator construction and
straight-thru bores.

3/4" DIA. SYNCHROS—FULL SIZE

*“Potted” construction for optimum performance
at lowest cost.

All items discussed and illustrated are in produc-
tion—available to you for your prototype, pre-
production or production systems. Write today
for more detailed information.

earjott
N

=

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.

Sales and Engineering Offices: 1378 Main Avenve, Cliften, N. J.

Midwest Office: 188 W. Randolph Street, Chicago, M.

South Central Office: 6115 Denton Drive, Dallas, Texas

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif,

ORA
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Industrial Engineering Notes

(Continned from page 60A)

velopment of miniaturization techniques
applicable to airborne military electronic
equipment. The Publication, “Subminia-
turization Techniques for Low-Frequencey
Receivers,” is Circular 545, and can be
obtained from the Government Printing
Office, Washington 25, . C., for 30 cents
a copy. The work was carried out by the
General Miniaturization Group, Engineer-
ing Electronics Section of the NBS, under
support of the Bureau of Aeronautics,
Navy Department. Earlier NBS work was
reported in the Office of Technical Services
publications, covering miniaturization as
applicd to high-gain  fixed-tuned inter-
mediate-frequency strips in the vhf band
Thix combines with the present develop-
ments to provide practical engineering
treatment of a wide variety of electronic
miniaturization problems over the radio
frequency spectrum between 100 ke and
100 me, the NBS  announced. . . .
DYSEAC, a high-speed digital computer
designed to serve as the experimental nu-
cleus for a complex data-processing net-
work, has been completed by the NBS,
The flexibility with which this machine
controls and responds to a variety of ex-
ternal devices, which may include one or
more full-scale computers of siniilar design,
should enable scientists to explore diverse
new areas of interest. Examples cited by
the Bureau include the automatization of
industrial and commercial operations, such
as the “automatic factory™ and the “auto-
matic office,” or any ficld where rapid in-
formation-processing and real-time con
trol svstems are necessarv. Details were
published in the September issue of Tech,
News Bull.,, NBS monthly  publication.
... NBS also announced the development
of a remote-control system which auto-
matically measures radiation intensities
and other variables in the vicinity of an
atomic explosion and transmits the data by
radio to a centrally located headquarters.
The system was designed at the request of
the Atomic Energy Commission for use in
nuclear tests. Though developed specifically
for monitoring gamma radiation and
weather conditions, it can be used with a
wide variety of detectors to report many
tyvpes of information. Except for the con-
trol station, the entire svstem is battery
powered and will operate unattended for
long periods. The radio link and the station
interrogation system were designed and
constructed by Motorola Inc., and are
based largely on their 3-w portable trans-
nutter-receiver and other standard equip-
ment. The radio link is a frequency-
modulated system operating in the vhf
band between 162 and 174 me. Detatls on
this new development were published in
the August issue of the Tech. News Bull.
... The Atomic Energy Commission last
week released 22 additional patents, in-
cluding 11 in the electronics field. Non-
exclusive, royalty-free licenses on the
listed patents will be granted by the Com-
mission as part of its program to make non-
secret technological information available

(Continucd on page 704)
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Get a head-start in

. Unit Header with Studs Attached—Saves space;

. Weld Seals—Has the proper projections for

4 4
. Threaded Bushing Seal—Firm mechanical connection . ;

. Taper Tab Headers & Terminals—Quick, solderless

. Terminal Strip—Pre-mounted terminals offer

. Attached Bracket Seal—Supports entire assembly

PROCEEDINGS OF THE I.R.E.
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15t Hermetic's Vac-tite’ Headers
win part of the race for you
with mechanical designs to solve

your problems.

Here are just a few Hermetic Vac-Tite*
seals that eliminate extra production
operations and save you money!

shaped to fit enclosuré or can; eliminates
extra welding ond soldering operations.

leak-tight welds.

Lock-Ring “‘Safety’’ Seal—Simple, sure method for
installing headers that is not dependent on solder A
alone for mechanical security; removable,

R NP

has moaximum shock and vibration resistance and
adaptability for positioning and adjustment.

connections adoptable to many applications.

advontages of o conductive surface for heot
dissipation, arc-resistonce of gloss, one piece assembly.

on built-in structural member.

wm for engineering assistance, dato, prices

HERMETIC SEAL PRODUCTS CO.
29 South Sixth Street, Newark 7, New Jersey

*VAC-TITE is HERMETJC's exclusive vacuum proof
compression construction glass-to-metal seal,

.F1TRST AND FORTEMOS

I.N-"M:A NITATURIZATI-ON

October, 1954 60A
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POTTER can tell you “‘why”’
POTTER can tell you *how’’

and POTTER can make
the FILTER that will
confirm that “*how’’

Once it’s stated completely and correctly,
a problem is half solved.
Potter can put the facts and figures of
your problem on paper . .. can
chart its limits in laboratory tests . . . can
engineer the solution. And Potter
can embody that solution in
subsequent design and production.
Call Potter to engineer, design and
produce the filter to solve your
radio interference problem.

Write for Bulletin 41E,

1950 SHERIDAN ROAD
NORTH CHICAGO, ILL.

70A

Are Yout
.companenfs
Quilty of,

SPECIALISTS IN
FIXED PAPER
CAPACITORS
SINCE 1925

- Industrial Engineering Notes

(Continuued from page 68A4)

for use by industry. Applicants for licenses
should apply to the Chief, Patent Branch,
Office of the General Counsel, U. S. Atomic
Energy Commission, Washington 25, D. C.,
identifying the subject matter by patent
number and title. The following 11 patents
of interest to the clectronics industry were
released: Phase Meter, 2,676,299; Elec-
tronic Scaling Circuits, 2,676,756; Ion
Source, 2,677,061; Frequency Measuring
Instrument, 2,677,104; Coincidence Cir-
cuit, 2,677,759; Ion Source, 2,677,771;
Linear Cathode, 2,677,778; Ilead Scaming
Device, 2,678,014; Ion Source, 2,679,597;
Electrical Manipulator, 2,679,940, and
Protective Circuit, 2,680,212. . . . The Of-
fice of Technical Services, Commerce De-
partment, has listed studies in the field
of electronics in its June issue of the ‘“Bib-
liography of Technical Reports.” The fol-
lowing government-sponsored research
reports can be purchased either from the
Library of Congress or the Office of Tech-
nical Services, as indicated, and for the
reported price: “High Power Microwave
Facilities of the RADC Resecarch and Ap-
plied Techniques Laboratory” PB 113484,
microfilm, $2.25; photostat, $1. Library of
Congress, Photoduplications  Section,
Washington 25, D. C. “Investigation of
Electronics Targets in the Prague Area”
PB 113407, microfilm, $3; enlargement
print, $9. Library of Congress. “Mecha
nized Production of Electronics” PB
111278, mimeo, $1. Office of Technical
Services, Commerce Department, \Wash-
ington 25, D. C. “On Adiabatic Amplifica-
tion in the Microwave Region” PB3 113571,
microfilin, $2.25; photostat, $4. Library of
Congress. “Beam-loading Effects in Small
Reflex Klvstrons” IPB 113492, microfilm,
$2.25; photostat, $4. Library of Congress.
“Collinecar Antenna Array: Theory and
Measurements” PB 113574, microfilm,
$4; photostat, $11.50. Library of Congress.
“Electronic  Admittance of the Reflex
Klystron in the Presence of Space Charge”
PB 113505, microfilm, $3.75; photostat,
$10.25. Library of Congress. “Explicit
Forms of the Propagation Function of a
Traveling-\Wave Tube” PB 113499, micro-
film, $2.25; photostat, $1. Library of Con-
gress. “Observations of Space Charge
Phenomena in a Diode Magnetron” PIB
113500, microfilm, $2.25: photostat, $1.
Library of Congress. “Survey of Methods
of Determining the Shunt Resistance for
Klystron Resonant Cavities” PB 113497,
microfilm, $3.25; photostat, $9. Library of
Congress. “300-1000 Megacyele Travel-
ing-Wave Tube Amplifier” PPB 113503,
microfilm, $3; photostat, $7.75. Librarv of
Congress. “New Shop Techniques and
Developments” PB 111338, mimeo, $1.
Office of Technical Services. . . . The OTS
also has issued recently a new publication
containing information on electronic
capacitors. The volume, compiled by the
Wright Air Development Center especially
for electronics design engineers, brings to-
gether a wealth of information on fixed
capacitors from such widely scattered

(Continued on page 724)

PROCEEDINGS OF THE 1L.R.E. October, 1954



1y EET
R l‘ f
Al : 1 oy ,“ ]
L e SRR
(Y [ | 1 (B} !
t 0 i1 1y |
R RN ST g
! A R : L I T
1 Y ! 11 |,
Py o e
e B - [ V! s |
' v\ ! v "l
| “.: S " ]
R R NS,

connector

built-in ““shock absorber!”
Thousands of tiny air bubbles act as an effective shock
absorber in the improved glass seal of the new 172 series
of Hermetic Seal Receptacles! Under a new

, manufacturing procedure which at last provides the
electronics industry with a tough leak-proof hermetic
connector, ““ard"” glass is heated to around 1800°F and
cooled under compression. The glass assumes a cellular
structure which has a leakage rate of zero and a

strength which-will withstand thousands of

pounds of pressure per square inch!

corrosion-resistant surface!

A sealing treatment of the electro tin-plated shells of
the 172 series receptacles gives them a surface which
will resist salt-spray for a period of 100 hours! This
sealing treatment also offers an excellent soldering
surface. Connectors are available 1n individual

glass contact bead and compete glass insert

bead. They mate with standard AN

plugs with female inserts.

individual glass contact bead



Industrial Engineering Notes

sources as books, technical journals, and
house organs. The publication, *1heory,
Characteristies, and Applications of Fixed
Electronic Capacitors,” is available from
the Ottice of Technical Services, Depart

ment of Commerce, Washington 23, D, (.,
for $1.25 per copy, and should be ordered
by cade number PB 111368, After in

troductory chapters on quality factors and
general capacitor use, the volume takes up
specific applications in such equipment as
radio receivers, radio transmitters, and
time-delay circuits, .\ valuable dictionarn
of capacitor applications and recommended
types follows, Eatries are arranged alpha
betically by application—from audio am

pliher through N-ray equipment. .\ i«

cellancous section discusses such topics as
capacitor induectance, three-terminal capac

itors, buffer capacitors, diclectric absorp
tion and impregnants. Sample problems
relating to capacitor use and design are
included, along with their solutions. .\

final section lists capacitor formulas and
useful constants,
and FIELD INTENSITY * o

The Federal Communications Commis-
o o
measuring equipment

‘v« « Ultra High Frequencies

sion on July 2, granted construction per-
mits to two commercial television stations:
Southwestern Publishing Co., Inc., Hen-
derson, Nev., Channel 2 with 10.96 kw
visual and 5.48 kw aural, and the Ohio

° Valley Broadcasting Co., Parkersburg,

° Sf dd t Clarksburg, W. Va., Channel 12 with 53

- kw visual and 26.5 kw aural. Special

S o ar NM SOA ° 375mc to ]Ooomc temporary authorizations were granted to

° three television stations: WASLITY, De

Commercial Equivalent of AN/URM-17 catur, Ala., Channel 23; WLAC-TV, Old

® Hickory, Tenn., Channel 3, and KDRO

'V, Sedalia, Mo, Channel 6. One request

ULTRA-HIGH FREQUENCY OPERATION ... Frequencies covered include UHF and 1o delete a previously authorized T\

color television assignments and Citizen’s Band. Used by TV transmitter engineers for channel came from WHB-TY, Kansas
plotting antenna patterns, adjusting transmitters and measuring spurious radiation. Citv, Moo, Channel 9.

RECEIVING APPLICATIONS ... Excellent for measuring local oscillator radiation,
interference location, field intensity measurements for fringe reception conditions
and antenna adjustment and design.

SLIDE-BACK CIRCUIT .. . This circuit enables the meter to measure the effect of the

peak value of an interfering pulse, taking into account the shaping due to bandwidth. I elep h on e

QUASI-PEAK FUNCTION ... An aid in measuring pulse-type interference, the Quasi-
Peak function is just one of the many features of this specially designed, rugged

unit, representing the ultimate in UHF radio interference-field intensity equipment. N umbers

ACCURATE CALIBRATION ... Competent engineers “‘hand calibrate’ each NM-50A
unit. This datc is presented in simplified chart form for easy reference. f 2 200
SENSITIVITY . .. Published sensitivity figures are based on the use of the NM-50A o y

with a simple dipole antenna or RF probe. However, the sensitivity of this fine instru-

ment is limited only by the antenna used. The sensitivity of the NM-50A is better than ManUfactu rers
ten microvolts across the 50 ohm input.
For Youn

Stoddart RI-FI* Meters cover the frequency range 14kc to 1000mc

o

VLF | HF w208, 1500 10 25me | VHF (Convenience
NM-10A, 14kc to 250ke gamg\ke';c;il gqi:fivc'e'nt, o; NM-30A, 20mc to 400mc
Commercial Equivalent of JPRM-IA, Self-containe Commercial Equivalent of 3 3 1
AN/URM-B. Very low frequen. | batteries. A.C. supply optionol. | AN/URM-47. Frequency range are given in the l’flphabehcgl
cies. Includes  standard broadcast includes FM and TV bands. Index to Radio-Electronic

band, radia range, WWYV, and A

communicatians frequencies, ( Manufacturers in the

Haos BFO.

VNew 1954
IRE DIREGTORY

STODDART AIRCRAFT RADIO Co., Inc.

6644-C Santa Monica Blvd., Hollywood 38, California « Hollywood 4-9294

72A PROCEEDINGS OF THE ILR.E



custom

what's
behind
the
swing
to

KEYSTONE?

KEYSTONE answers the nceds of
engincers and designers who have
special transformer problems — gives
them a recognized and established
source for dependable quality.

KEYSTONE makes available special
transformers of any type —400 cycle,
plate filament or bias, saturable reactors
(magnetic amplifiers), instrument,
precision matched, and many others —
with operating characteristics suited

to any unusual or dithcult specifications.

KEYSTONE transformers are tested
under the most rigid conditions
throughout production —can be
qualificd for approval under MIL-T-27
and other military and civilian
specifications right in the plant,

saving delay and costs.

When you have an unusual or difficult
transformer application — when an
ordinary transformer won't solve the
problem —call on KEYSTONE for
complete engincering and production
to mect your exdact requirements.

keyston

UNION CITY

PROCEEDINGS OF THE IL.R.E. October, 1954

PEZRFORMANCE aND OPERATING
CHARACTERISTICS OF THIS TYPICAL
KEYSTOME TRANSFORMER

driver transtormer:
primarv impedance:
ireq. response:
ratio .

balanced windings

pri. a.c.:

electrical center:
harmonic distortion:

mig. in accordance with mil-t-27
size:

K
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It's easy

fo cut,
shape or
drill hard,’
brittle
materials...

The ‘‘Airbrasive’” Unit can be
operated manually or automati-

cally. It's ideal for both labora-
tory and production line work.

INDUSTRIAL “AJRBRASJVE” PROCESS

With this revolutionary new cutting
technique, a tiny stream of finely
graded abrasive particles traveling
at ultra high speeds does the work.
There’s no heat, no shock and no
vibration. Consequently, the crystal-
line structure and other character-
istics of the material remain unaf-
fected. What's more, the process is
fast and accurate and can be readily
controlled.

Shown above is one of the many ap-
plications on which the “Airbrasive”
process has been successfully used.
In this case, the problem was to drill
contact depressions .030” in diam-
eter and .015” deep in a quartz disc.
With the “Airbrasive” process, this
was just another routine operation!

GET THE FACTS. BULLETIN 5307 has full in-
formation on where and how the “Airbrasive”
process can be used. Send for your copy today.

DENTAL MFG. CO.

The “Airbrasive” process has solved
many such “problem” jobs for elec-
tronics manufacturers — many of
them considered impossible to do by
conventional means. It has proved
to be highly successful in cutting
germanium and other hard, brittle
materials—in “trimming” resistance
elements on printed circuits—in re-
moving deposited surface coatings
—and in shaping fragile crystals
used in neutron diffraction work.
Perhaps you have a similar problem.
Why not arrange for a demonstra-
tion at our New York or California
office. Or — if you prefer — we’ll
conduct tests on your samples and
advise you as to the suitability of
the process for your needs.

oue
IHEC/‘Wk INDUSTRIAL DIVISION

Dept. GA, 10 East 40th St.

NEW YORK 16, N. Y.

Western District Office * Times Building, Long Beach, Cadlifornia
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News—New Products

(Continued from page 334)

VIVM

The Model 1060 High Impedance
Vacuum Tube Voltmeter developed by
Freed Transformer Co., Inc., 1715 Weir
field St., Brooklyn (Ridgewood), 27, N. Y.,
features: Input impedance of 30 megohms
in parallel with 25 puf capacitor; Accuracy
of 2 per cent on all ranges with full wave
average reading meter calibrated in rms;
and Frequeney range 10 eps to 30 ke.

Specifications include voltagé ranges
of 0001 volt to 100 volts in five ranges.
Stability: Effect of variation in fine voitage
from 100 to 123 volts is less than 2 per cent,
while cffect in changes of tubes #Jess than
3 per cent. Scale: Logarithmic voltage
scale calibrated from 1 to 10 plus a linear
decibel scale calibrated from 0 to 20 db.
Meter: 4 inch suppressed zero protected
against overload.

Double-Purpose Power
Supply

Suitable for a wide variety of lahora-
tory power-supply applications, the new
Spinco Duostat manufactured by Special-
ized Instruments Corp., 589 O’Neill Ave.,
Belmont, Calif., includes, in a single nnit,
facilitics for both constant-current opera-

tion and constant-voltage operation.

Energized from a standard 115-v 50/60
cps power outlet, the Duostat is capable of
providing currents ranging from 5 to 50
milliamperes, automatically regulated to
+2 per cent at voltages ranging from 100
to 500 volts. In its constant-voltage mode
of operation, the unit is self-regulated to
+1 per cent from 160 to 500 volts, and
over a load-current range of 0 to 50 ma.
Output is relatively unaffected by line-
voltage changes between 105 and 125 volts.

Housed in an casily portable metal
cabinet 93 by 10} by 94 inches, and having
a top-mounted carrying handle, the
Duostat weighs 113 pounds.

(Continued on page 76A4)
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These precision made
components for
transistors and other
assemblies requiring
hermetic sealing are
available in three elec-
trode, two electrode and
A single wire types. Where
ey other than the standard
types illustrated are re-
quired, E-I can custom de-
sign, and economically
produce, special types in
square, round or rectangu-
lar shapes. For complete in-
formation, call or write E-I
w — there is no obligation.

"PATENT PENDING
ALL RIGHTS RESERVED

-

DB-2 *F
{Fits TC-3 Case)

5AS-17W-§S

(Compression)

& For Hormetic Sealing

' MINIATURE

TRANSISTOR
COMPONENTS"

(With TC-3 Case
~

TB-1 §7

{With TC-1 Cose)

6A-17W-SH , -

{Kovor)

~
4 S
\/ _ ALL COMPONENTS

’ e N ARE SHOWN ACTUAL
oo ¥ SIZE — ALL OUTSIDE
i T o LEADS APPROX. 17"

THREE ELECTRODE TYPE — Supplied
complete with case. Suitable for tran-
sistor and other assemblies.

z

A

TWO ELECTRODE TYPE—Miniature ~
headers for diode assemblies and sim-
ilar applications. A

Eﬂ
SINGLE WIRE TYPE — Standard sub-

miniature components available in
compression and Kovar_types.

DIVISION Of AMPEREX ELECTRONIC CORP.

E-l. .. Headquarters for: MULTIPLE HEADERS,
TYPE HEADERS, LUG-TYPE, LEAD-THRU sll'ldm;&ioAHisio RE CLOSU

ELECTRICAL INDUSTRIES

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

SEALED TERMINALS, OCTAL HEADERS, E-I END SEALS, COMPRESSION
RES, COLOR-CODED TERMINALS, efc.
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Eimac H
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HIGH CURRENT, HIGH

Eimac’s complete line of eight high
vacuum rectifiers cover a wide range
of average current, 50ma to 750ma
and
25,000v to 75,000v. In power supply

peak inverse voltages from
units, voltage multipliers, pulse serv-
ice or special applications at high
frequencies, extreme ambient temper-
atures and high inverse voltages,
Eimac high

ideal. They give reliable performance

vacuum rectifiers are

at high frequencies and high volt-
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VOLTAGE OPERATION

ages without generating radic fre-
quency transients and have no lower
limit to ambient operating tempera-
ture. Ruggedly constructed, Fimac
high vacuum rectifiers contain many
of the famous Eimac transmitting
tube features such as an instant heat-
ing thoriated tungsten filament, that
allows application of flament, plate
voltages simultaneously; an exclusive
radiation cooled pyrovac* plate; and
elimination of internal insulators.

® For additiora
informatron about
Eimac high quality, TYPE
high vacunm rectifiers, YT
contact our Technical 2.50A
Services department. 8020
2-150D
. 250R
* An Eimac trade name. 253
2-240A
2-2000A

EIMAC HIGH VACUUM RECTIFIERS

PLAYE FILAMENT
Average Dissipa- Peak
Current tion Inverse
MA Watte Veltage  Volts Amps
50 15 25,000 6.3 3.0
75 30 30,000 3.0 4.0
100 60 40,000 5.0 6.5
250 90 30,000 5.0 13.0
250 150 60,000 5.0 10.5
350 100 15,000 5.0 10.0
500 150 40,000 7.5 12.0
750 1200 75,000 10.0 25.0

EITEL-McC

ULLOUGH, INC. 22l roawis

The World's largest manufacturer of transmitting tubes.

PROCEEDINGS OF THE I.R.E.

News—New Products

These manufacturers have iavited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I,R.E. affiliation.

(Continued from page 74-1)

Thermal Relay

Elly Electronics Corp., I’.0). Box 3905,
Fairlawn, N. ., has developed a thermal
time delay relay.

DOvOY

i'-'s';

These Snapper relavs have snap-action
contacts i an inert gas-filled atmosphere.
Time delay is from 2 seconds and up, the
units are single-pole double throw, and are
available in miniature or octal metal en-
velopes. They are designed for ambient
temperature  operation  from —60 1o
+80°C. They operate on 6.3, 26.5 and 115
volts ac, or are built to requirements. The
unit is capable of withstanding 30 G vibra-
tion at frequencies of from 3 to 55 Cps,

New Ferrite Width and
Linearity Cores

A new series of ferrite width and linear
ity cores for television receivers and in-
dustrial cathode-ray apparatus is now
available from Ferroxcube Corp. of Amer-
ica, 235 LZast Bridge St., Saugerties, N. Y.
Technical information is available upon
letterhead request.

(Continued on page 1074)

1955
Radio Engineering Show
March 21-25, 1955
Kingsbridge Armory,
New York

October, 1954
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General Ceramics

offering 16;'), complete services...

ENGINEERING-DESIGNING-PRODUCTION
on these 53 basic components...

ELECTRICAL INSULATORS
GiliiAN. ~ FERRAMIC® CORES

> [Seiesa—, < SOLDERSEAL TERMINALS
\/

1. ELECTRICAL INSULAT RS

TN

STEATITE — For low power loss at high
frequency. High dielectric strength
through wide temperature range. Low
thermal expansion.

PORCELAINS — An economical high volt-
age material of great hardness. Low
thermal expansion. Wet or dry process.

ALUMINA —Characterized by great
hardness and chip resistance. Will with-
stand very high temperatures.

ZIRCON — Has low loss properties that

vary inversely with frequency. An excel-
lent high frequency material having ‘

good thermal shock resistance.

o 0o O
2. FERRAMIC CORES

General Ceramics Ferramic Cores are
available in standard toroid, cup core
and TV components. Standardization sim-
plifies design problems, speeds delivery
and lowers costs. The types illustrated
are supplied in many grades of Ferram-
ics for specific applications.

o Op

3. SOLDERSEAL TERMINALS

T,
Featuring high mechanical strength, re- » ‘J 2
sistance to thermal shock and permanent | |
hermetic sealing. Installation is easy and | ‘ ‘
fast. Terminals are made of glazed Alu- ‘
mina Ceramic with lugs and eyelets hot |
tinned brass. Metallized areas are silver ' ‘

-
- £

fired on ceramic, copper electroplated L U \ g

and tin fused for soft soldering. 1 1) é ﬁ ] ?

For complete information on standard components, and recommenda-

Mokers of STEATITE, tions on specific applications, call or write today; there is no obligation.
ALUMINA, ZIRCON,
PORCELAIN, SOLDERSEAL

STONEWARE, FERRAMIC CERAMICS CORPORATION
MAGNETIC CORES i Telephane YAlley 6-5100
GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY
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A IRE People

Clifton H. Davis (M’33) has been re

. cently appointed Assistant Chief Engincer
Mmea | of Neomatic, Inc., in Los Angeles, Cali
®e.0 fornia. He will serve

directly “inder T.
" Ross Welch, Presi-
Substantial dent and Chief En
gineer, and will be
- concerned with cur
Price Reductions rentdesign  engi
ncering  problems,
new  product  re

34 3
ek ~
—
scarch,  and  de- 2
velopment  work. : k
p 1 o

Neomatice, [ne. de-

lO signs, engineers and
ww produces high pre
cision sub-miniature electronic relays for
. application in advanced electronic equip-
ldewwﬂwq ment, computers, aircraft and guided mis
siles
"l Mr. Davis has accumuiated over 23
MW OTOV vears of engineering experience in  the
radio and electronics field. Ten of
%/ association with the U. S. Navy culminatecd
in graduation from the Navy Radio Ma
téricl School. He spent three years as Ele
tronic Project Officer on such missiles as the
Glomib, Azon, Rason, Felix, Gorgon, Bai,
Loon and Lark and two years as civilian
head of the Guidance Laboratory, U. 8.
Naval Missile Test Center, Point Mugu,
< California. For five vears he was ('_hief
Increased production of Mycalex y l'.!cclrnm(‘s.I'..n.gmeer, Qlohc (."or.pnratvm‘n,
: e 3 - Aircraft Division, Joliet, IHinois. While
410 Telemetering Commutators now & "'& ' with the Globe Corporation, Mr. Davis
brings new savings to the user. - % e\ was responsible for the guidance and elec

Universally accepted as the finest tl'.()lli(' compouents, illStrl}lllCﬂlilth!l anc
flight tcsting of pilotless aircraft which in

commutator plate in the field, A\ chuded the KDG-2, KD2G-1, KD2G-2,
this precision-built unit injection- : KD4G-1, XKD3G-1, XKD6G-1 and
molded of Mycalex 410 glass- NP sl s UE i S el
. o “oee. £ charged with maintaining the Electrontes
bonded mica insulation assures N, Ove and Instrumentation Laboratories

permanent dimensional -
stability — provides a tenacious 3
bond to the metal inserts.

.

Thomas J. Killian (A'47-SM'47 -F'31),
Chicf Seientist of the Office of Ordnance
Research, U S, Army, has been appointed
Iimporftan - . Y, aas heetl ap

P t MYCALEX features MV.CATEX Dean of the School of [Engineering and
ELECTRONICS Architecture at the Catholic University of
no dimensional change with age, humidity or temperature CORPORATION America, Washington, DD. C. Assuming his
new duties in September, he succeeds the
of Mycalex Corporation Re:\'. Dir. Francis . Fox, who died earlier
of America this vear.
permanently high inter-contact dielectric strength Dr. Killian was educated at the Massa

. chusetts Institute of Technology and at
Executive Offices . .. . oa
repeated solderability — no loose contacts under vibration 30 Rockefeller Plaza, Princeton University. He taught at M.LT,
or shock New York 20, N. Y. and later was dean of mathematics at

contact flatness within .0002" viRSriexclusive license

. - Seattle University. Since 1941 he has
high speed brush means no “bounce”, no “hash"”, provides Address Inquiries to served as engineer and scientist to both
square wave switching. General Offices and Plant: the Navy and the Army, and now holds

Dept. 111
Clifton Boulevard
Chfton, N.J

the rank of Captain in the Nava, Reserve.

Holding two American, a British, and
a French patent, Dr. Killian is  also
R R R PR R RTIRIY & 0 c cc o sov000sv0sososes contributor to many scientific journals. He
is a member of Tau Beta Pi, Signw Xi, and
AlLEE. He is a fellow of the American
Physical Society and the American As-
sociation for the Advancement of Science,
and a charter member of the [RE Com
mittee on Nuclear Studies.

Revised price lists are available now.

Write for your copy today.

(Continued on page 824)

78a '"ROCEEDINGS OF THE L.R.E.



A

LLOOK AGAIN at PANEL METERS

ror

ST \V

Exclusive features
to improve efficiency and appearance

in your equipment

Full open face on round meters allows much longer scale than conventional types for quicker, easier readings from
much greater distances.

Entire dial face encased in transparent non-breakable plastic. Ertire dial is exposed to viewing.

Full natural lighting from top, sides and bottom. No bezel or case rim interrupts the light from any angle.

Longer scale length, yet the mounting makes it readily interchangeable with all conventional round meters
of the same size. The panel space occupied is exactly the same.

These handsome modern streamlined Triplett PL Panel Meters with clear plastic fronts will make an amazing
improvement in the appearance of equipment panels in addition to contributing greatly to reading accuracy.
An additional advantage is the unbreakable crystal.

Your Triplett representative will appreciate the opportunity to have you examine samples of the PL line.
Tripiett PL panel meters are being stocked by leading distributors.

@ ELECTRICAL INSTRUMENT CO., Bluffton, Ohio



HIGH-FY TWIN H"[“(“ﬁ'l
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et

FULL-WAVE VACUUM
RECTLFIER

H[;A EL'E.?T'RO" (l
TUBE

The “l0,000-hobr plus line”

For day-in and day-out production
line operations . . . for uninterrupted
communications . . . for unattended
monitoring services . . . in fact, for
any electronic application where op-
erating demands are critical or severe,
RCA *“Special Red” tubes provide
that extra margin of safety.

Special features include :

@ remarkable stability — throughout
life.

@ excellent resistance to shock and
vibration.

@ exceptional uniformity from tube
to tube.

@ 10,000 hours plus life.

Specially designed ana bult for ex-
traordinary dependability and long
life, “Special Reds™ are backed by
RCA for 10,000 hours minimum life
and normally can be expected to
greatly exceed 10,000 hours of stable
operation.

RCA *"Special Reds™ are the finest
receiving-type tubes made specifically
for those industrial applications in
which unusually exacting demands
are placed on tubes and where con-
tinuous operation is paramount.
That's why recent price reductions
and increased availability make RCA
*Special Reds™ your best buy for your
latest industrial equipment designs.

For technical information write
RCA. Seclion [300Q. Gomsorcial
Engineering, s S5t St Hai-

I vour nearest RCA

son, N. [. Or ca
Field Office:

EAST—HUmboldt 5-3900—415 S. 5th
St., Harrison, N. J

MIDWEST—WHitehail a- 2900_589 E
Illinois St Chicago 11, L

WEST—MAdison 9-3671—420 S. San
Pedro St., Los Augeles 13, Calif.

Ask for new booklet (3F215) outlining
advantages of RCA ‘‘Special Reds.”

m RADIO CORPORATION of AMERICA

ﬁ ELECTRON TUBES
\\ v

PROCEEDIM

HARRISON, N.J.
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Stuart L. Bailey

DIRECTOR, 1954-1955

Stuart .. Bailey was born in Minneapolis, Minnesota, on
October 7, 1905. He received the degree of Bachelor of Science
in Electrical Engineering from the University of Minnesota in
1927 and the Master of Science degree from the same institu-
tion in 1928. During his undergraduate years he was active on
the staff of W9X1, an experimental station run by the Univer-
sity, and while taking his graduate work he was chief engineer
of.\VLB, owned and operated by the University of Minnesota.
His master’s thesis was on the subject of radio field-intensity
measurement.

In the summer of 1928, Mr. Bailey became assistant radio
engineer with the airways division of the United States Depart-
ment of Commerce. His experience there included work on
r:fdlo aids to marine and air navigation. He initiated and super-
vised the early work of the Lighthouse Service on radio-con-
trolled fog signals and he also participated in the development
of the visual radio range for use on the airways of the United
States. —

In the summer of 1929, Mr. Bailey went to Panama, where
he installed two automatic marine radio beacons, one at the
entrance to Cristobal Harbor and the other at Cape Mala, 120
miles south of Balboa.

In September 1930 he joined with C. M. Jansky, Jr., to
form the consulting engineering firm of Jansky and Bailey. Mr.
Bailey's activities in the consulting field have been on both
general allocation problems and specific engineering guidance

for broadcast stations aud commercial operating companies.
He has had charge of all of the laboratory activities of the firm.

During World War I1I, Mr. Bailey was in charge of all gov-
ernment-contract work done by the firm of Jansky and Bailey,
a great deal of which was done under the Office of Scientific
Research and Development. This work involved a detailed
study of all factors affecting mobile short-range radio commu-
nication, a study of theeffect of hillsand treesasobstructions to
radio transmission from 4 to 116 megacycles, and detailed
analysis of electronic equipment to determine certain char-
acteristics important to its operation by the armed services. In
addition, under a Signal Corps contract, he supervised the
work on measurement of many existing and proposed radio
antennas for use by the ground forces.

Since June 1953, Mr. Bailey has been President of Jansky
& Bailey, Inc., successors to the firm of Jansky & Bailey.

He became an Associate Member of The Institute of Radio
Engineers in 1928, a Member in 1936, Senior Member in 1943,
and was advanced to the grade of Fellow in 1943. He has been
active on several IRE committees, and has served on the
Board of Directors since 1943. He was a member of the Execu-
tive committee from 1945-1951, and has been a member now
since 1953. He was appotinted Treasurer of the IRE in 1948,
and was elected President for the term 1949. '

He is a member of Sigma Xi, Tau Beta Pi, and Eta Kappa
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Stuart L. Bailey was born in Minneapolis, Minnesota, on
October 7, 1905. He received the degree of Bachelor of Science
in Electrical Engineering from the University of Minnesota in
1927 and the Master of Science degree from the same institu-
tion in 1928. During his undergraduate years he was active on
the staff of W9X1, an experimental station run by the Univer-
sity, and while taking his graduate work he was chief engineer
of.\\’LB, owned and operated by the University of Minnesota.
His master’s thesis was on the subject of radio field-intensity
measurement.

In the summer of 1928, Mr. Bailey became assistant radio
engineer with the airways division of the United States Depart-
ment of Commerce. His experience there included work on
r:fdio aids to marine and air navigation. He initiated and super-
vised the early work of the Lighthouse Service on radio-con-
trolled fog signals and he also participated in the development
of the visual radio range for use on the airways of the United
States.

In the summer of 1929, Mr. Bailey went to Panama, where
he installed two automatic marine radio beacons, one at the
entrance to Cristobal Harbor and the other at Cape Mala, 120
miiles south of Balboa.

In September 1930 he joined with C. M. Jansky, Jr., to
form the consulting engineering firm of Jansky and Bailey. Mr.
Bailey's activities in the consulting field have been on both
general allocation problems and specific engineering guidance

for broadcast stations and commercial operating companies.
He has had charge of all of the laboratory activities of the firm.

During World War I1, Mr. Bailey was in charge of all gov-
ernment-contract work done by the firm of Jansky and Bailey,
a great deal of which was done under the Office of Scientific
Research and Development. This work involved a detailed
study of all factors affecting mobile short-range radio commu-
nication, a study of theeffect of hillsand treesasobstructions to
radio transmission from 4 to 116 megacycles, and detailed
analysis of electronic equipment to determine certain char-
acteristics important to its operation by the armed services. In
addition, under a Signal Corps contract, he supervised the
work on measurement of many existing and proposed radio
antennas for use by the ground forces.

Since June 1953, Mr. Bailey has been President of Jansky
& Bailey, Inc., successors to the firm of Jansky & Bailey.
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The International Radio Consultative Committee

H. FAULKNER
Deputy Engineer-in-Chief
Post Office Engineering Department, London, England

There may be many members of the Institute of
Radio Engineers and readers of its Proceedings
who are not fully acquainted with the C.C.1.R.
Since therefore the VIith Plenary Meeting of this
body was recently held in London, it may perhaps
be an appropriate subject for discussion here.

The International Radio Consultative Commit-
tee (C.C.I.LR.) is an organ of the International
Telecommunication Union (I.T.U.), one of the
Specialized Agencies of the United Nations. The
[.T.U., whose job it is to regularize and facilitate
international communications of all kinds, includ-
ing radio, decided at its meeting in Washington in
1927 that in order to carry out its work efficiently
it needed authoritative technical advice on radio
matters and therefore set up the C.C.1.R., the first
meeting of which was held at The Hague in 1929.

In addition to the ordinary Radio Administra-
tive Conferences at which the various radio regula-
tions, such as the allocation of frequency bands to
the various services, the allocations of call signs,
etc., are made, other Administrative Conferences
are held from time to time at which plans are made
assigning frequencies to individual stations for par-
ticular services such as broadcasting, marine, aero-
nautical, etc. The function of the C.C.I.R. is to
formulate the technical basis on which these regu-
lations and plans are built up. Thus the principal
object is to study how the frequency spectrum
can be used to the greatest advantage of all con-
cerned, by reducing parasitic emissions from, and
the bandwidths taken up by, radio transmitting
stations, and by improving their frequency stabil-
ity; by improving the frequency selectivity, sen-
sitivity and stability of radio receivers, and by the
use of directional aerials, etc.

Close study is also made of the propagation of
radio waves of all frequencies and ‘propagation
curves are drawn from whiahk service areas and in-
terfering effects of transmitters can be calculated.

The work therefore can be viewed as of greatest
importance to all radio communication users.

The C.C.I.R. meetings are attended by delegates
and experts from countries all over the world, as
well as by representatives of the major Radio Op-
erating Agencies, whether Broadcasting, Radio,
Telephone and Telegraph Fixed Services, Marine
Services, or others, and thus become a clearing
house for technical knowledge and experience from
many diverse sources.

The work is divided into fourteen different Study
Groups, the International Chairmen of which are
responsible for gathering together all the informa-
tion possible from their many National Corre-
spondents between the meetings. When considered
advisable the Chairmen call additional meetings of
their Study Groups in between the Plenary Assem-
blies which are now due to meet every three years.

_ The Report of the Seventh Plenary Mecting
which will shortly be published by the LT.U,
(Geneva, Switzerland) will contain all C.C.I.R.
recommendations so far made, that are still valid,
and will therefore be a valuable reference book
for all radio engineers.

The principal value of the C.C.1.R. is that it
brings to a common international point the latest
information on good practice for radio services. If
full use is made of this information and operators
all over the world design and work their equipment
accordingly, the maximum use will be made of that
great asset of mankind, valuable bevond price, the
radio frequency spectrum.
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Beam Deflection Color Television Picture Tubes®
JAMES M. LAFFERTYY, FELLOW, IRE

Summary—The fundamental principles of color-switching at the
screen by retarding or accelerating fields with a single electron beam
are described. A mathematical analysis is made showing the effects
and importance of various voltage and geometric parameters. The
focusing effects of the apertures and the uniform fields are fully
investigated, A new method of aperture-mask-voltage modulation
is given for the accelerating-field case. Single gun tubes using these
beam-deflection principles have the advantages of automatic color
registry, simple monochrome presentation, short physical length,
low color-switching electrode capacitance, and equal numbers of
each of the three-color elements. Tubes using the retarding field are
advantageous for large size screens, but ones using the accelerating
field make much more efficient use of the electron beam. A method
of computing aperture positions to give uniform variation in spacings
is described. Some of the techniques described in the construction
of 16~ and 24-inch reflection-type tubes include prevention of micro-
phonics in the screen; printing methods that make webbing lines in-
visible; glass spacer blocks that withstand high voltage gradients;
a method of etching slits in the screen at an angle to reduce beam-
current interception; screen alloys that withstand high-power dis-
sipation; and a high-current electron gun.

INTRODUCTION

' HE METHOD of switching colors to be discussed
here is one in which the color-control mechanism
is located in the vicinity of the phosphor screen.

In its simplest form, only one electron beam is re-

quired ; however, multiple beams may be employed. The

clectron beam is deflected by means of an electric field.

Y
s PHOSPHORS
Ve BGR = ;
d
/
Vg~ V,
/ ] E: °T°
/7
/
/
v,
v
° X
0 RGB
v cosa Ko PHOSPHORS
s
% |
Vo Sin G

Fig. 1—Electron trajectories in a uniform field.

The incident beam is directed so that its initial velocity
always has a component transverse to the electric field.
Such an arrangement is shown in Fig. 1. A uniform
* Decimal classification: R583.6 X R138.312. Original manuscript
received by the IRE, May 24, 1954; revised manuscript received,

August 6, 1954,
t General Electric Res. Lab., Schenectadv, N. Y

electric field E is produced between two parallel-plane
electrodes at potentials V, and V., and separated a
distance d. An electron beam entering this field through
an opening in one of the electrodes has a component of
velocity, vy sin @, normal to the field. The disposition
of the beam in this field will depend on the magnitude
and direction of the field with respect to the velocity of
the beam. If Vo= V,, the electric field is zero, and the
beam will continue on in a straight line, striking the
upper electrode. If V> V,, the electric field is negative,
and the beam will be accelerated towards the upper
electrode, following a parabolic path that is concave
upward. If V,<V,, the electric field is positive, and the
beam will follow a parabolic path that is concave down-
ward. It will be shown further that, if V,> V, sin? «,
the beam will still strike the upper electrode, and if
V,< V, sin? a, the beam will return to the lower elec-
trode. There are, thus, two modes of operation for this
device; one in which the beam strikes the upper elec-
trode and the other in which it strikes the lower elec-
trode.! The exact point at which the beam strikes either
of the electrodes may be controlled by varying the
velocity (in magnitude and/or direction) of the electron
beam or the electric field, or a combination of both. This,
then, offers the possibility of having the electron beam
excite a series of color phosphors in a sequential manner
by variation of the proper parameters.

ELECTRON BALLISTICS

In order to determine the voltage required for switch-
ing colors, the screen configuration, and the limits on
various tolerances, it is necessary to determine various
mathematical relations between the electron motion, the
applied voltages, and the tube geometry.

The location of the Cartesian co-ordinates with re-
spect to the electrodes is shown in Fig. 1. It will be as-
sumed here that the space-charge effects are negligible.
An electron beam from a gun with its cathode at poten-
tial V is directed through a flat aperture mask which is
at a potential of V, volts, by means of a conventional
scanning system. Parallel to the mask, and spaced a
distance d from it, is the transparent conducting elec-
trode at a potential V,. These voltages produce a uni-
form field E=(V,— V.)/d in the direction of the y-axis
between the electrodes. The electron beam enters the
field, making an angle of incidence a with the screen.

1 A tube in which the beam strikes the lower electrode has been
previously described in detail. See P. K. Weimer and N. Rynn, “A
45-degree reflection-type color kinescope,” Proc. L.LR.E., vol. 39,
pp. 1201-1211; October, 1951.
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It can easily be shown? that the electron trajectory equa-
tion which applies between the electrodes is

y=zxcota— x*(1 — V,/Vo)/4(1l — Vi/Vo)d sin?a. (1)

By letting V. =0, differentiating (1) with respect to
x, and setting the results equal to zero, it is found that
x=(d sin? a)/(1—V./ V). Substituting this value back
in (1) gives the ordinate of the vertex of the parabolic
trajectory:

Ym = (d cos® &) /(1 — V,/Vy). (2)

If y.=d, then, on solving (2), V./V,=sin? a and the
beam is tangent to the upper electrode. If V,/V,; <sin?q,
the beam will be reflected and return to the lower elec-
trode, and if V./V,>sin? , the beam will strike the
upper electrode.

The displacement of the beam, i.e., the horizontal
distance S or L (Fig. 1) between the point where the
beam enters the electric field and the point where it
strikes one of the electrodes, is found by setting ¥ in (1)
equal to zero or d, respectively, and solving for x. These
two cases will be considered separately.

Reflection Case, V./V,<sin? a

Setting (1) equal to zero and solving for x gives:

S=2 1—: IV;"/%’ sin 2a. (3)
Let
do = d/(1 — V/Vo), @
and, if V=0, then (3) becomes
S = 2d, sin 2a. (5)

The physical significance of dy may be seen in Fig. 1.
It is the distance, measured parallet to the y-axis, from
the mask to the zero potential plane in the electric field.
If V. is negative, the zero potential plane lies between
the two electrodes. If V, is positive, the zero potential
plane is a virtual plane located outside the electrodes at
a distance that can be determined by assuming that the
electric field extends beyond the electrodes with the
same value it has between them.

From (5) it can be seen that the displacement of a
beam that has an angle of incidence of 45 degrees is just
twice the distance from the screen to the zero potential
surface. This displacement will be called S,. If the angle
of incidence is made greater or less than 45 degrees, the
displacement drops off symmetrically about the 45-de-
gree value,

The displacement of the returning electron beam may
be varied by changing the potential of the cathode,
mask or the reflector (upper) electrode. The rate of

? J. R. Pierce, “Theory and Design of Electron Beams,” D. Van

Nostrand Company, Inc., New York, N. Y., 1Ist ed., p. 21, eq.
(3.11); 1949.

change of displacement of returning beam with respect
to cathode voltage is found by differentiation of (3):

as _ 2d(1 — Vi/V,) sin 2a ‘ ©
dVi Vo(1 — V./Vy)
If V=0, this reduces to
s -2 ™
dVi Vo

The éffect of changes in beam or mask voltage for V=0,
may be found by differentiation of (5) with respect to
VoZ

as SV,

Ryl (®
av (1 = V/Vo)Ve?

On modulating the reflector voltage, the rate of change
of displacement of the beam is found by differentiation
of (5):

AY )
- ©
ch Vo(l - Vc/VO)
A comparison of (7), (8), and (9) shows that
as as V./V as
— = = (VofV) — = — . (10)
dV, aVe 1—=V,/V, dVy

If the reflector voltage is zero, the displacement of the
beam is independent of beam voltage. If the cathode
voltage and the reflector voltage are both equal to zero,
then (7) and (9) reduce to the same value except for
sign. This offers the possibility in certain applications
of switching color by modulating the cathode voltage.

Transmission Case, V,/Vy>sin? a

The distance L which the beam is displaced along the
screen in the x direction is determined by setting y=d
in (1) and solving for x:

(1 — V/Vo)d sin 2a
T a-vyve
[ (¥ e~ Qvicosayr
L (1 — Vi/Vs) cos? a '

If the cathode is at zero potential, this expression re-
duces to

d sin 2 Vo/Vo — sin? a)/?
_ dsin2a [1_< Wb = EiEcy ] (12)
1—Vc/VO

Under these conditions if V,/V,<sin? a, the electro
beam will fail to reach the screen, and L become
imaginary.

The beam displacement L may be varied by changing
the cathode, mask, or screen voltages. The rate of
change of beam displacement with respect to the cath-
ode voltage is found by differentiation of (4):

Cos



1480 PROCEEDINGS OF THE I-R-E October
dL d sin 2« l:l Ve/Va 4+ cos 2a — 2(Vi/V,) cos® a ] (13)
dv, (1 — Vo/Vo)Va 2[V./Va — sina — (Vi/Vo)(1 — Vi/Ve) cos? a]'’? cos al’ ‘

For the case of zero cathode potential, this reduces to
dlL —d sin 2a Ve/Votcos 2a

= - (1)
dV, 1=V /VaV, 2[V./Vy—sin?a]' 2 cosa

The rate of change of beam displacement with respect to
the screen voltage for V=0 is found by differentiation
of (5):
dl. d sin 2a l:
dv, (1=V./Vy)V,

Ve/Votcos 2a }

- [. (1)
2[{V./Vo—sin?a]'’2 cosa

Differentiation of (5) with respect to V, gives the rate

of change of beam displacement with respect to the
beam or mask voltage tor V,=0.

dl.  —d(V,/Vo) sin 2a
v, (1 — V./Vo)2V,

V./Vo =+ cos 2«
-[1 S —— —]. (16)
2[V./Ve — sin? a]''? cos a
A comparison of (14), (15), and (16) shows that
dL . dL Ve/Va dL
— = = (Vy/V¢) — = —4mm8m8 — ——, 1D
dVy v, 1—=V,/V, dV,

which is identical to (10) for the reflection case,

IFOCUSING ACTION

The electric field has two focusing effects on the beam.
The first occurs at the point where the beam enters the
tield through the aperture in the mask, and the second
occurs throughout the trajectory as the beam traverses
the field.

The first focusing effect is caused by apertures in the
mask acting as tenses by virtue of the difference in
electric fields on the two sides of the mask. If the open-
ings are in the form of slits, the focal length? is given
approximately by

=

If the value of the electric field F is substituted in this
expression, it reduces to

— (2Vacos®* a)/F. (18

/ —2d cos? «

= (19)
l—Va/Vo

- 2(1'0 cos® a.
If 1.,< 1, the electric field is in the direction of the
v-axis. This retarding field causes the slit to act as a
diverging lens with a negative focal length. If 1T.> 1,
the accelerating field produces a converging lens action
at the slit.

In the second focusing effect a retarding field between

3 This is a more general form of the well-known Davisson and
Calbrick formula. It is derived in the Appendix.

the mask and reflector plate produces a focusing action
within the field in the plane of incidence of the beam.
This may be seen by differentiation of (5):

dS = 25, cos 2ada. (20)

Electrons in a beam traveling with uniform velocity
that are diverging from the axis of the beam with an
angle da will, after traveling a distance S,, be displaced
transversely a distance dS = S¢da. If this criterion is ap-
plied to (20), it can be seen that, if 2 cos 2« is less than
1, a focusing action occurs, and if this quantity is
greater than 1, a defocusing action occurs. Thus, great-
est focusing action, due to the retarding field, occurs
when the angle of incidence is 45 degrees, and defocusing
occurs when it is tess than 30 degrees or greater than
60 degrees.

Ve d

—-X

Fig. 2-—Focusing action in (a) a retarding field, and (b) an accelerat-
ing field, taking into account the lens field at the slit.
Considering again the aperture lens effect, Fig. 2(a)
shows an initially parallel beam passing through a slit
of width 2 dx at an angle of incidence «, into a retard-
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ing field E. Electrons that pass through the center of the
slit have their direction unaltered, while those that pass
near the edge of the slit are given an angular divergence
da, so that the beam appears to come from the focal
point F. From the geometry of Fig. 2(a), it is seen that
da=dx cos o/ (— f/cos a) = — (dx cos? &) /f. Substituting
the value of the focal length from (19) in this expression
gives da=dx/S,. On combining this with the field
focusing effect by substitution in (20), it is found that

dS = 2 cos 2adx. (21)

If the electrons which pass through the lens near the
edge of the slit at x =dx are to strike the screen at the
same point as those which pass through the center of
the lens, their displacement must be shorter than those
which pass through the center by the amount dx. Thus,
for perfect focusing dS must equal —dx. When this
substitution is made in (21), it is found that a=60 de-
grees. Thus, optimum line-focusing occurs when the
beam passes through the aperture mask at a 60-degree
angle of incidence, as shown in Fig. 2(a). For angles
greater than 60 degrees, over-convergence occurs, and
for angles less than 60 degrees the beam fails to com-
pletely converge. However, for angles greater than 45
degrees and less than 90 degrees, the width of the beam
on returning to the mask will be less than the width of
the slit. From the standpoint of focusing, the sweep
angle should be centered about a 60-degree angle of in-
cidence. Centering the sweep angle about a 45-degree
angle of incidence, as suggested by \Veimer and Rynn,*
will give an image whose width will be less susceptible
to variations in the angle of incidence, but will not give
an image of minimum width.

If circular apertures are used in the mask in place of
the slits, the focal length of the aperture is doubled and
the beam fails to completely converge in the retarding
field for all angles of incidence less than 90 degrees.
However, for angles greater than 45 degrees, the return-
ing beamwidth will be less than the diameter of the
aperture in the plane of the beam.

Although it has no direct bearing on the problem at
hand, it is of interest to examine the dimensions of a
returning beam which enters parallel to the retarding
field. From (21), if =0, then dS=2dx. Hence, the
width of the beam will be three times the width of the
slit. Similarly, for a circular aperture, the returning
beam diameter is twice the diameter of the aperture.

For accelerating field case in which V,/V,>sin? «,
differentiation of (12) with respect to « gives

dL = 2do{cos a[2 cos a — (V./Vy — sin? a)!/?
+ sin? «(V,/V, — sin? )V2] — 1}da. (22)

Fig. 2(b) shows an initially parallel beam passing
through a slit of width 2dx at an angle of incidence «

4+ Weimer and Ryvan, loc. cit.
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into an accelerating field. On passing through the slit,
the beam is focused toward the focal point F. From the
geometry of Fig. 2(a), —da=(dx cos a)/(f/cos «)
=(dx cos? a)/f. On substituting the value of the focal
length from (19), this expression becomes da=dx/2d,.
Substituting this in (22) and letting d. = —dx for a linc
focus, it is found on solving for V./V, that

V./Vo = 2(1 4 cos a). (23)

Thus, for any particular angle of incidence «, a sharp
line-focus may be obtained on the screen by adjusting
the voltage ratio V,/V, to satisfy (23). When the inci-
dent beam is parallel to the field, the screen voltage
must be four times the beam voltage to obtain line-
focus.

If the focus condition (23) is substituted in (22), it is

found that
2
dL = d(_, S )(101.
14+ 2cosa

This equation shows that if V;/V, is always adjusted to
give optimum focus, dL/da increases slowly with the
angle of incidence from (2/3)d at « =0 degrees to 2d at
90 degrees. If the focus criterion that was applied to
(20) is used here, and if d plays the same role as So
in (20), it will be seen that a focusing action occurs
when « is less than 60 degrees and a defocusing action
occurs when « is greater than 60 degrees.

It is of interest to note that when (23) is substituted in
(12), (15), and (16), they simplify to

(24)

2d sin o _
L=———, (25)

14+ 2cosa

dl d sin a
R i : (26)

dv, (1 4+ 2 cos )*(1 + cos a)
and

dl 2d sin a

= - (27

dVe (1 4 2 cos a)?V,
MoDULATION METHODS FOR THE TRANSMISSION
Tuse CAsE

From (23) it is found that for, a=60 degrees, op-
timum post-acceleration focusing occurs when the screen
voltage is 3 times the beam voltage. If this substitution
is made, (17) gives

dr. dL dL
—=—3—=—15—"
Ve dv. Vi

(28)

Thus it is seen that, of the three methods of modula-
tion, the deflection sensitivity is least for the screen-
voltage modulation and greatest for the aperture-mask-
voltage modulation. The high sensitivity of this latter
method results from the favorable combination of two
effects. In Fig. 1, L may be increased by decreasing the
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electric field E or by increasing the initial velocity of
the electron beam as it enters this field. Increasing the
beam voltage does both of these things simultaneously,
while changing the screen or cathode voltage does only
one of these at a time.

Holding the screen and anode (aquadag wall coating)
voltages constant, and modulating the mask voltage,
would also simplify the shielding problem for high color-
switching rates. By keeping the wall coating at a con-
stant potential, the deflection sensitivity (at the yoke)
will not change on modulating the aperture mask. There
will, however, be a weak lens field established between
the wall coating and the mask. This will cause a slight
displacement and change in the angle of incidence of
the beam as it strikes the aperture mask. Calculations
made by A. B. Brown, Jr., of this laboratory, show that
for a practical case this displacement may be the width
of several raster lines and that the change in angle of
incidence may be as much as 2 degrees. By placing a
grid which is at the aquadag-coating potential near the
mask, the fringing field may be confined and the beam
displacement at the mask made negligible, while the
change in angle of incidence remains the same. Under
these conditions, modulation of the mask voltage will
change the displacement of the beam at the screen be-
cause of three things: (1) change in the angle of inci-
dence «; (2) change in the initial velocity of the beam
as it enters the accelerating field; (3) change in the
accelerating field. This may be written
dL oL d oL dv
a + P 0

da
or
dl. L da oL
da dVo Vo
(a) (b) (o)

Terms (a) and (c) in this equation are given by (24) and
(27), respectively. Term (b) may be found as follows. If
the beam makes an angle of incidence &, with the grid
which is at potential V', then by application of (1) it
may be shown that the angle of incidence that the beam
has on arrival at the mask is given by

(29)

tan a = (Vo/Vo' — sin? a)~1/2 sin ay. (30)

Solving this expression for V, and differentiating with
respect to « gives dVo/da= 42V, sin? o cot a csc? .
Since Vi’ =V, and a=ay, this reduces to

da tan a

Ve 2V,

(31)
thus giving term (b) for (29). Making the substitutions

in (29) gives

dL d [ tan a
avVe Vo 14+ 2cosa

2 sin «

i (1 -}—772 cos_a)j]' (32)
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The first term of this equation, which gives the change
in displacement of the beam due to the change in the
angle of incidence, is always larger in magnitude than
the second term and causes the beam displacement to
change in the direction opposite to that given by the
second term. At a=60 degrees, the first term is just
twice the second, so that the beam displacement is
changed the same amount as given by (27), but in the

20 aL Ve
|g—9% d

V.
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02 £ /
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Fig. 3—Beam-deflection sensitivity as a function of the angle of
incidence for aperture plate modulation.

opposite direction. Hence, for values of « less than 60
degrees, (32) gives changes in displacement that are less
in magnitude than (27); and for « greater than 60 de-
grees, (32) gives values that are greater than (27). Eq.
(32) is plotted in Fig. 3. Even at the expense of adding
an extra grid, there would appear to be considerable
advantage in switching colors by modulating the aper-
ture-mask voltage.

An outline drawing of the proposed tube is shown in
Fig. 4. It should be pointed out that an angle of inci-
dence of 45 degrees has no significance for this tube, and
the greater the angle of incidence of the electron beam
with the mask, the greater will be the deflection sensi-
tivity. How far one can go in this direction depends on
a compromise of adequate focusing, sweep and keystone
correction. The color-switching voltage for the case
a =260 degrees and V./V,=3 is, according to Fig. 3:

ALV,
©0.433d

(33)

Vo

As an example, consider the case in which V,=20 kv,
Ve=6.67 kv, d=1/2 inches and AL=0.015 inches
(phosphor-stripe spacing). Substituting these values in
(33) gives 462-volts peak to switch from one color stripe
to the next. Complete color-switching then requires a
sine wave voltage of 327-volts rms on aperture mask.
The capacitance of a 20-inch rectangular aperture
mask for this case would be approximately 175 pufd.
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Thus, the power required to modulate the mask would
not be excessive.

It will be noted in Fig. 3 that the beam-deflection
sensitivity changes rapidly with angle of incidence. This
is undesirable from the standpoint of obtaining a screen
with uniform phosphor-stripe spacing. This difficulty
may be corrected to a large extent by tilting the screen
with respect to the aperture mask, so that the spacing is
increased for small angles of incidence and decreased for

ALUMINIZED SCREEN

APERTURE MASK

AQUADAG COATING

SINGLE BEAM GUN

Fig. 4—Beam-deflection tube.

large angles of incidence. This difficulty may be even
further improved by curving the aperture mask and
screen to give a nearly constant angle of incidence for all
points on the mask.

APERTURE AND PHOSPHOR PATTERNS
Reflection Case

In Fig. 5 is shown a sketch of the mask ABCE in
relation to the center of deflection O of the electron
beam. It is obvious that, as the beam scans over the
mask in the usual manner, the angle of incidence « is
constantly changing. This means that, if d and V./V,
are held constant, S is constantly changing, according to
(5). Hence, it would be impossible to excite a single
color over the entire screen with a uniformly-spaced
array of holes and phosphor dots or straight slits and
phosphor lines. If a uniformly-spaced array of apertures
and phosphors is to be used, then S must remain con-
stant with changes in a. This could be accomplished by
using a curved reflector plate or by modulating the re-
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flector voltage, or by a combination of both. It would
appear simpler, however, to keep d constant and, with
a fixed value of V,./V,, let S vary with @ according to (5).
A pattern of apertures and phosphors could then be
laid out in such a way that it would be possible to excite
a single color when the mask was scanned. By changing
the reflector voltage, the other colors could then be
excited one at a time.
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Fig. 5—Geometric relations between the mask ABCE and the
center of deflection O.

It is possible to lay out this pattern in the form of
narrow slits that follow contour lines of constant angle
of incidence on the screen. In Fig. 5, a perpendicular is
drawn from O, the center of deflection, to the plane of
the screen O’. With O as the center, an arc LMN of
radius R is drawn on the screen. When the beam enters
the mask anywhere along this arc, it makes a constant
angle of incidence a with the mask. It then returns to
the mask at a constant distance S above the arc, meas-
ured along a radial line that passes through O’ and the
point where the beam enters the mask. The value of S
given by (5) may also be written in the form

R/h

S=25%-——">
(R/k)* + 1

(34)
where Sp=2d,, i.e., equal to the displacement of the
beam when a=45 degrees. The length of the per-
pendicular OO0’ is k. In (34), sin 2a has been expressed
in terms of R and &.

The three phosphors that are to be excited by the
electrons that pass through the screen at radius R are
laid down in juxtaposition in the form of three stripes,
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which are arcs of concentric circles with O as center. It
can now be seen how the entire screen may be made up
of interlaced slits and tricolor phosphor stripes, all of
which are arcs of concentric circles with O’ as center.

The fact that displacement of the returning beam
will be a maximum at an angle of incidence of 45 de-
grees, and will become less each side of 45 degrees,
means that the slits in the screen will be separated
farther near 45 degrees than for greater and smaller
angles. It would be desirable to keep the variation in the
spacings between the slits as small as possible. The
smallest angle of incidence that the beam makes with
the screen will be at point F, and the largest angle of
incidence will be at points A and B. If the screen is
positioned with respect to the center of deflection so
that the angle of incidence is 45 degrees somewhere in
the center region of the screen, the slits will be spaced
closest together at point F and at points 4 and B. By
more exact positioning of the screen, it would be pos-
sible to make the slit spacing at F equal to the spacing
at A and B. However, from the focusing point of view,
it 1s more desirable to center the mask about a 60-
degree angle of incidence and keep to the smallest angle
of incidence at F greater than 45 degrees. Under these
conditions, the slits will have their greatest spacing at
F and their closest spacing at 4 and B. It is of interest
to compute this maximum variation in slit spacings and
the various deflection angles involved.

Let it be arbitrarily assumed that the angle of in-
cidence is 45 degrees at F and 60 degrees along a radius
whose value is the mean of R, and R;. From the geom-
etry of Fig. 5, the following values are found.

Distance from center of deflec-

tion to mask =h =0.463D
Maximum angle of incidence =as =68 degrees
Minimum angle of incidence = =45 degrees

Top horizontal deflection angle=2y, =41} degrees
Bottom horizontal deflection

angle =2y, =81} degrees
Vertical deflection angle =a;—a; =21} degrees
Maximum ratio of slit spacings=S5/S, =0.699.

The value of 4, may be reduced and the value of S/S,
increased at the expense of focusing at the bottom of
the mask by making the angle of incidence greater than
45 degrees at F.

The procedure for computing the slits in the mask will
now be considered. The radius R; of the first slit at point
F is determined from the considerations given in the
preceding paragraph. The beam, which enters the screen
anywhere along this slit, returns to the mask at a dis-
tance S; from the slit measured along a radial line which
passes through O’ and the point where the beam enters
the mask. The distance S; may be computed from (34)
by substituting the value of Ry for R. The radius R,
of the arc where the returning beam strikes the mask is

PROCEEDINGS OF TIIE IR-E

October

then given by R+, If a slit is placed in the mask at
radius Ry, the returning beam from the slit at radius R,
will pass back through the mask, and a new beam which
enters at radius R, will return and strike the mask at
radius R;. The value of R; may be computed by sub-
stituting the value of R; for R in (34) and adding the
value of S; thus obtained to R;. The general recurrence
formula for computing the slit radii is

RIHI = Rn + AS‘ny (35)

where
R,/h

So= 25— e
(Ra/1)* + 1

(36)

With these equations, it is thus possible to lay out a
series of slits which are arcs of concentric circles in such
a way that the electrons that enter through the nth slit
will pass back out through the (n41)th slit.

Additional sets of slits must be interlaced between
these so that not less than 25 per cent of the mask area
is occupied by slits. The remaining area is provided for
the color phosphors. The exact number of slits to be
placed between slits of radius R, and R; will depend on
the width of the slits and on the value of S,.

The positioning of the slits between R, and R, com-
pletely determines the position of the remaining slits
on the screen by virtue of (35). It is desirable, therefore,
to position the slits between R; and R» in such a way
that the remaining slits will be uniformly spaced with-
out abrupt discontinuities in the spacing. M. H. Hebb
of this laboratory has suggested that Newton’s interpo-
lation formula may be used for this purpose. It is help-
ful in understanding this procedure to make use of the
graphical interpretation shown in Fig. 6. In Fig. 6(a),
S is plotted as a function of R according to (34). The
value of R, is located on the R-axis, and a vertical line
is drawn to the curve. The length of this line is S;. A
dotted line is drawn from point x to the R-axis, making
an angle of 45 degrees with it. The intersection of this
line with the axis gives the value of R,. A vertical line
from R, to the curve gives the value of S;. This process
may be continued until all the values of R are deter-
mined from R, to R,. In Fig. 6(b), R is plotted as a
function of n. Values of R for integral values of n are
obtained from Fig. 6(a). If there are s —1 slits between
R, and R,, their position can be determined by inter-
polation of the curve in Fig. 6(b) between R; and R,.
This can be done accurately by use of Newton’s interpo-
lation formula:

E(k — 1)

Rl+k = Rl + kAl +TA2

Me- D=2

3! (37)

‘.+....,
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where £ takes on the successive values 1/s,2/s, 3/s, - - -
(s—1)/s and the A’s are the tabular differences de-
termined from the known points on the curve in Fig.
6(b). The recurrence formulas (35) and (36) are now
uscd with the values of R, computed from (37) to ob-
tain the positions of the remaining slits.

(b)

k| L 1 1 .
| 2 3 4 )

Fig. 6—Procedure for computing location of slits in the mask.

Transmission Case

In this case, the aperture pattern may also be in the
form of slits that follow contour lines of constant angle
of incidence on the mask. In Fig. 5, with O" as center,
an arc LM N of radius R is drawn on the mask. When the
beam enters the mask anywhere along this arc, it makes
a constant angle of incidence e with the mask. On pass-
ing through the mask, it strikes the screen along the
arc of a larger circle of radius R+L, where L is given by
(12). The three phosphors that are to be excited by the
electrons that pass through the mask at radius R are
deposited on the screen in juxtaposition in the form of
three stripes which are arcs of concentric circles. [t is
thus possible to lay out both the apertures in the mask
and the phosphor lines in the form of arcs of concentric
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circles. In general, for every slit in the mask of radius
R,, there will be a set of three phosphor lines on the
screen centered about the radius

R.. = R, + L., (38)
where L., given by (12) is written in the form
Lo = — e K
(1= V/Va) (R2+ B
Ah = VoV = R = Vo/ Vo2l (39)

This type of mask and screen pattern would lend itself
to a parallel-plane gcometry. The apertures can also be
made in the form of parallel horizontal slits by using
grid wires. The mask could be curved in one dimension
and the screen could be curved in two dimensions. The
position of the phosphors could be determined by elec-
tron-photography methods.

TOLERANCES AND DESIGN CONSIDERATIONS
Reflection Case

The successful construction and operation of this tube
depends almost entirely on being able to maintain cer-
tain dimensional tolerances. Voltage variations are of
some importance, but to a much smaller degree. The
most critical requirement is that of maintaining parallel-
ism bhetween the mask and reflector. The change in dis-
placement of the beam with change in reflector-mask
spacing is found by differentiation of (5):

dS  2sin2a S
dd 1—V/Ve d

(40)

It should be noted that dS/dd is greatest for electrons
that pass through the screen at an angle of 45 degrees.
For these electrons, dS/dd depends only on the ratio of
V./ Vo, decreasing with smaller V,/V,. It is impractical,
however, to make the reflector voltage less than zero.
Under these conditions, dS/dd=2. This means, for
example, that if the reflector-mask spacing should
change one mil, the beam will be displaced two mils.
One can thus see the importance of maintaining d con-
stant over the entire screen area. Stated more precisely,
the value of d as averaged by the electron in traversing
its trajectory should be constant over the entire screen.
Small variations in d of a localized nature, such as
roughness of the screen surface, will not affect the beam
displacement because they do not change the average
field appreciably.

It is of interest to plot (5), (9), and (40), as a func-
tion of V,/V, for a=45 degrees. These curves arc
shown on the left side of Fig. 7. In the design of a tube,
the beam voltage usually will be specified to give a cer-
tain brightness level. This leaves two parameters at
one's disposal, namely, the reflector voltage and the re-
flector-mask spacing. From Fig. 7(c), it can be seen that
dS/dd is independent of d and is reduced only by re-
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Fig. 7—Curves showing various tube parameters as a function of
the ratio of reflector voltage to beam voltage.

ducing V.. A practical lower limit for V, is zero. Fig. 7(b)
shows that lowering V. also reduces the deflection sensi-
tivity. However, this may be increased by increasing d.
There is a limit as to how far one can go in this direction
because, as d is increased, the weak fringing-field region
around the edge of the screen extends further into the
center portion. It will be observed from Fig. 7(a) that
increasing d also increases the beam displacement. A
large displacement of the beam leaves a wide band of
unused screen area at the bottom of the tube. Small
variations in slit-spacing due to stretching or expansion
of the screen are proportional to S and, hence, become
more serious when the beam displacement is large. There
is one advantage in having the beam displacement large,
however, besides the reduction in color-switching volt-
age. Eq. (5) can be written in the form

2Vo sin 2«
§=—

z ) (41)

where E is the electric-field strength between the re-
flector and screen. It thus appears that the electric field
varies inversely as the beam displacement. It is desir-
able to keep this field low to prevent field emission from
the reflector plate and to reduce the electrostatic force
that tends to bow the screen. The magnitude of this
force is given by

F =4.51 X 1071 E?, (42>

where F is in grams per square centimeter and E is in
volts per centimeter.
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Fig. 8—Sketch showing the geometric relations used in computing
the change in beam displacement due to a dislocation of the
center of deflection.
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It will be helpful to determine how much the beam
displacement will change at various points on the screen
owing to dislocation of the center of deflection. It is
convenient to break this dislocation up into two com-
ponents, one in the direction of the gun axis and the
other, a radial component, at right angles to the gun
axis. This first component will change as the deflection
yoke is moved along the neck of the tube, and the second
component may be changed by applying a traverse mag-
netic field to the beam before it traverses the deflection
yoke.

Since S is a function of both R and #,

ds (aS>dR+<aS>dh (43)
~ \4R an)
Partial differentiation of (34) gives
aS 2 R/h)? — 1
s _ s w1
oR h[(R/B + 1]
and
iN) 250 /R (R/m)? —1
= = _°<_>_)_ . (45)
ah B \k/ [(R/B)+ 1]
From Fig. 8(a), it can be seen that
dR = cos v cot 8dh (46)
and
dh = sin 6dz. (47)

Substituting these quantities in (43) gives

ds
T = —h—o cos® y(tan? @ — 1) sin f(tan @ — cos v cot §).(48)
2
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Similarly from Fig. 8(b),

dR = (cos ¥ sin 8 cos y — sin ¢ sin v)dr (49)
and
dh = — cos ¢ cos 8dr. (50)
Hence,
dS 2S5,
—— = — cos* y(tan?a — 1)
dr h

- [sin ¢ siny — cosy(tan a cos 6 + cos y sin 9)]. (51)

In a practical tube design, the trigonometric function
in (48) will not exceed about 0.1 for any point on the
face of the tube. If d/k is assumed to be about 0.1 and
V.=0, then dS/dz=0.04. This means that for every 25
mils of motion of the deflection yoke along the neck of
the tube, the beam will be displaced 1 mil near the
corners of the picture. For similar assumptions, a radial
displacement of the center of deflection can produce a
beam displacement of about 1 as much. Egs. (48) and
(51) show the advantage in keeping the beam displace-
ment small so far as tolerances in the location of the
center of deflection are concerned.

Transmission Case

Plots of (12), (15), and the derivative of (12) with re-
spect to d, are made on the right-hand side of Fig. 7.
For the same electrode spacing, it can be seen that the
beam displacement and hence the deflection sensitivity
and change in displacement with change in electrode
spacing are much lower than for the reflection tube.

CONSTRUCTIONAL DETAILS
General Discussion

Only tubes of the reflection-type were constructed;
however, both types of tube have some very definite
advantages. Since only one electron beam is required, a
single gun may be used in a neck of conventional size
with standard sweep and focus coils. The procedure for
gun alignment is greatly simplified and the probability
of cathode failure is also reduced. Most important of
all, auxiliary static and dynamic converging equipment
is not required because the colors are always in registry.
Since the gun arm makes an angle of less than 45 de-
grees with the screen, the projected length of the tube is
decreased to approximately the face-plate diameter,
thus permitting the tube to be installed in a shallow
cabinet. Both types of tube display equal numbers of
red, green, and blue phosphor lines, and the capacitance
of the color-switching electrodes are within reasonable
limits.

An advantage of the transmission-type tube over the
reflection-type tube is efficient use of the electron beam
brought about by post-acceleration focusing. The mask
for the transmission tube could be made about 80 per
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cent transparent, while the reflection tube is limited to
a mask which is only about 25 per cent transparent be-
cause space must be provided on the mask for the three
phosphors.

The main advantage of the reflection-type tube is the
screen assembly. Since the phosphors are printed on the
aperture mask itself, accurate registry between the two
is not required in the final tube assembly. The masks are
printed before mounting, with the etching and printing
all being done from the same masters, thus offering the
advantages of mass production. In the reflection tube,
the electron beam is reflected back and strikes the screen
at positions that are displaced only about one inch from
where the beam entered the screen. For this reason,
only changes in the dimension per unit length of the
screen are important in causing color distortion. In tubes
in which the screen and aperture mask are separate, it
is the total change in the dimensions of the screen which
must be considered. Thus, in large screen sizes the re-
flection-type tube has a decided advantage.

During the progress of our work on the reflection-type
tube, Weimer and Rynn® described a similar tube. The
tubes made by them contained 7-inch screens and were
of an experimental nature to demonstrate the reflection
principle. We have made reflection tubes with 16-inch
and 24-inch screens and, in doing this, have encountered
and solved many problems not included in the prelim-
inary work of Weimer and Rynn. Among these were a
method of preventing microphonics in the screen;
printing methods that made webbing lines invisible;
glass spacer blocks that would withstand high voltage
gradients; a method of etching slits in the screen at an
angle to reduce beam-current interception; screen al-
loys that would withstand high-power dissipation; and
a high-current electron gun to increase brightness.

Screen Materials and Processing

The screen apertues are in the form of slits which are
arcs of concentric circles, laid out according to the cal-
culations given above. The slits are interrupted peri-
odically with webbing lines which hold the screen to-
gether and give it strength. These webbing lines are
radial lines that emanate from a point in the plane of
the screen which is the projection of the center of de-
flection of the electron beam. The angular separation of
the webbing lines is adjusted so that the spacing be-
tween them is approximately equal to the spacing be-
tween slits at the center of the screen. The line width
has been varied from 5 to 11 mils, depending on the
screen size. Screens have been made with various num-
bers of slits ranging from 25 to 40 per inch. The slit
widths varied from 5 to 8 mils. The screen thickness
has been varied from 3 to 6 mils. A convenient size to
work with has been found to be 4} mils. Since the elec-

¢ Weimer and Rynn, loc. cit.
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trons pass through the screen at an angle, the slits are
made oblique so as to intercept a minimum of beam
current. This is done by etching the slits in the metal
from both sides of the screen at once by a photoengrav-
ing process.® By offsetting the patterns on the two sides
of the screen, it is possible to obtain the oblique slits.

The photographic master used in the photoengraving
process was made from full-size rulings. These rulings
were made on scribing plates consisting of plate glass
coated with 2 red transparent film. Lines were scribed
through this film with Carboloyv tools. The rulings were
made in the Physical Sciences Development Shops at
the University of Chicago, through the courtesy of
T. C. O'Donnell. The concentric arcs were ruled to an
accuracy of a few ten-thousandths of an inch. The radial
webbing lines were ruled on a second plate. Contact
prints were made from these plates and combined to
give a master positive. The screen metal was coated
with a photosensitive resist and exposed to ultraviolet
light through the master positive.

A third plate was ruled with continuous arcs of con-
centric circles, which were midwayv between the slits. A
contact print was made from this plate to give a master
for making the zinc lithographic plate used in printing
the phosphor lines on the screen. This process is de-
scribed in detail in the next section. For absolute ac-
curacy, three such plates should be made to give three-
sets of concentric lines equally spaced between the slits.
The error resulting in using a single plate for printing
1s a crowding together of the lines in some areas. This
crowding reaches a maximum at the lower corners of the
screen, occurs to a somewhat lesser extent at the upper
corners, and does not occur at all along the vertical
center line of the screen. It can be easily shown that the
spacing between the lines is reduced by a factor equal
to the cosine of the angle formed between the vertical
center line and a line drawn from the center of curva-
ture of the phosphor lines to the point in question. For a
typical screen with the phosphor lines printed on 8 mil
centers, the lines will be spaced only 7 mils at the lower
corners.

There are many factors that must be considered in
selecting a screen material. It must be capable of being
rolled into wide thin sheets and must etch readily. In
addition, a low coefficient of thermal expansion and a
high vield point are desirable. When the screen is
stretched on the mounting frame, the amount of elonga-
tion that occurs is proportional to the tension, provided
the elastic limits of the material are not exceeded. If AS
is the amount the screen elongates when it is stretched
from some minimum tension W,, below which the screen
would not remain flat, to the elastic limit W,,, then

AS = (Wa — Wo)/M = AW/ M, (52)
where 1/ is the Young’s modulus of the material.

¢ Sereens of this type were made at Buckbee Mears Company.
St. Paul, Minn,
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In practice, the maximum tension that may be put
on the screen will be determined by either the strength
of the screen (yield point) or the amount of elongation
AS occurring, depending on the value of the modulus A7.
If M is low, the screen may be stretched to the point
where the elongation will be so great as to cause color
misregistry due to change in the spacings between the
slits and the corresponding phosphor lines. On the other
hand, if 1/ is very large, the screen may rupture on
tightening before there is enough elongation to give
trouble. In most screen materials, the latter will be the
case.

During tube operation, most of the beam power is
dissipated at the screen in the form of heat. Nearly all
this heat must be lost by radiation. This requires a rise
in the screen temperature and results in expansion of
the screen. If the temperature rise is AT, the expansion
per unit length of the screen will be

AL = aAT, (53)

where « is the coefficient of linear expansion. If Al ex-
ceeds AS, the screen will become loose and buckle.
Combining (52) and (53) gives, for the maximum tem-
perature rise,

AT = AW/ Ma. (54)

This equation expresses a figure of merit for the screen
material. By assuming that the minimum tension is
small and that the screen can be stretched to the yield
point, it then follows that the power which the screen
can dissipate without buckling, and hence the bright-
ness, will vary directly as the yield point divided by the
product of Young's modulus and the coefficient of ex-
pansion. This, of course, assumes Newton's law of cool-
ing, which holds here because of the small temperature
differences involved.

A number of screen materials were tested, including
copper, chrome-plated copper, Trodaloy I, Supernickel,
cold-rolled steel, and Fernico. Although copper is easily
etched, its yield point is too low to be of practical value.
Trodaloy I, a copper-cobalt-beryllium alloy containing
97 per cent copper, etches readily, and has about three
times the strength of copper. The expansion? is 15.8
X107% per degree C., slightly less than copper. This
material worked very well in practice. The greatest dif-
ficulty was in obtaining sheets of sufficient width.
Supernickel, a 70--30 copper-nickel alloy, was compara-
ble to Trodaloy except for strength. The Trodaloy has
about twice the strength of Supernickel. The strength
of the copper screens could be increased by chrome-
plating. However, in order to get strengths comparable
to Trodaloy’s, the plating thickness had to be increased
to the point where it was obstructing the slits in the
screen. There was some roughness in the slits caused by

7 These expansion measurements were made by E. E. Burger of
this laboratory.
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plating, which collected phosphors during printing;
these phosphors were difficult to remove. Cold-rolled
steel had the highest yield point but did not etch well
and rusted very easily. Fernico, an iron-nickel-cobalt
alloy, had a yield point equal to that of the steel and
etched much more readily. Fernico does not rust and
has the added advantage of having the very low expan-
sion coefficient of only 4.7 X10~¢ per degree C.

T'o further increase the power-dissipating ability of
the screen, it was coated on the back side with carbon
black. It was found that by this procedure the power dis-
sipation could be doubled without buckling the screen.

Phosphor Printing

The phosphors used to obtain the three primary colors
were blue calcium magnesium silicate titanium ac-
tivated, green zinc silicate manganese activated, and
red zinc phosphate manganese activated. Although the
sulfide phosphors are brighter, the oxide phosphors were
found to be more stable and to give color and bright-
ness values that were consistently of good quality.

The phosphors were applied to the metal screen by a
process similar to the thermograph process used for imi-
tation engraving. The process consists of printing a set
of lines on the screen with a clear vehicle and then dust-
ing them with a phosphor powder. After the lines are
completely covered, the excess phosphor is blown off
with compressed air. The screen is then placed on the
printing press again and a second set of vehicle lines is
printed in juxtaposition to the first set. The second set
is then dusted with the second color phosphor and the
excess blow off. This procedure is then repeated for the
third phosphor. The initial printing was done in a hand
letter press which was Duilt around a toolmaker's
microscope. The copper engraving used in this press was
inked with a hand braver. It was found difficult to print
vehicle lines of uniform width with the letter press be-
cause the screen and engraving were not absolutely
flat. This condition was improved by backing the screen
up with soft newsprint, but the condition could never
be completely corrected. N. B. Mears, of the Buckbee
Mears Company, tried an offset lithographic press in
place of the hand letter press with much better results.
In this press, the vehicle is picked up by a rubber
blanket roll from a zinc etching and transferred to the
screen. BBy proper adjustment of pressures on the roll
and screen, it was possible to get a very uniform de-
posit of vehicle. To obtain the best results, it was found
desirable to ink the clean roll twice before making an
impression on the screen. The phosphor was dusted on
the screen and the excess blown off with compressed
air. The screen was baked in air to set the vehicle. This
prevented the phosphor from sticking to the blanket
when the next impression was made. Fig. 9 shows an
example of this type of printing. This method has since
been used successfully for printing phosphors for other
types of color television tubes.
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“This method of printing has an advantage in that the
size of the phosphor particles is not critical. In the
process of dusting, the large grains stick to the vehicle
surface in a random way and the smaller ones stick in
between, completely covering the surface. This printing
process has the further advantage that continuous lines
may be printed. 'This is necessary if the visibility of the
webbing lines in the screen is to be kept at a minimum
during tube operation.

Attempts to suspend the phosphor as a pigment di-
rectly in the vehicle were not successful because the mix
lost its ink properties and could not be printed. Sprayving
a vehicle or phosphor mix onto the screen through a
stencil or mask did not give sharp lines because of tur-
bulence in the region of the screen and stencil. A method
that did show some promise was that of dusting the
phosphor through a stencil in close contact with a screen
that had been completely covered with a vehicle. This
method gave sharp lines as long as the stencil and screen
made intimate contact.
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Fig. 9—hotomicrograph of screen showing printed phosphor
lines and oblique slits.

Reflectors

The 16- and 24-inch reflectors were made by the
Corning Glass Works. Corning ground and polished §-
inch-thick Pyrex for the 16-inch reflectors, and then
coated the reflectors with tin oxide. The light transmis-
sion was 66 per cent and the resistance was 100 ohms
per square. The 24-inch reflectors were ground and
polished by Plummer and Kershaw of Philadelphia,
Pa., and the Corning Glass Works applied the tin oxide
coating. These coatings were all extremely uniform,
frequently showing only one interference color across
the entire surface.

A silver band around the outer edge of the reflector
made electrical contact with the tin oxide. It was found
inadvisable to coat silver on the side of the reflector
facing the screen because field emission frequently oc-
curred from the surface, giving spurious light on the
screen. This band was painted on the reflector before it
was sprayed with tin chloride.
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A high-resistance tin oxide coating of several thou-
sand ohms per square was placed on the side of the re-
flector that faces the envelope face plate. This was found
necessary to prevent erratic charging of this surface.

Fig. 10-Screcn that has been stretched and is ready for
clamping between the mounting frame and ring.

Screen Mounting

The screen is clamped between two thin rings. This
assembly is fastened to a large ring by means of screws.
The screen is drawn down over the large ring, stretching
it tight. The action is similar to that of an embroidery
hoop. The stretched screen is then tightly clamped be-
tween a heavy mounting frame and a mounting ring by
means of screws. The three outer rings used to stretch
the screen are then removed and the edge of the screen
is trimmed even with the outside of the mounting frame
and ring. Fig. 10 shows a screen that has been stretched
and is ready for mounting. The three ears on the mount-
ing ring are used to hold the screen assembly in the tube
envelope. For the Trodaloy screen and steel frame com-
bination, the screen has a higher thermal expansion
than the frame. This caused slight wrinkles to occur at
the corners of the screen when it was baked out. These
stresses were prevented by slitting the edges of the
screen. With the Fernico screens and frames, this was
not necessary, and the screen was spot-welded to the
frame along the outside edge of the mounting ring.

The tension in the screen was controlled by measuring
its resonant frequency. This is done by placing any
small light object at the center of the screen and noting
the lowest frequency at which it vibrates when the
screen is excited acoustically. It was found that the
16-inch Trodaloy screens would rupture at a tension
corresponding to 250 cycles. The screens were usually
adjusted to a tension corresponding to 210 cycles. The
24-inch Fernico screens were clamped at a tension cor-
responding to 140 cycles.

October

Reflector Screen Spacers

To insure proper color registry, the spacing between
the screen and reflector must be held to within 0.001
inch. This spacing was made one-half inch for all tubes.
This dimension was selected as a compromise among the
many factors previously discussed. The reflector is bi-
ased at zero volts with respect to the cathode. Thus, the
full beam voltage is applied across the -inch gap be-
tween screen and reflector. The material used for ac-
curately spacing the screen and reflector must withstand
this high voltage gradient and should have as low a leak-
age as practicable.

The best material found for this purpose was a sur-
face-conducting lead silicate glass developed by Blod-
‘gett.® These blocks measured 1 by § by % inch, with the
high voltage being applied across the i-inch dimension.
The resistance of each block was 3,000 megohms.

The reflector is clamped at each corner between two
of these blocks, as shown in Fig. 11. This places eight
blocks in parallel between the screen and reflector. At a
beam voltage of 20,000 volts, this gives a leakage cur-
rent of 53 pa. This is not considered excessive, since the
beam current is more than twenty times this value.

Fig. 11—Screen assembly showing method of supporting
reflector-plate between surface-conducting glass blocks.

To insure a uniform potential gradient along the
blocks, aquadag is painted along the two edges of the
block that are in contact with the reflector and with the
metal clamp.

Microphonics

A very close tolerance is required on the reflector-
screen dimension to keep the colors in proper registry.
An average change of one mil in reflector-screen spacing

¢ K. B. Blodgett, “Surface conductivity of lead silicate glass after
hydrogen treatment,” Jour. Am. Ceramic Soc., vol. 34, pp. 14-27;
1951,
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will change the electron beam displacement by two mils.
If the tube is subjcct to mechanical shock during opera-
tion, the screen may be set into vibration, causing beam-
displacement modulation and hence color dilution.
Since the screen is mounted in vacuum, there is little
damping present, and in some cases the vibration may
become excessive.

Fig. 12—Back side of screen assembly showing snare used to
prevent screen vibration.

To prevent this, a special type of snare was used. It
can be seen in Fig. 12. It consists of a thin metal (0.006-
inch Trodaloy) strip stretched across the back of the
screen, at right angles to it, and spaced about five mils
from it. This strip is held under tension by means of
spring steel wires mounted in blocks at the ends. The
strip and screen are soldered together at their midpoint
with a drop of indium. During bake-out, the indium
melts and the screen may expand on the frame, becom-
ing buckled and distorted. When the assembly cools
down, the screen tightens on the frame, becoming flat
again. At 155 degrees C. the indium freezes, holding the
screen rigidly in position. The snare is placed directly
behind one of the webbing lines to make it inconspicu-
ous during operation of the tube. It can be shown that,
if the snare is perpendicular to the screen and is placed
along any radial line drawn from the point of projection
of the center of beam deflection in the plane of the
screen, the shadow will not exceed the thickness of the
snare. Actually, since there is no focusing action of the
retarding field in a direction at right angles to the snare,
the beams spread slightly after passing through the

screen on each side of the snare and overlap on striking
the screen, thus eliminating the shadow for all practical
purposes. Since the webbing lines are all radial lines,
as described above, it is only necessary to place the
snare over any webbing line to insure proper alignment.

Tube Envelope

The screen assemblies were housed in hemispherical
shells. These shells do not necessarily represent the best
shape, and certainly do not give the smallest possible
volume for the tube envelope. However, since dies were
readily available for pressing hemispheres, it was more
economical to use this shape in the experimental tubes.
The shells are made of the usual 17 per cent chrome-iron
alloy used in making the cones of the conventional
tubes. In the 16-inch tubes, a glass gun arm and funnel
are sealed directly to the hemisphere. The reflector lead
seal is also made directly to the side of the hemisphere.
The screen assembly is held in position by three mount-
ing posts. These posts are fastened in place by screws
welded to the hemisphere.

The neck of the 24-inch tubes is made from a 16-inch
cone. The face-plate flange is removed and the cone
spun in the form of a cylinder at the end. A glass gun
arm and funnel are sealed to the cone. The assembly is
coated with aquadag and baked. The gun is then sealed
into the neck assembly. The large cylindrical end of this
assembly is welded into the 24-inch hemisphere with the
aid of a jig attached to the mounting posts. The screen
assembly is then mounted and the face-plate assembly
welded to the hemisphere as described above. This type
of envelope construction has the advantage that all of
the glass work may be done on conventional production-
line equipment.

Electron Gun

Brightness appears to be a problem in all types of
color television tubes at this time. With a single gun
tube, the peak current requirements are rather severe,
especially if rapid color-switching at megacycle rates is
necessary. Under these conditions, sinusoidal waveforms
are generally used on the reflector. This means that the
beam can only be on about 40 per cent of the time. In
practice, only about 25 per cent of the total beam cur-
rent goes through the slits in the screen and is useful in
producing light. Thus, the beam current is reduced to
about 10 per cent of its normal value. To get reasonable
levels of screen brightness, it is necessary to increase the
beam voltage and current. An upper limit of 20 kv was
set for the beam voltage, and a special gun shown in
Fig. 13 was designed to increase the beam current.

The principle used in this gun is to focus the current
from a large extended cathode area through a small,
low-voltage, first-anode aperture; that is, to produce a
high-perveance gun without provision for modulating
the current density by the usual method of varying the
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electric field at the cathode surface. The current density
is modulated by a three-aperture einzel lens following
the first anode. The two outer electrodes of this lens
operate at first-anode potential. The inner central elec-
trode operates at a negative potential and is used to
modulate the beam. This lens acts as a converging lens
until the voltage on the central electrode is made suf-
ficiently negative to reduce the axial potential at the
center of the lens below zero. At this point, the lens
acts as a mirror, reflecting the electron beam.

As the potential of the central electrode is gradually
made more and more negative, electrons moving into the
lens will not have enough kinetic energy to pass through
it, and will be returned. At first, the marginal electrons
are returned, but when the central electrode becomes
still more negative, the axial electrons are also re-
flected. In this way, the einzel lens can be used to
modulate the intensity of the electron beam. The lens
acts as if it were being closed by an iris diaphragm when
the central electrode is made more negative.

N/
= b s fr i
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Fig. 13—High-current gun used in reflection-type color tube.

The gun shown in Fig. 13 has a standard §-inch-
diameter cathode. The emitting surface is made spheri-
cal, and current from the entire area is focused through
a 28-mil hole into the einzel lens. There is a large
variety of focusing electrode shapes that may be placed
around the cathode to give good focusing action. The
central electrode cut-off voltage is determined to a large
extent by its thickness and hole diameter. The charac-
teristic curves shown in Fig. 14 are for a gun with a
central electrode 30 mils thick and with a hole 60 mils
in diameter. The spacing between the central electrode
and outer electrodes is 30 mils. Making the central
electrode thicker shifts the curves to the right with little
change in slope, while making it thinner shifts the curves
to the left and also reduces the slope to some extent.

A small opening in the center of the cathode assists
alignment and permits the positive ions to pass through
without disturbing the cathode emission.
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The first aperture on the second anode is for the pur-
pose of increasing the strength of the weak lens action
between the first and second anodes. This reduces the
divergence of the beam entering the second anode and
permits a larger fraction of it to pass through the final
aperture. Magnetic focusing and deflection is used.

In some of the tubes, the guns were made with two
control grids. One grid was used for the video signal and
the other for the 10-mc sampling frequency. The grids
were constructed by inserting two adjacent einzel lenses
into the electron beam. The maximum beam current
for these guns was reduced from five to about three ma.
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Fig. 14—Characteristic curves for the high-current gun. Dotted curve
is for a standard gun used in black-and-white picture tubes.

Results

The sealed-off tubes shown in Fig. 15 were given pre-
liminary tests at the Research Laboratory and were then
sent for further evaluation to the Electronics Division
at Syracuse, N. Y., where complete color signals are
available. In the Research Laboratory, the tubes were
tested in a simple setup whereby a black-and-white
video signal from a local TV station was applied to the
tube. A keystoning correction circuit developed by
W. N. Coffey was used with the scanning circuit to
give a rectangular raster. By changing the reflector
voltage, the picture thus obtained could be made all
red, green, or blue. This made it possible to observe
brightness, color purity, moiré effects, and resolution.
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Nearly all of the 16-inch tubes gave a uniform color
field in each of the three primary colors without the aid
of correcting fields. For the larger tubes, a beneficial
effect was obtained in some cases by placing a per-
manent magnet near the periphery of the face plate.
The color purity was not measured quantitatively, but
in general it appeared to be good. Moiré patterns result-
ing from the beating between the scanning lines and
the slits in the screen could be observed at very low
beam currents, but at normal picture brightness they
were absent. The contrast appeared to be good. How-
ever, on close examination, a faint greenish-white back-
ground could be observed, owing to scattered electrons.

Fig. 15—Completed 16- and 24-inch tubes.

The automatic registry of the three primary colors
over all parts of the screen is an outstanding advantage
of the reflection-type tube. Besides making the tube
simple to adjust and operate, the automatic registry im-
proves the picture resolution. The webbing lines were
not visible in the picture at normal viewing distance
and did not appear to degrade the resolution. The tube
could be operated with average beam currents from 13
to 3 ma without the 24-inch screens buckling. With the
raster just filling the screen, the field brightness was 1
foot-lambert per 100 ua beam current. The characteris-
tids of the 24-inch tube are listed below.

First anode voltage (Eg,) 250v
Cut-off voltage —50v
Beam current, zero bias 1.5 to 3.0 ma
Beam voltage 20,000v
Reflector bias 0 +400v
Reflector color-switching voltage 215vrms

Reflector Q (at 3.6 mc) 50
Reflector-screen capacitance 225 puf.

The tube was tested further with a color-bar genera-
tor setup developed by Coffey. Four sets of three color
bars were displaved on the screen, using a dot-sequential
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method in which the colors were switched at a 3.6-mc
rate. A 3.6-mc sine wave was applied to the reflector and
its third harmonic was applied through a phase-shift
network to one of the control grids in the gun for gating
the beam. It was found that, by gating the beam in this
fashion, the color purity was improved considerably
and the brightness maintained, particularly for low-
level video signals. The brightness was again found to be
1 foot-lambert per 100 ua of beam current.

APPENDIX

A derivation of the Davisson and Calbrick formula
for the focal length of a single aperture in which the
electron beam is normal to the plane of the aperture is
given in Klemperer's “Electron Optics.”® The deriva-
tion given here follows along similar lines for the more
general case in which the incident electron beam makes
an angle a with the normal to the plane of the aperture,
This derivation was suggested to the author by J. R.
Pierce in a private communication.

Y

Fig. 16—Derivation of the focal length of a slit.

If the aperture is in the form of a slit, the cylindrical
lens field is symmetrical about a plane which passes
through the y-axis normal to the x-axis (Fig. 16). Two
electron paths will be considered ; one through the center
of the lens, and the other through the edge of the lens.
If it is assumed that the electrons travel with a con-
stant velocity wvo={(2¢Vo/m)'? through the lens field,
then the angle of the path can be changed only through
the impulse normal to the path, which produces a
velocity change Av, normal to the path. Assuming

1 0. Klemperer, “Electron Optics,” University Press, Cambridge,
Mass., 2nd ed., p. 62; 1953.
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straight-line paths of integration along 4B and CD,
these changes in velocity are given by

Aty = — ~- f (—E)dt (along AB),  (55a)
m

and

(along CD), (55b)

e
Av,, = — —fE,.dt

m
where E, is the normal component of the lens field along
these paths. Substituting dt=ds/v, and subtracting

(55a) from (55b) gives the difference in the normal
velocity components for the two paths:

e D B
- —[f E.ds +f E,.ds:l.
Mmi L.V ¢ A

These integrals can be evaluated with the help of
Gauss’s law according to which the surface integral
over the normal component of flux density is equal to
the inclosed charge. Since there are no components of
flux parallel to the slit and there is no charge involved,
integration over the path ABDCA gives

B D c 4
f E,ds +f E,ds +f E.ds +f E,ds = 0. (57a)
4 B D ¢

Since BD and AC are assumed to be far enough
above and below the lens to be in regions of uniform
fields E and O respectively, it follows that

Ay, = (56)

D B
f E.ds +f E,ds = — Ex,. (57b)
c 4
Substituting this in (56) gives
€ Exo
Ay, = — ’ (58)
m Vo
from which it follows that
e Ex
Ay, = — ® cos « (59a)
m Vo
and
€ Exo .
Ay, = — — sin a. (59b)
m Vem

The resultant angular deviation of the electrons is

— Ay, X COS @
tan ap = £ )

Yo f 0

which on substituting (58) and the expression for the
velocity gives

(60)

2V, cos
fh==7F
or
2V cos? o
f=-— (&)
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It should be noted that (21) and (23) may also be
derived from transit-time considerations. Consider the
accelerating-field case first. The displacement of the
beam is given by

L = v, (62)
where 9, is the x component of the beam velocity and ¢
is the transit time of the electrons in going from the
mask to the screen. In passing through the aperture,
the lens field will change the direction of the electrons.
This change in direction changes both the x and y
components of the initial velocity. A change in the y
component of the initial velocity will change the transit
time. Hence, from (62),

dL = dvt + v.d!. (63)
The transit time is given by
mg
t= ) [cos @ — (V./Vo — sin? a)1/2]. (64)
e

The rate of change of the transit time with respect to
the y component of the initial velocity is found to be

Cos

m
dt = ———-(1 — - )dv,. (65)
eE (Vo/V, — sin? a)1/?
From (59):
¢E cos a
dv, = ——dx (66)
Vom
and
— ¢Esin
dvy = —— dx. (67)
Vom

Substituting (64), (65), (66), (67) and v.=w, sin « in
(63) gives
dL = Iicos2 a — (V/Vo — sin? a)'/? cos o — sin? a

sin? a cos a
(Ve/Vo — sin? a)'/?

:| dx. (68)

On substituting the condition for focus, dL= —dx, in
(68):
sin? o

- (69
(Ve/Vo—sin? a)'/? (69)

0=2 cos a—(V,./Vo—sin? a)!/2+

Substituting X for (V./ V,—sin? @)'/? in (69) and solving
for X gives

X=14cosa

or

Ve/Vo = 2(1 + cos a). (70)
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Similarly, for the retarding field case:

and

where

and

I ence,
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Dressler!® has also derived an expression for obtaining

a line-focus with a post-accelerating field. His expression

S = v, (eq. 2.7), V./V,=3 cos® a+1, would appear to be in
error because the field has not been integrated over the

electron path and the second term in (63) has been

neglected. For a=0, his expression gives V.=4V,, the

dS = dvit + v.di, same as (23) and (70). For a=0, his path of integration
coincides with the electron path and the last term of

(63) is zero.
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CR2AETO

CORRECTION

G. L. Hall and P. Parzen, authors of the paper, “Measurement of Resonant-Cavity
Characteristics,” which appeared on pages 1769-1773 of the December, 1953 issue of the
ProceepinGs oF THE I.R.E., has brought the following correction to the attention of the
editors:

The value of R given in the third line of the first paragraph of page 1772 is incorrect.
The correct calculation given in more detail is:

2
[ (Aw/wo)‘”ds] = — 5.97 X 10~9 meters®.

Hence:
-1
R/Q0 - ..

21reowob3

[f (Aw/lﬂ’o)”’d.s']z = 58.1 ohms,

and
R = 1.66 X 10% ohms,

where use has been made of the data of Fig. 4 (efficiency of the cavity = 38.8 per cent).
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Characteristics of a Transmission Control Viewing
Storage Tube with Halftone Display”

M. KNOLLY, SENIOR MEMBER, IRE, H. O. HoOK, ASSOCIATE, IRE,

aND R. P. STONEY,

Summary—A storage tube is described which maintains a bright
visual display, using a charge pattern stored on an insulating layer
to grid control the transmitted viewing beam. This insulating layer
is a part of an image amplifier system, whose operation and charac-
teristics are discussed. The factors affecting background uniformity
and viewing duration have been investigated. Methods of extending
the viewing duration by electrically compensating for ion landing
have been developed. Erasure, which prepares the surface for the
writing of new information, may either be over-all erasure of the
entire picture, or selective erasure of only that area where new in-
formation is to be written. The present tubes will display a halftone
picture of good quality for 30 seconds without compensation, and for
over 3 minutes with compensation, after writing has stopped. The
writing process can be accomplished in 1/30 second for a complete
halftone picture. The resolution is over 500 lines on a 4-inch diame-
ter screen, and there are at least 5 distinguishable halftone steps.
As a radar indicator, this tube provides a flickerless display of the
complete radar picture, which is bright enough for daylight viewing.

INTRODUCTION
SE 71}3\\'1.\'(} storage tubes are cathode ray tubes

in which the visual display of pictures or oscillo-

grams can be maintained for an extended period
after writing has ceased. Among different types of such
electron devices! a grid control tube of the transmission
type?~® seems to be the most promising today, because
of its high brightness and short-erasing time. A trans-
mission-type storage tube, which is capable of reproduc-
ing halftones, and permits simultaneous writing and
viewing, has been developed.34¢ This paper presents
several typical characteristics of the present viewing
storage tube.

DrEsIGN or TUBE

The basic principles of this type of tube have been
discussed in an article in the RCA Review.® Within the
last year a new experimental version of the tube has

* Decimal classification: R138.31. Original manuscript received
by the IRE, May 10, 1954; revised manuscript received, July 6,
1954. The work described in this paper was done at the David
Sarnoff Research Center of the RCA Labs. Div., and was supported
by a Signal Corps Contract, DA 36-039-sc-15532. A condensed ver
sion was presented at the 1954 IRE Convention, New York, N. Y.,
on March 25, by M. Knoll,

¥ Radio Corp. of America, RCA Labs. Div., Princeton, N. J.

! See, for example, the survey in M. Knoll and B. Kazan, “Storage
Tubes and Their Basic Principles,” John Wiley & Sons, Inc., New
York, N. Y.; 1952,

2 R. C. Hergenrother and B. C. Gardner, “The recording storage
tube,” Proc. I.R.E., vol. 38, pp. 740-747; July, 1950.

3 For details, see M. Knoll, “Electron Lens Raster Systems,” and
M. Knoll and P. Rudnick, “Electron Lens Raster \iewing Storage
Tubes,” Washington Symposiuym on Electron Physics, NBS Circular
No. 527; November 5-7, 1951,

¢ Knoll and Kazan, loc. cit., p. 79,

¢S, T, Smith and H. E. Brown, “Direct viewing memory tube,”
I’roc. I.R.E., vol. 41, pp. 1167-1171; September, 1953.

8 M. Knoll, I>. Rudnick, and H. O. Hook, “Viewing storage tube
with halftone display,” RCA Rev., p. 492; December, 1953.

SENIOR MEMBER, IRE

been built, which is shown in Fig. 1. In addition to re-
finements which permit better uniformity and greater
resolution, this tube differs from the previous one mainly
by its cylindrical shape, the inclusion of a separate eras-
ing gun plus the viewing and writing guns, and a larger
ratio of screen diameter to over-all bulb diameter.

Fig. 1—Photograph of the direct-view storage tube.

Fig. 2 shows the elements of the tube. The writing
gun and the erasing gun both carry electrostatic deflec-
tion plates and produce focused scanning beams. The
viewing gun produces a flooding electron beam. The
collimating electron lens insures normal incidence of the
viewing and erasing beam electrons at the storage grid.

COLLIMATOR
PLANE

LUM. SCREEN
(2 TO 10KY)
]

/

ERASING GUN
CATHODE
(NEAR ZERO)

COLLECTOR GRID
VIEWING GUN 0 7O SKv)
CAT HODE

(NEAR ZERO) VIEWING

WRITING GUN
CATHODE
{~) To~8KV)

CONDUCTING COATING

(0.2 TO 1KV} STORAGE GRID

(NEAR ZERO)
COLLIMATOR

Fig. 2= -Direct-view halftone storage tube (transmission control
type).

And finally, at the front of the tube is the image ampli-
tier system, where the picture patterns are written,
stored and displayed, and erased.

In this tube the image amplifier systemn consists of
three parallel, closely spaced, electrodes. A collector grid
is mounted nearest the guns. The middle electrode is the

%
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storage grid. .\ luminescent screen on a transparent con-
ducting plate is the third element.

The storage grid is a fine mesh metal screen, in this
tube 200 to 400 openings per linear inch. It is covered
on the gun side with a thin insulating layer; for exam-
ple, silica or magnesium fluoride. The charging processes
of writing and of erasing take place on this insulating
layer, as described subsequently. The charge pattern
established in writing modulates the transmission of the
flood (viewing) beam over the storage grid surface, and
thus a bright image of this charge pattern is produced
on the luminescent screen.

We call this target assembly an image amplifier be-
cause an increase in power takes place from the written
to the viewed picture. Since the writing beam current is
10 microamperes, and the anode current 1 ma, the
power of the viewed picture is about 100 times larger
than that of the written picture for same beam voltages.
Because the stored pattern written in a fraction of a
second may be observed for several minutes, the gain in
work during such long storage is of the order of 10°.

IMAGING OF THE WRITTEN BY THE VIEWED PICTURE

Proper imaging of the charge pattern on the storage
layer by the picture as observed on the viewing (lu-
minescent) screen isachieved by using each of the storage
grid holes as a small electron lens. Each opening focuses
that portion of the viewing current passing through it
into a separate beam, and to a single spot on the viewing
screen. This requires a proper choice of the geometry
and the potentials of the image amplifier electrodes. In
general, the luminescent screen should be as close as
possible to the storage grid to avoid overlapping of the
elementary beams, which would produce a loss in useful
resolution (see also later section on “Resolution, Half-
tones, and Brightness”). This image amplifier, there-
fore, represents in addition, a convenient very short
electron optic-imaging system for large images, with the
limitation that it gives only unity magnification with
the usual parallel grid structures.”

VIEWING CURRENT CHARACTERISTICS OF THE
IMAGE AMPLIFIER SYSTEM

Since the characteristics of the writing, viewing, and
erasing guns are more or less conventional, this paper
deals primarily with the viewing current characteristics
of the image amplifier system.?

Characteristics of a Space-Charge Grid Triode

Neglecting for a moment the complications of a
double-potential storage grid, we consider first the
image amplifier system with a bare control mesh, i.e. a
mesh without a storage layer. We may predict that it
should have properties similar to Langmuir’s® space-
charge grid triode, which consists of a cathode, one or

7 Knoll, and Knoll and Rudnick, loc. cit.

s For the electron optic characteristics, see footnote reference 3.
¢ 1. Langmuir, U. S. Patent 1,558,437.
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two accelerator grids, a control grid, and an anode. The
characteristics of such a system as measured by Rothe
and Kleen!? are seen in Fig. 3. These authors found that
the shape of these characteristics is quite different at
high and at low current densities, depending whether
electron optic or space-charge conditions prevail near
the control grid. In additiou, a typical shift of the cut-
off voltage takes place within the electron optic region
for different maximum anode currents. liquations for
characteristics of this kind of accelerating grid triodes
exist for the space-charge case, showing the well-known
V32 rise. For the electron optic range, useful equations
have been developed only for the case where the field
gradients on both sides of the control grid are equal.'®
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Fig. 3 -Characteristic of a space-charge grid tetrode as s function
of anode current (Rothe-Kleen).

Js max®
03

For the present tube, however, the gradient on the col-
lector grid side has to be low to obtain adequate view-
ing-beam collimation, and the gradient on the lumines-
cent screen side must be high to get adequate brightness
and resolution, and to shift the control characteristic
towards more negative V,-potentials. Because the anode
current density of this tube is low (the order of 10
uA/cm?), and the field gradient near the control grid
holes is high (which presumably causes an “electron
optic” current distribution), we expect to find charac-
teristics of the type shown in the left part of Fig. 3.

Method of Measurement

The phosphor in the tube described has a light output
proportional to the incident current, within the range
of current density used. Therefore, the characteristics
may be measured with either brightness or current as
the dependent variable. The total current is only an
average of the individual characteristics for different
sections of the target. By using a photomultiplier which
is arranged to “see” only a very small area of the lu-
minescent screen, the characteristic of a particular area
may be obtained.

10 H, Rothe and W. Kleen, “Grundlagen und Kenalinien der
Elektronenroehren,” Leipzig, Ger., pp. 297-298; 1948. See also,

H. A. Pidgeon, “Theory of multi electrode vacuum tubes,” Bell Sys.
Tech. Jour., vol. 14, pp. 44 and 72; 1935,
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Measurements of the characteristics of tubes with
bare grids are easily made by a point-by-point method.
However, on tubes with storage layers, the viewing
duration, due to ion bombardment of the storage layer,
is too short for convenient point-by-point measurement.
A more rapid method was devised for taking those data
by applying a linear sawtooth of voltage from a motor
driven potentiometer to the grid, and plotting the
brightness or current with an electromagnetic recording
oscillograph.! A sawtooth period of 10 seconds was
found to be a satisfactory compromise between phos-
phor lag and limited viewing duration.!?

In recording such characteristics the insulator surface
is first charged positive with respect to its backplate by
secondary emission. The backplate is then switched
negative and the sawtooth voltage started. At the posi-
tive excursion of the sawtooth the insulator surface is
charged to viewing cathode surface potential which is
taken as zero insulator potential. During the second
sawtooth a recording is made. By shifting the backplate
bias positive in steps a family of characteristics can be
recorded.

V2
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] "
o 0 t
y ;23
Ezy=15kv/cm
5, =0.2kv/cm A
200 400 MESH
25% |, [375% TRANSMISSION
20
I
110
Ve
-2 -l (o] | r 3 4q

Image amplifier grid potential—V,—volts
(no insulator).

Fig. 4—Viewing current characteristic for bare grids.

Viewing Current Characteristics of Image Amplifier
System

The actual image amplifier characteristics for differ-
ent mesh without storage layers are shown in Fig. 4. As
expected, there is close similarity to the low current
density curves of Rothe and Kleen. However, there is a
substantial shift towards positive grid potentials due to
the high amplification factor (1,000-10,000) of the finer
mesh, in spite of the 20 times larger gradient,

As can be seen from the grid current curve, storage
is possible up to an indicated voltage of 42 volts be-

1 Sanborn 2 Channel Oscillograph.

1 This recording method proved to be more convenient than the
oscillographic method used by Hergenrother and Gardner ;loc. cit.,
app. %g), which was devised for storage tubes with electrical output.
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cause the landing current starts only at this high value.
This voltage is the sum of contact potential and cathode
interface voltage drop. One reason for this high value is
that the clean target grid metal is not contaminated by a
barium layer as happens frequently in amplifier tubes.
Also, since the viewing cathode current is nearly inde-
pendent of the target grid potential, the cathode inter-
face voltage drop remains high even at low viewing-
screen currents,

We may conclude, therefore, that 400-mesh and even
finer control grids which may be desirable for high reso-
lution may be suitable for image amplifiers, if the anode
gradient is sufficiently high. However, such fine grids
may not be necessary from the standpoint of resolution
alone. A 250-mesh grid provides adequate resolution for
displaying television pictures on a 4-inch viewing screen.
Extrapolating to a 12-inch viewing screen, for example,
indicates that an 80-mesh grid would suffice for this
purpose. Furthermore, the choice of type of grid mesh
and of hole spacing may depend on background dis-
turbance, which will be discussed.

Vz.\';zu
! it
° g 1
123 ,,X
30
-Epy 20
R kv/em
10 E;=0.2 kv/cm
n =200 MESH
-3 -2 -l o}

Storage grid potential (Va,= Va) volts (recorded).

Fig. 5—Viewing current characteristic for a coated grid with
no gradient across the insulator.

Fig. 5 shows the static characteristics recorded for a
200-mesh grid where the storage surface and the metal-
lic grid supporting it are at the same potential. These
characteristics were measured as described, making the
positive excursion of the sawtooth voltage equal to
viewing cathode potential. These curves are plotted only
to 30 uamp. so that the region near cutoff may be shown
in more detail.

For the same anode gradient, this coated grid charac-
teristic has shifted to the left as compared to the bare
grid characteristic. This is due to the method of meas-
urement in which the surface of the insulating layer was
set at cathode surface potential by landing viewing-
beam electrons. This causes a difference in the zero
points taken for the curves by an amount equal to con-
tact potential plus interface voltage drop at cathode.?®

# If the diameter of the grid holes is appreciably decreased by
the application of the storage layer, a shift of the corrected curves to
the right may occur.
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As in the bare-grid case, the characteristics show a
typical shift to the left with rising anode gradient. From
this shift, the amplification factor, u, may be determined
as AV;/AV,, and compared with u values estimated
from Ollendorff’s formula.!4

1 —In2 2

ERE Dk (1)

n 2a — 222
where z=m-¢/s (2¢ wire diameter; s hole spacing) and
a=wd/s (d anode-grid distance). We introduce in this
formula, which was derived for parallel round grid wires,
the optical transparency T of the grid as T=1—-4,
where A4 is the fraction of light absorbing area of the
grid. For parallel wires 4 is equal to the ratio of wire
diameter to wire spacing. Therefore, 4 =2¢/s for paral-
lel wires, and

"A=101-7
gz = — = — —_
2 2

where 7" may be measured directly by a photometer,
which is more accurate than measuring the dimensions
of a fine mesh. For different ratios of anode distance to
hole spacing, we obtain a whole family of u-curves
(Fig. 6).

CALCULATED AMPLIFICATION
FACTOR OF IMAGE AMPLIFIER
SYSTEMS AS A FUNCTION OF
THEIR DIMENSIONS.
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Fig. 6—Calculated amplification factor as a function of image
amplifier dimensions.

Formula (1) assumes relatively high-grid transparen-
cies such as occur in ordinary amplifier tubes. Because
it is only valid in a range of T>0.6, the question arises
whether an extrapolation of these curves would also
permit predictions for u within the low transparency

" See M. _Knoll, F. Ollendorff, and R. Rompe, “Gasentladungsta-
bellen."ssBerhn. Germany, p. 109; 1935, and Rothe and Kleen, loc.
cit., p- 85.
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range (10 to 40 per cent) used in these image amplifiers.
For a few grids, as shown in Fig. 6, full correspondence
was obtained between their measured u values (ob-
tained from characteristic shift) and the values indi-
cated by an extrapolation of curves calculated from
(1). For others, deviations of +50 per cent have been
observed. These deviations are possibly due to differ-
ences in the mesh pattern and profile, the effects of
which become more important as the hole size becomes
small compared to the hole spacing. Such curves, there-
fore, will probably give accurate u values only if cor-
rected for a specific mesh pattern and profile. They are,
however, very useful for estimates of characteristic
shifts.

One might assume that the dynamic characteristic of
our image amplifier system is identical with the coated
grid characteristic shown in Fig. 5 because only small
voltages, of the order of several volts, are necessary to
control the anode current. Actually, this is not the case
because of the action of the gradient across the storage
layer. Since the distance between storage-layer surface
and metal backplate is only a few microns, gradients of
10% v/cm arise across the storage layer. The action of
this gradient near the grid holes shifts the characteristic
towards negative V,-potentials, as if the anode voltage
had been raised, for the usual case with backplate posi-
tive with respect to the storage-layer surface.

20

n= 400 MESH
MgF,, 2 microns

DYNAMIC
CHARACTERISTIC

-5 -4 -3 -2 -l [¢]

Storage surface potential—Vz,—volts (recorded).

Fig. 7—Viewing current characteristic for a coated grid with a
gradient across the insulator.

In Fig. 7 a family of such static characteristics is
shown in which the potential difference across the stor-
age layer (Va— V3,) is kept constant while the storage
surface potential V,, is changed. Comparing Fig. 7
with Fig. 5, it can be seen that 10-volts change in the
surface to backplate potential shifts the characteristics
by an amount corresponding to an increase of anode
voltage V; of about 100 per cent

The dynamic characteristic, therefore, must have a
smaller slope than the static characteristic. Its Ismax is
the intercept of the static characteristic corresponding
to the backplate bias with the V., =0 ordinate. Its lower
I; values belong to other static characteristics with suc-
cessively higher gradients.
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For example, the dynamic characteristic for Vyp=0
is given by the following conditions: Vi, =0, Va— Vo,
=0; V= —1, Vi~ Vae=41; Vs, = =2, Vao— Vo = +2;
V2,= —3, Vzb— V25= +3, etc.

The smaller slope of the dynamic characteristic is
advantageous with respect to the signal to disturbance
ratio. Furthermore, the use of a higher potential differ-
ence, Vyp— Vs, than actually needed for grid control,
presents a new possibility of shifting the dynamic char-
acteristic to more negative surface potentials. For a fine
mesh grid this might prevent electron landing, and per-
mit using smaller anode gradients. For the grids inves-
tigated, the shape of the dynamic characteristics
changes only slightly with increasing Va,— V.

The characteristic of the over-all writing-viewing
process is the product of the writing-gun grid-control
characteristic and the image-amplifier dynamic charac-
teristic, assuming linear charging of the insulator sur-
face by the writing-beam current. With the writing-gun
used in these tubes, the control-grid voltage range is of
the order of 40 volts for complete writing in one tele-
vision frame time.

BACKGROUND IDISTURBANCES

In the choice of fine mesh grids, resolution is not the
only factor to be considered. Equally important is the
background uniformity, which can be measured as the
range in storage grid cut-off voltage for the various
arcas of the screen. This situation is similar to that of a
variable mu receiving tube with a luminescent anode,
where the cut-off voltages corresponding to areas of
different grid pitch could be observed.

The main causes of such background disturbances in
image amplifiers are undesired deviations in storage grid
dimensions, imperfect collimation, and stray magnetic
fields. Storage grid imperfections usually appear as ir-
regular background blotches. Poor collimation usually
causes axially symmetric shading. Stray magnetic
fields may cause shading or streaks across the tube.

Magnetic disturbances of the low velocity viewing-
beam electrons can be reduced sufficiently by demag-
netizing the grid frames and by proper magnetic shield-
ing of the bulb. Shadow and moire patterns can be con-
trolled by suitable choice of grid mesh and orientation.
An extremely uniform storage grid mesh is needed to
achieve good background uniformity.!

Other background disturbances occur during the
writing process, and will be described. It is notable that
in general axially symmetric background disturbances,
especially shading, appear much more tolerable to the
observer than nonsymmetric ones.

WRITING PrOCESS
The present writing process is of the current modula-
' See M. Knoll, “Background Patterns in Storage Image Ampli-

lier Systems Due to Variations in Amplification Factor and Secondary
Emission,” N. Y. Nat’l. Conf. Elec. Tube Techs.; Oct. 15, 1953.
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tion, nonequilibrium type. It involves two steps: (1)
The storage grid surface is shifted to a uniform potential
of several volts negative with respect to the viewing
cathode potential. This process is the over-all erasing
process, which will be described. (2) The storage-grid
surface is scanned by the current modulated writing
beam. The writing-beam lands on the surface of the
storage layer at a voltage between the crossovers of the
insulator’s secondary emission characteristic, thus caus-
ing each element to shift positive by emission of second-
ary electrons an amount proportional to the instan-
taneous value of this writing-beam current. The shift is
only a few volts toward an equilibrium (collector) poten-
tial of the order of 100 volts, so that good linearity of
charging is achieved. The useful range of storage grid
surface potential is between the negative potential
established in step (1) and zero, or viewing beam cath-
ode, potential. If the writing-heam current drives the
surface more positive, viewing-beam electrons will land
and return the surface to zero.

In the charge pattern which controls the viewing-
beam, therefore, high writing-beam currents correspond
to less negative storage surface potentials, and low
writing-beam currents to more negative storage surface
potentials. Thus, the viewing-current pattern is a “posi-
tive” of the writing-current pattern, and the tube writes
white on a black background. The secondary electrons
emitted during writing are collected by the collector
grid, the backplate of the storage grid, and the con-
ducting luminescent screen.

In order to limit background disturbances due to un-
wanted variations in the charge pattern, the charging
of the storage layer during writing should be uniform
over the target area for a constant writing-beam current.
This charging, being a secondary emission phenomenon,
is proportional to (§—1) and inversely proportional to
the capacity of the storage layer. For a homogeneous
insulator, uniform capacity implies uniform thickness
of the storage layer over the surface. Because of the
(6—1) factor, the same percentage of variation in sec-
ondary emission factor & produces smaller variations of
the charging current at high &’s. Therefore, the use of
insulators with a 6 large with respect to one, and opera-
tion of the writing-beam near the maximum of the
secondary emission curve are advantageous. These con-
ditions are also favorable for obtaining a high writing
speed. Other factors which may affect the uniformitv
of the charge pattern are changing of the writing spot
size with deflection, nonlinear deflection, and variation
of 6 with angle of incidence of the writing-beam.

The optimum voltage of the writing-beam is a com-
promise between electron optic requirements (small
focus) and maximum secondary emission. Therefore, the
insulator material is chosen to have adequate secondary
emission at voltages high enough to produce a suf-
ficiently fine writing-beam.

The writing process can be accomplished in thesc
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tubes in 1/30 second for a complete halftone picture.
As a single transient oscilloscope, usable traces have
been written in a single sweep at the rate of 4 inches per
microsecond.

USEFUL VIEWING DURATION

For this discussion we define'® as useful viewing dura-
tion T, the time required for the background brightness
to increase to 10 per cent of the highlight brightness.
In a halftone picture, this corresponds practically to an
increase of the storage layer potential AV, of “dark
areas” by an amount of 10 per cent of the useful charac-
teristic range.

For most applications, including radar, viewing dura-
tions of 10 to 20 seconds are more than adequate. View-
ing durations of 0.1 second are adequate for television
applications. Most insulators suitable for storage grids,
like silica or magnesium fluoride, will maintain a charge
of a few volts for weeks if the tube is not operated. The
factor which limits the viewing duration in the normal
operation of this tube is not insulator leakage, but the
landing of positive ions produced by the viewing-beam,
which discharge the storage grid capacitance. Therefore,
the useful viewing duration is given by the equation

AV, -C
= # [seconds] (2)

v
Ly

where C, is the storage layer capacity (insulator surface
to backplate capacity) and 74 the positive ion current
landing at the whole negative insulator surface, which
is assumed to be constant during viewing duration. 7,
can be measured as a function of tube potentials, tube
pressure p, and viewing-beam current 7,.

For a particular tube AV, =05 V, C.=2-1077F.}7
7.=0.4 ma, p=10"" mm Hg, i, =5-107% a) we find:

0.5-2-1077
T, = — — = 20 sec. for halftone pictures. (3)
5-10—°

It can be seen from (2) that long useful viewing dura-
tions require low ion current, high-storage layer ca-
pacity, and a small slope of the control characteristic.
A higher tolerable AV, can be obtained at the expense
of resolution by using a coarser grid mesh, which has a
longer control characteristic. Also, this tolerable AV,
may be an order of magnitude higher for black and
white than for halftone pictures. It should be noted
that the relatively high-storage layer capacity of 0.2
uF is important for obtaining a long-viewing duration.
Thus, at present, viewing durations of much greater
than 10 seconds (without some means of compensation

16 \Viewing duration refers to the over-all performance of the tube,
while decay time (see definitions on storage tubes to be published by
the I.R.E. Electron Devices Committee) applies only to the storage

layer.

17 C,=(kA[11.1 d)10~2 F where k is the dielectric constant, A
the storage grid area, and d the thickness of the storage layer. For
k=44, A=100 cm? and d=2-10"*cm, C;=2-10 7 F.
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for ion landing) have to be paid for by lower writing
speed, less brightness, higher vacuum, reduction of reso-
lution, or the abandonment of halftones. The require-
ment of high vacuum has been made feasible!® by using
a glass bulb which has a low diffusion rate for at-
mospheric helium,'* proper processing, and by using
effective low pressure-getter processes. For example, the
trapping of residual gas molecules by ionization and ac-
celeration towards a negative collector surface may be
used. Such ionization may be accomplished by an
jonization gauge built into the tube,?® or by the viewing-
beam itself with other carefully outgassed tube elements
as collectors.

COMPENSATION AND REGENERATION

For a constant viewing current, the amount of posi-
tive ion current reaching the storage surface can be
greatly reduced if the image amplifier collector grid is
operated as an ion reflector (Fig. 8). However, the re-
maining ions coming from the spaces between this col-
lector grid and the phosphor screen still land on the
negatively-charged storage laver surface or its back-
plate.
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Fig. 8—Positive ion landing, and compensation by
electron landing.

Compensation by Backplate Potential Shifting

A rather crude method of partially compensating for
the ion landing is to continually shift the dc storage grid
backplate potential to more negative values. This po-
tential may be manually adjusted by the operator to
approximately compensate for the ion landing, by keep-
ing the dark background constant. Some extension of
the viewing duration is possible, but the picture soon
deteriorates due to the nonuniformity of the ion landing.

Compensation by Electron Landing

It is possible to compensate for the positive ions by

18 For details, see R. P. Stone, “Some Problems in the Design
of a Direct View Storage Tube; Techniques for Maintaining High
Vacua,” N. Y. Nat’l. Conf. Elec. Tube Techs.; Oct. 15, 1953.

19 See also Lord Rayleigh, Proc. Roy. Soc., London, Eng., vol. 156,
p. 350; August, 1936. And D. Alpert and R. S. Burwitz, Jour.
Appl. Phys., vol. 25, p. 202; February, 1954,

20 See G. Krawinkel and T. F. Adams, Fiat Rep. 1021, PB-78273;
April, 1947. And D. Alpert, Jour. Appl. Phys., vol. 24, p. 860; July,
1953. Also H. Schwarz, Zeit. fiir Phys., vol. 122, p. 437, 1944,
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an equal net current of viewing-beam electrons landing
below the first crossover of the secondary emission
curve. Besides, since the ions are generated by the
viewing-beam itself, the ions will land in a pattern
which corresponds to the current density of the viewing-
beam. Therefore, the electron landing will charge the
storage-grid negative in approximately the same pattern
that the positive ions have charged it positive. This
landing may be achieved by pulsing the storage-grid
positive (or viewing-gun cathode negative) at a repe-

October

tition rate high enough to avoid flicker. Using micro-
second pulses at a 60 per second repetition rate extended
viewing duration for the same storage tube by a factor
of six (from 30 seconds to 3 minutes).

Fig. 9 shows the familiar monoscope test pattern. The
first picture (#1) was taken immediately after writing.
The second (#2) shows the deterioration by positive ions
after 30 seconds storage. The third (#3) shows a similar
stored halftone picture, with compensation by electron
landing, after 3 minutes.

Fig. 9—1Illustration of the effect of various methods of extending the viewing duration.
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Pulse Holding Method

The fourth picture (#4) refers to another kind of pulse
operation which may be called a “pulse-holding” meth-
od. This method also serves the purpose of increasing
the viewing duration. The potential of the positive
pulses applied to the storage grid (or negative pulses to
viewing cathode) is chosen slightly higher than the first
crossover potential of the secondary emission curve.
During the pulse, viewing electrons will land with
velocities greater than first crossover at “highlight”
storage surface areas, and with velocities less than first
crossover at dark storage surface arcas. Thus, the more
positive arcas of the storage layer are driven towards a
more positive, and the more negative storage layer po-
tentials towards a more negative potential during the
pulse. This pulse-holding method, therefore, is distinct
from the static-holding method proposed by Haeff,” and
the pulse-holding method of Smith and Brown.” The
latter improves the contrast of a held picture by pulsing
the holding (viewing) beam so as to shift the negative
(“black”) equilibrium potential still more negative. In
contrast to Haeff's static method the aythors’ method
may be called a “dynamic” holding method.

Because of the nature of the holding process, this
method will not preserve the halftones so effectively as
does the compensation method. In the case presented
in Fig. 9, it was found that the compensation by electron
landing gave better stored pictures up to 3 minutes after
which the compensated, picture deteriorated. The
“pulse-held” picture soon lost much of its halftone qual-
ity, but it could be held for hours. Starting with a
black-and-white pattern, viewing durations as long as 27
hours have been observed with pulse-holding.

ErASURE PROCESS
Over-all Erasure

The most simple method of erasure consists in switch-
ing the storage-grid backplate to a positive potential of
several volts after each picture. This potential is below
the first crossover potential of the secondary emission
curve of the insulator. Viewing-beam electrons will then
land and obliterate any charge pattern by charging the
storage layer uniformly negative to viewing-cathode
potential. If the viewing-screen potential is left on, the
screen is illuminated over-all during this erasing process.
After switching the storage-grid backplate to viewing-
cathode potential, a homogeneous negative potential of
several volts remains on the storage surface. This cuts
off the viewing beam, and the screen is dark over-all.
The storage surface is then ready for the writing process
where it will be discharged by an amount proportional
to the writing-beam current.

This “over-all erasure” is useful where one stored pic-
ture is looked at for a relatively long time. In some

21 A, V. Haeff, “A memory tube,” Electronics, vol. 20, p. 80; Sep-
tember, 1947.
2 Smith and Brown, loc. cit., p. 1171, operation method (d).

cases, however, the flash produced by a long positive-
erasing pulse, and the loss of the whole picture instead
of only the part which is no longer needed, are serious
disadvantages.

Such disadvantages are largely avoided if pulses are
applied to the storage-grid backplate during the viewing
of the picture, for example, at a repetition rate near
television line frequency for a television display. For
this purpose, short pulses (of the order of microseconds)
are used, and less than one per cent of the picture is
erased for each erasing pulse. Such “continuous” over-
all erasing was successfully employed for a bright re-
production of television pictures without noticeable
“smear.”

Over-all pulse-erasing is also practical for radar when
erasure over several frames is desirable. This incomplete
erasure permits the observation of “tails” on moving
objects. When tails are not required, i.e. complete
erasure in one frame is desired, over-all erasure may pro-
duce objectionable shading at low repetition rates.
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Fig. 10—Bright radar picture with line-by-line erasure.

Line-by-line Erasure

Therefore, a “line-by-line” erasure method was de-
veloped which makes use of a separate erasing-beam
which may move a short distance in advance of the
writing-beam (see Fig. 10). Careful collimation to insure
perpendicular landing of the erasing-beam at the
storage surface was found to be necessary. Moving ob-
jects may be recorded with or without tails, depending
on the degree of erasure, which is proportional to the
erasing-beam current. In a radar display of the ppi
type, the erasing line is visible as a gray trace at the
leading edge of the dark erased sector, which is 5 to 15
degrees in width. The writing-becam trace, which moves
along the trailing edge of the crased sector, is practically
invisible. This is in contrast to present long persistence
kinescopes, which write at high brightness, and soon
decay. Thus, a flickerless bright display is achieved,
which permits daylight viewing of the whole picture ex-
cept the few per cent of picture area lost in the erased
sector.

RESOLUTION, HALFTONES AND BRIGHTNESS

Fig. 9 shows the present quality of the stored pic-
tures. As seen on the face of the tube, the resolution
wedge showed a resolution of about 500 lines; in the
Indian’s head, the individual lines of the 525-line tele-
vision raster appear. There are also at least 5 dis-
tinguishable halftones. Halftones are essential not only
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for applications such as television but also for detection
of radar targets in noise by integration. The maximum
contrast ratio of the stored picture (measured with a
photomultiplier tube) is at present 20 db (100:1). A
highlight brightness of 500-foot lamberts has been
measured with 9 kv viewing-screen potential.

In the original picture the focused elementary dots of
the 250-mesh storage grid are also visible. This indicates
that the image amplifier section is capable of consider-
ably higher resolution than is displayed in the over-all
performance of the present tubes, where the writing-
beam spot size determines resolution.

APPLICATIONS

At present, the most promising applications of the
viewing-storage tube are airborne, shipborne, and
ground-based radar, where its high brightness permits
direct viewing in full daylight. Another application is
projection television, where this tube is capable of the
same brightness as present projection tubes, at much
lower anode voltage. Also, the storage properties of the
tube make possible television systems conversion. As a
single transient storage oscilloscope, usable traces have
been obtained with single sweeps of 1 microsecond.
Further applications can be seen in closed-circuit fac-
simile systems, narrow-band television svstems, and
telemetry.

CoONCLUSION

The characteristics of the image amplifier system in a
transmission control viewing-storage tube correspond to
those in the “electron optic” region of the well-known
space-charge grid triode. Static storage-amplifier char-
acteristics have been obtained by charging the storage-
grid surface to various control potentials with the aid
of the viewing-beam. It was found for increasingly finer
grids that the control characteristic was shifted toward
the positive, as may be expected. By using high anode
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gradients the characteristic is shifted toward the nega-
tive. Also, by operating with a gradient across the
storage layer, the characteristic is shifted still further to
the negative. The effect of these parameters was ex-
plored within the useful operating range of the tube.

Dynamic characteristics of the viewing process were
obtained indirectly by photoelectric recording of the
brightness of an anode area as a function of storage sur-
face potential. Lines of constant backplate potential
(the dynamic characteristic) are plotted across the re-
corded characteristics.

Viewing duration is limited by positive ion landing at
the negatively-charged storage surface. The effect is
minimized by low residual gas pressure, low viewing
current, high storage-layer capacity, and a small slope
of the control characteristic. By positive pulsing of back-
plate and thus compensating for ion landing, viewing
duration was increased from 30 seconds to 3 minutes
for halftone pictures of 500-line over-all resolution.

Erasing of the entire picture can be effected by the
viewing-beam, or individual areas can be erased in a
line by line fashion by a separate erasing gun. In each
of these modes of operation the erasure can be either
complete or partial. Partial erasure produces “tails” on
moving targets.

This tube permits, for radar, a new type of flickerless
display of the complete picture which is bright enough
for davlight viewing.
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