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The various production steps are readily followed in the above. Crimp-
ing or staking then attaches the metal parts to & plastic body.
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Specialists in the design and construction of all

types of electron tubes for civilian and military
applications ... and recognized as one of the
oldest, largest and finest organizations in the
whole world.

With laboratory and production facilities tha
are second to none, we draw a wealth of experi
ence from extensive development files compilec

by our engineering staff and their predecessor
since 1896.

May we serve you?
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Come Again!

E:ush, once again to the a_.,u@—zip,.m
1952 IRE Convention and Radio ”»Eﬁ

Engineering Show at Grand Central Palace
and the Waldorf-Astoria b
New York City. Here in [JiWD
days you will hear /%09} the T'ltt technical

\

information on all phases of radio

from radar to televisi'()"n—gul-ded missiles to
instrumentation Send in your hotel reserva-

if you do not choose to sleep in

to 31gn up

for the ladies’ ptogram for
and make @f‘:vg :;{;9
Banquet, \‘7}% ~ 74 President’s Luncheon,
and Cocktail Party. “Forty Years—Sets the
Pace” (IRE 1912-1952) for the biggest of all
Conventions and Shows. 347 Exhibits on four floors
at the Palace. Remember the
date, March %7 3-6, New York.
The Radio Engineering Show of

. yout wife,

[% reservations for the

Ut e a8  The Institute of Radio Engineers

Radio Engineering Show

«d R

" Table of Contents wnll be found following page 324 J
__*_‘ o p—
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FLUOROFLEX=T © gives you

®Reg trade mark of Resistoflex Corp. for products manufactured from fluorocarbon resins.

TEFLON

its best!

“Teflon”* with
optimum chemical, electrical, thermal and phys-
ical properties, in rod, sheet,and machined parts

You can't do better than Teflon for severe applications involving
corrosive chemicals, solvents and heat. And for Teflon, you won’t
do better than availing yourself of Fluoroflex-T.

Here is Teflon produced under rigid control, in new equipment
expressly designed by Resistoflex to bring out utmost inertness
and stability in this material. You get Teflon with maximum
tensile strength, “plastic memory,” flexibility. Sheets are flat —
easier to handle. Rods are uniform — machine properly. Parts are
free from internal strains, cracks or porosity.

Fluoroflex-T withstands —90°F to +500°F continuous service.
Chemically, it’s essentially inert. It is non-adhesive and has little
friction. Electrically, it is virtually the perfect insulator for ultra
high frequencies.

We'll gladly consult with you on your application. Fluoroflex-T
rods are available from %" to 2” diameter; sheets 21” x 21" in
1/16” to 1%” thicknesses; machined parts to specification.
ResisTOFLEX CORPORATION, Belleville 9, N. J.

* Du Pont's trade mark for its tetrafluoroethylene resin
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CORPORATION

Belleville 9, New Jersey
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Meetings

with
Exhibits

® As a service both to Mem-
bers and the industry, we will
endeavor to record in this col-
umn each month those meetings
of IRE, its sections and profes-
sional groups, and some closely
related groups which include
exhibits.

IRE National Convention &
Radio Engincering Show
March 3-6, 1952
Waldorf-Astoria Hotel and
Grand Central Palace
New York City

Spring Technical Conference
on Television
April 19, 1952
Cincinnati Engineering Society
Building, Cincinnati, Qhio
Adv. & Exhibits: Wynne W. Gulden
3272 Dayton Avenue
Cincinnati 11, Ohio

A

NEREM, Saturday, May 10, 1952
Copley Plaza Hotel, Boston, Mass.
New England Radio
Engineering Meeting
Gen. Chairman: Alfred J. Pote
71 West Squantum St.

N. Quincy, Mass.

A

National Conference on
Airborne Electronics
May 12, 13 & 14, 1952

Hote! Biltmore, Dayton, Ohio
Exhibits: Paul D. Hauser
1430 Gascho Drive, Dayton 3
A

4th Southwestern IRE Conference
May 16, 17, 1952
Rice Hotel, Houston, Texas
Exhibits: Gerald L. K. Miller
1622 W. Alabama
Houston 6, Texas

A

Radio Parts Show
hicago
May 19:24, 1952
A

Western Electronic Show and
IRE Regional Convention
August 27, 28 & 29, 1952

Municipal Auditorium
Exhibits: Heckert Parker
215 American Avenue
Long Beach, Calif.

A

National Electronic Conference
Sept. 29, 30, Oct. 1, 1952
Hotel Sherman Chlcago, 1.

January, 1952




SPRAGUE

PAPER DIELECTRIC CAPACITORS

'

JOINT ARMYI_

VCCordonce wign

NAVY SPECIFICATION
4,
¥-¢.o5

... JUST OFF PRESS comes
this Sprague Catalog 21 with complete
details on paper dielectric capacitors
designed to meet Joint Army-Navy
Specification JAN-C-25. Comprehensive data
on sizes, characteristics, ratings, performance
and other factors makes the new catalog in-
valuable to users of JAN paper capacitor
types. Copies are available on letter-

head request.

SPRAGUE SUBMINIATURE
PAPER CAPACITORS

Hermetically-sealed, metal-
encased and far smaller than
equivalent JAN styles. Available
in types for 85° C. and 125° C.
operation. Sprague Bulletin 213-B
gives full technical data.

Over and beyond JAN spec-
ifications, Sprague has devel-
oped many new ways to reduce
size and weight and to improve the

high-temperature rforman f acitors and
8 P performance of capacitors a COMPARISON—TYPICAL SUPER-JAN VERSUS JAN UNITS

other electronic components. In eﬁect, these are Metol-Cosed Tubular Poper Capacitor, Both Leads Insulated from Case
"Super‘JAN" Components—fu“y approved Via JAN Sprogue Type Neorest JAN-C-25 Equivolent’
5% ! ) 196P4749251 CP25ATEC504K
deviations to equipment manufacturers and widely Copositonce (MId. o 10%). ... AT 030
P v v 3 3 p oltoge, Weeioioon s SRR ERE TR 0 0..... .................
used in critical military applications. At the right are  iniolonRestoncer oy 333000008 O%-ooov2voo: G000 @
four examples of units that Sprague can supply where Copocionce Chong ,S‘i:,;js - SO [y TWiaes LNGS
g . . m 25°Cto =~55°C..ccvvvneaianns O SR o Baa0 SO K %10
equipment engineering progress calls for components  opergiing Ambient (:C) Mox..". 1 e, ih.
5 Minimum. .. ....0.0 =500 ke 0le
[hat exteed JAN requlrements. Dielectric Test. . ...... "W . .Twice Roted Volts for 2 Min
Life Testiot BS°C........ 250 hrs., 1.5 X roted DCWV. ., .250 hrs, 1.5 X roted DCWV
Life Test; 0t 125°C........ 250 hrs., 1.4 X roted DCWV* oS
Moisture Resistance . . .. .ooouene Hermeticolly Seoled.........
Length, ccovveeeraccsrtsacnacsanne 1.9/16°%. .......
DIOMOIEr. ¢ oo o ¢ oo 5ol eelMNore ers el s e b Q/18% s ot eneiiecoaieniansant 3/4
Volume {eu.ind . cceeeeeenieteneenens (B SR o SO B o 0 2 o J0 .94
® Aheod of ond Beyond JAN ** Above Temperoture Limit of JAN-C-23

PIONEERS IN |
ELECTRIC AND ELECTRONIC DEVELOPMENT

SPRAGUE ELECTRIC COMPANY o« NORTH ADAMS, MASSACHUSETTS
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BELL SYSTEM 11/ .

PRIMARY STANDARD! OF FR‘I"EOU’EN

The controlling quartz crystal vi-
brates in vacuum at 100,000 cycles
per second. The standard is powered
by storage batteries, with steam
turbo-generator standing by, just in
case of emergency.

P |
T

Front of the new freq y-time standard at Bell Teleph

Each crystal is enclosed in a cylindrical oven which holds the
crystal temperature to within 1/100 of a degree.

At the A, T. & T, building at 195 Broadway, New York

passersby set watches by the world's most accurate public

clock, which is controlled by the master standard.

Laboratories. In the rear there are 600

electron tubes and 25,000 soldered connections. Room temperature is maintained within two degrees.

A vibrating crystal

keeps master time

Ever since Galileo watched a lamp
swinging in the Cathedral of Pisa three
centuries ago, steady vibration has pro-
vided the practical measure of time. In
the 19205 Bell Laboratories physicists
proved that the quartz crystal oscilla-
tors they had developed to control
electrical vibration frequency in your
telephone system could pace out time
more accurately than ever before.

The Laboratories’ latest master stand-
ard keeps an electric current vibrating
at a frequency that varies only one part
in a billion, keeping time to one ten-
thousandth second a dav.

Through secondary standards, a
master oscillator governs the carrier

frequencies of the Bell System’s ship-
to-shore, overseas and mobile radio-
telephone services, the coaxial and
Hedéa- Reluy systems which transmit
hundreds of simultancous conversa-
tions, or television. In the northeastern
states, it keeps electric clocks on time
through check signals supplicd to clec-
tric light and power companies.

The new standard also provides an
independent reference for time mcas-
urements made by the U. S. Naval
Observatory and the National Burcau
of Standards. Thus, world science bene-
fits from a Laboratories development
originally aimed at producing more and
better telephone service,

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers

for creative men in scientific and technical fields.
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When you are faced with specifications that place l E‘_}I AIJIZEI)

impossible requirements on dynamotors or small

DC motors, according to World War II stand-

ards, take advantage of recently developed T

improvements in high temperature and hig

altitude techniques by simply outlining your

requirements to Bendix. Model units exactly )
meeting your performance specifications will be

developed and tested for pre-production use—
production units will then follow in accordance AND
with your manufacturing schedule.

DYNAMOTORS
Regular « Multiple output « Special purpose
DC MOTORS
1/100 hp—1/2 hp + Continuous and Intermittent Duty
DC Servos and special motors

RED BANK DIVISION OF BENDIX AVIATION CORPORATION
RED BANK, NEW JERSEY
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y.

-

REG'BANK

7
DIVISION

Write for this colorful and informative book
—it's free. You'll find it loaded with facts

and figures about all types of dynamotors. AVIATION CORPORATION

PROCEEDINGS OF THE I.R.E. January, 1952 SA
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Another Ma/u‘a/uece ,o/ Trudcon gngineau'ng Skill

6A

o

UNIFORM CROSS SECTION
GUYED RADIO TOWER

20 OO0 A
T T ¥ W N

HERE again is another example of Truscon leadership
in antenna design—another example of skill gained by
nearly a half-century of experience in the fabrication of
structural steel products.

Truscon Type “G-W" Radio Towers are of particular interest
to the buyer who is desirous of obtaining the utmost in
antenna quality and strength at a cost representing only a
nominal premium above the cost of secondary types of con-
struction. These guyed towers are available in shop-welded
unit lengths for tower heights up to 528 feet, and include
these features:

TRIANGULAR - because this design resists distortion with greater
efficiency than any other form and is so recognized by the x
engineering profession.
UNIFORM [N CROSS SECTION—because radio engineers proclaim -
this feature a distinct asset in broadcasting.

XX

X LY
a S

.y

STRONG - because these towers and all component '
parts are designed to resist a minimum wind i
load of 30 Ibs. per square foot which is accepted
as a design adequate for most geographical
areas not subject to frequent cyclone visitation.

The Type "G-W"” guyed tower
can be adapted to a number of
services. When base and guy in-
sulated. it is an ideal antenna

Write for illustrated liter.
oture giving complete
description, mechanicol
detoils,installotion photos,
ond other important
informotion on the
new Truscon "G-W”
Guyed RadioTowers.

Typical central
pier arrange-
ment for non-
insulated tower.
Other arrange-
mentsare possi-
ble to meet spe-
cific conditions.

Bose insulated
central pier
showing"Mast.
Base’’or"’Pivoy’’
type base in-
svlator with
Spark-Gop.

TRUSCON %

SELF-SUPPORTING F 7
AND UNIFORM
CROSS SECTION GUYED

TRUSCON COPPER MESH GROUND SCREEN

TRUSCON STEEL COMPANY

tower. It can also simultaneously
support one or more cables or
co-axial transmission lines hav.
ing 315" aggregate diameter and
one or more whip-type UHF
antennas or a side-mounted FM
antenna, with some applications
requiring nominal height
reduction.

Although the Type"G-W' tower
is rated to resist 30 pound per
square foot minimum wind pres-
sure, under certain conditions,
such as an AM radiator not sup-
porting superstructure for other
services, it may be capable of
safely resisting 40 or more
pounds per square foot of wind
pressure.

When non-insulated, the Type
"G-W" tower is suitable for a
number of services, such as an
FM or UHF Antenna Support
for Railroads; Public Utilities;
Industry; Municipal, County,
and State Police; and Communi.
cations Networks.

TOWERS

YOUNGSTOWN 1, OHMIO

Subsidlary of Republic Steel Corporation

PROCEEDINGS OF THE ILR.E
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LEADING TV MANUFACTURERS REPORT—

G.E's ELECTROSTATIC-FOCUS TUBES
GIVE THE Wt FOCUS OF ALL!

17RP4/17HPA
17VP4

20HP4-A
21LP4

Comparative tests proved General Electric tubes
far superior in needle-sharp distinctness!

their own detailed tests of new G-E
zero-focus types against other makes of
electrostatic tubes. In every case, General
Electric tubes gave pictures with greater
sharpness and definition over the entire view-
ing area!

FOUR farge builders of TV receivers ran

@ Improved gun design, precision manu-
facture, share the credit for this G-E con-
tribution to a TV industry that continues
to move ahead despite metal shortages and
a heavy defense load.

), y e
/ ca A 272C ==
fa 22 //z/ /oa co;; wrerce L

GENERAL

@ Saving precious cobalt, nickel, and cop-
per—needing no receiver focus control,
which means simpler TV operation —
General Electric’'s new zero-focus tubes
have this third big advantage: they pro-
duce outstandingly clear, vivid pictures!

® Five types in popular sizes are listed
above. Wire or write for complete facts
about the tubes in which you are interested
as TV designer or manufacturer! Electron-
ics Division, General Electric Company,
Schenectady 5, New York.

ELECTRIC




CUT CORES
SQUARE

€=
e not?,

40;/1‘6/}@ You May Need in

TAPE-WOUND CORES

RANGE OF MATERIALS

Depending upon the specific
properties required by the applica-
tion, Arnold Tape-Wound Cores
are available made of DELTAMAX
. . . 479 MO-PERMALLOY . . .
SUPERMALLOY ... MUMETAL
...4750 ELECTRICAL METAL. ..
or SELECTRON (grain-oriented
silicon steel).

RANGE OF SIZES

Practically any size Tape-Wound
Core can be supplied, from a frac-
tion of a gram to several hundred
pounds in weight. Toroidal cores
are available in fifteen standard
sizes with protective nylon cases.
Special sizes of toroidal cores—and
all cut cores, square or rectangular

8A

cores—are manufactured to meet
your individual requirements.

RANGE OF TYPES

In each of the magnetic materials
named, Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: 012",
-008",.004", .002", .001"”, .0005",
or .00025"”, as required.

Applizitions

MAGNETIC AMPLIFIERS

PULSE TRANSFORMERS
CURRENT TRANSFORMERS
WIDE-BAND TRANSFORMERS
NON-LINEAR RETARD COILS
PEAKING STRIPS. ., REACTORS.

waD 3963

THE ARNoLD ENGINEERING (CoMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, lllinois

PROCEEDINGS OF TIE I.R.L.
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IN QUALITY PRODUCTS EVERYWHERE ... ' Z

UARDIAN (- 2

_ Series 345 D.C. Relay

As real as rockets, guided missiles and supersonic jets are the Guardian Hermeticolly Sealed or
. . . _ with Open-Type Mounting
Controls that set them off and direct their flight. Guardian relays—

stepping switches—contactor units—solenoids—multi-contact switches
are the basic components of communications, bombing and firing equip-
ment, of control stick switches, control wheels and myriad Guardian
developments for the military. Certain basic Guardian control com-
ponents are still available for peacetime products. Write.

1 7\
Weh =

| A

"\4;“/7

§
o]

AN-3320-1 D.C.  AN-33241D.C. o Series 595 D.C. " Series 610 A.C.—615 o.c.& Series 695 D.C.
Get Guardian’s New HERMETICALLY SEALED RELAY CATALOG Now!

GUARDIAN@ELECTRIC

1628-A W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAVS SERVING AMERICAN INDUSTRY

—
|
{
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for Accurate, Dependable Electrical Measurements

BECAUSE—Simpson has developed quality control to
a new modern high with rhis successful production
policy. Design everything that goes into an instrument
—make everything that goes into an instrument—keep
designing for the future—keep quality steadily higher
—keep prices consistent with material and labor costs
without exploitation. This quality control is evident

[

5200 W. KINZIE ST., CHICAGO 44 - COlumbus 1-122) -

in every Simpson instrument whether panel or switch.
board, custom-built or stock. The instruments illus-
trated in pancl below are only a few of the wide vari-
ety of instruments in the complete Simpson line. Let
Simpson enginecrs help you solve your panel instru-
ment probleins—and for your standard instrument re-
quirements take advantage of our large stock.

o
S:meu ELECTRIC COMPANY

PROCEEDINGS OF THE LR.E.

In Conada BACH-SIMPSON, LTD., LONDON, ONT
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Now in MASS PRODUCTION..O

PYRAMID ULTRA-COMPACT

metallized
paper capacitors

‘ PYRAMID Series M CAPACITORS use a specially-
prepared metallized paper, providing all-important savings
in size and weight. ...Pyramid now produces
large quantities of these capacitors in a wide variety of

cardboard or hermetically sealed metal containers.

Your letterhead inquiries are invited

@ PYRAMID ELECTRIC COMPANY - 1445 HUDSON BLVD., North Bergen, N. J.



LITTON

INDUSTRIES NEWS

SNAP-ON OPERATION, LONG SHELF LIFE

LITTON 4J50 MAGNETRON

WITH LITTON X BAND MAGNETRONS

Two high-quality pulse magnetrons
in the 9345 to 9405 mc/sec range
are now being manufactured by
Litton Industries. Designated 4J50
and 4]52, these magnetrons require
no aging or seasoning. Special de-
sign and processing have resulted in
tubes with long shelf life and snap-on
operation to full power immediately
after completion of the cathode
warm-up period.

These tubes offer either high or me-
dium power outputs. Litton 4J50 is
a high-power magnetron providing
225 kw minimum peak at .001 duty.
4]J52 is a medium power magnetron
offering 65 kw minimum peak at
.001 duty. Both operate at or beyond
ratings.

MOLECULAR LUBRICANT
PRODUCTS

Litton Molecular Lubricant “C” has
a vapor pressure of approximately
10”7 mm. Hg. at room temperature.
In the presence of ionization it will

give an indicated pressure of 10-6
mm. Hg. Its principal use is in vapor
pumps and as a lubricant for bear-
ing operation in vacuum.

Great care has been exercised in its
refinement, and the product has a
very narrow boiling range. The color
and fluorescence are inherent to the
material. .

This oil has excellent lubricating
qualities at temperatures below
100° C. and is suitable for use with
anti-friction bearings operating
within dynamic vacuum systems,

Write for price and delivery information. Daia subject to change withouyt notice,

LITTON INDUSTRIES

2370

12a

SAN CARLOS, CALIFORNIA, U.S. A,

PROCEEDINGS OF THE I.R.E.

OIL VAPOR VACUUM PUMPS

The Litton Oil Vapor Vacuum
Pumps are of all-steel construction
which obviates the possibility of
glass breakage and substantially in-
creases the length of service of the
equipment.

Boiler and charcoal
baffles are easily de-€
mountable for clean-
ing purposes. Litton
pumps feature re-
placeable external
heaters, special cool-
ing coils and demount-
able baffles. These
pumpscan be obtained
in various combina-
tions with high vac-
uum valve, with char-
coal baffle for straight-
through operation or side opening.

The Litton pump with charcoal
baffle (straight-through operation)
has an ultimate vacuum of § x 108
mm. of mercury. The speed (meas-
ured at 105 mm. of mercury) is 75
to 100 liters.

NEW LITTON PLANT ADDITION

Litton Industries has added a new
building to its plant at San Carlos,
California. 40,000 square feet of
space is now used for research, man-
ufacturing and general offices, The
new building is windowless con-
crete-and-glass-block construction,
completely air conditioned. The in-
terior is light engineered for opti-
mum working conditions,

DESIGNERS AND MANUFACTURERS of

Glos}workiﬂg Lothes ond Accessories
Verh:olSeolingMo:hines,BumevKuip-
ment, Precision Spotwelders, Oil Vopor
Vocuum Pumps, Gloss Boking Ovens,
Vocuum Tubes ond Tube Components,
Mognetrons, High Vocuum Molube Oil,
Microwove Equipment,

January, 1952
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When you invest in GPL TV studio equipment, you're
buying field equipment as well. Every GPL unit provides
unparalleled flexibility, light weight, easy handling, precise
control. Let GPL engineer your station, from camera to anten-
na. Have The Industry’s Leading Line—in quality, in design.

Camera Unit

Precision-built, lightweight
fast-handling. Push-button
turret, remote iris control,
remote focus and range se-
jection, Easiest to service,

Video Switcher

Full studio flexibility any-
where. Control c¢an view,
preview, fade, dissolve, etc,
Views ony of 5 inputs, 2
remotes, outgoing line. Twin
fade levers,

WRITE

Camera Control Unit

Touch-identified controls,
B'," monitor tube. Split or
single headphone intercom
system, CRO views horizon-
tal, vertical, and vertical
sync block, Iris control.

Camera Power Unit

Rugged, dependable, com-
pact. Matched to other units
in GPL chain. Standard re-
lay panels swing out for
maintenance.

Synchronizing Generator

Affords maximum circuit re-
liability without operator
adjustment, Binary counters
and delay lines, stable
master oscillator. Built-in
power supply.

te TV Station Installations from Camera to Antenna

3-2 Projector

Portable sync unit. No need
for special phasing facili-
ties. Projects rear-screen or
t'direct in.”" I|deal for re-
mote origination of film, Re-
lieves load on Telecine,

Professional TV Projector

Highest quality 16-mm pro-
jector designed specifically
for TV, Delivers 100 foot-
candles to tube. Sharp,
steady pictures from 4000-
foot film magazine.

Remote Control Box

Provides revolutionary re-
mote control of camera
focus, lens chonge, pan, tilt.
Styled to moatch other com-
ponents in the GPL TV line,

General Precision Laboratory

INCORPORATED
PLEASANTVILLE

WIRE
OR PHONE
FOR DETAILS

NEW YORK

TV Camera Chains * TV Film Chains * TV Field and Studic Equipment * Theatre TV Equipmeat

PROCEEDINGS OF THE I R.E January, 1952 134




Transmitter performance goes up —costs go down . .. the inevitable result of
specifying Eimac tetrodes to fill key sockets. Costs will stay down because the serv-
ice life of these time-proved tubes is long, replacement costs are low, and the cir-

cuit simplicity they allow keeps power bills down.

Eimac tetrodes are made for a wide range of power from 65 watts plate dissi-
pation to 20,000 watts dissipation. They are unexcelled for amplifier, oscillator, and
modulator service. All are backed by the experience and know-how of America's

foremost transmitting tube manufacturer.
Take the advice of countless users and equipment manufacturers who consistent-

ly not only recommend but rely on . . . Eimac tetrodes for unvarying performance,
exceptional service life, and compatibility to modern circuit techniques.

Write For The Free Eimac Quick Reference Tube Catalog

Follow the Leoders 10

EITEL-McCULLOUGH, INC. : S uees

The Power for RF
San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Flcncisco_ Colifornia

302

140

PROCEEDINGS OF THE I.R.E
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\ buy SPEER \

\

when you buy RESISTORS
\

L

... for consistent resistance values

Complete your circuits with R. F. s p E E

; coils...chokes...tubular and disc m CORP.
?

capacitors... high voltage con-

q N M IAR
e o TR i fors by A SPEER CARBON COMPANY SUBSIDIARY S
JEFFERS ELECTRONICS, INC. ST. MARYS, PENNSYLVANIA
DU BOIS, PA.

Another Speer Carbon Co. Subsidiary
@ 7570
PROCEEDINGS OF TIIE I.R.I. Jenuary, 1952 15A



for unsurpassed
performance

TYPE W-HS-SERIES
60 Milliomperes DC

In 1% Phenalic Tube with stud
mounting at each end. Circuit-
Half-Wave. Overall lengthvaries
ta 14, depending an DC Out-
put Valtage rating. Far many
applications for heavier duty
and inverse peak suppressar

circuits.
PARTIAL LISTING
W-HS SERIES
DC Ovtput Rectifier
Valtage Par1 Na
20 WIHS
60 WIHS
100 WS5HS
400 W20HS
800 W40HS
1500 W75HS
2500 WI125HS
3500 WI175HS
4500 W225HS
6000 W300HS

Over 500 other types

Type W24BHS
4960 Valts DC Outpur
60 ma. Overall

length, 13~

Cver 3,000,000 various types produced and in service
during the past 4 years. Designed and built to meet Government
Specifications. Manufactured for temperatures up to 100° C ambient
100% humidity. A recent month's production included Rectifiers to supply
40 microamperes, 1 volt and Rectifiers with o capacity of 140,000
amperes, 14 volts. Owned and managed by Engineers who are specialists
in the design and manufacture of Selenium Rectifiers. Submit your

problems for analysis and we will be glad to offer our recommendation:s.

e -

—

Hermetically sealed
Cartridge Type Rectifiers

p
o

Pa\tfer Rectifiers High Valtage Rectifiers Miniature Rectifiers —
Ratings to 250 KW Cartridge Type fram 65 to 1,000 ma.

GENERAL OFFICES:

1521 E. Grand Ave.

El Segundo, Calif.

Phone El Segundo 1890
CHICAGO BRANCH OFFICE:
205 W. Wacker Dr..

Franklin 2-3889
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 SUBMINIATURE
_ TUBES

RAYTHEON



For Tubes You Can Trust To Meet

More

Your Requirements And

Specily
RAYTHEON RELIABLE

SUBMINIATURE TUBES

CKé6148
R. F. Pentode
Ef=6.3V. [1=200 mA.
Noise output 50 mV. max.
Epb =200 V. max.
Ec2 =150 V. max.

Thcse new Raytheon Reliable Subminiature

tubes resulting from five years of continuous

production of their prototypes are designed ' CK6|49
Medium Mu Triode
to meet the stringent requirements of vital E¢=6.3V. I;=200 mA
Litary ; T s84%I66 (o thesdai Noise output 25 mV. max.
military equipments. In addition to the rigi Ep=275 V. max.

ratings for shock, fatigue, centrifugal accelera-

tion, 5000 hour life, and heater cycle life, par- 0

CK6150

ticular attention has been paid in the design R. F. Pentode — Mixer

Ef=6.3V. ;=200 mA

Noise output 100 mV. max. ]
ambient temperature operation and lower Ep, =200 V. max. '
Ec.2=155 V. max. |

and manufacture of these tubesto permit 200°C

noise output ratings as indicated under each

type. l
CK6151
High Mu Triode
E=6.3V. =200 mA
For complete mechanical and Noise output 25 mV. max.
Epb=275 V. max,

electrical data on these new
RAYTHEON types, ask for the new Raytheon

— CK6152
RELIABLE Subminiature Tube Catalog 1. Low Mu Triode

E¢=6.3V. It=200 mA
Noise output 25 mV. max.
Epb=250 V. max.

o

RAYTHEON MANUFACTURING COMPANY



PROPERTY UNIT 34 90 159 216 174

hicl prerprvchility - 15 95 220 410 750 410 850 600 330

at 1me/sec
Moximum permeability - 97 183 710 1030 1710 3300 4300 1010 750
Saturation flux density Gauss 840 1900 3800 3100 3800 3200 3400 1540 2900
Residual magnetism Gauss 615 830 2700 1320 1950 1050 1470 660 1600
Coercive force Oersted 37 30 21 1.0 0.65 0.25 0.18 0.40 .80
Temperature coefficient o/ /©

2l frtial serrEER ey %/°C. | 0.65 0.04 0.4 03 | 025 13 | 0.66 03 | 022
Curle point i 280 260 330 165 160 160 150 70 180
Volume resistivity Ohm-cm 1x10° 2x10° x10° X107 4x10% 1.5x108 1x104 2x10% -
Loss Factor:

at 1 me/sec o= .00007 .00005 B .0003 000055

ot 5 me/sec .0004 .0008 .0012 .005 3

at 10 me/sec .0005 - - ) -

F211%#* F210*

- 468
& 197

"t
o~
i ™
1

‘OR .145" HOLE, ORDER F260

” GENERAL

A4000KCS sus TAIINL COIPPRITIOS

PTrativy gmsurs rom
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j GENERAL

IAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE

F188 F187 F109

250
| 093 10 .250

oO——1 '
- 1875 H—
250~ ~ 1375 -

.250
fam—

- 1375 - ~

*% FOR .096” HOLE, ORDER F261

CERAMICS ano STEATITE CORP.

OFFICES and PLANT. KEASBEY NEW JERSEY

17a




Leading the Quality Field for more than 25 Years |

built for durability
- engineered for
trouble-free operation
o designed for standard
and special applications

Renvon

TRANSFORMERS
for all ARMY— NAVY specifications

use KENYON TRANSFORMERS for

RADAR « BROADCAST « SPECIAL MACHINERY
JAN APPLICATIONS + ATOMIC ENERGY

EQUIPMENT « AUTOMATIC CONTROLS
EXPERIMENTAL WORK

we o susi: - KENYON TRANSFORMER CO., Ine.
840 BARRY STREET - NEW YORK 59, N. Y.
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Sold Complcte — with the
following Probes and Cables

» Direct Probe and Cable
» DC Probe

o Ohms Caoble ond Probe
. Current Coble (Red)
. Current Coble (Black)
e Ground (Cose) Coble

Accessory Probes Available
on Separate Order

V WG-264 Crystol-Diode Probe
for meosuring oc voltoges ot
frequencies up to 250 Mc

V WG-289 High-Voltage Probe,
with WG-206 Multiplier Re-
sistor, for increasing de-volt-
age range to 50,000 volts and
input resistance to 1100 meg-
ohms,

PROCEEDINGS OF THE I.R.E
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VoltOhmyst’

SII 2 50 Svagested

User Price

Measures...(Full-scale ranges)

DC VOLTAGE: Oto 1.5, 5

15, 50, 150, 500, 1500 volts

PEAK-TO-PEAK VOLTAGE: O to 4, 14, 42, 140, 420, 1400, 4200 volts

RMS VOLTAGE: 0to 1.5, 5, 15, 50, 150, 500, 1500 volts

RESISTANCE: O to 1000 megohms in seven overlapping ranges

DC CURRENT: 010 0.5, 1.5, 5,15, 50, 150, 500 milliamperes; 0 to 1.5, 15 amperes

FEATURING an 812" meter, the new WV-87A
Master VoltOhmyst is really the master of every
testing application. Its peak-to-peak scales are
particularly useful for television, radar, and other
types of pulse work.

The WV-87A measures dc voltages accurately
in high-impedance circuits, even with ac present.
It also reads rms values of sine waves and the
peak-to-peak values of complex waves or recur-
rent pulses, even in the presence of dc.

Like all RCA VoltOhmysts, the WV-87A fea-
tures *+ 1% multiplier and shunt resistors,a +2%
meter movement. high-input resistance, zero-cen-
ter scale adjustment for discriminator alignment,
dc polarity-reversing switch, and a sturdy metal
case for good rf shielding.

On direct-current measurements, extremely low-

meter resistance gives an average voltage drop of
only 0.3 volt for full-scale readings on all ranges.
Nine overlapping ranges provide dc readings from
10 microamperes to 15 amperes.

An outstanding feature is its usefulness as a
television signal tracer made possible by its
high ac input resistance, wide frequency range,
and direct reading of peak-to-peak voltages.

The RCA WV-87A Master VoltOhmyst has the
accuracy and stability for laboratory work. Its
large, easy-to-rcad meter also makes it especially
desirable as a permanently mounted instrument
in the factory and repair shop.

For complete information on the WV-87A, see
your RCA Test Equipment Distributor or write
RCA, Commercial Engineering, Section AX47,
Harrison, New Jersey. *Reg. U. 8. Pat. OF.

Get complete details today from your RCA Test Equipment Distributor.

TEST EQUIPMENT

January, 1952

RADIO CORPORATION of AMERICA

NHARRISON. N. J.

19A




Designed for Application

Mu Metal Shields

The James Millen Mfg. Co. Inc. has for many
years specialized in the production of magnetic
metal cathode ray tube shields for the entire
electronics industry, supplying magnetic metal
shields to manufacturing companies, labora-
tories and research organizations. Stock shields
are immediately available for all of the more
popular sizes and types of cathode ray tubes as

well as bezels for 2”7, 3”7 and 5” size tubes.

JAMES MILLEN

MAIN OFFICE

Many production problems, however, make de-
sirable special shields designed in conjunction

with the specialized requirement of the basic

apparatus. Herewith, are illustrated a number ,

of such custom built shiclds. Our custom design

and fabrication department is at the service of

our customers for the (l(-\:-lopm--,nl and manu-
facture of magnetic metal shields of either nic-

oloi or mumetal for such specialized applications.

MFG. CO.. INC.

AND FACTORY

MALDEN, MASSACHUSETTS, U.S.A.

20A

:
.



NEW from

209

]

Di-1 DI-2 DI-3 Di-4 DI-5 o6

Hlustrations approximately actual size.

Temperature Compensating DISK Capacitors

Capacity range from 475 mmf on the DI-6 N1400 material down to .3 mmf on the DI-1 size with
tolerances of + 5¢ or greater. Conservatively rated for working voltage at 500 volts DC and flash
tested at 1500 volts DC. Insulation resistance at 100 volts is well over 10.000 megohms. Electrodes
are fired directly 10 the low loss dielectric and are coated with a non-hydroscopic phenolic for protec-
tion against moisture and high humidities. Conform 10 RTMA Class 1 ceramic capacitors.

Extended Temperature Compensating DISK Capacitors

Produced from a recently developed group of extended coeflicient ceramics, this type of Hi-Q Disk
permits a much wider temperature compensating range than was possible on the formerly available
normal linear temperature coeflicient ceramics. Specifically developed for applications requiring a
very large gradient of capacity versus temperaturc. These new Hi-Q Disks exhibit relativeiy higher
dielectric constants permitling capacities in the range intermediate hetween the high K and linear or
normal group of ceramics. The Q (a minimum of 250 at 1 megacycle) is somewhat lower than the Class
1 ceramics. It has, therefore, not been classified by RTMA as Class 1. However, characteristics are
superior 10 by-pass Class 2 ceramics.

Companion Lines to the Popular
HiI-Q By-pass DISK Capacitors

The widely used Hi1-Q By-pass Disks are fixed eceramic
dielectric capacitors which meet RTMA Class 2 specifica-
i tions. They are available inthe complete capacity range
5 i L4 »” ¢ . Ny
D13 | 7/16" Mox. | 174" T 18 5/32" Max. of from .3 mmf to 30,000 mmf. Stundard tolerances of 5%
| D14 |19/32" Max. | 1/4" T8 5/32" Max. thru 209 where applicable can be furnished.
DI5 | 11/16" Max. 3/8" +1/8" | 5/32" Manx. Wri
ors | 374 Mam | a8z /80 | 5732* Mo, rite Jor -Engmeermg Bulletin Cfvmg
] Details of all H1-Q DISK Capacitors

Type Diameter Lead Width Thickness
DI-1 5/16" Max. | 3/16" +1/16" | 5/32" Max.
DI-2 3/8" Mox. 1/4" £1)16” | 5/32" Max.

* Trade Mark Registered, U. S. Patent Office

Electrical OEW Corp.

SALES OFFICES: New Yark, Philadelphia, PLANTS: Olean, N.Y., Franklinville, N. Y.
Detrait, Chicaga, Las Angeles Jessup, Pa., Myrtle Beach, S. C.
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Space Savers _
for Mobile Uses #

Here's a control that saves € l
both space and weight—yet handles plenty of i
wattage for television receivers as well as for most '
mobile and aircraft radio uses. ‘

You can get Stackpole LR controls with or without
SP-ST or DP-ST line switches and in dual con-
centric arrangements. The wattage rating is con-

servative and these sturdy little units have proved
their dependability on dozens of jobs formerly

handled by materially larger controls.

Data bulletin covering the complete line of Stack-
pole controls on request.

Electronic Components Division

> STACKPOLE CARBON COMPANY

St. Marys, Pa.

FIXED AND VARIABLE CARBON RESISTORS e |RON CORES e CERAMAG®
NON-METALLIC CORES e MOLDED COIL FORMS e MOLDED CAPACITORS
INEXPENSIVE LINE AND SLIDE SWITCHES

24 PROCEEDINGS OF THE I.R.E.

News—New Products ]

These manufacturers have invited PROCEEDINGS
readers to write for litersture and further t:chnicnl;
information. Please mention your I.R.E. affiliation.

Air Line Lubricator

T'o provide automatic lubrication for
tools using 10-60 cfm, Keller Tool Co.,
Grand Haven, Mich., announces a re-
cently developed Air Line Lubricator in
two sizes, the larger of which is illustrated

here.

KELLE
AlR LN
LUBRICY
No 8¢

nMaDe T U 8 A 2t
KELLER TOOL (O
Pardl madty v

With this new larger size, where a
minimum of 10 cfm is used by one tool and
a maximum of 60 cfm by all tools taking
air through the lubricator, lubrication of
one or more tools is accomplished auto-
matically

A transparent Plexene bowl, designed
to hold 6 ounces of light oil, provides oil
feed through a porous bronze wick. When
used with a 35 c¢fm tool, the bowl holds
enough oil for 8 to 10 weeks of lubrication
under normal usage. No regulation of the
oil flow is necessary.

Each tool, the manufacturer states,
will receive the proper amount of lubricant.
The quantity of oil dispensed into the air
stream is dependent upon the amount of
air passing the wick. Several tools operat-
ing from one lubricator will automatically
draw more oil than just a single togl. Under
normal conditions, pressure drop through
the lubricator will not exceed 1 Ib per
square inch.

Installation of new Air Line Lubricator
is made by screwing the device into a
3-inch air line ahead of the tool to be lubri-
cated. \ removable hex nut with holding
chain permits refilling

(Continued on page 74A4)

This issue of PROCEEDINGS OF
TI{E IL.R.E. carries a summary of the ad-
vertising survey of preferences of members
of the Institute. Many have been following
the monthly findings as they were deter-
mined. The final analysis should be of in-
terest to all persons engaged in writing
and  composing advertising promotion.
The final monthly survey, based on the

September issue, appeared in the Decems-
ber issue,
(Continued on page 1064)

January, 1952




FOR YOUR EXPERIMENTAL NEEDS

Here's a handy reference, chock full of detailed
permanent magnet information. If you are de-
signing new producls, or wish to improve present
ones, this catalog will be of great value!

16% GREATER ENERGY

And, remember, all INDIANA permanent magnets
described are available in INDIANA HYFLUX Al-
nico V—the permanent magnet material that offers
an energy product averaging 5%z million BH max
or more, with 5% million guaranteed!

Even though INDIANA HYFLUX Alnico V offers
16% greater energy product than regular Alnico V,
it costs not a penny more!

INDIANA is the only manufacturer furnishing all
commercial grades of permanent magnet alloys.
You have a choice of cast, sintered, formed or
ductile materials.

PROCEEDINGS OF THE I1.RE. January, 1952

WRITE FOR THIS CATALOG OF STOCK MAGNETS

SPECIALISTS IN "“PACKAGED ENERGY"

INDIANA engineers, with more than 30,000
successful permanent magnet applications to
their credit, will be happy to help you with
every permanent magnet problem.

Write—or phone—INDIANA today!
Ask for Catalog No. 11G-2

THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO, INDIANA

e o o Sales Offices Coast to Coast

SINCE 1908

. '.’_rgl
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Description and Maximum Ratings

an You Use These Outstanding Features? Type G-10

Ambient Temperature 40°C 55°C 65°C

o RMS Input Valtage (Max.) 130 130 130 Valts
RMS Current (Max.) 1.2 1.2 .2 Amps
D-C Output Current (Max.) 400 350 50 Ma
D-C Surge Current {(Max.) 25 20 2.5 Amps
Peak Farward Current (Max.) 3 3 .5 Amps
Peak Inverse Yaltage (Max.) 400 400 400 Valts
Full Laad Yaltage Drap
{Max.) 1.5 1.4 1.3 Valts
Operating Frequency (Max.) 50 50 50 Ke

Single Rectifier Types G-10A G-10B  G-10C

RMS Input Vallage (Max.)25°C 32 50 65 Valts

40°C 32 50 65 Valts

RMS Current (Max.) 25°C 6 .6 .6Amps

40°C 5 5 .5Amps
D-COutputCurrent(Max.) 25°C 200 200 200 Ma
40°C 150 Ma

D-C Surge Current {Max.) 25°C 10 10 Amps

40°C 8 Amps

Peak Farward Current 25°C 4 . 1.5 Amps

(Max.) 40°C 1. .2 1.2 Amps

Peak Inverse Yaltage 25°C 200 VYalts

{Max.) 40°C 200 Vaits

Full Load Valtage Drap  25°C . . .8 Valts

{Max.) 40°C . : .7 Valts
Operating Frequency 25°C 50 Ke
{Max.) 40°C 50 Ke

® These rectifiers are now in pilot pro- @ A newly printed bulletin on the
G-10 Germanium Power Rectifier

duction. To purchase sample quantities,
call the G-E Electronics Division Tube
Dept. office near you or wire us: Com-  tion 5212, Electronics Park, Syra-
mercial and Government Equipment  cuse. New York.

Dept., Electronics Park, Syracuse, N. Y.

will be sent to you on request.
General Electric Company, Sec-




26A

Where mechanical precision
means electrical accuracy

There's more to a precision potentiometer than
accurate windings. In order that the required
high electrical tolerances be held, it is absolutely
essential that such parts as the shaft mounting
plate, and housing be designed and built for
highest mechanical accuracy.

At Fairchild, we've concentrated on building

The example below is but one case of how this extra mechanical precision assures highest electrical accuracy.

CRUCIAL PRECISION IN A RADAR

CONTROL ASSEMBLY The

precision cquipment of all kinds for more than
thirty years. Our enginecrs and craftsmen cat,
drink, and sleep precision. Since our first poten-
tiomcter was produced, we've madc it a practice
to carcfully control every phase of manufacture
by building in our own plant cvery part that af-
fects accuracy.

>

gears on

this radar control assembly were precision cut to eliminate backlash and
binding, but the care that went into their manufacture could have been
completely nullified if the potentiometer coupled to them was not mechani-
cally precise. In this case, overall accuracy is assured by using a Fairchild

precision unit. ) ) The windings of all Fairchild potenti
Like all Fairchild potentiometers, this one has a shaft that is centerless are cusrom-rﬁade on speclial lFairEgifg-?ig;?ge;eerj

ground from stainless steel to a tolerance of +.0000 0005 inch. Its radial machines. Guaranteed functional tolerances are
shaft play is held to .0015 inch F.I.R. or better and concentricity of shaft to =0.5% for linear windings, +1.0% for non
pilot bushing is .0025 inch F.I.R. or better, depending on type. Shaft to linear windings—even better in some cases.
mounting-plate squareness is held to .00] inch per inch.

A o V)
A COMPLETE LINE EXPERTL

PROMPT ATTENTION TO SAMPLE ORDERS. Prompt. ex-
pert attention to special potentiometer problems is
yours by merely dropping us a line. Our Potenti-
ometer Sample Laboratory is set up explicidy to fill
such needs. Where sample orders are requested,
quick delivery is assured. Write today, giving com-
plete details to Fairchild Camera and tustrument
Corporation, 88-06 Van W yek Boulevard, Jamaica
1, N. Y. Dept. 140-20H1.

Ivibuat SPECIFICATIONS

PﬁECISIO/V POTENTIOMETERS

PROCEEDINGS oOF THE I.R.E. January, 1952
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New CBS-HYTRON
|12B4 )

New 9-pin miniature; high-perve-
ince, low-mu triode with 6/12-volt
\eater for parallel or series con-
rection. 12B4 is designed specifi-
-ally for vertical amplifiers with

imited primary B supply voltages.
Delivers adequate vertical sweep
yower in proper circuit to sweep
any 70° rectangular picture tube.
Characteristics of 12B4 are similar
o those of 6W6GT, but 12B4 . . .
or same input . . . supplies sub-
stantially more sweep power.
12B4, because of special design
and processing, is also virtually
free from grid emission.

New CBS-HYTRON

New 9-pin miniature; very-high-
transconductance pentode ampli-
fier. As video amplifier in high-
quality receivers, gives extended
gray scale. In low-cost receivers,
12BY7 provides adequate voltage
amplification for wide-band video
amplifiers with primary B voltages
as low as 135 volts.

Within its power capabilities,
12BY7 gives gains equal to those
of 6AG7. High ratio of transcon-
ductance to interelectrode capaci-
tances makes 12BY7 useful as
video 'i-f or pulse amplifier for
‘radar. High grid-to-screen trans-
conductance suits 12BY7 (within
its power handling capabilities)
for class C harmonic oscillators.

Which of these
cBS-HYTRON ORIGINALS

can you use?

New CBS-HYTRON
5Y3IWGT

New "ruggedized,” full-
wave filamentary -type
rectifier with electrical
characteristics equiva-
lent to those of 5Y3GT
.. . but 5Y3WGT is
specially designed for

New CBS-HYTRON
12A4

New high-perveance,
medium-mu, 9-pin min-
iature triode for use as
vertical amplifier, class
C oscillator, or low-
distortion audio output
amplifier in push pull.

New CBS-HYTRON
12827

New high-mu. 9-pin
miniature dual triode
for high-gain audio
amplifiers, gating
circuits, synch separa-
tors and amplifiers.

equipment subject to
high impact and shock.

Write for Complete Data Today &g

r------------------

MAIN OFFICE: SALEM, MASSACHUSETTS

PROCEEDINGS OF THE I.RE. January, 1952

HYTRON RADIO & ELECTRONICS CO.
Salem, Massachusetts

Please rush me full specifications for the new CBS-Hytron types
I have checked:

1284... " 1[71.)) 7 gp—— SY3W Gl . covesnn

12A4 S 12827

[ [-7, T Jp—— i ——, SIS
SITEBE, . owvmwnmeevowes RIS 45554

City and State
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The line of Du Mont cathode-ray tubes is
carefully engineered to provide the broadest
possible coverage of the entire range of stand-
ard applications. In some instances, however,
the requirements of highly specialized appli-

cations are beyond the capabilities of RTMA

Registered cathode-ray tube types. For such
cu 0 e'r uy cases, Du Mont SPECIAL CATHODE-RAY
b TUBES offer the answer. Typical examples

SPEC!

of these special tubes are shown below.

TYPE K1101P — 5-inch flat-faced tube designed for ultra-
high-speed oscillogrophy. Will provide spot writing speeds
as high as 1000 in./psec. Overall maximum accelerating
potential of 37,000 volts, with good deflection sensitivity.

TYPE K1080P — 7.inch magnetically focused and deflected
tube operating at accelerating potentials up to 30,000 volts,
providing high light output with excellent resolution. Face-
plate manufactured to conform to uniform standard of cur-
vature and thickness.

TYPE K1065P — 3-inch flat-faced tube with high deflection
sensitivity. Deflection-electrode connections through neck
enable high-frequency applications.

If you have a problem beyond the range of

RTMA Registered cathode-ray tube types, TYPE K1052P — 7inch tube containing 5 wholly independent
the facilities of Du Mont, the skill of the electrongun and deflection-electrode structures in a single
most experienced designers of cathode.ray Zn\frelo?e. Auxilliary ring-socket for easy connection to all
tubes in the industry, are at your disposal for eflection electrodes.

consultation.

TUBE DEVELOPMENT LABORATORY, ALLEN B. DU MONT LABORATORIES INC., 100 MAIN AVENUE, CLIFTON, N. J.
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The design of the Collins 51V-1 receiver,
now on the assembly line, is based on “Glide
Slope Receiver Characteristics” issued by Aero-
nautical Radio, Inc.

This receiver, together with the Collins 51R
navigation equipment, will fulfill ILS receiving

requirements for commercial and private as well
as military aircraft.

The 51V is designed for reception of 90/150
cps tone modulated glide slope signals on all
ten present and ten planned channels in the
UHF range of 329-335 megacycles. It utilizes
crystals identical with those employed in R-89B
receivers and is electrically and mechanically

FOR PROGRESS IN INSTRUMENT LANDING SYSTEMS, 178 . .«

o —

Collins S1V Glide Slope Receiver

interchangeable with modified ten channel
R-89B’s, greatly simplifying installation in pres-
ent aircraft.

The 51V receiver control circuits are integrat-
ed with the standardized R/theta channeling
system, with channel selection provided by a
Collins type 314U remote control unit.

Choice may be had of a dynamotor for 12 or
24 volt d-c operation or an a-c power unit for
operation from 115 volt 400 cycle supply.

If you are not thoroughly acquainted with
this new glide slope receiver from previous con-
tact or correspondence, write us for the 51V il-
lustrated descriptive bulletin.

( COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 W, 42nd St.,, NEW YORK 18 1937 Irving Blvd., DALLAS 2 2700 W. Olive Ave., BURBANK

PROCEEDINGS OF THE I.R.I?
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ANTARA

G A & F Carbonyl Iron Powders are unique
... This new book is unique . . . Here is the
most comprehensive treatment ever given
to the characteristics and applications of
Carbonyl Iron Powders.(The 3-page bibli-
ography alone is a valuable addition to

your reference library.)

This book was written for the manufacturer
or engineer who wants a maximum of facts
with a minimum of verbiage. 80% of the

ANTARA.

"
)
L{
X ”n",,,"

story is told with photomicrographs, dia-

grams, performance charts and tables.
Established applications are fully covered;
new applications are suggested. Ask your
core maker, your coil winder, your indus-
trial designer, how G A & F Carbonyl Iron
Powders can improve the performance and
reduce the cost of the equipment you man-
ufacture. Write us — without obligation —
for your copy of this new book. Kindly
address your inquiry to Dept. 14.

CHEMICALS

DIVISION OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET - NEW YORK 14,

Iron Powders. ..

PROCEEDINGS OF THE I.RE
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TYPICAL 1CAS* OPERATING -CONDITIONS
Class C Telegraphy and FM Telephony

Heater Voltage
Heater Current

DC Plate Voltage
DC Grid-No. 2 Voltage
DC Grid-No. 1 Voltage
DC Plate Current
Power Output (Approx.) 69 69

*Intermiftent Commertial ond Amoteur Servite.

AKCA 72097 ..the RCA-6146

—

New beam power tube for VHF transmitters

Specifically designed for VHF transmitter
applications, the new RCA-6146 features low
cost, small size, unusual ruggedness, and high
power sensitivity. It can deliver an output of
35 waus at 175 Mc under ICAS conditions
with a plate voltage of 400V, and a plate
curremt of 150 ma. Adequate driving power
can be obtained from a 5763, 2E26, or an.
other 6146, depending upon the circuit de-
sign requirements,

The RCA-6146 employs a rugged button-
stem construction with short internal leads.
and an octal base with short metal sleeve
which shields the input to the tube so com-
pletely that no other external shielding is re-

@

324

quired. Input and output circuits are well
separated by bringing the plate lead out at
the top of the bulb. Base pin connections
permit three connections to the cathode, to
provide good rf grounding.

For complete technical data on the RCA-
6146 and RCA-6159, write RCA, Commer-

cial Engineering, Section 47AR, Harrison,
N. J., or your nearest RCA field office.

FIELD OFFICES: (Fast) Humbolds 5-3900. 415 §.
5th St. Harrison, N. ) Midwest) Whitehall
4-2900. 589 E. Illinois S¢.. Chicago. 1ll. (West)
Madison 9-3671, 420 § San Pedro St.. Los
Angeles, Calif, ’

RADIO CORPORATION of AMERICA

ELECTRON TUBES HARRISON, N. J.
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6.3 volts
1.25 amps
ALITS M
400 volts
200 volts
—54 volts
150 ma

35 watts

Below 60 Mc.
600 750
180 160
-85 —85
150 120

The RCA 6159, identical AP
with the 6146 except for [
its heater rating of 26.5 !
volts, 0.3 amperes, is de- '
signed for VHF service in

aircraft application. I

The Fountainhead of Modern —J
Tube Development is RCA

January, 1952
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Donald B. Sinclair

PRESIDENT, 1952

Donald B. Sinclair, who resides at Crescent
Road, Concord, Mass., was horn in Winnipeg,
nada, on May 23, 1910. He was edu-
cated at the University of Manitoba, in 1926
1929, and then transferred to the Massachusetts
Institute of Technology, where he received the
degree of S.3. in 1931, the S.)\. in 1932, and the
Sc.D). in 1935

Dr. Sinclair has heen associated with the Bell
Telephone Laboratories and the New York Tele-
phone Company in New York, and with the West-
ern Electric Company at Hawthorne. In 1927 he
was associated with the Western Canada Airwavs
as a radio operator.

He joined the General Radio engineering staff
in 1936, becoming the assistant chief engineer in
1944. In 1950 he was appointed to the position of
chief engineer in that company., His work has

been mainly on the general development and de
sign of high-frequency measuring instruments for
which he received the IRE Fellow Award in 1943,
During World War II, Dr. Sinclair worked in
the Countermeasures Division agd Guided Missiles
Division of NDRC, receiving the DPresident's
Certificate of Merit for outstanding services.
Dr. Sinclair has been a member of the Board of
the Institute of Radio Engineers since 1945, and
has been active on a number of its committees
such as: Antennas, Awards, Ixecutive, Papers,
Planning, Radio Transmitters, and Television, In
1945-1946, he was the Institute Representative
on the Radio Technical Planning Board, and in
1949-1950 he was the IR Treasurer. Dr. Sinclair
is a I'ellow of the American Institute of Iilectrical
Engineers, a member of the American Association
for the Advancement of Science, and Sigma Xi.
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Guided Missiles—A New Field for the
Radio Engineer

SiMoN RamMo

During recent decades, it has become evident that communications and electronic engincers contribute substantially to
the public welfare in peacetime, and also that they are an indispensable factor in the national defense and a strong bulwark

for their country in wartime,

In the following guest editorial by a Fellow of the Institute, who is the Director of Operations of the H.ug.hes Aircraft
Company, there is presented an analytical study of the technical problems facing the designer of guided mlsgxles, an_d the
extent to which the solutions draw upon civilian communications techniques and on the field of advanced mechanical engineer-

ing.— The Editor.

Anticipating a continuation, if not a worsening, of the
present world situation, it may be expected that the
Lulk of the electronics industry will soon be devoted to
military needs. An even larger fraction of the electronics
profession, and therefore of the membership of the IRE
will be needed for the development, design, and produc-
tion of new and complex devices and systems for mili-
tarv use. Among the new fields for the radio engineer,
one which is second to none in its demands upon the
technical staff and in its probable ultimate effect on the
broad development of electronics, is the guided-missile
ficld. In view of its coming importance to the IRE mem-
Lership, a short description of the nature of this new en-
ginecring ficld appears in order at this time.

To the pure scientist, a guided missile may be said to
represent nothing new, since most of what has been done
and probably will be done during the next decade re-
quires no basic discoveries. However, to the engineer
and applied physicist, radical advances are possible by
utilizing essentially the existing body of fundamental
knowledge. In this sense, guided-missile engineering rep-
resents the reduction to practice of highly novel ideas in
which intimate knowledge of a number of different engi-
neering fields is combined to develop one consistent sys-
tem. Other more specific factors which characterize
guided-missile enginecring are found in the following:

a) Reliability and ruggedness; ability to withstand
shock, vibration, wide temperature fluctuations, and
humidity—the requirement here is often higher by sev-
cral orders of magnitude in guided-missile engineering
than in the general electronic engineering field.

(b) In basic theory of operation and design, the over-
all system considerations are complex. Ordinary infor-
mation theory, for example, as applied to a relatively
simple voice-communication system may already be re-
garded properly as a difficult, theoretical, frontier field;
but in guided-missile engineering, added to the ordinary
information-theory aspects, are the matters of stability
and precision, often on a nonstationary or changing-
noise base. In addition to a communication link, com-
plex as that might be, there are computing and servo
systems, and couplings to aerodynamics, target condi-
tions, and to intricate observation devices.

(c) The precision aspect of guided-missile engineering
is worth a special comment. Small effects usually ig-
nored in most electronic devices are often all important
in the clectronics package of a guided missile. Also im-

portant is the fact that guided-missile systems usually
require a highly co-ordinated design consisting equally
of precision electronic circuits and precision mechan ical
components. This kind of mechanical engineering, the
precision instrument kind, is actually more often the
bottleneck in the engineering of a missile than the elec-
tronics. Because the electronics physicists and engineers
are more accustomed to dealing with feedback, system
considerations, noise, and the physics of the problem in
general, a conjunction of the talents of the electronics
expert and the unusual mechanical engineer must be ef-
fected. In this joining, considerable weight falls on the
electronics partner who must be a broad engineer in
fields other than his specialty. If nothing else, the guided
missile may once and for all bring a firm understanding
of the mechanical engineering aspects of electronic
equipment to the electronics engineer (who has so often
in the past lacked a true appreciation of the importance
of that associated field).

(d) In general, in the guided-missile field, it is found
that all of the enginecering techniques, whether they are
in electronics, mechanics, aerodynamics, or metallurgy,
are being forced simultaneously well beyond the current
state of the art. In the design of a new line of devices it
is not often that for each and every component thereof,
the designer is called upon to make an important ad-
vance. That kind of development can be handled only
by unusually broad and able physicists and engineers.

(e) As always, when a new and complex set of elec-
tronic applications is investigated, new electron tubes
need to be invented and are invented. Generally, elec-
tronics will benefit as new and important applications
for these new tubes then follow in nonmissile fields.

It is often said that during a period of military pre-
paredness great advances are made in applied science.
This statement is sometimes only a hope and a rationali-
zation in an attempt to find something good about wars,
In the case of guided-missile development, this is more
than a rationalization, at least from the standpoint of
electronics science. In the field of synthetic electronic
intelligence lies an enormous potential aid to mankind.
It has been predicted that some day more such elec-
tronic devices will be manufactured to aid business, in-
dustry, and transportation than television sets for enter-
tainment. If so, the guided missile, developed through
military necessity, will be credited with playing a lead-
ing role in bringing about this result.

Y
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Robert H. Marriott
1879-1951

Robert H. Marriott, a founder and the first President of The
Institute of Radio Engineers, died on October 31, at his home in
Brooklyn, New York.

Known to his associates for his vigor, vision, and co-operative-
ness, tenacity of purpose, and broad knowledge, he was widely
regarded as one of the leading contributors to the advancement of
radio communication and to the growth and success of The Insti-
tute of Radio Engineers.

Mr. Marriott’s pioneering efforts to form a radio engineering
society materialized in 1909 with the founding of the Wireless
Institute. He served as its President until 1912 when, through the
efforts of Alfred N. Goldsmith, John V. L. Hogan, and himself,
the Wireless Institute merged with the Society of Wireless
Telegraph Engineers to form The Institute of Radio Engineers.
He became the first IRE President in 1912, and served as Vice-
President in 1913 and on the Board of Directors in 1914-1916,
1920-1922, and 1926-1932. [Mr. Marriott was instrumental in
forming the Seattle Section of the IRE, and became the first
Chairman of that Section in 1915-1919,

Born on February 19, 1879 at Richwood, Ohio, Mr. Marriott
started his radio experimental work in 1897, at the Ohio State
University, where he graduated with the Bachelor of Science de-
gree in 1901. He was the first man to put into use in America the
telephone and detector method of radio reception, a system that
was a forerunner of the vacuum tube. He completed the first
Pacific Coast commercial broadcasting station operative be-
tween Avalon, Catalina Island, and the California mainland. Mr.

Marriott did experimental work for a number of early radio con-
cerns, was a radio aide of the U. S. Navy in 1915-1925, and was a
consulting engineer of the Federal Radio Commission in 1928-
1929. He continued in private practice as a consultant unti] his
retirement in 1943. Mr. Marriott was responsible for a number of
patents and was the author of many papers and articles on radio
which included a series of articles in the New York Herald Tribune
in 1927 and 1928. )

Mr. Marriott became a Fellow of the IRE in 1915 and a Life
Member in 1949. He was a Fellow of the American Institute of
Electrical Engineers, and an Honorary Member of the Radio
Club of America, and of the Veterans \Vireless Operators Asso-
ciation.

Mr. Marriott’s last illness prevented the formal presentation
to him of an engrossed testimonial volume, signed by all of the
members of the IRE Board of Directors, attesting to its full
recognition and deep appreciation of the great worth of his work
in the foundation, administration, and upbuilding of The Institute
of Radio Engineers.

The Board at its meeting on November 7, 1951, adopted a
resolution on the death of Robert H Marriott which contained
the following excerpt from that testimonial volume;

His foresight in discerning the need for a society of radio engi-
neers was a powerful stimulus to the foundation of the Institute,

His unselfish, skilled, and unlimited devotion to the conduct of
the activities of the Institute in its earlier years contributed sub-
stantially to the creation of the firm foundation upon which the
Institute has grown.

January
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After the Freeze®
. W. R. G. BAKERY, FELLOW, IRE

| By authorization of the Roard of Directors. there Is included in these PROCKEDINGS from time to time a limited
| number of papers dealing with the industrial and merchandising aspects of the communications and electronics Beld.
| 1t is thought that these mrn will be instructive enlightening, and helpful to the membership.

Included in this series is

In the television-manufacturing and television-broadcasting fields 1t
| president of the Institute its present treasurer and chairman of its

the following analytic (and pleasantly informal) study of present-day commercial trends
was made available by its author. who is a past
Professional Groups Committee, as well as vice-

l president nf the General Electnic Company.—The Ediior.

HEN the subject  “After the

Freeze,” was sclected 1 had in mind

the freeze on construction of new
teleyision stations which will have been in
effect three vears at the ddose of this past
Scptember. Actually, the electronics indus-
try has bean confronted with two freezes.
From last May up to the present it has
experienced what might be called a freeze on
consumer buving  The relition between the
consumer freeze and the FCC freeze is not
only important, but in fact may indicate
what Cin be capected after the FCC freeze
has thawned out.

lhe television industry has  blamed
many of its ills upon the coustruction freeze
to the extent that many persons look upon
the htting ot this freeze as the palliative, if
not the cure all, of all the ills of the in-
dustry.

First, let us take a short look at what
did happen during the three years of the
freeze. \s more and more of the 107 tele-
vision transnussions now operating in the
U nited States went on the air, some 92 set
manutacturers began manufacturing tele-
vision receivers as tast as they could, and
¢t dealers in the broadeast areas were heset
by more customersthan theycould accommo-
date.

But then, from May of 1951, this sup-
posedly never-ending stream of set custom-
ers began to dry up, and this last summer,
almost disappeared entirely. This was the
consumer frecze.

At this point we have a rather strange
situation. The television-set owner has no
privacy. Opinion researchers and survey
experts have dissected him, examined him,
analvzed, him, reported on him. They
know how many hours he watches television
cach week, what he eats for breakfast, how
he parts his hair, and, if he has hair. They
know how many packages of cigarettes he
smokes each week, how old his children
are, whether he uses cream in his coffee, and
a thousand other things about him. Knowing
all of these things about the TV owner, it
would be more normal to expect that some-
one would be able to answer the question as
to why the prospective TV owner stopped
buying TV sets, and perhaps more im-
portant, how to get him started buying TV
sets again?

* Decimal classification: RS583. Original manu-
script received by the Institute, September 12, 1951.
This paper was taken from a speech given by Dr.
W. R. G. Baker before the National Electronic Dis-
tributors Association at Cleveland, Ohio on Septem-
ber 10, 1951,

t General Electric Co.. Syracuse, N. Y.

1t would be interesting to examine some
of the figures about the owners of television
sets. Here is what one study says about the
average sct owner: he makes $644 a year
more than the man who doesn’t own a tele-
vision receiver. He bought nearly 75 per
cent of the new cars sold in the past six
months. He buys more beer and orange
juice, uses more hair tonic and shampoos,
has more children, and spends two and
a quarter hours a day watching television
progrims.

But, no one scemed to know why more
television scts weren't being purchased in
the areas where television reception existed.

Let us take a look at the major effect of
the construction freeze and then at the con-
sumer freeze.

First we must recognize one fundamental
marketing principle. When a murket has
changed from a sellers to a buyers marhet,
there are generally ouly three correctives:
I'he market can be broadencd to bring in
new consumers who will buy at the then
existing price levels; the market can be
decpened, which means that at new and
lower price levels customers can be brought
in who either could not afford or who just
would not buy at the prior price levels, or
the selling campaign may be stepped up.
The last alternative is very difficult if the
market is under the influence of political,
economic, or technological factors peculiar to
a particular set of conditions.

Certainly the construction freeze very
cffectively prevented the broadening of the
market for television receivers. This meant
that at the existing price levels a certain per-
centage of the public would buy. The rate at
which thev would buy could be and was in-
fluenced by certain factors which were prob-
ably nonrecurring. When this phenomenon
began to taper off, the industry began to talk
about saturation and other fairly plausible
reasons for the beginning of the consumer
frecze.

Let us try to examine the factors bearing
on the consumer freeze.

The initial surge of television-receiver
sales need not be explored since the reasons
are well known.

If the curves showing the sale of con-
sumer hard goods for the period 1950-1951,
to date are examined it will be noted that
starting with January, 1950 the volume
trend was distinctly upward. A small peak
occurred in March, 1950 when a decrease
took place which was indicative of the
normal cyclical trend of this business. In
July, 1950 there occurred a major peak in
sales volume. From this first major peak

the volume tapered off until, in February,
1951, a second major peak developed. Since
this February 1951 peak, volume has ta-
pered oft until, in July, 1951, the volume had
receded to the January, 1950 level.

1t is interesting to note that the sales
trends for soft goods show the same varia-
tion characteristics as hard goods, except
that the peaks were smaller than for hard
goods. Incidentally, the soft goods sales
curve started an upward trend in July, 1951,

\\ hat these ctirves say is that the recent
subnormal buying of consumer hard goods
is a compensating action for the panic spend-
ing of the summer of 1950 and of last winter.

In the case of soft goods the upturn in
July of this year presumably indicates that
the compenaating action has run its course.

W hat about consumer hard goods and,
in particular, television receivers? Has the
consumer overbuving been compensated?

\\ e should examine this question in more
detail. For example, what were the causes
for the overbuying, what was the play of the
corrective or compensating actions, and
what are the possibilities for a distinct up-
trend 1n that section of the hard goods repre-
scnted by television receivers?

\\ith respect to television receivers, the
sales trend during the summer of 1950 and
last winter was to a considerable extent in-
fluenced by

1. The acceptance by the public of tele-
vision as a major form of entertain-
ment, information, and education.

2. The Korean war.

3. Purchasing in anticipation of taxes.

4. The threat of production restrictions
due to the shortage of material.

Perhaps no one of these factors were
controlling in all phases of the uptrend, but
taken collectively the result was the estab-
lishment of two major and one minor buy-
ing swings.

What stopped buying? Certainly no one
specific thing. In all probability a combina-
tion of the following factors:

1. Theinability of the market to broaden
due to the construction freeze re-
sulted in the saturation of the buying
levels which were open to buy at the
then existing price levels.

2. The failure of any “shot in the arm”
to compensate for the normal cyclical
sales trend in television receivers.
By this I mean the normal decline in
sales due to warm weather, daylight
saving, and the relatively unattrac-
tive summer programs.




3. The impact of credit restrictions, the
increase in taxes of all types, and the
upward trend in cost of living was be-
ginning to be felt by the consumer.

4. To some extent the color controversy
and the talk about ulf.

5. Perhaps the consumer began to be-
lieve that rollbacks would become a
reality.

6. The definite and continued trend in
the increase in savings which started
early in 1951,

This brings us to the very important
question of whether the' over-buying has
been compensated, and if so what were the
correctives, that is, why do we think the
compensating action has been completed?

In our opinion the compensating actions
are

1. The market has been decpened
through reduction in list prices; hence
new consumer buying levels have
been opened up.

2. The recent authorized increase in
power of present television trans-
mitters.

3. Reduction in credit restrictions and
the fact that savings are available for
the purchase of goods.

4. Unless there is another major contro-
versy on color and uhf, it is believed
that the consumer has discounted
these technological questions.

5. The return of high-grade programs.

6. The resolution, at least in part, re-
garding sports programs.

7. The opening of the transcontinental
relay, making possible (a) the addi-
tion of perhaps 6,000,000 families to
network service and (b) the great
potentiality for new and outstanding
programs and events (such as the
signing of the treaty with Japan).

Perhaps some of us have forgotten the
traditional sales cvcle of the radio-receiver
business. Television reccivers should have
the same cyclical characteristics. During the
past two years these cyclical trends have
been masked by factors which are probably
not of a recurring nature,

So far, the real threat of material short-
ages has not been mentioned. From the view-
point of the consumer these shortages never
materialized. But with steel cut to 58 per
cent, copper to 54 per cent, aluminum to 46
per cent, and with nickel a major unknown
factor, the ingenuity of our industry will be
really put to work to compensate for these
cutbacks.

From the viewpoint of the consumer, I
think they will have to be shown real phys-
ical shortages of merchandise before they can
be again stampeded into a buying splurge.

Is the consumer freeze over? My answer
is that it is well on the way to thawing out
provided the industry recognizes that selling
and not order-taking is the real order of the
day.

Now, let us examine the freeze on the
construction of television stations. \Vhen
this freeze thaws out, will there be another
gold rush?

It is about time we look at some of the
facts, and then perhaps decide on what the
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end of the freeze can and cannot do for the
electronics industry.

These facts can be divided into four
major classifications: (1) economic, (2)
political, (3) production, and (4) scientific.
Let us take them up one by one.

First, what are the economic facts con-
cerning early 1952 when, according to the
chairman of the Federal Communications
Commission, the freeze will be lifted? \We
shall still be in the middle of an expanding
economy, with our national gross product
reaching a new high of some 310 or more bil-
lion dollars a year, due in part to the heavy
federal military expenditures, to the govern-
ment's deficit spending and to a dropping,
but still fairly adequate, supply of con-
summer products, and a high level of dis-
posable income.

Secondly, the political fact that concerns
us most is that we are, and barring an all-out
war, that we will be living, in 1952, in a
garrison state, a controlled economy, with
definite limitations on the amount of civilian
production and with controls on profits,
wages, and prices.

And that leads us to the third classifica-
tion—production. If the present pattern of
mobilization is followed, there will not be
available for television manufacture enough
critical materials for industry to produce
more than five million sets in 1952, It may
even be four million or less if proposed re-
strictions on critical materials are adhered
to rigidly. It might even be fewer sets if
nickel is unavailable for receiving tubes. It
takes a long time for many of the military
contracts to build up to any volume, and
that is particularly true for complicated
military electronic equipment requiring a
large amount of engineering. The major
drain on the supply of critical basic materials
may fall most heavily in 1952 and in early
1953.

The last of the four classifications which
we must consider before we make any pre-
dictions as to the future of television after
the spring thaw is the scientific; in other
words, the state of the advancement of
television. Improved black-and-white re-
ceivers for uhf as well as vhf will be avail-
able. Picture tube sizes are still increasing.
No compatible color receiver of an all-elec-
tronic type will have been developed to the
point that it will be in quantity production
by the time the freeze is unfrozen.

These are the basic facts, the principal
factors affecting the growth of television
within the United States once the artificial
restrictions of the freeze are lifted. Some
are limiting factors, others will work for
more rapid expansion.

According to the allocation plan set
forth by the Federal Communications Com-
mission, there could be at some indefinite
time in the future, approximately 2,000
TV transmitters established in some 1,400
cities. At the present time there are approxi-
mately 440 applications pending, many of
these from cities which do not have televi-
sion stations at present, and many of which
are not within broadcast reception areas.

For example, some of these cities that
are presently without a transmitter are
Mobile, Alabama; Tucson, Arizona; Sacra-
mento, California; Denver, Colorado; Au-
gusta, Georgia; Peoria, Illinois; Ft. \Vayne,
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Indiana; Des Moines, lowa; Wichita,
Kansas; Shreveport, Louisiana; Portland,
Maine; Flint, Michigan; Akron, Ohio; Allen-
town, I’ennsylvania; Columbia, South Caro-
lina; to name a few.

When the thawing comes, how soon
will transmitters go on the air in these cities?
Some of the areas they will cover are now
receiving televisicn signals from adjoining
areas. I’resent coverage ranges from Allen-
town, Pennsylvania, which is already 47
per cent saturated with TV receivers, to
Denver, Colorado, where there are none,

In other words, how soon will these areas
become gold mines, and to what extent?
There is one rule of thumb that can be
used, but that would only indicate prob-
abilities. If a city is a good market area; if
it is on the coaxial cable, or relay network,
or within one microwave link of the cable;
if it has only one applicant for permission to
construct and operate the station, then, ac-
cording to our market research experts, it
has a pretty good chance of getting on the
air in the next two years. If any one of these
items is missing, it may be five years.

If five years is a little too long in your
way of thinking, leUs take a look at what we
probably will have two yvears after the end
of the freece.

There are now 107 vhf stations operat-
ing. .\t the end of two years we can expect
to see 141 more vhf stations on the air for
a total of 248 vhf transmitters. There are
now no uhf stations operating, with the ex-
ception of some experimental transmitters
like our own at Electronics Park. At the end
of two years after the freeze is lifted, we
can expect a minimum of 36 uhf stations to
be on the air.

At the end of five years [ think we can
look forward to a minimum of 343 vhf sta-
tions and 166 uhf stations or more than 500
stations in the United States. This doesn't
agree with many predictions ranging as high
as 1,500 transmitters in five years, and
admittedly the estimates are conservative,
If materials, including construction materi-
als, should be in free supply, then these esti-
mates could be quite low.

It has been said that any area large
enough to support a daily newspaper can
support a television station. The proposed
allocation plan woald place several trans-
mitters in arcas that have only one news-
paper,

In cities not within any reception area
today, and where establishing a station pro-
vides a new service to the community, the
building up of the audience in the area will,
of course, follow the pattern established in
other citics. The audience build-up may be
sharper and quicker because people nation-
wide are pretty much “preconditioned” to
the advantages of television.

These forecasts may be considered to
be pessimistic by some. On the contrary,
they are realistic, not based alone on what
industry members think can be produced,
as many surveys are. ’erhaps the other
side of the picture may be a little happier.
We also believe there will be 44.5 million
wired homes in 1955, or 14 per cent more
than in 1950. We believe that by the end of
1955, nearly 80 per cent of these homes, or
approximately 35 and one half million
families, will be within range of a television
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station. And, there is a possibility that nine
out of ten of these 35.5 million families will
own at least one television receiver.

In addition, obsolescence will be operat-
_ ing, occasioned by technological and other
factors. For example, there are now in use
about 5,000,000 sets of the 10-and 12-inch-
variety. They are ripe for replacement.

What does all this mean to the dis-
tributors? The best figures available indi-
cate electronic parts and components dis-
tributors did a gross business, not including
net sales, of approximately 320 million dol-
lars in 1950. In 1951, this will jump to 473
million dollars. But by 1955, distributors’
gross business on an annual basis is expected
to be in the neighborhood of one billion
dollars, or more than triple the 1950 figure.

This discussion should not bLe closed
without some mention of industrial elec-
tronics. [t is hard to look at the electronics
picture without being blinded by the re-
flected glare of television. Manufacturers see
the untapped market for receivers. Dis-
tributors consider the untapped market for
components and parts. Advertisers think of
the tremendous impact upon the public.
Educators see television as the instrument
for raising the intellectual level of the en-
tire country. Propagandists see TV as the
most effective instrument ever devised for
influencing the lives and opinions of the
masses.

Television may be many things to many
people, in addition to being the most daz-
zling development of present-day electronic
science. But when some historian of science,
a few centuries from now, weighs the various
developments in the light of their contribu-
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tions to the advancement of human society,
television may have had the greatest im-
pact, yet industrial electronics may far
outshadow TV inits effect upon the standard
of living and way of life.

I would like to quote two brief state-
ments. The first is from an article by Harold
G. Moulton, president of the Brookings
Institute. He said, “without continuing
and progressive increases in productive effi-
ciency we cannot hope to realize our basic
national objectives—miilitary security, rela-
tively stable prices, greater social security,
and higher standards of living.”

The second quotation is from an article
on Economic Affairs written by Lawrence
Fertig for the New York World-Telegram
and Sun. “First of all,” he says, “it is im-
portant to note what is the cause of mount-
ing production for each man-hour of work.
Basically, of course, it is more high-speed
tools of production—the man with the bull-
dozer produces more than the man with the
shovel. During the past fifty years invest-
ment in tools per worker increased about
$2,000 to approximately $12,000 and, as a
result, real wages have increased more than
threefold. But more machines and increased
horsepower are only part of the story. Im-
portant also are new technical developments,
greater skill in management and more effi-
cient plant operation. Then, too, there is
the great increase in working capital which
permitscorporationsto carry the large inven-
tories necessary for efficient production and
the free flow of materials in finished goods.”

What have these quotations to do with
television? Little perhaps with television,
but a great deal with electronics. 1f we are
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to advance not only our standard of living
but the general level of our civilization we
must maintain continuing and progressive
increases in productive efficiency.

This is not a one-man job, nor is suc-
cess dependent upon any one factor. Cer-
tainly many things can be done to increase
our national productivity, and neither more
efficient management nor better labor-
management relations are at the bottom of
the list. But the most important is the
continual strengthening of the arm of the
worker by creating machines that place
more and more horsepower at his com-
mand and that perform the repetitive tasks
of manufacturing, assembling, and inspec-
tion. This electronics can do through the
magic of its ability to perform amazingly
co-crdinated feats of control, analysis, and
memory.

There is no freeze on human ability,
even though there does seem, at some times
and in certain circles, a freeze on our willing-
ness to apply that ability intelligently.
Frozen human resources can be thawed by
applying the warmth of understanding, and
of intelligence, to the problems we face in
our daily lives.

Unless we can match the advances we
are making in electronics with an equal
advance in the human sciences we are not
making real progress. Contributions to bet-
ter living, health, and comfort can be stolen
away through human greed, moral laxity,
and intolerance. Against these thieves of the
fruits of human endeavor we must wage an
unceasing battle, whether it be at home, in
business, in government, or in international
affairs.
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output tubes that provides a direct output to a grounded load is de-
scribed. This circuit avoids any necessity for close magnetic coupling
between halves of a split primary of an output transformer; it does
not use any interstage coupling transformer; and its simplifies the
application of feedback from the output stage to preceding single-
ended stages. Methods for using this circuit with triode and beam-
power output tubes are given, and the ultimate possibility of elim-
inating the output transformer for driving a loudspeaker is discussed.
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communications engineer, surely one of the most

eagerly sought since the discovery of electronic
amplification has been faithful reproduction, after the
amplification process, of the input signal. Electronic de-
vices are notoriously nonlinear, and nonlinearity has
been the constant enemy of faithful reproduction. The
two most potent weapons so far developed to combat
nonlinearity in power amplifiers have been push-pull
operation and negative feedback.! Push-pull operation,

3 MONG THE VARIOUS GOALS set out for the

1 H. S. Black, “Stabilized fecdback amplifiers,” Bell Sys. Tech.
Jour., vol. 13, pp. 1-18; January, 1934,
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by making the input-output relation symmetrical about
the operating point, eliminates harmonics and combina-
tion frequencies produced by even-order distortion.
Feedback improves faithfulness of reproduction by
feeding a portion of the output wave back to the in-
put in such a manner as to reduce the effects of nonlin-
earity.

A combination of the two systems has been found,
generally, to produce an amplifier of the highest per-
formance. Various difficulties, however, have plagued
designers, and over the years continuous development
has been carried on to overcome them. One of the most
serious problems has been the tendency of even the best
amplifiers to develop increasing distortion at the highest
frequencies. This increase in distortion has been caused,
in many cases, by phase shift which reduces the ef-
fectiveness of the negative feedback. General improve-
ments in frequency characteristic and in phase-shift
compensation have been found effective in reducing
trouble from this source to manageable proportions.

Another serious source of trouble in high-efficiency
amplifiers has been emphasized recently. This trouble
arises from imperfections of the output transformer nec-
essary to couple the high-impedance balanced output of
a pusb-pull amplifier to a low-impedance single-ended
load. The most important imperfection has been found
to be insufficient coupling between the two halves of
the primary in the plate circuit of the push-pull tubes.
At the higher audio frequencies, leakage reactance aris-
ing from lack of complete coupling between these wind-
ings introduces distortion that may be thought of as
switching transients, particularly in class-B operation.?
In order to eliminate these transients, considerable ef-
fort has gone into methods of improving the coupling
coefficient between the primary halves.

An ingenious solution has been worked out by Mc-
Intosh and Gow.? They use a bifilarly wound primary
and a circuit that overcomes the problem of capacitance
between windings by combined excitation of the pri-
mary halves from cathode and plate feed. Through the
use of this specialized transformer, one can obtain ex-
tremely high coupling coefficients and concomitant low
distortion at high frequencies.

Another solution, outlined in this paper, consists of
entirely eliminating primary-to-primary leakage react-
ance by using the same primary for both tubes, there-
by obtaining the equivalent of unity coupling. Other
advantages accrue from the circuit to be described, not
the least of which is the fact that no special components
are required, the output transformer becoming basically
a device for impedance matching and requiring no spe-
cial characteristics other than adequate frequency char-
acteristic and power handling capacity.

1 A. Pen-Tung Sah, “Quasi transients in class-B audio-fr.
ush-pull amplifiers,” Proc. I.R.E., vol. 24, pp. 1522-1541;
er, 1936.

*F. H. McIntosh and G. J. Gow, “Description and analysis of

a new 50-watt amplifier circuit,” Audio Eng., vol. 33, pp. 9-11; De-
cember, 1949.
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THE OUTPUT SYSTEM

The basic plan of the output system is shown in Fig. 1,
where two triode-amplifier stages are shown. The lower
one is a simple amplificr supplying a resistance load
in the plate circuit, and the upper one is similar except
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Fig. 1—Circuit to illustrate principle of operation of the push-pull
output system. The grids are driven out of phase, and the ac
load currents add while the dc load currents subtract.

that the load and the dc plate supply have been inter-
changed. It is important to notice that this amplifier is
not a cathode follower, since the ac grid voltage is ap-
plied between the grid and cathode. If the two tubes are
identical in characteristics and the supply voltages and
loads are the same, the dc plate currents in the two
loads will be identical. Then, if the connections shown
by the dotted lines are made, the two currents will can-
cel because they are in opposite directions. \When equal
ac signals are applied to the two circuits, the ac com-
ponents in the loads are equal. These two components
would also cancel, when the connections are made, if
the grid driving voltages were in phase. But, with op-
positely phased voltages on the grids, the ac plate cur-
rents add in the’load so that the tubes are in series for
the dc plate supply and in parallel for ac signals.* How-
ever, this first circuit has the serious disadvantage of
requiring a driving transformer with its associated ex-
pense and difficulties in maintaining proper balance at
high frequencies.
PHASE-INVERTER DRIVER

In order to avoid a driving transformer, it is necessary’
to devise a phase-inverter stage that will supply the
voltages in the correct phase and at the proper elec-
trodes. One such phase inverter is shown in Fig. 2.
This driver stage receives its plate-supply: voltage from
the midpoint of the two series-connected output stages.
It has equal resistors in the plate and the cathode. Then
a change in its plate current, produced by a signal on
the grid, will result in equal voltages being developed
across these resistors. The voltage in the cathode cir-
cuit is developed between the cathode and grid of the
lower tube, and an equal and oppositely phased voltage
is developed between the cathode and grid of the upper

* In connection with this circuit, we should like to note that when
this paper was in preparation, our attention was called to the work of

R. E. Rawlins, presented before the Los Angel tion of
December 19, 1944. geles section of the IRE on
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tube. It is important to notice that this upper grid is
not hiven with respect to ground. If it were, the upper
tube would act as a cathode follower, and the balance
of the two tubes would be destroyed.
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Fig. 2—\Method of driving output stage by 1 phase inverter. Each
of the output tubes 1s driven from grid to cathode.

This driver is shown dircet coupled to the ouput
stages. This direct coupling is frequently desirable, even
though it is not essential except for a de amplifier. The
de voltage drop across the resistor in the driver plate
develops a negative bias for the upper output tube. The
voltage drop in the lower resistor is in the wrong direc-
tion for supplying negative bias. In the circuit shown,
the proper bias is obtained by the voltage drop in the
cathode resistor of the lower output tube, which sup-
plies a voltage equal to twice the bias required for a
single tube.

DRIVING Vo1 E CoiL DIRECTLY

The amplifier circuit shown here uses no transformers
at the output or between stages for class-A or class-
AB operation of push-pull triodes. By using some of the
newer low-impedance tubes, the optimum output load
resistance can be made quite low because the tubes
drive the load in parallel. As an extreme example, the
use of the two halves of a single type 6AS7-G would
lead to an optimum load impedance of about 280 ohms.
While this value is still far from the usual 8- or 16-ohm
impedance of a loudspeaker voice coil, voice coils can
be built with appreciably higher impedances so that
thev can be driven directly without a matching trans-
former. To a first approximation, the voice-coil imped-
ance can be increased without affecting the loudspeaker
efficiency. As a practical matter, the limit of increase is
determined by the smallest aluminum or copper wire
that can be handled in a production set up and the
maximum allowable mass for the voice coil.

For example, one particular standard 12-inch dynamic
loudspeaker uses number 33 wire for its 3.2-ohm voice
coil. One of these has been rewound for 100 ohms with
number 40 wire, and its efficiency is within 1/2 db of the
standard one. Another of these has been rewound for
500 ohms with number 44 wire.®! While this latter wire
is too small in diameter to be readily handled in produc-
tion, the number 40 wire is entirely reasonable.

§ We are indebted to Dr. Harry F. Olson of the RCA Laboratories,
Princeton, New Jersey, for the information on this standard, 12-
inch loudspeaker and the higher impedance versions.
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The loudspeaker cited does not have an unusually
heavy voice coil, and therefore it seems reasonable that
the voice coils of moderate-size to large loudspeakers
can be wound to the level required in order to dispense
with a matching transformer. Furthermore, it is entirely
possible that a suitable ring-armature drive® for small
speakers can be developed. Then there should be no
difficulty in winding this type for an impedance of al-
most any desired level.

In order to determine to what extent one should go
to climinate coupling transformers, it is useful to re-
view some of their characteristics. Audio power trans-
formers are generally expensive, heavy, and bulky. They
usually limit the low-frequency capabilities of an ampli-
fier by increasing the distortion and reducing the output
at low frequencies. Furthermore, because the output
transformers are only moderately efficient, they absorb
an appreciable fraction of the available power. These
Jisadvantages are sufficiently important that consider-
able effort toward eliminating coupling transformers is
justified,

CIRCUIT J.IMITATIONS AND REQUIREMENTS

Two characteristics of the circuit of Fig. 2 limit its
range of operation. One is the inherent negative feed-
back, and the other is the effect of capacitance from the
plate of the driver stage to ground. Since the plate volt-
age of the driver tube is taken from the output, the out-
put voltage is fed back to this stage. This feedback is
negative, and it can be considered useful for reducing
distortion. However, when it is desired to avoid the
associated loss in gain, the feedback can be minimized
by using a pentode driver.

The impedance level at the plate of the driver stage
is, in cffect, multiplied by the gain of the output stage.
That is, the frequency characteristic of the drive for the
upper tube is determined by the RC combination of the
total capacitance from the plate to ground and the
plate resistor multiplied in value by one more than the
gain of the output stage. For the audio-frequency range,
the resulting drop in output can be kept very small. But,
if an attempt is made to use an amplifier of this type
over the video range, this effect will be serious.

The load is shown in Fig. 2 connected in a balanced
fashion to the output stages to make it easier to see the
principle of operation. Actually, it is usually more use-
ful to have one end of the load grounded to the negative
side of the plate supply and to feed the other end from
the midpoint through a series blocking capacitor.

When the output tubes are to be operated over the
wide ranges required for full output in class-AB, opera-
tion, these circuits must be designed, just as any other,
to meet the requirements of that operation. For exam-
ple, the circuit should be arranged to provide constant
bias for the output tubes even with large plate-current
swings. Another requirement is that adequate driving
voltage must be available from the phase inverter. In

¢ E. E. Mott and R. C. Miner, “The ring armature telephone re-
ceiver,” Bell Sys. Tech. Jour., vol. 30, pp. 110-140; January, 1951.
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the simple connection of Fig. 2, the plate voltage for the
driver is only one-half the total plate voltage, and the
resulting output from the phase inverter is usually in-
adequate for class-AB, operation. By using a resistance-
capacitance coupling for the driver and by taking
advantage of the bias supply as added plate voltage
for the driver, this output can be increased. A pentode
driver stage is also a suitable alternative in some cases.
When an output matching transformer is used, the
available plate swing from the driver can also be in-
creased by a connection of a form shown later in Fig. 3.
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Fig. 3—Method of supplying proper screen voltages for beam-power
tubes. The dc screen currents flow through the two windings in
the opposite sense so that there is no net dc flux from the screen
currents.

There additional current is supplied to the phase-in-
verter stage by the resistor connected from the one
transformer primary to the plate of the phase inverter.

One objection that might be raised to the basic series
circuit is that the required plate voltage for the output

QUTPUT
STAGE
PMASE-IN/ERTER |
DRIVER | Bt
*_ ==
FR
—w—t—— L
—ir=) || £
J
PP .
|
NPUT | . c+
o— 41 SI—

Fig. 4—Method of using the load matching transformer to put the
output tubes in parallel for the dc supply.
stage is twice normal. The development of the high-
voltage selenium rectifier, with voltage-doubler circuits,
has made this point less objectionable at the present
time. Another factor is the development of the low-
impedance or high-perveance tubes for television use.
Their use in this circuit permits the production of rela-
tively high powers with moderate total plate voltage.
If a transformer is to be used in the output as a match-
ing device, it is possible to sct up the single-ended out-
put circuit with normal plate voltage in several ways.
One method is shown in Fig. 4. Here the plate currents
of the two tubes flow through the two halves of the
primary winding, and the two halves are connected in
parallel for signal currents by the by-pass capacitors. It
is important to notice here that the driving voltages for
the two output tubes are again developed between cath-
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ode and grid in each case. The capacitor in the cathode-
to-plate connection must be large enough to avoid a
degenerative effect in the cathode circuit.

AMPLIFIERS USING BEAM-POWER TUBES

These amplifiers show triodes in the output stages.
But many designers of audio amplifiers are interested in
using beam-power tubes with their possibilities of high
gain and high efficiency. It is obvious that the proper
connections for the screen voltages can readily be made
in the circuit of Fig. 4, but the connections for the basic
series circuit are not so simple.

The main problem in using these beam tubes is in
the method of supplyving the proper voltage for the
screen of the upper tube. The dc voltage of the screen is
normally near that of the plate, and the screen should
be at cathode potential for the signal voltage. If the
screen of the upper tube is supplied through a dropping
resistor from the plate supply, then the by-pass to the
cathode puts the dropping resistor in parallel with the
load, and some signal power is lost. In some cases this
loss in power can be made small. In other applications,
the voltage for the upper screen can be fed through the
load so that no signal power is lost.

Since loudspeakers with high-impedance voice coils
are not available at present, an output transformer is
still needed for driving a speaker. How this transformer
can be used for supplying the screen voltages is shown
in Fig. 3. The primary is in two scctions. One section is
connected from the plate supply to the upper screen,
which is by-passed to its cathode at the midpoint where
the plate and cathode of the two output tubes are con-
nected together. The other section is connected from
the screen of the lower tube, which is by-passed to
ground, to the midpoint. The dc screen currents flow
through the windings in the opposite sense, so that
there is no net dc flux from the screen currents in the
windings.

By following the transformer connections, it can be
seen that the two sections of the primary are connected
in parallel, for signal voltages, by the by-pass capacitors.
Because of this parallel connection, the two halves of a
standard push-pull transformer can be used to obtain
the required impedance level for this single-ended cir-
cuit. Furthermore, because these windings are con-
nected in parallel by capacitors, the circuit does not
depend on close magnetic coupling between the two
sections of the primary. This point is important, since in
class-AB operation the usual push-pull connection does
have serious switching transients unless the coupling
between the two ha!ves of the primary is very good.
In order to verify this point experimentally, the circuit
shown was set up, using a type 6AK6 pentode to drive
a pair of type 6L6 beam-power tubes. The operation
was with fixed bias as shown, class AB,, and with no
feedback. An output of 50 watts was obtained with a
plate efficiency of 59 per cent. The output waveform was
independent of the magnetic coupling between the
halves of the primary. To illustrate this independence,
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Fig. 5 shows a photograph of some pertinent waveforms.
For tnis case, two separate chokes were used in place of
the transformer so that the magnetic coupling was es-
sentially zero. The operating frequency shown here is 20
ke, and the power level is 50 watts. The upper trace is
the output voltage and the lower trace is the cathode
current in the lower tube. It is clear that current is
flowing in each tube for only slightly longer than one-
half cvcle, and there is no sign of a switching transient.
Thus the general behavior of the circuit is verified.

This output of 50 watts was obtained within the plate
dissipation ratings of the Type 61.6 of 38 watts for two
tubes. But the screen ratings were exceeded to obtain
this output with class-\B; operation. However, this
output can be obtained within the 1CAS ratings of the
type 1614, the transmitting version of the type 6L6.
Using two type 1614’s with two cascaded stages of
type 6AK6's in this circuit and with negative feedback,
we have obtained at 1 kc less than 0.1 per cent har-
monic distortion for all output levels up to 50 watts. To
obtain this low level of distortion, careful adjustment of
operating conditions and feedback of 25 to 30 db are
necessary, and the method of obtaining stable operation
with this feedback will now be discussed.

Fig. 5—Upper trace is the wave form of the output voltage for the

circuit of Fig. 4, and the lower trace is the cathode current in the
lower tube. Both traces were obtained at a 50-watt power level
and at 20 kc.

UsE OF NEGATIVE FEEDBACK

One method for applying negative feedback to an
amplifier of this type is shown in Fig. 6. Since the out-
put is single ended, the feedback can be made directly
from the midpoint of the output stage to a preceding
single-ended stage. In the three-stage amplifier shown,
the feedback is applied to the cathode of the first stage.
Because of the direct coupling of the phase-inverter

driver, there is little danger of low-frequency motor-
boating with feedback. Furthermore, since the feedback
does not have to be taken from the secondary of the
output transformer, there is less danger than usual of
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Fig. 6—Circuit to illustrate one method of applying feedback. The
feedback is taken from the junction of the two output tubes to
the cathode of the first stage.

high-frequency oscillations. Or, expressed differently,

greater amounts of negative feedback can be used, when

applied as shown, with stable operation, than can be
used with feedback from the secondary of the usual
output transformer.

The usual feedback from the secondary tends to cor-
rect for the drop in response at the high-frequency end
by the feedback system. This feedback forces the out-
put system to operate at higher levels than normal at
high frequencies to produce the uniform output desired.
Unless the transformer is very good, with feedback from
the secondary, the result may be high distortion at high
frequencies. This distortion is usually exhibited as inter-
modulation of high-frequency signals, and serious dis-
tortion of this type is more easily avoided with feedback
from the primary as shown here.

The feedback shown in this circuit puts the secondary
of the transformer outside the feedback loop. Then cor-
rective networks can be used, if necessary, at the
secondary without introducing serious phase shift in
the feedback loop.

CONCLUSION

The circuits shown here should be useful in many ap-
plications. The series circuit using the phase-inverter
driver has the advantage of requiring no coupling trans-
formers for obtaining push-pull operation. The circuits
have other advantages, principally for amplifiers that
must have very low distortion. In addition, the develop-
ments described should serve to show possible new lines
of approach for improving audio reproduction. These
further developments might include high-impedance
loudspeakers, loudspeakers of different fundamental de-
sign, low-impedance twin output tubes with 117-volt
heaters, and the elimination or simplification of output
transformers.
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Summary—The Binac was the first high-speed electronic digital
computer of its type to be completed. It consists of a main computing
section, input-output equipment, and a mercury delay-line memory of
512-word capacity. Although designed for a specific purpose, the
Binac is well adapted to any type of general mathematical computa-
tion.

While the number of tubes is comparatively large, the Binac is a
combination of a few basic circuits. Extensive use is made of crystal
diodes in switching or gating circuits. These circuits fall into three
basic classifications: function tables or diode matrices, used for con-
verting coded groups of signals such as instructions into correspond-
ing but differently coded groups of signals to operate switching cir-
cuits; switching gates, which control the flow of information in ac-
cordance with signals received from function tables or similar
sources; and reshaping gates, which, as their name implies, reshape
signals that have become distorted in electric delay lines or other
circuits. The use of reshaping gates, together with suitable shaping
networks, makes possible the use of a ‘‘pulse envelope” or ‘‘non-
return-to-zero” system of representing information, thus effectively
doubling the bandwidth of circuits.

Crystal gates are used with electric delay lines to form a serial
binary adder. A one-word register is formed by combining an electric
delay line with appropriate reshaping gates, input and output gates,
and amplifiers, all connected to form a closed loop. Insertion of the
adder in the loop results in an accumulator. By temporarily inserting
or removing a one-pulse delay in the loop, information can be made
to precess, which is equivalent to multiplication by positive or nega-
tive powers of two.

Input data are supplied to the memory from a keyboard or mag-
netic tape through the use of a synchronizer which reconciles the
randomly timed input signals with the accurately timed internal
memory. The same synchronizer is also used for transferring data
from the memory to magnetic tape, or to paper by means of an electric
typewriter.

Extensive tests have demonstrated the usefulness of the Binac
in the solution of mathematical problems. Some striking results
have been obtained in connection with the solution of Poisson’s
equation for various boundary conditions. An example is given of the
coding for a square-root routine (see Table I).

1. INTRODUCTION

HE BINAC, first computer of its type to be

completed successfully in the United States and

successor, historically, to the electronic numerical
integrator and computer (ENIAC), is a high-speed,
automatic digital computer, operating in serial fashion
on numbers expressed in binary form. The digits occur
at a repetition rate of four million per second, consider-
ably faster than any computer yet built. Thus, it may
truly be called “high speed.” The computer is automatic
in the sense that, properly instructed, it will perform a
complicated series of computations by itself. This is in
contrast to a desk calculator, for instance, which assists

* Decimal classification: 621.375.2. Original manuscript received
by the Institute, December 15, 1950; revised manuscript received
July 16, 1951.

t Eckert-Mauchly Computer Corp., Division of Remington
Rand, Inc., 3747 Ridge Ave., Philadelphia 32, Pa.

t Formerly with the Eckert-Mauchly Computer Corp. Now with
the Electronic Computer Corp., 265 Butler St., Brooklyn 16, N. Y.

the human operator by performirg individual elemen-
tary operations, but must be separately manipulated for
each such operation.

The major instructions which the Binac can follow
are the four basic arithmetic operations, instructions
involving the moving of data from one storage register
to another, and the so-called “conditional and uncond:-
tional transfers of control” which contribute largely to
the automaton characteristic of the computer. Nor-
mally, the Binac follows instructions in their originally
given sequence. A transfer of control! ‘nstruction, how-
ever, may tell the computer to j10cced te another in-
struction that does not follow sequentially (i.e., either

TABLE 1
SQUARE-ROOT ROUTINE FOR Binac

000 25000 Skip
U024 Transfer to 024 to start compritation
001 to 023 inclusive u's (radicands)
024 A(J01)
HO0S57 u to storage register 057
025 23000 Shift right (divide by 2)
A 046 Z,=1/2 (u+1)
026 C 055 Z, to storage register 055; clear 4
25000 Skip
027 A ;57 ptod
D 055 n/Z;
030. S0SS pu/Zi—2Z;
23000 Shift right (divide by 2)
031 A 055 1/2 (u/2,42;)=2Z;+1
C 056 Z;+1 1o storage register 056
032 A 055 Zito A
S 056 Zi—2Z;+1
033 S 054 . Zi—Z;+1-2u
T 036 Test signof Z,—Z;+1—=2-1
034 A 056 Zi+1t0 A4
C 055 Z,+110 2Z;
035 25000 Skip
U027 Start next iteration
036 A056 Zi+1=+/n
C(755) Vi to output
037 A024 . Instruction in 024 to 4 for modification
A 052 Modify to pick up next u in series
040 C 024 s Modified instruction back to 024
041 A 053 } Modification of instruction in 036
H036
042 S 051 Subtract 051 from 036
T 024 Test
043 A047 C 024 Reset 024 to original value
044 4050 C 036 Reset 036 to original value
045 25000 o Skip ;
Transfer control to 754 to st
046 40000 00000 1/2 op process
047 A 001 H 057 Original setting of 024
050 A 056 C 755 Original setting of 036
051 A 056 A 000 Test word
052 00001 00000 2"
053 00000 00001 2730
054 00002 00000 2-u
055 Storage register for Z;
82(;) gtomge register for Z;+1
torage register for
754 25000 Skip B "
R 01000 Stop
755 to 777, inclusive Storage for computed roots
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an instruction that occurred previously in the sequence,
or one that lies somewhere ahead). An instruction which
insists that this be done, unconditionally, is known as
an *“unconditional transfer.” On the other hand, there
mav be a “conditional transfer” of control, whereupon
if an cquality condition is met, and onlv if it is met,
will the computer deviate from the original sequence of
instructions.

B3v virtue of the first transfer possibility, the Binac is
capable of circling around (i e, repeating a sequence of
instructions or calculations) By virtue of its ability to
transter control conditionally, it can decide when a par
ticular calculation is complete, and proceed toa new set
of instructions In this manner, by means of a “built-in™
logie and power of dedision, the Binac will perform a
computation automatically.

I'he memory is the Binac component which stores the
sequence of instructions as well as the numerical data
that constitute the raw material of o given calculation,
and also stores intermediate results and final data s
distinet from this, there is the computer proper, which,
utilizing the instructions called from the memory, op-
erates upon the numerical data. I'he device initially
used to insert both data and instructions into the
memory, as well as to inform the operator of the results
of a calculation by printing them in visible form, is
known as the “converter.”

The Binac actually consists of one converter, or
input-output unit, fio computing units, and fwo
memorics. The memories are flled with identical pro-
grams (instructions and data), and the two units are
run together and checked against each other. Any differ-
ence (which of course indicates an error) between in-
formation being handled by the duplicate units stops
operation immediately. The envistence within one com-
puter of identical parallel units greatly simplifies the
problem of finding the source of error, and also serves
as an almost perfect checking device on the operation of
the computer because of the extreme improbability of
identical faults being present simultancously in both
units. (This has been proy ed truc in practice. Many self-
checking problems were run through the Binac, and
identical faults never appeared.)

Although built to solve a specific problem, the Binac
contains all the necessary elements for solving a great
varicty of problems. This will be treated further in
Section IV of this paper.

11. SysTEM CONSIDERATIONS

A. Representation of Information .
1. Electrical Representation of Numerical Dala

As mentioned earlier in the paper, the Binac utilizes
the binary system of notation rather than the more
(amiliar decimal system. One advantage of the binary
system is its use of only two states: 0, 1; +, —;on, off;
and so on. This system is particularly well adapted to

the representation of information by the use of relays,
flip-flops, binary counters, and other circuits having
only two stable states. To this list may be added vacu-
um tubes, in general, which are either fully conducting
or completely cut off. This, of course, reduces the prob-
tem of amplitude discrimination to an absolute mini-
mum. A “one” is then represented in the computer by
the presence of a pulse at some instant, the setting of a
flip-lop or counter to the “one” position, or possibly
by the energizing of a relav.

2. Word Structure

A %word” is the basic unit for both instructions (or
orders) and numerical quantities. Words are repre-
sented in the Binac as groups of pulses that occur at a
basic repetition rate of four million per second. The
pulse width is, therefore, one quarter of a uscc. A word
consists of 42 pulse positions; the time required for its
transmission (10.5 psec) is known as a minor cycle.
Thirtv-one pulse positions contain information; the
others, referred to collectivelv as the “space between
words” (although they should be considered a part of
the word), previde time for switching between the sig-
nificant part of one word and that of the next.

For convenient reference, the pulse positions of a
word are numbered from p0 to p41, inclusive. Positions
0 to p6, inclusive, are alwavs unfilled.

The digits of a number, as shown in Fig. 1, are labeled
p7 to p36, inclusive. The p7 digit is least significant,
and represents the binary quantity 2-%, The p36 digit

w30* BOST SINIFICANT DI10T
L80e LEAST SANIFICANT OWIT

FIRST WSTRUCTION

\

SECOND INSTRUCTION

uso *
818N DIGIT

(-] a
- o
Fl L J

.0!‘ll‘Oltlll.'.!0!!!4!.!.“!1!‘)‘”00’0
»?

v — 037
30 BINARY DIGITS

e p2! & p36 NOT USED
IN INSTRUCTIONS

Fig. 1 —Word structure.

is most significant, and represents 27!, or }; similarly,
the p35 pulse represents {. and so on. The least sig-
nificant digit occurs first in time so that Fig. 1 indicates
a number as it would appear on an oscilloscope, which
is contrary to the usual positional notation used in
mathematics. The p37 pulse indicates the sign of the
number. Presence of a pulse in that position indicates
that the number is negative; conversely, its absence
indicates that the number is positive. The p41 pulse is
referred to as a “gain control pulse.” It has no numer-
ical significance, existing only to stabilize the gain of
the memory circuits (see Section 111 C4). Thus, nothing
of significance exists between p37 and p7, and this area
is the %space between words” referred to above.
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Negative numbers exist in the Binac as complements
with respect to twoj; in this connection, the p37 position
may be considered as corresponding to 2°. It follows,
then, that negative numbers will have a 1 in the p37
position. To represent —§, the sum (2—2) or 13 would
be formed. The 1 exists to the left of the binary point
and corresponds to a p37; § is simply 1 plus } (i.c., a p35
and a p34). Thus, —$§ could be written as 1.011,

The structure of instructions is shown in Fig. 1. Two
general classes of instructions exist. There are those
which involve transferring a word to or from the
memory, and those which do not. The instruction itself
may be specified by, at most, 5 binary digits. If the
instruction involves a memory transfer, a memory posi-
tion is associated with it. Since the memory holds 512 or
2% words (in positions 0 to 511), 9 pulse positions are re-
quired to specify that memory position. Thus, a single
instruction may consist of 14 pulse positions. On the
other hand, if the instruction does not involve the
memory, it will consist of, at most, 5 pulses, the other 9
positions being unfilled. The Binac uses only twenty of
the possible thirty-two instructions that could be
formed from the 5 digits available, and these combina-
tions were chosen so as to minimize the number of
pulses in the order group.

An instruction, then, is completely specified by, at
most, a 14-pulse group. On the other hand, 31 pulse
positions are available in a word. For this reason, in-
structions are paired, controls being arranged to execute
the first and then the second instruction in the orderin
which they are typed.

Since instructions are stored in the memory together
with numbers, the necessary gain control pulse must
also be included in the p41 position. Since only 14
digits, at most, specify an instruction, they are sep-
arated slightly, with the first instruction occurring from
P22 to p35, inclusive, the second from p7 to p20, in-
clusive.

3. Basic Computer Cycle

Starting with the existence of two instructions within
one word, it follows directlv that one step of the com-
puter cycle must be the execution of the first instruc-
tion and the following cvcle the execution of the second
instruction. These cycles are referred to as v and 8. On
the other hand, since the instructions which have been
stored in the memory are executed sequentially by the
Binac, there are the further requirements: (a) that the
pairs of instructions be called from the memory; and
(b) that a count be kept, the numerical position in the
sequence to be increased by one for cach computer cycle.

Thus, on the alpha (&) cvcle, the numerical position
of the pair of instructions to be selected from the memory
is determined. On beta (B8), the selected word is called
from the memory, while the number in the memory-
position counter or “control counter” increases by one.
At the end of B3, the first instruction in the word sets up
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the controls which permit its execution. On gamma (y),
this first instruction is executed, while the second in-
struction of the pair is set up at the end of y. On delta
(9), this sccond instruction is exccuted, the next number
in the sequence heing set up at the end of § in prepara-
tion for the execution of the next alpha eyvele.

This process may be modilicd when an instruction
calls for an executed “transfer of control,” conditional
or unconditional. Its effect is to change the number in
the memory sequencee to the memory position indicated
by the transfer instruction. IFrom that point on, how-
cver, the instructions will again be taken from the
memory  sequentially, again interrupted by
another transfer of control instruction. The over-all
effect of this ability to “transfer control” is to add
greater flexibility to the Binac, as already discussed.

unless

B. Arithmetic Processes!
1. Addition and Subtraction

The basic operation of binary addition utilizes the
following rather simple rules.

Addends Sum Carry
0Oand 0 0 0
0 and 1 1 0
1 and 1 0 1

In the Binac adder, the carry is fed back as an additional
adder input; thus the rule is modified as follows:

Addends Sum Carry
0,0,and 0 0 0
0,0, and 1 1 0
0,1, and 1 0 1
1,1,and 1 1 1

As previously stated, negative numbers are repre-
sented as complements with respect to 2. To form the
complement of a number, it suffices to replace its
zeros by ones, and its ones by zeros, and to add a
unit in the least significant position. (This is dem-
onstrated in the appendix.)

The Binac must, of course, be capable of adding both
positive and negative numbers (the latter in comple-
ment form) whose absolute value lies in the range be-
tween 0 and 1. If digits that may carry bevond the sign
position are disregarded, both positive and negative
numbers can be treated in the same manner. The ac-
cumulator is designed to do precisely this, carries be-
yond the sign digit being climinated at the delete gate
in the accumulator (). For proof of the validity of this
process, see the appendix. '

2. Multiplication
Any multiplication is basically a scrics of additions
separated by shifts. Multiplication in the binary system

' R. F. Shaw, “Arithmetic operations in a binary computer.”
Sci. Instr., vol. 21, pp. 687-693; August, 1950. A O
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is somewhat simplified by the fact that the multiplier
digit can be only 0 or 1. Thus, additions and shifts al-
ternate. The basic multiplication process then consists
of examining successively the digits of the multiplier,
starting with the least significant; of adding the multi-
plicand into the partial product if the digit is one; and
of adding 0 if the digit is zero. After cach such addition
but the last (corresponding to the sign digit), the multi-
plicand must be added into a position more significant
by one digit. This can be done by shifting the multi-
plicand left or the partial product right. Actually, the
latter course is taken.

Since the accumulator capacity is limited to one word,
this implies that of the 60 digits which would result from
the multiplication of two 30-digit binary numbers, 30
digits are lost. Again, the delete gate serves the function
of removing these 30 least significant digits.

Since the computer must be capable of forming cor-
rect products regardless of sign, the multiplication
process must be generalized to include the cases where
one or both factors are in complement form. 1t can be
<hown that two relatively simple correction steps will
accomplish this; if either factor is negative, the comple-
ment of the other must be added to the result. For
reasons which will become clear later (see discussion of
arithmetic circuits, Section 111 B 4 a), the multiplier is
lost during the building up of the product. The correc-
tion for a negative multiplicand is, therefore, made
piccemeal as the product is built up, while the correction
for a negative multiplier is made by adding the comple-
ment of the multiplicand to the product.

3. Division

To perform a division, the Binac utilizes a variation
of the familiar nonrestoring method, which can be
shown to be valid regardless of the signs of the operands.
The method basically consists of comparing the p37
(sign) digit of the divisor with that of the remainder
(which is the dividend in the case of the first compari-
son). If these digits are alike, a 1 is placed in the
quoticnt register and the divisor is subtracted from the
left-shifted remainder. If they are not alike, a 0 is put
in the quotient and the divisor is added to the left-
shifted remainder. This procedure is then repeated.

The consequence of this scheme is to build up a
quotient of the form

Z 2-(=Dp

k=1
where pi is the quotient digit (0 or 1) and k represents its
significance; n, of course, is 30. It can be demonstrated
that the true quotient differs from this expression re-
ferred to as the “pseudo-quotient” by the amount
(2-"—1). Thus, the procedure in division resolves into
performing 30 steps as described and making the re-
quired correction. 27" is then 2%, or a digit in the least
significant position. (—1) can be added by simply add-

e
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ing a unit in the most significant, or sign, position since
p37 acts as —1 in the Binac. This, incidentally, is
cquivalent to reversing the sign of the pseudo-quotient.
As in the other arithmetic processes, any carry beyond
the sign position is deleted.

4. Round-off Procedure

The procedure adopted for round-off consists of
“stuffing” a unit into the least significant (or 27%%) posi-
tion. That is, this digit is always made 1 by superposi-
tion bevond the adder so that no carries can occur.

This method has the advantage of not requiring the
retention of the (n+1)st digit, which is necessary in
some round-off schemes. It yields approximately the
same bias as the retention method and no carries. In
multiplication, it can be carried out concurrently with
the correction step required where the multiplicand is
negative. In division, it coincides with part of the gen-
cral correction required to transform the pseudo-
quotient into a true quotient.

C. Generalized Block Diagram of the Binac

Sufficient introductory material has been given so
that a simplified block diagram of the Binac (Fig. 2) can
be presented at this point. The arithmetic units proper
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Fig. 2—Simplified block diagram of the Binac.

(by which is meant the blocks most directly involved in
addition, multiplication, and the like) are the 4, R, and
L registers. The A4, denoting accumulator, contains an
adder, and is used to compute and hold sums, differ-
ences, products in multiplication (M), and the dividend
(subsequently the remainder) in division (D). The R
register holds the multiplier on A/ and a “pseudo-quo-
tient” on D. (The pseudo-quotient is the quotient pre-
ceding a final correction step, the correction being
made in 4.) The L register contains the multiplicand
on M and the divisor on D. The memory (My) is also
shown, and it is from this unit that the numbers oper-
ated on by the arithmetic registers are taken.
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Although the memory has been treated as a single
unit thus far, it actually consists of 16 separate “tanks,”
or channels, each channel capable of holding 32 words.
A “memory switch” is used to select a desired position
in the memory; it consists of two parts—a “channel
selector” to select one of the 16 channels, and a “time
selector” to select one of the 32 words in that channel.

The problem of selecting the next word in the memory
in a sequence of instructions is handled by the control
counter, previously referred to as a memory position
counter. Instructions taken from the memory are con-
verted into form suitable for controlling other circuits
by means of the control register, the instruction
register, the memory switch registers 1 and 2, and
the memory switch tank selector, the program counter,
a comparator, and the time selector counter. Also in-
volved are the clock, the cycling unit, the cycle counter,
and the high-speed bus amplifier.

The clock generates basic timing pulses at a 4-mc¢/s
rate. The clock frequency is set by a temperature-
controlled crystal, the entire computer depending on
the accuracy of the clock. The cycling unit is essentially
a frequency divider, generating pulses at word fre-
quency, that is, every 10.5 usecs. These pulses occur at
various points in the word. Thus, the cycling unit
generates p7's, p37’s, and the like; these are used as
required throughout the computer.

The cycle counter is a two-stage binary counter whose
four possible states are used to indicate whether the
machine is on alpha, beta, gamma, or delta. It is as-
sumed that a number indicating a particular memory
position exists in the control counter. On alpha, this
number, indicating the memory position of the next pair
of instructions to be called from the memory, is trans-
ferred from the control counter to the control register
and then to memory switch registers 1 and 2. As has
been already indicated, this number will contain, at
most, 9 digits or pulse positions. Combinations of the
first 4 digits are sufficient to specify the tank called for
(since there are only 16 tanks), and combinations of the
last 5 digits specify the position within the tank, or
time (there being 32 times or positions).

The transfer from control counter to control register
is made by way of a bus or signal trunk, hereafter re-
ferred to as the “high-speed bus,” which includes an
amplifier (high-speed bus amplifier). Indeed, all trans-
fers to and from the memory as well as interregister
transfers proceed by this path. The existence of such a
single transfer path simplifies the design of the Binac
considerably. Furthermore, it provides an ideal point
at which to check the operation of the two halves of the
Binac. Comparison circuits, not shown in the block
diagram, are connected to the outputs of the two high-
speed bus amplifiers. As has been indicated, any
differences between the pulse groups passing this point
stop the computer immediately.

Continuing now with the problem of selecting a word
from the memory, the contents of the control counter
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have been transferred through the control register to
the memory switch registers 1 and 2. The latter consist
simply of 4 and 5§ “flip-flop” circuits, respectively. The
first 4 digits of the number transferred then set up
memory switch register 1. The term “set up” here
means that a diode matrix or function table (the tank
selector) is activated by memory switch register 1, with
the consequence that an output, corresponding to the
chosen tank, is selected. The second group of 5 digits
sets up memory switch register 2. This similarly de-
livers an output to the comparator, the output corre-
sponding to the position or time in the tank. \Vith these
steps completed, the alpha cycle is finished, the com-
puter then entering into the beta cycle. This is done
through the operation of the control circuits upon
the cycle counter.

The beta cycle consists mainly of waiting for the
selected time to arrive. The time finally selected is
determined by the coincidence of the time selector
counter and memory switch register 2. The former is a
S-stage continuously running binary counter whose 32
possible states correspond to the 32 words in each tank.
Meanwhile, memory switch register 1 also has been
delivering its output to the tank selector. Thus, the
proper tank and time within that tank are chosen, and
the output gate of the chosen tank opens, permitting
the word to emerge from the memory. The word then
passes through the high-speed bus amplifier. It fecds
back through an “input gate” to the same memory
position, and proceeds through the control register,
setting up the instruction register and memory switch
registers 1 and 2, this time in preparation for the gamma
cycle. (The word is still retained in the control register,
however, this being necessary for the execution of the
delta cycle.) The beta cvcle is now complete, the
selected word having been taken from the memory.

Referring now to Fig. 1, it may be pointed out
that the most significant part of the instruction pair
(between p35 and p22) is first used. It is this portion of
the word, then, that controls the gamma cycle. Like
memory switch registers 1 and 2, the instruction register
consists simply of 5 flip-flop circuits, there being one
flip-flop for each digit of the instruction. The entire set
of flip-flops, 14 in all, is sometimes referred to as the
“static register.”

On gamma, then, the instruction register sets upina
manner corresponding to the instruction itself. The
function table is activated, and it selects, in turn, the
various control signals required to execute the order.
The control signals go to the registers involved in carm--
ing out the instruction (see Fig. 2). One such signal is
necessarily an “instruction-ending” signal, which goes
to the main control unit. This signal indicates that all
the required steps have been performed in executing
the given instruction. The control then cycles the cyvcle
counter from gamma to delta, initiating the next com-
puter cycle.

It will be recalled that, at the conclusion of beta, the
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word selected from the memory was retained in the
control register, the first instruction of the pair being
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Fig. 3—Pulse former and reshaper (PFR).

executed on gamma. On delta, the sccond .instruction
of the pair is executed in exactly the same way that the
gamma step was performed. The function table again
delivers an instruction-ending signal so that the next
alpha cycle is initiated. The basic computer cycle is
thus complete. It should be noted that only on v and
d proper can the contents of the memory be modified.
One type of “memory instruction” simply reads out the
contents of a memory location, and it is retained there

by being fed back through the input gate. Another type,’

however, inhibits this path, permitting new data to
enter that location.

In the course of this discussion of the block diagram,
all of the basic units, except the program counter, the
synchronizing register, and the converter, have been
dealt with briefly. The program counter is important
only during multiplication and division. Its function, as
will be seen in greater detail later, is to control the four
basic steps of M and the three steps of D. The con-
verter and synchronizing register are used to bring
original data and instructions into the memory and to
remove results of a computation from the memory. To-
gether they serve as the input-output mechanism of the
Binac. It may be noted that both a typewriter and a
magnetic tape are available as original sources of data
as well as devices by which the contents of the memory
may be recorded.

111. ENGINEERING DESIGN

A. Basic Circuits
1. Clock Gate and PF

“The purpose of the timing pulse gate, or “clock gate,”
and pulse-forming network used at numerous points in
the computer is to reshape signals which have de-
generated in respect to rise time and signal-to-noise
ratio as a result of passing through delay lines and other
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circuits. The signal to be reshaped is timed (by inserting
a small compensating delay, if necessary) so that the
timing pulses at the clock gate fall in the center of the
pulse-envelope pulses; this adjustment assures maxi-
mum gating tolerances. The output of the clock gate
will be a signal having a timing pulse wherever there
was a pulse-envelope pulse in the original signal. These
pulses are amplified by the following tube, whose plate
load is a Guillemin line. The latter is adjusted to con-
vert each timing pulse into a flat-topped pulse having a
half-amplitude width of approximately 0.25 usec; the
output of the network is, therefore, a pulse-envelope
signal cquivalent to the original input signal but with
improved rise time and signal-to-noise ratio. Since the
leading edge of an output signal corresponds to a timing
pulse which was, in turn, centered with respect to the
input signal, it follows that the network introduces a
time delay of approximately half a pulse time. A cathode
follower, to minimize capacitive loading of the network,
completes the reshaping circuit. The entire circuit of
Fig. 3 is represented by a block labeled “pulse former
and reshaper” on the block diagrams.

2. Gates and Buffers

The gates used for switching purposes in the Binac
are, in general, crystal diode gates designed to handle
negative signals and to use the circuit in Fig. 4 (a).
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Fig. 4—Gate (a) and buffer (b) circuits.
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In many cases it is necessary to supply signals to a
point from various sources without having the latter
react on each other. A “buffer” circuit of this sort,
responsive to negative pulses, is shown in Fig. 4(b).
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3. Flip-flops, Counters

The flip-flops used in the Binac for memory and
switching purposes are, in many cases, essentially
similar to those used in the ENIAC2 They require
little comment, except to note that the static-register
flip-flops (see I'ig. 5 at left) use multigrid tubes, permit-
ting the use of separate grids for internal coupling and
for triggering or clearing.

Multistage binary counters are used in several places,
but these also require little comment as they ditfer only
slightly from those previously described in the litera-
ture.® A circuit of one of these, the cycle counter, is
shown in Fig. 6.

4. Distributor

The distributor circuit, together with a group of dip-
flops which constitute a static register, provides the
means for converting information consisting of pulse
patterns circulating in a delay line into patterns of
steady (dc) signals more suitable for performing switch-
ing operations. A typical distributor stage is shown in
Fig. 5.

Positive pulsc-envelope signals are fed to an electric
delay line through a pulse former and line driver. The
line is tapped at points one pulse time apart. Therefore,
at some particular instant the entire pattern of pulses
(or unfiiled pulse positions, as the case may be) will exist
in such a position along the line that the voltage at cach
tap will be relatively positive or negative, according to
whether the corresponding pulse position in the pattern

* A. W. Burks, “Electronic computing circuits of the E.N.LLAC..”
Proc. [.R.E., vol. 35, pp. 756-767; August, 1947,
8 Staff of Engineering Research Associates, “High-Speed Com-

puting Devices,” McGraw-Hill Book Co., New York, N. Y.; 1950.
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contains a one or a zero. If the first grids of all the dis-
tributor gates are now simultancously pulsed, those
corresponding to ones will give output signals to set
their respective flip-flops; others, receiving no signal
from their respective line taps, will produce no outputs
and will leave their flip-flops in the cleared position. Asa
result of the application of the set-up pulse to the gates,
therefore, the pulse pattern is converted into a corre-
sponding set of dc voltages. These are ordinarily ampli-
fied and applied to function tables although in the case
of the time selector (see Section 111 B 3) they are applied
to comparator gates directly (that is, without amplifica-
tion).

5. Asynchronous to Synchronous Devices

Any transfer of information into the computer from
the outside, whether it be numerical or program in-
formation from magnetic tape or keyboard, or simply
the signal to start computing, must be timed to enter
the machine in synchronism with the basic pulse rate
of the computer and also at the correct time with re-
spect to the information circulating in the delay-line
registers and memory.
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Fig. 7—Single pulse device (start circuit).

The start circuit, shown in Fig. 7, is an example of
the method used to go from the asynchronous to the
synchronous system.

6. Shift Circuits

It is necessary in multiplication and division to shift
the data in a one-word register to the right or left, re-
spect1ve|y In a timed-pulse system this is equivalent to
causing the pulse pattern to lag behind or advance
ahead of its previous position relative to the minor

cycle. A lag of one-pulse time can be produced by in-

troducing an extra one pulse delay for a period of
one minor cycle, while a lead can be produced by
shortening the loop by a corresponding amount for the
same period of time. A register capable of producing
one-digit shifts in either direction, therefore, has a
circuit like that shown in Fig. 8.
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Fig. 8—Shift circuit.

7. Half Adder and Adder

In block form, a half adder may be represented as at
(a) in Fig. 9 and a full or binary adder as at (b). A
combination of two half adders may also be used to form
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Fig. 9—Block diagram of half adder (a) and full adder (b).
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an adder, but it is somewhat more economical to use the
form shown. The corresponding schematics of the half
adder and adder are shown in Figs. 10(a) and 10(b),
respectively.
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Fig. 10—Schematic diagram of half adder (a) and adder (b).
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The properties required of a half adder were sum-
marized in Section 11 B (1). Thus, in Fig. 9(a), if one
input is present, it is buffed into G2, and appears on the
sum line since no carry is present to inhibit this gate.
If both inputs are present, the carry pulse from G1 in-
hibits G2. Thus, the carry line is operated while no sum
appears. The half adder can be used as a complementer
(reversing zeros and ones) if, for the duration of the
word to be complemented (which enters one input),
the other input is continuously one. The output is then
taken ‘off the sum line. As can be readily seen, for a
zero in the word entering, a 1 appears as the sum out-
put; and for a one entering, a zero appears as the sum

output.

B. System Considerations
1. Synthesis of a One-Word Register

In dealing with numbers or words, it is clear that the
first requirement is a means by which the numbers may
be held while manipulating them. This is done in the
Binac by means of one-word registers. The general prin-
ciple used is that of a recirculation loop and regeneration
and retiming gate. The loop itsclf must contain a delay
element that, together with the remainder of the loop, is
sufficiently long to permit the word to exist within