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ARMAS SECRET WEAPON

Bug hunting . . . failure testing . . . safety factors
.. . flight testing—none of these traditional reli-
ability concepts is sufficient to insure maximum
performance of missile guidance systems.

We use them all at Arma—but the designer’s

pencil is our "secret weapon.” For true reli-
ability must originate at the design stage—and
then be implemented by a full-scale quality
control and reliability program. ARMA . . .
Garden City, N. Y. A division of American
Bosch Arma Corporation. 4921

AMERICAN BOSCH ARMA CORPORATION
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HURTLING through the sky at supersonie speed, Boeing’s Bomare IM-99
interceptor missile i= equipped with an electronic guidance system that
keeps it on an interception course with the target.

Newest weapon for America’s defense—

the Boeing Bomarc
interceptor missile

An advanced weapon iz being added to
the defense arsenal of the Air Force, [t is
the Boeing Bomare IM-99, a supersonic
rocket and ramjet-propelled long-range
missile.

Bomare bases are now being constructed,
and the missile is in volume production
by Boeing. Advantages of Bomarc include
its quick reaction time, speed, range and
atomic warhead capabilities, which com-
bine to enable it to defend entire areas,
rather than individual targets, from at-
tack by manned bombers or air-breathing
missiles. Bomarcs are unique in that
they can be fired in multiple, and di-
rected to intercept individual elements
of a mass attacking foree,

The Bomare missile is the spearhead of
an entire weapon system developed by
Boeing for the Air Force. Bomare will be
aperated by the Air Defense Command.

LEFT. A Boeing Bomare in firing position.
The missile 1= Inunched vertically by a lig-
uid fuel rocket motor. When suitable .'-|H‘1.‘d
is reached, the rocket cuts out and two
ramjot engines take over to provide power
for supersonic cruise speeds.

BOEING
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NOW...get more data on Strays and Long Shots
with Tl transistorized PDM/FM/FM telemetering systems

Qut-of-sight missiles, particularly those off course

or in the far reaches of terminal flight, can now send
back signals loud and clear — providing data pre-
viously blocked by attenuation and noise. This prom-
ise can be made because TI-developed transistorized
telemetering can now transmit 200 W and more
without exceeding the space and weight previously
required by most 50-W systems. Not “frozen™ to old
production designs, rugged TI systems and compo-
nents will always represent the practical state of the
art. This is the TI policy which resulted in the 200-W
single package transmitter shown above,

Your requirements in telemetering systems or com-
ponents can normally be met by existing TI equip-
ment, but your most unique developmental problems
are equally welcome. And fast, flexible production
facilities will deliver on fime.

*TI Pulse Duration Modulation telemetering equip-
ment shown, clockwise from lower left; Sub-Carrier
Oscillator; Phase Discriminator; Low-Level Am-
plifier; Keyer; Single-Package 200-W Transmitter.

WRITE TODAY for more information on Tl telemetering equipments.

APPARATUS DIVISION

2 TEXAS INSTRUMENTS

I NCORPORATETD
G000 LEMMOMN AVEMNUE DALLAS 8 TEXAS




Beoch Builds:

Beechcraft's new target plane, pictured above as

it leaves its special transportable catapult, offers
maximum performance to all of the Armed Serv-
ices of the United States. It is just one of an entire
new family of rocket, turbo-jet, and supercharged
powered craft being developed at Beech.

Here are just three occasions where this craft may
be used: in procurement of information from be-
hind enemy lines — either during the day or at
night; for use as an operational target plane with
ground or air launching — and with speeds up to
320 miles per hour; as a vehicle to deliver sup-
plies to isolated combat units. It is now being

THIS UNRETOUCHED FIRST ACTION PHOTO RELEASED RECENTLY BY THE U, 5 NAVY SHOWS THE BEECHCRAFT XKDE-1 DURING A RECENT EVALUATION.

delivered as the XKDB-1 to the Navy as a
target aircraft.

Other Beech projects include research and de-
velopment work on launching and recovery
systems for missiles, drones, and manned aireraft:
engineering test programs on aircraft emergency
escape systems; and classified projects in the
advanced fields of aerodynamics, eryogenics,
thermodynamics, and aircraft range extension.

To put Beechcraft’s capabilities to work to solve
your research, development or production prob-
lems, telephone or write the Contract Adminis-
tration Division today.,

M@@ echcraft

BEECH AIRCRAFT CORPORATION » WICHITA, KANSAS, U.S.A.

USMNovy T-34 + USAFT-34 + US Army L-23 +« Bonanzo + Travel Air + Twin-Bonanza = Super 18 Executive Transport

Tools and Experience
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ANOTHER

ADEL

ReD ncmievement |

New Electric Motor Driven
Hydraulic POWER PACKAGE
For Guided Missiles

POWERFUL - SMALL » COMPACT |
RELIABLE + LIGHTWEIGHT

SUPERIOR PERFORMANCE

Developed, qualified and produced
heet or exceed exacting specifications,

Design

Development
Qualification Testing l
Precision Production i

BE L piecion

A DIVISION OF GEMERAL METALS CORPORATION
BURBANK, CALIFORMIA

r DISTRICT OFFICES: MINEOLA » DAYTON » WICHITA » TORONTO
ADEL designs and nmr:ufpmrﬂs aircraft products in the following major categories:

uiv ﬂ m

Hydraulic & Preumatic Anti-leing, HEI'HrI Hi-Temp Manual & Electrie Motor Driven
Control Equipment Fuel System Equipment .lu.'u:mln Solenoid Operated Valves Hydraulic Power Packages
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Today’s air power in action:*

Thor starting one of its highly successful test flights from Cape Canaveral, Florida.

Last November 27th the Defense Department
announced that the Douglas Ther had been
ordered into production as the Air Foree's
intermediate range ballistics missile.

America’s defense is gaining more than just
a highly successful missile. Thor comes com-
pletely equipped with a Douglas-engineered
support system that is immediately ready for
field operation.

Giant Air Force THOR — alreadyy in mass production —

No hand-tooled prototype, the Thor test
models fired for Air Force aceeptance are built
with mass production tooling. As a result,
manufacture of Thor on a volume basis began
the minute Air Force approval was given.

At the same time the science-industry-
military team which cooperated in developing
Thor readied the important systems required
to make it operational...transportation, fuel-



*Defensive systems — The complete air
defense must have an attacking arm, too.
In the event of an enemy strike, retalia-
tion must be tremendous, decisive, guick.
Powerful, accurate intermediate range
missiles, like Douglas Thor, launched from
1.5, bases around the world, provide this
potential.

ing, launching, training and parts replacement.
Such thoroughness is typical of Douglas
where 19,000 missiles of all types have been
produced since 1941. In fact, Douglas is the
only U.S. manufacturer to have developed
missiles systems in all categories...air-to-air,
air-to-surface, surface-to-air, and surface-to-
surface. And Douglas has an accumulation of
missile experience unequaled in the U.S.




A Research Project of Dr. Harry Nyquist,
3 i i . . . CURRENT STAVID

Senior Scientist, Stavid Engineering, Inc. oS MNOLUDK:
Dr. Nyquistis a pioneerin advanced areas of ele ctronics such as Information Theory
and circuit noise, and is credited with nearly 150 patents in the field of communi-
cations. He is now contributing his exceptional analytical ability to Stavid's work
on a far reaching apti-missile system. Men like Dr. Nyquist are typical of Stavid's
outstanding scientists and engineers who are working on advanced concepts ...
years ahead of actual systems development.

Alrborne Search, Bombing and
Terrain Clearance Radar
Radar-infrared Alrborne
Firs Control Systam
Missile Beacon
Talamatering System

In Stavid's objective engineering atmosphere, gcientific, development and
menufacturing teams are producing a wide range of electronic systems for all
branches of the military. Typical of such projectsis the REGULUS missile com mand
guidance system, designed, built and maintained in operational status by Stavid.

Missile Guidance Systems

Antl-Alraraft Subminiatura
Fire Control System

High Power Alr Saarch Radar

S Til VI D Engineering, Ine. euictioi, New Jersey
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Integrated

Services

from a single source —

with undivided responsibility

s
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ARCHITECT-
ENGINEERING
Design and
Censtruction of
Missile and Rochet
Development and
Testing Facilities

-

ELECTRONICS and
INSTRUMENTATION
Design and
Fabrication of
Airborne and
Ground Test and
Control Systems

HIGH -ENERGY
FUELS
Process Engineering,
Facility Design,
Construction and
Oparations

[PARS

S

Parsons' success in the fields of missiles

and high-energy

fuels has been proven

by an outstanding record of accomplish-

ment on hundreds of completed projects. *

#NAVAHO, SNARK, THOR, ATLAS, TITAN, BOMARC

JUPITER, MIKE, REDSTOMNE
POLARIS

THE RALPH M. PARSONS COMPANY

ENGINEERS* CONSTRUCTORS
LOS ANGELES

FARIE
TORONTO




SPACE AGE
TEST EQUIPMENT

TIPS

The age of super-sonic flight and space travel imposes
new and more exacting demands upon testing and ground
support equipment.

SUN is recognized as a leader in the development, design
and production of testing and support eguipment for
aircraft, missiles, and “in-plant’’ testing applications.
Hydraulic, pneumatic, electrical and electronic testing
equipment—all come within the scope of SUN's fine
engineering and production capabilities.

Write today for your free copy of SUN's new catalog of
Test and Support Equipment.

AIRCRAFT ALTERNATOR TESTER—
Model AAT-3
Designed lor load testing aircralt type dowire
allernators. 60 K'W Resistive and 20 KVAR
Reactive Load capacity,

J l

]

AIRCRAFT HYDRAULIC SYSTEMS
TEST

Model AHT-35
For testing hydraulic systems employing high
temparature flutds, Gasoling engina or elec- =
tric molar driven. PORTABLE G;ﬂgﬂt:_sp-?ﬁ:lrfﬁ SUPPLY-
Supplies up ta 500 ampares at 28 volls DC 1or

missie systems dunng lesting and check-oul

m ELECTRIC CORPORATION

CHICAGO AERONAUTICAL DIVISION: 5323 Avondale Awe., Chicago 31, Ilinais
LOS AMGELES AEROMAUTICAL DIVISION: 6701 Sepulveda Bivd., Los Angeles, California
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Our biggest asset can’'t be photographed

What's inside this engineer-scientist’s head? A camera won't
reveal that for 30 years a trained mind has been accumulating a
~wvast fund of knowledge on gyroscopes and has come forth with
sound original thinking on inertial guidance.

No photograph can tell that another man thoroughly grasps
the present state of the art in infrared technology and has crea-
tive 1deas for the future.

We can't show pictorially the knowledge and reasoning ability
other staff members bring to such subjects as radar, general elec-
tronics, semi-conductors, computation, mechanical design, and

all the other fields of competernice that go to make up a balanced
research and development facility.

MNor can we show the special types of gray matter that make a
first class systems engineer, a top production man, or a forward-
looking executive to keep these specialists functioning smoothly
as an integrated organization.

But we can tell vou what these people have done in the past,
what they are doing now (where military security permits), and
what we believe they can do for you. Write Dept AW, Mechanical
Div., General Mills, 1620 Central Ave., Minneapolis 13, Minn.

General
MECHAN |Cﬁ.5\L DIVISION Mills

Creative Hesearcn and Develapment

Frecisian Enginssring and Produstian




NEW TOOL
FOR USAF’s
NEW TRAINING
CONCEPT!

To increase

Air Force Cadets’ proficiency
as they move into combat jets,
Cessna's T-37 jet trainer

IS now in operation.
Advantages:

unique side-by-side seating,
slow landings

with high speeds

and high-altitude performance,
easy handling.

Cadets learn faster,

USAF saves time,

money.

CESSNA AIRCRAFT CO., WICHITA, KANS.

Be an Aviation Cadet. Inguire foday
about the future your Air Force
offers from your Air Force Recruiting Office.

((:SS/Z({




FI755 feet VP/

CESSNVA -4/ QIS

HELICOPTER S

Sets New World Record,
with Continental Power

When Capt. James E. Bowman of the U. S. Army Aviation Board flew the Cessna
YH-41 to a new helicopter world altitude record of 30,355 feet, he added another
to the long list of major performance records already held by Continental aircraft
power. Capt. Bowman's mark, exceeding by some 3,400 feet the previous heli-
copter record, underscores again the wisdom of engineering the power to its
job. The YH-41's Continental FSO526 engine is designed expressly for helicopter
use . .. fan-cooled for efficient cooling in submerged installation . . . super-
charged for maximum power. Its horizontal configuration permits the engine
to be located forward, bringing the load directly below the rotors—an ideal situ-
ation in helicopter aerodynamics. Finally, the interchangeability of many parts
with those of other models in the Continental aircraft engine line tends to
simplify service, and reduce its cost.

rontinental Mofors [arparation

AIRCRAFT ENGINE DIVISION
M U 5 K E G O N = M1 €C H I G A M

CONTINENTAL I5 ON THE MOVYE IN 1258




THE HSTORY OF FORD MOTOR COMPAMY IM AVIATION

HIS “WINGS” WERE LEFT

On November 25th, 1929, a lone tri-motored
airplane soared over the desolate South Pole
—its engines beating an interruption in the
solitude of ages. Admiral Richard E. Byrd
became the first man ever to fly over the South
Pole. His plane was a Ford Tri-Motaor.

Byrd left his "wings" at Little America for
a year, encased by wind, snow and ice. Upon

BURIED IN THE SNOW

his return, the Tri-Motor was hacked free,
carburetor cleaned, batteries installed and it
started with a roar.

Past events in Ford's history in aviation
are no more dramatic or important than our
production today of the mighty J-57 turbojet
engine used in some of America’s fastest and
most powerful jet aircraft.

‘ AIRCRAFT ENGINE DIVISION » FORD MOTOR COMPANY

BUILDERS OF THE MIGHTY J-57 TURBOJET ENGINE
MSID 7401 S0O. CICERO AVENUE + CHICAGO 29, ILL.
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read : i « NE€SS: when a fighter as new as tomorrow

is in service with the Fleet today

There's a bright, new glint to our Fleet today.

Chance Vought's 1,000-plus-mph Crusader has
arrived — in strength! This potent fighter was designed
a champion — in speed, ceiling and firepower. It was
engineered, too, for swift production and for smooth
introduction to pilots,

This sped the Crusader to duty faster than any mod-
ern jet. It brought to the Fleet in an age of peril a
weapon that will hold its edge.

With the Crusader comes a new realm of four-figure
speeds. Already, Navy and Marine pilots have used its

performance to smash major world's records. Their
unprecedented supersonic and carrier-to-carrier eross-
ings of the U, S. signal a new chapter in manned aircraft
speed and mobility,

Today, squadrons of Crusaders sweep the skies above
the seas. Their trophy-winning performance adds un-
matched combat strength to America’s power for peace.

CHANGC
QUGHT AIRCRAFT

—E



Some of Ford Instrument’s current
or recent programs include:

Inartial guidnnce systems . . .

including Redstone and Jupiter

Missile launching and contral order
computers

MNavigational and mission control
systoms and compulers

Analog and digital computer systems

Fuzing, arming and other warhead
control aguipmeant

Plotting aquipmant

Nuclear systems and controls
Gunfire controls

Drone controls

Ford Instrument Co. Engineer checks air-bearing gyro for angular drift on equatorial test
stand. Test can show up drift rates as low as one revolution in 40 years. Tests like this...

helped Army put “Explorer” into orbit

A special guidance system for the Jupi-
ter C, developed by the Army Ballistic
Missile Agency, was used to launch the
first U. S. artificial satellite into space.

Many components of this system were
provided by Ford Instrument Co., prime
contractor for both the “standard” U. S.
Army Redstone and Jupiter puidance
systems.

The fabulously-equipped, fantasti-
cally-clean gyro lab (above) is only a
small part of the advanced research and

development facilities available at Ford
Instrument Co. They're used to create
and produce the incredibly accurate con-
trol systems called for by modern tech-
nology in both government and industry.

And Ford Instrument’s large-scale
precision manufaciuring facilities cam
turn even the most critical system re-
quirements into working “hardware” on
a quantity-production basis. Our Liaison
Engineers are at your service to discuss
your system requirements. 8.8

FORD INSTRUMENT CO.

DIVISION OF SPERRY RAND CORPORATION

31-10 Thomson Avenue, Long Island City 1, New York
Field Sales Offices: Boverly Hills, Calif.; Dayton, Ohio




Index to Advertisers

AC Spark Plug, Electronics Div.,
General Motors Corp.. .. .. .60 and 61

ACF Industries, Inc; ... .. ivven . 138
Adel Precision Products Div.,

General Metals Corp........... . 8
Aerojet-General Corp. .. .......... 2
Adr Transport ASSD.. .. ou s e e 146

Aircraft Equipment Testing Co..... 174

Aillesearch Manufacturing Lrl..
Div, Garrett Corp...ccviivrasns 69

Allied Research Associates, Inc.. ... 131
Allison Div., General Motors Corp.. . 30
American Machine & Foundry Co... 24
Arma Div., American Bosch

Arma (ﬂr,r TR L .Cover 2
Arnold Engineering Co., E||n: ...... 152
AVCO Manufacturing Corp.. .. . Cover 3
Beech Aircraft LB R 4 and 64
Bell Afreraft Corp. .. o ocisan .. 104
Bendix Aviation Corp............. al
Boeing Airplane Co. .o -ccccinins 1
Bulova Research & De u]flplml.t

Laboratories, Inc... ... e L
Cegsna Afreraft Co. vovuiivns s 14
Chance Vought Aircraft, Ine....... 18
Chandler-Evans, Div, of

Pratt & "l.'lu':lli.t:'u':.' e R T o E3
Clifton Precision Products Co., Inc.. 105
Continental Motors Corp,......... 15
Contair, Div, of General Dyvnamics

[T e B Cover 4
Cooper Development Corp......... 108
Daystrom Instrument Div.,

Lnstronms B oy e v e aaen 147
Decker Aviation Corp.. ... v on s L1

Douglas Aircraft Co., Ine., .. ... 8 and 9

Firewel Co., The o citoida 165
Ford Instrument Co., Div. of

Sperry Rand Corpei o0 L lanv. 19
Ford Motor Co.coh s et e 16
Francls Aviation ... v avesvesns 71
Franklin Institute. . .............. 73
Fuller, Gearge A, Co............. 138

General Electric Co.,
Ceneral Electric Co., 5
General Mills, Inc., \Iuhmrr. al Div. 13
General Precision Equipment

T S e Sy A 94 and 95
General Precision Laboratory, Ine... 97
Greer Hydraulics, Inc............. 166

Hoffman Laboratories, Div, of

Hoffman Electronics ( DEDG S 141
International Radiant Corp. ....... 166
Jack & Hednts Toe. ..o neennnans 124
Kaman Ajreraft Corp: . ..c0oiwaie. 7
A T ol B U T e a8
Keco Indostries, Ine. .. ..oovn e 169

LD
Land-Air,
LeTourmeaa-?

0

Edbrascope. Iae: . oo s bvasinss a8
kI o s s st sl 46
Lockheed Aireraft Corp. ... .vnenn 29

Loral Electronics Corp............ 70

Marquardt Afrcraft Co......... 17
Martin Coc, The. 0ol .5]"" Lm! 93
Metallurgical, Inc. .. coninsaes v 54

New Departure Div,,

General Motors Corp. -ovvevnsen 130
North American Aviation, Ine.. 26 and 27
Northrop: Afreraft; Inec oo, 33

Muclear Products—ERCO Div,

ACF Industries. ..., . .ovas o MR

Orenda Engines, Tad. .. ... ....... 36
Otis Elevator Co., Electronic Div,., . 100

Parific Automation Produots,

ine.

P Hkl.]l.t |:r||

Clectronics, Technical

ProdoetsEiv: oo st st an o e
Pan American World Airaays,

Guided Missile Range Div.. ... .. 140
Parsons, Ralph M. Coiss s 11
Phileo Corp., f~' L B I P i5
Puileo Cotp., Téch Hep Div........ 107
Radiation, Ine. . oo er e 17
Raaio Cirporation of America. .... 103
Bamo-Wooldridgze Corp., The...... 1535
Raytocon Manuzicturing Co. ... ... 32

nse Electronic Products,
vrporation of America... 125

Rheem Manubacturing Co )

Government Products D 220 and 21

. |
.62 and 65 |

Robinson: Aviation, Inc.. .. ... 0veis 23
Rome Cxble Corp .o voviveesns ey Y0
Saginaw Steering Gear Div.,

General Motors Corp. ... .o oe T1
Sikorsky Aircraft Div.,

Unitéd Alrcraft Corp..oz oo 0. 127
Southwest Alrimotive Cooonon o 171
e T R T e e 172 |
Spzrry Gyroscope Co., Div, of

Sperry Band Corp.. ... oo 23 |
Stavid Engineering, Inc........... [ﬂl
o DL T BV e oy R s lﬁT|
Steinthal M., & Co., Inc.. .. ......: 50

Stromberg-Carlson Co.. . .
Sun Electric Corp...... e e

Taleo Engineering Co., The ....... 173
Texas Instruments It]i,'l:ll'l:llﬂ.,l.h_—l,]_ T a3
Thiokol Chemical Corp., Rocket Div. 68
Timken Detroit Axle Div.,

Rockwell Spring & Axle Co.,.... 126]

Vickers Inc., Div. of
Sperry Rand Corp.. . .ovvnnnvsnn 28
Vitro Corp. of Ameriea ........... 164

Westinghouse Electric (:nrp.,
Lir Armv Div..

Westinghouse Electric Carp.,
Adrcraft Gas Uurhine Div.

.. 66 and 67

33 and 134 |

118 and 119 |

Pressure Ves
Technology
_ S A
and now Titanium.. 8

Spheres of timanium alloy represent
the optimum configuration and
material of maximuom strength /weight
for the sorage of gases and liquids
under extremes of pressure and
temperanire,

Rheem Aircraft, presently supplying
pressure units 1o current ICBM pro-
grams, is directing its years of experi-
ence o the development and pro-
duction of all types of vessels and
propellant chambers.

RHEEM MANUFACTURING CO.
AIRCRAFT DIVISION

11711 woodrall avennr, downey, california

Engineers: Join Rheem in challenging rechnical work
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ORDNANCE

The design, development and testing of
advanced ordnance products and sys-
tems is one of the principal activities of
the Research and Development group
' at Bheem Aircraft Division. The rechni-
1 = cal capabilities of Bheem in this field
' : are evident in the extensive list of proj-
ects currently being conducted for the
military and their suppliers:
* MISSILE WARHEAD SYSTEMS
= FUZING
» EXPLOSIVE ORDNANCE
TESTING
* MINES
* GRENADES
* PRACTICE BOMBS
Rheem Ordnance Engineering is pre-
pared to conduct complete programs in
the field of ordnance systems including:
* comcept
o rystemys analysis
= development & testing
* Dprotarype
o production engineering
Ordnance research and engineering is
complemented by the producrion facili-
ties of the Aircrafr Division of Rheem
Manufacturing. Numerous ordnance
products and systems are currently in
production.
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The Rbeem developed Super Nike warbead
rytems being tested on rocket sled built by
Rbeem.

Engineers: join Rheem in challenging tech-
nical work!

RHEEM MANUFACTURING CO. /AIRCRAFT DIVISION

11711 woodral] evenwe, downey, california
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i VlBRATION : SHOCK PROTECTION OF FUEL CONTROL

EQUIPMENT from destructive vibra-

AND COOLING tion and shock in high temperature

propulsion section of IRBM missiles.

il = s e ————— : : el
. =

ENGINEERED MOUNTING SYSTEM i
MODEL 1322: "
Robinson Modael 1222 is a center-of-gravity |

all-metal mounting. Providing consistent per-
formance regardless of high or low tempara- I
ture extremes, this design incorporates highly
damped Met-L-Flex resllient elements. All-

attitude, multi-directional protection is assured.

SPECIAL FEATURES:

1. Ventllation screens at top and bottom of
mounting enciosure allow the flow of cooaling
alr, thereby extending the range of environ-
mental protection.

L

2. Versatile mounting design facilitates adap-
tation to a wide range of compoenents of varying
dimensions,

- ———— =
g IR S e

PERFORMANCE:

Model 1322 protects against the rugged en- -l
vironment in the propulsion section of large
rocket-type missiles. Vibration, shock and ac-
celeration forces are controlled by the mount-
ing system through a careful combination of
spring rate and damping design characteristics.

Matural frequency of model shown is 18 c.p.s.
for an Impressed excursion of .080 ins. and
equipment walght of 8 1bs.

RESULT:

Adeguaie protection provided and reliabllity
accomplished for vital elements of fuel control
egquipment through a light-weight standardized
mounting system design. (Approximately six (8)
systems Installed in each Jupiter missile.)

e T —— R T T ey

MODEL 1322 FOR REDSTOMNE AND JUPITER MISSILES

developed and produced in quontity for Redstone

Arsenal and Chrysler Corperation. R 0 B I N S 0 N |

AVIATION, INC.
ROBINSON CONTROL IS RELIABILITY CONTROL

Teterboro, New lersey
West Coast Engineering Office, Santa Menica, California
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Looking for solutions?
AMF has missile experience you can use

e Building a reliable missile system introduces problems at every step . . . the
kind AMF solves daily. From drawing board to target, AMF is constantly
bridging the gap between missile concept and performance. ® This wealth
of experience, gained os a leading contributor to numerous major missile
programs, can produce the solution to your particular problem. e For a full
description of AMF engineering and production facilities in the missile field,
as well as a review of their performance, contact the AMF Defense Products
Manager in any of the cities listed below.

i) __

* Armoment

ey Defense Preducts Group
cne e ML AMERICAN MACHINE & FOUNDRY COMPANY

1101 Merth Royal Street, Alexandrio, Va.
Asbury Park @ Arlanta ® Bowton ® Brockhm & Dalles ® Doyiea ® Los Angeles * Seattls ® Tecson » Weshingres, D. G

® Canleal Syilems
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Another application
. where dependability and efficiency
~ count most. ..

MI(KER&. HYDRAULICS
ON REPUBLIC F-=105

Highest averall B‘Fﬁﬂﬂl‘l& and minimum heat rejection of the
pumps . . «and exceptional dependability of all components were
decisivefactors in the selection of Vickers Hydraulics for the
powerful Republic F-105 Thunderchief.
Vickers 3000 psi Variable Dis- The principal Vickers components in the F-105 are illustrated at
:L;;;::L:hm Jrpe Pumps the left. These, arf® all other Vickers cero hydraulic units and
and ubility hydraulic sysiems. systems are tailored to airborne needs—light, compact, durable,
dependable and efficient. Also, back of all Vickers products is
o well orgonized and foctory-stoffed service organization.
For further information ask the district office in your area
listed below for Bulletin A-5200-E. :

VICKERS INCORPORATED
Vickars 3000 psi Constast Dis- = DHVISION OF SPEERY RAND CORFORATION
placesnent Prston Type Pump " i : T
operated by ram asir lurbine o Aere Hydroofice Division
supplies omargency hydraulic 4 ] Engineering, Sales ond Service Ofices:
' Administrative and Enginssring Conter 1 ' Tarrancs, California
Deporement 1524 « Dotroit 32, Michigan 3201 Lomita Bivd. « P.O. Bax 2003

‘M Dl;lﬂln MHBE:!II?;H Sﬂ'bl‘l‘ﬁgﬁl m%&hﬂ Island, N.Y., BAZ Willig
EDE-. mﬂ:ﬁﬂmmm:%mmwu|mmm
OVERSEAS m&mﬂu SH. Gm‘ﬁqd:.? Graot W “':ulqa
rry —Graol Wt
Brentiord, Middz, England

Vickers Comstant Displacement
Piston Type Hydrauhe Maotors
perform critical functions
reguiring their high slliclency
and distinctive contral char-
clefistics.

Wickers Flow Sensitive Pressure
Regulalor permils emergency
ram ar furbine fo genscate
naeded hydrsulic flow dowa to
minimum airspesd

BUILDERS OIL HYDRAULIC EQUIPMENT SINCE




NAA is at work in the fields of the future

B
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On these three men
depends America’s conquest
of Outer Space

Very soon now an American is going to ride a
rocket ship to the edge of space—and back.

The success of this first flight—and of the others
that will follow —depends on the teamwork of the
men who build the rocket ship, the men who become
its ground-support technicians, and the men who
form its air . For only the closest coordina-
tion of Ame industrial, techni and mili-
tary skills can achieve the conquest of space.

The X-15: Space Ship Mo. 1

The craft that iz being readied for this first
flight into space is the X-15, a rocket-powered
research plane for the Air Force, Navy, and
National Advisory Committee for Aeronauties. So
advanced in design it might be called 2 manned
missile, it's the forerunner of the eraft that will
cruise through Outer Space.

The assignment to design, build, and test the
X-15 is being carried out by North American.




Reliability Roam. Automatic control systems for America’s manned and unmanned
weapon systems must do their critical tasks with unfailing reliability. Even a
tiny fleck of dust might impair their vital accuracy. That is why Autonetics
assembles its control systems with surgical precision in this dust-free room.

Planes, brains and rockets

North American's key role in this
great drive to put man into space is
the result of its capabilities in the
new technologies that make such a
flight posszible.

In supersonic gircraft, North
American has had more experience
than all other companies combined.
In automatic controls—the elec-
tronic “brains' that will goide and
navigate the X-15—its Autonetics
Division has pioneered some of the
most significant advances in recent
vears, Its Missile Development Divi-
sion—pioneer of America’s missile
technelogy—is at work on an ad-
vanced air-to-ground (or space-to-
earth) missile for the Air Force.
And, in rocket propulsion, NAA's
Rocketdyne Division is already de-
livering the great engines for Amer-
ica's major missiles— Atlas and
Thor for the Air Force...Jupiter
and Redstone for the Army.

After the breakthrough

These divisions of North Ameri-
can are making many important sci-
entific breakthroughs in this race to
space. But even more important is
the ability North American has dem-
onstrated, time and again, to turn
today's experimental flights into to-
morrow's standard weapon system

—awiftly, surely, and at lowest pos-
gible cost. For every breakthrough
is only a new beginning; it's the
followthrough that gets the results,

Ground support for space

One of the Armed Services’ most
difficult problems in the Space Age
will be the increasing workload on
their expensively trained technieal
manpower. That is why North
American is designing a new kind of
simplified maintenance into all air-
planes, components, and. automatic
control syvstems.

This program will pay off in three
wayvs: more efficient use of special
akills; more complete utilization of
weapons ; more defense for the tax-
paver's dollar.

In the arts of peace, NAA's
Atomics International Division has
developed two nuclear reactors that
show great promise as practical
sources of electric power.

Today in North American Aviation
and its divisions, you'll find as potent
a combination of scientists, engi-
neers, and production men as any in
American industry. Because these
men are constantly forging ahead
into vital new technologies, much of
their work holds great promise for
science and industry.

Destination: Duter Space. A man will soon
look out on space from cockpit of the
X-15, rocket-powered research plane
now being readied for its flight test.

Rocket Power. NAA's Rocketdyne Divi-
gion builds rocket engines with thrust
to drive Air Force's Atlas missile—or
to launch an earth-cireling zatellite,

NORTH AMERICAN AVIATION, INC.

SERVING THE MATION'S INTEREST FIRST—THROUGH THESE DIVISIOMNS

LOS AMNGELES AUTOMETICS

MISSILE DEVELCPMENT BOCKETDYRE

Les Angeles, Canoga Porl, Desney, Calllornia ; Columbui, Oble; Meoiho, Mistouri

CoLuMaus

ATOMICS INTERMNATIONAL




SPERRY ANNOUNCES

Revolutionary design...and accuracy fo %° per hour

In a fully maneuverable twin gyro
platform utilizing completely new gyro
design principles, Sperry has achieved
unprecedented accuracies in heading
information and all-attitude flight. The
first of these new Sperry systems will
soon be delivered to the Air Force's
Wright Air Development Center.

This Sperry system provides azimuth
drift rate as low as 1/4° per hour, and
in the wvertical axis, 1/10° per min-
ute. The use of twin directional gyros
and new design technique permits this
extreme accuracy as it mimimizes the
disturbance torques inherent in con-
ventional gyros. The low drift in the
vertical axis minimizes turning error—
permils freedom from erection control
for longer periods of time.

Coupled with doppler radar naviga-
tors, the CEP (Circular Error Probable)

is materially reduced due to exceed-
ingly low drift inertial heading.feature.
The inertial heading output permits
either Greal Circle or Rhumb Line
flight paths.

The compactness of the twin gyro
system makes it extremely reliable and
easy Lo maintain. No warm-up period is
required due to the balanced thermal
construction and the absence of fluids.

The twin gyro platform has been de-
signed to provide control information
for complete and full maneuverability
of high-performance aircraft without
limit. Its full stabilization in all atti-
tudes makes it especially adaptable for
Low Altitude Bombing Systems, fighter
maneuvers and missile applications.

Write our Aeronautical Equipment
Division for further information.

FEATURES

Low Random Drift
Inertial Heading
Great Circle or Rhumb Line Output
No Gimbal Error
Low Turning Error
Multiple Roll-Pitch-Heading Quitput
Compact
L4
No Warm-nup Time
Light Weight
Plattorm. s 18 lhs,
ServoAmplifiersand \ . & bs.
Heading Computer |

AERONAUTICAL EQUIPMENT DIVISION

5 P [ H HY GYROSCOPE COMPANY
Greaf Neck. New York

DIVISION OF SPERRY RAND CORPORATION




Lockheed's ultrasonic “missile with a man
in it” can outrace the sun from New York
to San Francisco. When necessary, it can
zoom into the upper stratosphere to
perform its vital day-and-night missions.

Less than 535 feet long, with knife-sharp
734-foot wings, the F-rog Starfighter packs
awoome firepower. Each wing tip can
carry a Sidewinder missile—which is
guided to its target by an infrared track-

NO

THE LOCKHEED F-1094 STARFIGHTER

—world’s fastest, highest-flying operational airplane

ing device {which “fecls” the presence of
other aircraft by the heat they radiate).

Mo other fighter plane in USAF history
has been so thoroughly performance-
proved before entering service. For over
three years Air Force and Lockheed pilots,
engineers and scientists have subjected the
F-104 Srar_jf liter, its electronic components
and armament to the most punishing tests
they could devise, This new pre-service

procedure assures maximum utilization of
the F-rog—starting with its very first

mission for the Air Defense Command.

LOCKHEED
means leadership

Lockheed Aircpaft Corporation
California Division, Burbank, Califormia

IN SERVICE!

with the 83rd Fighter-Interceptor Squadron, Air Defense Command, USAF, Hamilton AFB, California
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‘perat on Hourglass
\; completes 1000
7\*’ flight hours
\

1In 84 days

JALLISON PROR-JET POWER

Allison Prop-Jet Powered Convair 340
Duplicates Commercial Flight Schedules —
averages 12 hours per day in the air.

The record speaks for itself: 649 flights to 77 cities in 32 states * 1823 miles nonstop from Burbank
to Indianapolis in 5 hours, 40 minutes * 12 hours flight-time each day—for 84 days—with only line
maintenance on engines and propellers = Routine cruise—360 mph at 20,000 feet * Specific fuel
consumption well within specification from sea level through 20,000 feet + Oil consumption—

10 gallons per engine in 1000 hours,

Proving beyond doubt the operational readiness, flight dependability and superior economy
of Allison Prop-Jet Engines and Aeroproducts Turbo-Propellers, Operation Hourglass clearly
demonstrates why 11 airlines of the world have ordered 144 Allison Prop-Jet powered
Lockheed Electras for medium- and short-range jet-age service.

ALLISON DIVISION OF GENERAL MOTORS, Indianapolis, Indiana

.
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Bendixz-built Talos Guided Missiles on the Novy's “U.S.5, Desert 5hip™ ot White Sonds Proving Ground—0Ofcial U5, Navy Pholo,

HOW THE MANY BENDIX MISSILE CAPABILITIES

ARE IMPORTANT TO NATIONAL DEFENSE

Bendix* has been meeting and solving missile
problems for many years. In addition to
building the Talos, a U, 5. Navy ground-
to-air missile, we engineered and developed
many of the major systems used in other
key missiles. These include warheads,
target-seckers, propulsion devices, controls,
guidance and telemetering systems. Tele-
metering systems enable missiles to send
back reports from space. More than 500
different channels of information can be
transmitred, such as speed, direction,
acceleration, roll, vibration, tempera-
ture, etc.

The Talos, for which Bendix is prime
contractor, has, according to a Navy state-
ment, “demonstrated a remarkably high
degree of accuracy and reliability™. As a
result, the Navy is making direct ship-
board installations on first-line cruisers

A thousand products

without the intervening step of evaluation.
This has meant a considerable money
saving and has advanced this missile as a
fleet weapon. It will be the major arma-
ment of the United States cruiser Galveston
and will also be installed en a number of
other cruisers, including the nuclear-
powered Long Beach,

Because of the accuracy and extreme
range of the Talos, the U, 5. Army is also
studving the feasibility of incorporating it
into the Continental Air Defense System,

In addition to missiles and missile com-
ponents, Bendix manufactures important
Ground Support systems and devices,

Looking to the future, Bendix is enzaged
in an intensive long-range program, designed
to help keep America foremost in the
development of weapons vital to the preser-
vation of our security and world peace.

~&ono”

AVIATION CORPORATION
Fisher Bidg., Detroit 2. Mich.

¢

GROUND SUPPORT

LAUNCHERS

o RADAR
COMMUNICATIONS
COMPUTERS
TELEMETERING

Bendix furnishes mojor elements for
missiles of oll types. This illustralion
represents no  porticulor missile, bl
shows the general locotion of vorous
oirborne Bendix sysfems ond their
components. In addition, Bendix pro-
duces the Ground Support :systems
indicoied abave.

a million ideas




Getting set for jet-age traffic at 27 leading U. S. airporis

“More sky to fly in"—the goal of the Civil Aeronautics Admin-
istration—is near realization for both military and civil aircraft. ¥
The first of 27 new Raytheon Flight-Tracker radars ordered
by C.A.A. is now being installed at Indianapolis. Installations
at six other major cities will follow shortly and the nation-wide
system will be tied in with Air Defense Command radars to
link 31 airports by this fall.

Flight-Tracker radars help safeguard aircraft in every stage
of flight. They detect and track planes in any weather—even
in storms— pinpoint position of four-engine transports up to
200 miles distant, at altitudes up to 70,000 feet.

This new equipment, designed and
built by Raytheon, will speed sched-

Raytheon !r:lars 2t 27 of the 31 heavily circled areas ules, reduce airlane congestion. By
will soon operating as part of C.AA's flight con- .
trol network. Light circles indicate future coverage. mﬂdm the skyways for the Jet Age,

Raytheon helps solve a major military
and civilian transportation problem.

Excellence in Electronics

RAYTHEON MANUFACTURING COMPANY, WALTHAM, MASS,



AIRPOWER IN THE NEWS

Will ARPA Swim Upstream or Down?

Despite persistent and pained protests from the military
and aircraft-industry men who will have to carry the cross,
the Advanced Research Projects Agency is in existence,
When Defense Seeretary Neil H. McElroy announced the
organization of ARPA on February 7 there was no mis-
taking that the Pentagon’s boss had his own reservations
about the action,

Mr, McElroy's formal directive does not mention the
word “space,” but it says that ARPA is responsible for any
advanced projects handed to it by the Secretary. He
acknowledges that space programs head the list, second
only to the antimissile-missile on which some decisions
already have been made. And he has promised Congress
that ARPA programs will be developed in “full coordina-
tion” with the military departments,

On paper, ARPA is authorized to arrange for research
and development work by other government agencies, in-
cluding the Army, Navy, and Air Force. It can sign con-
tracts with individuals, industries, colleges, and other inst-
tutions. And it is empowered to build its own Facilities,

The idea of another layer of Pentagon bureaucracy, par-
ticularly in vital fields where the Russians seem to be ahead
of us, has been condemned in many quarters. In most of
these pluces nobody can do anything about it, but Congress
is exceptionally alert these days and has its ears open.

Bub Gross, Board Chairman of Lockheed, told the Sen-
ate Preparedness Subcommittee, headed by Sen. Lyndon
B. Johnson, how his firm built and flew the first F-80 jet
fighter in 150 days. The reason, he said, was that the Air
Force had only three officers on the project, and they had
the power to say “yes” right on the spot. Mr. Gross said
this saved millions of dollars and three years of time.,

The Lockheed executive had high praise for Maj. Gen.
Bernard A, Schriever and his USAF Ballistic Missile Divi-
sion, but observed that this effort will pay off only if the
General “does not have to swim through too much sea-
weed.” The seaweed—committees, reviews, and other de-
cision-delaying procedures— was assailed in a chorus by
these witnesses. In this, Mr. Gross and his industry col-
leagnes were joined by a list of distinguished military
development and procurement officers. It is an incontro-
vertible fact that all of them fear ARPA will add to the
seaweed.

Mr, Gross was not referring to ARPA. He was talking
about the existing impediments to progress. So was Dan
Kimball of Aerojet, another industry witness, who said,
*There are too many layers of civilians.” Kimball recom-
mended that seventy-five to ninety percent of the watch-
dogs in the Pentagon be sent to the pound. All of them,
he reported, “have the power of veto but they do not tell
you to get going on something.”

It seems clear to these men that ARPA will probably
only add to the confusion. Mr. McElroy tried to reassure
them, He named Roy W. Johnson, a vice president of Gen-
eral Electrie, as director of the agency. He said ARPA
“will do the planning.” It will provide “direction and fi-
nancing” for work now under way by the armed forces
and not interfere with operations. On the other hand, if
Johnson controls the purse it is clear he will have a strong
voice in the selection of “upstream” weapon systems.

AIR FORCE Mogozine += March 1958

Here may be the rub. It does seem reasonable, or at
least possible, that ARPA will find nuggets of information
and know-how in its upstream swimming. They may in-
clude items that would not otherwise be brought to the at-
tention of the military, like Dr. Edward Teller’s convic-
tion that it was possibie to build an H-bomb, Dr. Teller
stayed upstream. If ARPA can stay up there it could be
useful.

But the provision for ARPA to have jurisdiction over
contricts and build laboratories certainly is a license for it
to come downstream far encugh for alarm. Mr. McElroy
has promised ARPA Director Johnson a "strong” technical
team, but there is no promise that they will be scientists of
as pure a strain as Eaward Teller. Mr. Johnson, a top GE
executive, will depend on this team to help him make
choices when he starts to spend the $340 million now being
sought from Congress. The degree of competent military
and industry advice available to the program is not elear,
Some people see significance in the fact that the aircraft
industry almost never is honored, if it is an honor, with an
invitatiua to one of its top executives to fill a key Pentagon
position.

Aside from military and industry skepticism, the or-
ganization of ARPA cammot be said to have a full blessing
from Congress. At éither end of Pennsylvania Avenue
thought is being given to the idea of demilitarizing space.
The Senate and House were forced into a compromise on
the question, with the result that the Defense Department
is slated for a one-year limit on its freedom to initiate new
projects in the space weapons field, Meanwhile, both the
Congress and the President, working with Dr. James R.
Killian, the latter’s scientific adviser, will try to decide how
far to go in the effort to insure the use of space by scien-
tists alone.

One of the fascinating aspects of the ARPA argument,
raging since mid-November, is that nobody has mentioned
the name of Dr. Paul D. Foote and his assignment as As-
sistant Secretary of Defense for Research and Engineering,
Dr. Foote, undoubtedly qualifies as the most-forgotten
member of the Defense hierarchy. He still has an Office of
Aeronautics in his bailiwick and an Office of Planning. It
is logical to assume that one of them, or hoth, would be
concerned with astronautics, at least pending establish-
ment of an Office of Astronautics. Well, there isn't any
such office. Nor is there anyvthing in the record to show
that Mr. McElroy's top assistant in charge of research
programming and coordination ever was invited to take
part in the recent ARPA discussions,

Easiest interpretation of this side-stepping of an existing
Assistant Secretary is that Mr, McElroy is facing a review
of hiz entire organization, civilian and military. This goes
back to the Johnson Subcommittee testimony and the con-
stant reiteration that the Department of Defense is sup-
posed to be an organization of about one hundred real
policvmakers. For administrative purposes it has grown, pre-
dominantly under Charles Wilson, to a 2,500-man monster,

The persistence of the senators and their counsel, Edwin
Weisl, in chasing this subject and begzing for opinions on
it may be a growing cloud up above the Pentagon. Then

(Continued on following page)
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AIRPOWER IN THE NEWS

the Subcommittee has already come up with an interim
report calling for “decisive action™ in seventeen areas. One
of them is the need for changes in the Department of
Defense’s own structure,

This is not by any means to be interpreted as a guar-
antee that the hierarchy will be pared down and that
offices like that of Dr, Foote will be found as superfluous
as it was in the two-and-a-half-month debate over ARPA.
It is a well-known Fact in Washington, as familiar as the
monument, that a machine like this is pretty hard to tear
apart and destroy. People thrown out of one door have a
way of getting back in through another.

For real economy, however, the most effective place to
start on a campaign of this type would be in the very area
the Senate has been investigating—procurement. It has
been pointed out that Dudley Sharp, Assistant Secretary
of the Air Force for Materiel, has a staff of twenty-six per-
sons, including the USAF panel of the Armed Forces Board
of Contract Appeals. Looking over his shoulder as he
spends USAF money is Perkins MeGuire, Assistant Secre-
tary of Defense for Supply and Logistics, and a staff of 250
persons. McCuire has been there a little more than a vear.
His predecessor, Thomas P. Pike, had the job two years.
First man at the desk was Charles S. Thomas, who served
nine months. He took the job on August 5, 1953, six months
alter Mr. Wilson became Secretary. Before that Secretaries
Robert A. Lovett, George C. Marshall, Louis Johnson, and
James V. Forrestal somehow did their job without an As-
sistant for Supply and Logistics and 249 aides.

In announcing formation of ARPA, Secretary MoEloy
paid tribute to the National Advisory Committee for Aero-
nautics, thereby recognizing that a good many observers

CONTINUED

can't understand why NACA did not figure in early plan-
ning for the space age. The Delfense Secretary said “we
have been very happy” in the relationship with NACA on
aircraft development. Pressed by reporters, he refused to
express a preference between his pleasure with NACA and
his equally “satisfactory relationship” with the Atomic En-
ergy Commission. The difference, of course, is that NACA
does research in aerial weapon development and turns the
results over to the military and industry. AEC does re-
search, but it also is in the hardware business; it has a
tradition of manufacturing similar in some respeets to that
of an arsenal.

As for the immediate future, MeElroy says the space
project proposals aleeady submitted to the armed forees
by industry will be evaluated and action taken as soon as
possible, This will not have to await the arrival of Roy
Johnson at his ARPA desk, expected about April 1.

There are a lot of things Secretary McElroy may change
and they could include his early concept, expressed last
November, that ARPA will develop new weapons, then
turn them over to a chosen branch of the armed forces
with orders to shoot. There is some evidence that the Sec-
retary has gained new respect for the complexity of mod-
ern tools of war in his short tenure, Certainly Congress is
preparing to strike o blow for urgeney. Both the military
forees and industry have reason to be thankful that ARPA
is. mot in the coldly practical hands of Charlie Wilson.
ARPA’s effectiveness will depend entirely on how it is ad-
ministered by Mr. McElroy, leaning heavily on President
Eisenhower and Dr. Killian. There is hope that it can be
held upstream and not add to the seaweed.

—Cravpe Wrrze

In setting up the Flight Pay Protection Plan, Air
Force Association and 15,000 fyers have pieneered
a new idea in military insurance.

Now, after eighteen months’ experience, AFA an-
nounces adjustments in the program to balance the
requirements of the 15,000 policvholders with good
business practice.

Response to the Plan indicated a far greater need
for such coverage than even AFA had expected. In
the first eighteen months, money paid out in bene-
fits or set aside for existing claims totaled some $433,-
000. More important, letters from the men involved
have proved beyond doubt that flight pay benefits
have been critically important to family pocketbooks,

On the other hand, claims received have far ex-
ceeded the estimates on which the coverage and the
payment rates were set up, so that adjustments be-
come necessary if the Plan is to be permanently effec-
tive,

One of the best ways to save money on claims
would have been to eliminate the three months'
retroactive pay for groundings, On the other hand,
this would have cut off income just when the
grounded flyer needed it most—when expenses were
high and before he could make any budget adjust-
ments to allow for reduced income. So the three

Changes in AFA’s Flight Pay Protection Plan

months’ retroactive pay feature has been retained,
and is still effective,

One break was unanticipated. Compensation from
the Plan has been declared tax-free. Consequently,
AFA can now pay benefits at eighty percent of Right
pay, rather than 100 percent, and still match the in-
come from regular, taxable flight pay.

Benefits for groundings from non-aviation acei-
dents, or from disease extend to a maximom of twelve
months under the new Plan, Benefits for groundings
resulting from aviation accidents extend to a maxi-
mum of twenty-four months.

To keep these benefits in effect, it has been neces-
sary to move the rate up; a move which was con-
sidered preferable to the only other option, that
of placing further restrictions on coverage. Conse-
quently, the rate for coverage is now two percent of
annual flight pay.

These changes became effective February 1, 1958.

Other provisions of the coverage remain sobstan-
tially unchanged; AFA will continue, as in the past,
to absorb the bulk of administrative and clerical
costs in handling and processing the coverage—the
factor which enables the underwriters to make such
normally expensive protection available to AFA
members at extremely low cost.—Exp
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RE"« D‘ N {}“ —Not a dream of the future, but “hardware" today, the Northrop Snark
SM-62 is now being produced in limited quantities for the Strategic Air Command. Air
Force ground and technical crews are in training and an accelerated production schedule of
this relatively low-cost missile can be our strongest deterrent to enemy aggression. Years in
development, the Snark has repeatedly proved its ability to deliver nuclear warheads on
targets more than 5,000 miles away at speeds in the sonic band. The Snark is automatically
guided to its target by a self-contained guidance system that defies jamming or mis-
direction by the defender. Enemies of the free world are well aware that the U.S. has this
fully developed intercontinental guided missile—capable of flying from concealed mobile
launchers to hit a target anywhere in the world. A formidable companion to the long- \T (} ]{ "'I1 Il l} (} l‘}
range bombers of the Strategic Air Command, the Snark is another reflection of Northrop - - .
Aircraft's “'security with solvency” philosophy of delivering more air power per dollar. sosmueor smcsarr, we « sevenLy HiLLs, CaLFaRRIA

Builders of the Firel Interconlinental Guided Miszile
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of military astronautics

USAF AND THE SPACE AGE

AN ancient vaudeville joke ends with the punch line, “Watch that first step. It’s a long one.” That
is what we discovered when we decided to devote the entire contents of this issue to space. Space
itself is literally limitless, and what you can say about it very nearly so. We have attempted to stay
within the bounds of our title, “Space Weapons,” in an effort to provide for those interested in
the United States Air Force and its mission a basic compendium of knowledge for the transition
into the Space Age. We decided to concentrate on those items directly bearing on the USAF space
mission—the history of the Air Force’s already considerable penetration into space, the vast tech-
nological contribution being made through the Air Force ballistic missile program, and the unique
foundation of Air Force experience and doctrine through which the ultimate goal of man in space
can be achieved. Many complex subjects have, of necessity. been touched on comparatively lightly

and will be discussed in greater depth in future issues—THE Epitors.

—
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Stepping stone to the
stars. The moon, our
nearest neighbor and
potential USAF base
in the heavens, as seen
by a high-powered
telescope.

BY THE END OF THE CENTURY ...

HERE has been exploration since the beginning of

mankind, since the beginning of curiosity. The air-
plane has made well known most of the remote spots on
this globe, but exploration will continue,

The new exploration will be in science and in space.

We, as a nation, must have vision and must work hard
if we are to be leaders in this new type of exploration.

I am a conservative, but 1 believe that before the end
of the century the following events will occur and that
they will occur more or less in the following order:

& A rocket will go to the moon. Somewhat more pro-
pulsive power will be required than for an intercontinental
ballistic missile or for a satellite, but the guidance in
actually hitting the moon will be easier than hitting a
specific target from 5,000 miles.

® Scientific instruments will be landed on the moon.
There is no atmosphere on the moon, so reverse thrust
will be required in order that instruments may land on
the moon lightly, softly. Theré may be deep dust on the
moon, no one knows, so it may be necessary to send up
several scientific instruments before one will operate,

® A manned satellite will go around the Earth and
will return to the Earth. This will lead to the possibility
of transcontinental or transoceanic travel in half an hour.
San Francisco to New York, New York to London, New
York to Paris—in half an hour. The determinant as to
whether people travel this fast will be not technology,
but economics.

® A trip around the moon and return; an opportunity,
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James H. Doolittle

first to look at the far side with radar or television, un-
manned, and then a trip around the moon and return to
Earth with a man aboard.

® A man will be landed on the moon and brought back.

® A space platform will be established.

® Instruments will be landed on Mars or Venus.

® A man or men will be landed on Mars or Venus and
brought back.

If T weren't a conservative, I would say that before
the end of this century two more events will take place:
a permanent observation station on the moon, and inter-
planetary travel as a common thing,

This is only the beginning. What will happen next,
I cannot even conceive. I am only sure that the rate
of scientific progress will continue to increase,

The eight or ten things I have enumerated can be
done. I am satisfied that before the end of the century—
and maybe long before the end of the century—thev will
be done.,

We, the United States of America, can be first. If we
do not expend the thought, the effort, and the money
required, then another and more progressive nation will.
They will dominate space, and they will dominate the
world. There is a nation with this ambition. We must not
let it prevaill

From remarks by James H. Doolittle at the Aero Club of
Washington's Wright Memorial Dinner, Washington,
D. C., December 17, 1957.
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AIR AND SPACE ARE INDIVISIBLE

N _LITTLE mozethan g decade, the nature of interna-

tional relations has been mdimllmm
current development of thermonuclear weapons, infer-
continental Bombers, and missiles. Internifional” relations
soon will be further complicated by man’s capability to
travel in the far reaches of space. This era of rapid tech-
nological progress could benefit all mankind or it could re-
sult in a holocaust which might destroy the civilized world.
The United States Air Force intends to do everything
within its power to prevent war and to enhance the peace-
ful benefits that knowledge of space could bring.

To assure peace, the United States has no current alter-
native but to maintain powerful military forces in a state
of constant readiness for war. Since the prime purpose of
our military forces is to deter war, our deterrent forces will
have accomplished their purpose if they never have to be
used in battle. Should the United States be required to use
its military forces, however, they must be strong enough to
achieve victory.

The basic philosophy of the United States Air Force
as conecerns military airpower is the requirement for Hex-
ible offensive forces second to none. These forces must
be capable of selectice operations anywhere in the world
in support of our national objectives. Possession of a strong
defense, particularly a strong air defense, is important, but
our possession of first-rate offensive forces is the principal
deterrent to enemy attack,

The idea of deterrence through possession of strong
military strength is not new. In vears past, the deterrent
stature of the United States existed in its reserve and
mobilization potentials and in the protection afforded by
its oceans—as well as in the size and quality of its forces in
being. But this has changed. Deterrence can no longer be
measured in terms of distance or mobilization potential.
The potency and fexibility of powerful striking forces
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Gen. Thomas D. White

CHIEF OF STAFF, UNITED STATES AIR FORCE

which can retalinte on a moment’s notice, compose the
only real deterrent today. This deterrent power can be suf-
ficient only so long as it convinces potential enemies that
aggression against the United States and its allies wonld
not pay. The most important responsibility of the United
States Air Force is to maintain its deterrent power strong
and modern, with forces that are sufficiently flexible to
meet all situations in which they are likely to be needed.

Wissiles

Air Force capabilities have always been developed in
accordance with assigned responsibilities and are always
projected into the future on the same basis. The reason
the Air Force builds weapon systems of any type is to
produce better combat capabilities. As the state of the art
has improved, so have the weapon systems of the Als Force
improved. The technological progress evidenced in a gom-
parison between the B-29 atomic bomber of 1945 and the
global B-32 jet nuclear bomber of 1958 is obvious, The
sciences of aeronautics and astronautics will combine to
bring progress that is even more significant and astound-
ing in the vears to come.

The Air Force embarked on the intermediate- and long-
range missile programs because the combat potentialities
of missiles offered certain advantages in comparison with
manned systems. This is true even with early models of
missiles, which will be much less efficient than those we
expect to obtain later on. The Air Force has made con-
siderable progress in the research and development of mis-
siles, in detailed planning for their operational use, and
in the provision of logistic support of missile systems when
they became operational. Building assissile capability has
been the number-one priority project of the Air Foree in
recent years.
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There are many reasons why ballistic and guided missiles
are compatible and complementary systems to manned air-
craft. The alert potential, quick reaction time, and reduced
vulnerability to enemy attack of operationally reliable mis-
sile systems will result in more effective and economical
performance of many Air Force missions. However,
weapon selection and the determination of proper foree
structure will also depend on many other factors such as
reliability, aceuracy, warhead weight, carrying capability,
range, cost, and the type of targets to be attacked.

Although there are many advantages to be gained from
exploitation of missiles, care must and will be taken to
avoid the danger of going overboard on missiles or, for
that matter, on any single weapon system or weapon.
USAF studies indicate that even with vastly improved
missiles, the strongest force structure, the one providing
the best survival insurance, will be one in which missiles
and high-performance manned systems are used together
in complementary roles, Aircraft, missiles, and spacecraft
are mutually supporting systems. They are compatible in
development and operational strategies designed to gain
and hold a superior advantage in air and space. They are
a hunctionally eomplete system.

This factor of system completeness must be kept in
perspective if the future patterns of airpower are to be
seen clearly. Manned aircraft, missiles, and piloted space-
craft which are responsive to the command and control
structure of the Air Force are parts of a continuing in-
tegrated system. From an operational viewpoint they are a
single instrument. Operating under the same control struc-
ture, missiles, manned aircraft, and spacecraft will provide
great flexibility. If circumstances should rule out mission
accomplishment with one method, another method will be
responsive to the mission. If more than one method is re-
quired, they can be applied. simultaneously to the target
objective.

Astronautics

Ballistic missiles have sometimes been erroneously re-
ferred to as the ultimate weapon. It is extremely doubtful
whether there ever can be an ultimate weapon, although
experience has shown that a single weapon or weapon
system can be decisive at a certain time or place. Missiles
should be considered as but another step, albeit a very im-
portant step, in the evolution from manned aireraft to true
piloted spacecraft.

In discussing air and space, it should be recognized that
there is no division, per se, between the two. For all prac-
tical purposes air and space merge, forming a continuous
and indivisible Reld of operations. Just as in the past,
when our capability to control the air permitted our free-
dom of movement on the land and seas beneath, so, in the
future, will the capability to control space permit our free-
dom of movement on the surface of the earth and through
the earth’s atmosphere.

The Air Force has been pioneering in the fringes of
space for several vears with manned aircraft. The Bell
X-2, a rocket research plane, carried Capt. Iven Kincheloe
up to approximately twenty-five miles above the earth at
1,900 miles per hour. The X-15, which is now in the de-
velopment stage, is designed for speeds and altitudes much
greater than those of the X-2. The next step is the Air
Force program to fly at hypersonic speeds, circumnavi-
gating the globe many times before reentering the Earth's
atmosphere. As a weapon system, this program will repre-
sent the first major breakthrough in sustained piloted space-
flight. With this system it will be possible to resolve many
of the problems inveolved in either placing man on a con-
tinuous orbit around the earth or sending him soaring into
outer space and to nearby planets. At the rate things are
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going, it is technically feasible for manned spaceflight to
become routine in a very few vears. The current tech-
nological race is producing technological advances at an
unprecedented rate. Engine thrust has been increased
many times over what was considered excellent a few years
ago; and personal equipment has been improved to a point
where it will be adequate for manned spaceflight to the
moon.

Air Force Experience Factor

It is natural for the Air Force to have a major opera-
tional interest in the integration of air and space capa-
bilities. Since the beginning of controlled flight in a
heavier-than-air machine over fifty vears ago, the Air
Foree has used the airplane as its basic system. During
these years it has accumulated a vast amount of develop-
ment knowledge, operational experience, and practical
skills. Today, as the United States Air Force stands on the
threshold of the space age, this know-how . . . the Air
Force maturity in the science of flight . . . is a tre-
mendously valuable and important asset. Through con-
stant exploitation of the range, speed, altitude character-
istics, and carrying capability of aircraft, the Air Force
has developed techniques of air warfare, which were
brought to a high state of perfection in World War 11 and
which were improved even more during the Korean War.
Strategic air warfare, the capability to penetrate deep
within an enemy’s defenses and attack his vital sources of
power, is but one product of Air Force imagination, skill,
and experience.

Today, the operational structure of the Air Force re-
flects this intensive experience in excellent equipment and
a dedicated body of professional airmen. Predominant char-
acteristics of this structure are quick reaction, fexiblity,
firepower selectivity, mobility, and penetrative ability.
With an infinite number of combinations of range, speed,
routes, altitudes, and tactics, and operating in a medium
that is undivided, unobstructed, and unlimited, the United
States Air Force can accomplish an infinite number of
tasks. The forces can be shifted rapidly from task to task
or from one locality to another. They ean be adapted
quickly to various requirements for firepower in war and
to employment for humanitarian, political, and psychologi-
cal purposes in peace. Missiles can be exploited most effi-
ciently and effectively when combined with this extensive
operational experience.

Missile development and the probing of piloted craft
into the fringes of space have been tremendous undertak-
ings, surpassing even the Manhattan Project in scope and
goals. In the not too distant future, efficient ballistic mis-
siles and true piloted spacecraft will enter our forces as
operational weapons. The Air Force will be ready to re-
ceive them and use them effectively, although new prob-
lems and challenges can be expected.

The United States and its allies must maintain the
capability to exert a steady unremitting pressure against
war in the yvears ahead. This ean be done if United States
airpower is the best airpower. To be the best it must be
ready night and day, for every day of every year, to exe-
cute a counterstroke which is powerful, swift, and deadly.
Such a force will make an aggressor reluctant to attack.
The Air Force is dedicated to ereating for our country the
best airpower it is possible to produce.—Exp

The above material is the preface by the Air Force Chief
of Staff, from the forthcoming hook The USAF Reporl
on the Ballistic Missile, edited by Lt. Col. Kenncth F.
Gantz, Editor of The Air University Quarterly. The pub-
lisher of the book is Doubleday &> Co., Inc. The appearance
of this material in A Fonce is with special permission,
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“Te me every hour of the light and dark is o miracle,

Every cubic inch of spoce is a miracle.”

=WALT WHITMAN

THE SPACE FRONTIER

HE United States Air Force, having penetrated space

with its ballistic missile program and having probed
the fringes of space with its manned aircraft, has been
termed the logical agency to carry out the operation of
manned vehicles in the vast reaches bevond Earth's atmos-
phere. The military space mission, which had been up
for grabs ever since Russia’s Sputnik 1 jarred this nation,
may now be officially placed where it obviously belonged
all along.

Defense Secretary Neil H. McElroy, in a press confer-
ence on Febroary 7, indicated that he considered the oper-
ation of manned spacecraft as an Air Force responsibility.

This makes sense, and the decision should accelerate
the nation's space program. For, as Gen. Thomas D.
White, USAF Chief of Staff, points out on the preceding
pages, “For all practical purposes air and space merge,
forming a continuous and indivisible field of operations.”
At one point, in the almost hysterical reactions to Sputniks
I and II, it appeared likely that space operations would
somehow be considered an entirely new kind of military
mission. Such an approach could have had only one of
two results—either a new, and fourth, military service for
all practical purposes; or fierce competition among the
existing services for the space mission,

Either alternative would have been a disservice to the
nation. For through its Air Force, the United States
already has a tremendous investment in space operations,
and assignment to any other agency would have inevitably
resulted in delay, duplication, and waste.

In the Air Foree's ballistic missile program, the develop-
mental and production springboard into space is already

Left, the great nebula in the constellation Andromeda,
one of the most distant objects in the heavens wvisible
to the naked eve. It takes light some 2,000,000 years to
reach Earth from the galaxy containing Andromeda. Yet
Andromeda’s is one of onr own galaxy's nearest neighbors,
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in existence, as will be discussed later in this publication.
Its space medicine program has laid the physiological
foundation for manned flight into space (see page 109).
But bevond that is the all-important experience factor,
also discussed by General White. For it is a far ery from
a piece of hardware to an operational capability, a long
step from a chunk of unmanned metal circling the Earth
to an operational eapability in manned spacecraft. And
only in the Air Force does the nation possess an organiza-
tional and doctrinal base on which such a capability can
be built.

Thus the Air Force finds itself, in the beginning of its
second half-century of existence, on the threshold of the
space frontier, with possibilities that kindle the imagina-
tion and challenge the intellect. Fortunately, it is able
to approach the-task with a solid background of experi-
ence, technology, doctrine, and philosophy, Conguering
the space frontier will not be easy, but it is mandatory
to the peace and security of the planet from which,
paradoxically, we must escape in order to preserve our
earthly liberties.

As a result, a heavy educational requirement has been
laid upon Air Force shoulders. At a time when the
transition from piston-engined aircraft to an all-jet force
is still incomplete, when guided missiles are taking over
the pilot’s cockpit for many missions, the Air Force man
must simultaneously project himself bevond even these
startling developments into space itself,

For in space, the Air Force flver once again comes into
his own. Sometimes bewildered and often embittered by
the black boxes which appeared to threaten technological
unemployment, men who love to fly have new and exciting
vistas open to them.

The sweep of technology is putting the pilot back into
aircraft—or spaceeraft, if vou will—even before the missiles
have edged him out of the flight plan, Missiles, even inter-
continental ballistic missiles, are emerging not as the
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VENUS 7,700 mile diameter
67,000,000 miles

MERCURY
3,100 mile diameter

VAST DIST&NCES OF OUR SOLAR SYSTEM and the diameters of its nine plancts are illustrated here.

To a Plutonian, more than 3,680,000,

ch more than a star, while to
a Mercurian, “only™ 36,000,000 miles away, the sun would appear as a huge fiery orb in the heavens. Of all the planets
Earth scems to be ideally situated, just far enough away from the sun (93,000,000 miles) 1o provide

balaneed and com-
fortable temperatures, radiation, and light ranges 1o nurture the life that has developed on this planet over the ages.

miles away, the sun would look like not mu
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ultimate weapon, but only as the necessary interlude
between manned flight in the Earth’s atmosphere and
manned flight in the vast reaches of the solar system and
bevond.

As a result, it behooves the airman of today, the space-
man of tomorrow, to begin now to know the medium in
which he will be operating. He will leave old problems
behind him: drag (there is no drag in space); gravity
in the usual sense (one cannot crash in space because
there is no place to fall to); weather (there are no clouds
or thunderstorms in space). He will encounter a range of
new problems: environment (he must take his food and
atmosphere with him); navigation (he must learm to
astrogate rather than navigate—his checkpoints are the
stars); and he may spend weeks, months, or even years,
instead of hours between blastoff and landing.

Space is big. Its vastness is all but incomprehensible
to the human intellect. But there are homely examples
which convey some imagery to this vastness,

Sir James Jeans, the British astronomer, gives us an
inkling, He says there may be as many stars in the universe
as there are grains of sand on all the beaches of the world.
And our sun, the center of our solar system, is merely one
of these stars,

Our own solar system, with the sun as its star, is but
a pocket of the vast galactic star system we call the Milky
Way, which in turn is only one outpost among the myriad
star systems of the universe.

Our system’s planets all revolve in the same direction
in their orbits around the sun. These orbits are all nearly
cireular and all lie in about the same plane. The so-called
“Inner Planets"—Mercury, Venus, Earth, and Mars—are
relatively small and dense and have few satellites. The
“Outer Planets,” on the other hand, with the probable
exception of Pluto, about which little is yet known, are
large, have low densities, and run to larger numbers of
satellites. Jupiter, for example, has twelve moons; Saturn,
nine (the sixth of which, Titan, with a diameter of about
3,500 miles, is the largest satellite in the solar system
and the only satellite that we know has an atmosphere);
Uranus, five; and Neptune, two. The relative sizes of all
the planets and their distances from the sun are shown
on the chart on the opposite page.

It takes a man eight hours to drive his car 400 miles,
and about the same length of time to walk twenty miles.
But miles become relatively meaningless in any discussion
of space, if only because of the unwieldy number of zeroes
required for figures over the billions. And in terms of
billions of miles, a space traveler hardly finds himself
bevond our own planetary system. So new units of
distance measurement have been devised.

One of these is called the “astronautical umit” and is
based on the average distance from the sun to the Earth
(about 93,000,000 miles).

A second unit of measurement, a much larger one, is
the “parsec.” This is a contraction of what scientists call
a “parallax second.” and indicates the distance at which
the mean radius of the Earth's orbit would subtend an
angle of one second of arc. Each parsec is equal to
19,150,000,000,000° (or 19.15 trillion) miles.

The most familiar unit of space measurement, of course,
is the “light vear.” This is the distance light (traveling
at the rate of 186,284 miles each second) would travel
in one vear, Each light vear contains 5,880,000,000,000
{or 5.88 trillion) miles. There are 3.26 light years in
ovVEeTY I]:J:I‘Hi"t:.

None of the planets in our solar system is so far from
the sun that light takes as long as a year to cover the
distance. Earth, for example, is only eight light minufes
from the sun—that is, it takes sunlight eight minutes to
travel the 93,000,000 miles from sun to Earth.
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This dazzling sight, visible through high-powered tele-
seopes, is the spiral nebula in Virgo, one of the con-
stellations in the southernm hemisphere of the sky., Our
own galaxy, the Milky Way syvstem, would have a some-
what similar disc-shaped appearance to ohservers in Virgo.
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The Distances of Quter Space

THE SUN Left, the large disc represents the size
of our sun, with the planets Jupiter,
Earth, and Saturn shown on its sor-
face at the same seale. The broken line
. represents the orbit of Earth’s moon,

. JUPITER\*, a distanee from Earth of some 239,000
: miles. Below, some idea of the size of

the universe may be gained from real-
ization that it takes more than 26,000
rears for light (which travels at 186,-
000 miles each second) to travel from
; our sun to the eenter of our galnxy, or
SATURN : the system of stars on which our sun
S is a member. Outside are many “extra-
galactic nebulae,” one of the nearest
and largest of which is the galaxy con-
taining the great nebula Andromeda.

EARTH'S MOON
AND ITS ORBIT

= EARTH

THE DISTANCES OF THE UNIVERSE

From the Sun to the Earth, 93,000,000 miles,

Light takes 8 minutes to travel this distance, traveling at
186,000 miles per second.

From the Sun to Pluto, outermost planet of our Solar System, 3,680,000,000 miles.

o
Light takes 5% hours to travel this distance, traveling at
186,000 miles per second.
From our Sun to Proxima Centauri, the star closest
to our Solar System, 25,000,000,000,000 miles.
L

Light takes 4% years to travel this distance, traveling at
186,000 miles per second.

From our Sun to the center of our galaxy.

Light takes 26,080 years to travel this distance, traveling at
186,000 miles per second.

From the center of our galaxy to the cenler of the galaxy containing
the great nebula Andromeda.

Light takes 2,262,000 years to travel this distance, traveling at
186,000 miles per second.
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Pluto, the outermost planet, some 8,680,000,000 miles
from the sun, receives its sunlight about five and a quarter
hours after that light leaves the sun. So we say Pluto is five
and a quarter light hours from the sun.

All around our solar system—that is, our sun with its nine
known planets—lie the countless other stars of our galaxy.
A “galaxy” is a system of stars. Our galaxy can best be
visualized as a disc standing on end. Our solar sys-
tem is fairly far down the “disc”™ and situated in an
outer “arm.” Looking up through the dise, observers on
Earth see what appears to be a huge, tight-packed,
irregular band of stars, This is what we call the Milky
Way and is, in reality, the aggregation of stars seen
through the deep length of the galactic disc.

Some idea of the size of our galixy may be obtained
from examination of the chart on page 46 which shows
that it takes light four and one half vears to travel from
our sun to its nearest neighbor—the star Proxima Centauri,
And light must travel some 26,080 years to reach the
center of our own galaxy from our sun.

But there are other galaxies outside the one which
contains Earth and her sister planets. One, which the
astronomers call “Messier 31," contains the constellation
Andromeda (or the "Chained Lady”). The center of this
galaxy lies more than 2,000,000 lght years from the
center of our galaxy. Andromeda’s galaxy is famous as
ong of the most distant heavenly objects that can be seen
with the naked eye. Yet what appears to an observer on
Earth as a faint pinpoint of light is an enormous cluster
of stars whose galactic diameter alone is nearly 100,000
light vears. '

And beyond Messier 31 are still countless other galaxies,
Man's most powerful telescopes now have probed as far
as 1,000,000,000 light years into the heavens. No one
can now say if these vast reaches of nothingness extend
on indefinitely or if, as Einstein's General Theory of Rela-
tivity suggests, space is finite and curved so that a beam of
light projected into space at the 186,284-mph “speed limit™
would eventually (after more than 200,000,000,000 Earth
vears) return to its starting point—but from the opposite
“direction.”

Einstein’s theory, in an interpretation that staggers
common sense, also suggests that time “shrinks” when
measured within objects which are moving at very nearly
the speed of light. This phenomenon has led such persons
as the eminent physicist Dr. Edward Teller to speculate
that, given a space vehicle capable of such fantastic speed,
an Earth spaceman could travel to points a million light
vears distant and return—all within his lifetime!

In terms of these almost unbelievable times and dis-
tances, our sun’s planetary system suddenly seems a
smaller, friendlier place.

The flight to the stars is the “day after tomorrow,” pend-
ing unimagined new knowledge of propulsion svstems
geared to the speed of light. But today, airmen are
on the threshold of near space. They are facing “space
equivalent” conditions now within the Earth's atmosphere,
and they will enter “true space” in the neighborhood of
400 to 500 miles “up” or “put.” On the way out of our
atmosphere, they will pass through the ninety-nine percent
of it that lies below 100,000 feet. They will pass through
the five layvers of atmosphere (see chart, page 48):

® The troposphere—lowest air region extending up
shout ten miles, is pretty much the extreme operating
altitude for today’s conventional aireraft. Its upper bound-
ary is the tropopause, ranging from 54,000 feet at the
equator to about 25,000 feet at the Poles and 36,000 feet
at the middle latitudes. This variance is due to the ellip-
tical shape of the earth, Only about twenty percent of the
troposphere is oxvgen, the remainder largely nitrogen.

® The stratosphere—extending from about ten to six-
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teen miles up. There a reciprocating engine’s power output
would reduce to zero as absolute pressure fell below
212 pounds per square foot. Halfway through the strato-
sphere—at about 63,000 feet—an airman's blood would
boil. A sealed cabin is imperative. Outside temperatures
are seventy degrees below zero, Fahrenheit.

® The mesosphere—extending from the stratosphere
extremity to about 250,000 feet, or about fifty miles, Here
there is a concentration of ozone which absorbs a large
part of the sun's ultraviolet radiation, increasing tempera-
tures but helping shield the earth from cosmic rays. USAF
Maj. David G. Simons spent thirty-two hours in a balloon-
bortie ecabin in this area last yvear, but did not reach its
warmest part, above 150,000 feet, where outside tempera-
ture is about fifty degrees above zero, Fahrenheit. Beyond
the fifty-mile level, just out of the mesosphiere, the mercury
tumbles to 104 degrees below zero.

® The thermosphere—starting at about 250,000 feet or
about forty-eight miles, this area extends up to somewhere
around 200-300 miles, with experts not in agreement.
Here the temperature curve goes up again, reaching 2,200
degrees above at 300 miles. There is no sound here. The
thermosphere is also called the ionosphere because of its
intense electrical activity. Atoms and molecules in this
layer are bombarded by powerful electromagnetic waves
from the sun and become electrified or ionized. The
thermosphere is made up of four different layers of these
ionized particles, each more concentrated than the next.
Lowest is the "D" region topped in order by the “E.”
“F," and "F,.” The ionosphere has strong influence on
radio transmission.

® The exosphere—the upper limits of this top layer of
the Earth’s atmosphere blend into outer space to a possible
1,000 miles, although there is, of course, no actual delinea-
tion or “boundary,” and there are some experts who be-
lieve that bits of Earth’s atmospheric gases are found much
Farther out.

Apart from the theoretical discussions of scientists and
the active, often secientifically sound, imaginings of science-
fictioneers, man’s efforts to conquer time and distance via
the air have led him inevitably to the fringes of space.
In his attempts to fly farther and faster, he flew ever
higher, where the air was “thinner” and where there
was less drag.

Here man found limitations, or “ceilings,” both physical
and mechanical. Man and his engine had to breathe air
to continue functioning, and both rather quickly reached
a point where there was not enough air to keep either
functioning without outside assistance. Above 15,000 feet
the pilot in an open cockpit could not function without
supplementary oxvgen, and so the oxygen mask and later
the pressurized cabin were devised. Above 25000 feet
the engine began to run short of oxyvgen, and the super-
charger was developed.

Operating altitudes continued to climb. In World War 11
the Air Force was flying and fighting at from 15,000 to
35,000 feet. Doglights over MIG Alley in Korea sliced
through the thinning air at 45,000 feet. Today we have
operational aircraft in our inventory that can reach alti-
tudes of over 50,000 feet, and others in the program
designed to fly over 70,000 feet.

On the experimental side, Air Force efforts to pierce
the sonic barrier pushed experimental aircraft to new
heights where there was not enough air for either man
or machine, and the engine carried its own oxygen with
it just as did the pilot. These aircraft included the Bell
X-1 in which then Capt. “Chuck” Yeager became the first
man to fly faster than sound. He did it in October 1947
at 73,000 feet. In 1954 Maj. Arthur “Kit" Murray climbed
to a new ceiling for manned powered flight—94,000 feet
in the X-1A. Capt. Iven C. Kincheloe currently holds the
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grip of the Earth.

the gravitationa

world’s altitude record of 126,200 feet
zna-ft2 September 7, 1936, in the Bell
X-2.

For all intents and purposes these
men have been in space. Both they
and their aircraft were operating in-
dependently of what little atmosphere
there is at those altitudes.

Concurrently  with these  experi-
ments with manned aireraft on the
edge of space went other probing
forays into the practical upper limits
of the atmosphere. It has been ten
vears since the joint militiry Aerobee
programs  were  established, These
rockets have carried instruments, mice,
and even monkeys, well into the
mesosphere (95,000 feet). USAF's
Moby Dick meteorological balloon
project has regularly carried instru-
ments over 75,000 feet high, with the
advantage over the research rockets of
being able to stay aloft much longer.

Another Air Force spaceman, of
course, is  Balloonist Simons, who
reached 102,000 feet in a sealed cap-
sule gondola beneath a balloon (see
“Mun in Space,” page 120).

The most recent USAF space study,
and the most spectacular, has been
Project Farside. Sponsored by ARDC's
Office of Scientific Research, Farside
used a balloon-borne, four-stage rock-
et, fired at 100,000 feet, to carrv a
three-and-one-hall-pound package of
instruments still farther up—or out—
to an estimated minimum of 2,400
miles—the very farthest known foray
into space by a man-made, man-di-
rected object. Farside furnished tele-
metered information on  cosmic-ray
activity and the grip of the Earth's
gravity at that distance.

But these manned and unmanned
ventures into spuce are but the prel-

From the 200-mile level 10 an esti-
mated 1,000 miles extends the last
luyer of the atmosphere, the exosphere,

e US satellite Explorer is ranging, at
its farthest point, bevond this level,

ude to true spaceflight. And space-
flight, like atmospheric flight, is sub-
ject to - certain basic physical laws,
although not necessarily the same
ones. In fact, there are certain essen-
tial differences which the airman must
learn as he transforms himself into a
spaceman.

Just as aeronautics is the science
of air travel, so astronauties is the
science of space travel. The differ-
ences between the two, so Far as the
machine is concerned (physiological
problems are discussed in the section
“Man in Space,” beginning on page
109), deal with propulsion and con-
trol. And in each case it is the absence
of air that causes the difficulty,

Propulsion

In 1686, Sir Isaae Newton stated
his Jaws of motion, the third of which
was, “For every action there is an
equal and opposite reaction.” This is
the Fundamental principle on which
all propulsion is based—propeller, jet,
or rocket. The propeller aerodynami-
cally transfers the energy of the engine
to the surrounding air. The jet does it
thermodynamically, by scooping in
air, compressing it, heating it by bum-
ing fuel, and ejecting the heated air
and exbaust gases. Either way, the

Bevond the stmosphere—ithe  begin-
ning of the romd to the moon. This is
“near space” in eelestial terms, USAFs
Operation Farside rocket has pene-
trated this area more than 2,400 miles.

forward thrust is obtained by aceel-
crating air rearward, But in space
there is no air, hence no medinm. The
engine his no air to breathe to oxidize
the fuel. And there is no air to “push
against.”

As a result, for space travel, man
must return to an ancient propulsive
device—the rocket. The rocket can
breathe in space because it earries its
own air with it, so to speak, That is,
it contains both fuel and oxidizer, It
can propel a vehiele through space
because it~ develops its propulsion
solely through reaction, in accordanee
with Newton’s third law, rather than
“pushing” Dr. Robert H. Goddard,
American rocket pioneer, demon-
strated this fact experimentally as
early as 1919,

But until comparatively recently
the state of the rocket art did not
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War ITI has been told many times. But it was here that
the basic advances were made in rocketry that will even-
tually permit manned spaceflight. The Germans were after
range, enough range to carry a warhead to England.
And they wanted speed, speed to avoid the detection and
interception that were knocking down the lower-flying,
slower, air-breathing V-1 missiles. The needed combina-
tion could be obtained by propelling a rocket into a
high trajectory and letting it literally fall out of the sky
onto its target.

Today's intercontinental and intermediate-range ballistic
missiles have thus become the springboard into space (see
page 73). For the quickest way to get a hydrogen warhead
from one point on the Earth's surface to another as much
a5 3,000 miles away is via space. Thus the military require-
ment for long-range ballistic missiles has led to development
of engines powerful enough to send payloads into space.
As physical evidence we have seen three man-made satel-
lites—Sputniks 1 and II and the US Explorer—circling
Earth.

In fact, putting a satellite into orbit—once the necessary
propulsion has been achieved—is a relatively simple matter.
It is much simpler, for example, than putting a warhead on
target halfway around the world. The guidance problem is
not nearly so critical.

Basically, vou put a sgtellite into orbit by accelerating it
to somewhere above 18,000 miles an hour but less than
25,000 miles an hour. This range of speed is known as
orbital velocity. That is, the satellite is projected far enough
and out at a fast enough speed so that Earth's gravity does
not pull it back. Yet its velocity is not great enough to
release it from Earth’s gravity and cause it to fly on out
into space until it is picked up by the gravitational pull of
some other body, such as the moon. The familiar analogy is
that of swinging an object around your head on a string.
Centrifugal force keeps it in a eircle—or orbit—the string
{representing gravity) keeps it from Hying away.

Earth’s escape velocity is 25,000 miles per hour. At this
speed, the vehicle would be able to overcome Earth’s gravi-
tational force.

In passing, it might be noted that-the elliptical orbits of
the Sputniks and Explorer indicate errors in guidance.
A perfect orbit would be very nearly circular, and, in such
an orbit, a satellite would theoretically stay up—or out—
indefinitely. In an elliptical orbit, however, the satellite will
eventually be pulled back into the atmosphere and dis-
integrate through friction, just as did Sputnik L.

If our eventual object is to get man into space, why fool
around with satellites? One answer is that we can learn
much about the conditions which man will encounter in
space. Another is that, unlike man, an inanimate object
can easily withstand the stresses of acceleration and other
physieal stresses the human body would encounter in blast-
ing out of the Earth’s atmosphere. An unmanned satellite,
of course, does not have to breathe or eat, both matters
which present certain difficulties for man in space.

From a purely military point of view, there are certain
things which can be done with an unmanned satellite with-
out waiting for all of the physiological problems of manned
spaceflight to be solved. The most obvious is that of recon-
naissance. This is the purpose of the Air Foice advanced
reconnaissance satellite project, known as Pied Piper.
Reconnaissance satellites will circle Earth, at altitudes of
from 300 to 1,000 miles, and could carry photographic and
television equipment, infrared, or radar. The data accu-
mulated can be transmitted to Earth electronically.

However, we will see manned spaceflight For “short
periods of time and even orbital Hight, again for short
periods of time, before Pied Piper gets intg space.

As pointed out roeviously, several Air Force men have
already gone through ninetv-nine percent of the effective
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USAF Operation Farside rocket, carried aloft by this huge
balloon, starts its ride to an altitude of 100,000 f[eet,
from which the rocket was fired 10 a height of some 2,400
miles, marking the farthest push into space vet recorded for
a man-made object. The launching was at Eniwetok Atoll.
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THE LIMITS OF AIR-BREATHING CRAFT rowered flight has taken man and his aireraft to ever-higher

altitudes, and finally to the limits of the most advanced airplanes, powered by ramjets, which run out of air to
“breathe™ and posh against at abont 150,000 feet. At this point rockets take over, carrving their own “air” with them

and offering the mechanical approach to spaceflight

becanse their ability to operate in the vaeuum of space is

thearetically unlimited. After today’s chemieally powered rockets will come nuelear, ion, and even photon propulsion.

atmosphere. One of these, Capt. Iven Kincheloe, is sched-
uled to venture more than four times as far into space as
he did in his record-breaking Bell X-2 flight. In the experi-
mental craft, the X-15, built for the Air Force by North
American, Kincheloe will rocket to 100 miles or more (some
reports say as high as 300 miles) and glide back into the
atmosphere. He will be dropped from a B-532 and shoot up-
ward under the X-15%s rocket power. On his way up he will
hit 3,600 miles per hour at about twenty-four miles’ alti-
tude. Somewhere above this point his aerodynamie controls
will have no air to grab onto, and for this purpose the X-15
is equipped with so-called “ballistic” controls. These work
on the reaction prineiple, like tiny rockets, and are strate-
gically located so that Kincheloe can make the eraft go
where he wants it to.

As he begins to penetrate the effective atmosphere
Kincheloe will be able to again utilize his aerodynamie
controls to direct his gliding descent and from then on the
Hight will be quite similar to that of the X-2,

Thus, Kincheloe's trip in the X-15 will be a flight into
space, rather than true spaceflight. He will be in space but
for far too short a time to be called true spaceflight (see
page 121 for artist’s conception of the X-15 and diagram
showing how the projected flights into space will be accom-
plished in this vehicle).

A USAF follow-on project is an extension of the X-15
concept and gets the Air Force a step farther toward true
spaceflight, This is the boost-glide vehicle, which will be
lifted to speeds and altitudes sufficient to orbit the globe
several times. It will reenter the atmosphere and be
directed aerodynamically just as the X-15.

o~

However, the hypersonic speed of such a vehicle may
require several trips in and out of the atmosphere to guard
against aerodynamic heating that could occur during too
fast a descent.

Both the X-15 and the projected boost-glide vehicles
are but one step away from brue spacecraft, They are
hybrids—half airplane, half spacecraft,

And there are other Air Force space projects in the
mill. One is to utilize an existing missile, such as Thor or
Atlas, and substitute a small satellite for the final stage.
There is no reason why such a vehicle could not be recov-
ered safely, using reverse jets, or high-lift, high-drag arco-
dynamie shapes, or even parachutes.

Another way to use existing technology is in the begin-
ning of scientific exploration of the moon. The basic Thor
missile, with other existing rockets as additional stages,
could take a payload to the moon this year. The pavload
could include transmitters to send data to the Earth during
the flight and a spotter charge so that we could see the
vehicle actually hit the moon.

Only a few vears ago such talk would have sounded
fantastic to all but a relative handful of space aficionados.
Yet even these exploits, present and projected, are but
relatively primitive ventures into the vast cosmos which
lies bevond our thin envelope of air,

If we can put unmanned satellites into orbit, if we can
literally “shwot the moon,” then the space frontier becomes
limited only by man's imagination.

The obvious“next step will be the establishment of a
permanent base in space—that is, a nionned satellite. This

{Continued on page 55)
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Well beyond the limits of the atmos-
phere, the area between Earth and the
moon is called cislunar space and cov-
ers the approximately 239.000-mile
distance to our neighbor in the sky.

permit enough thrust to pierce the
atmospheric envelope. A rocket fired
from Earth has to fight its way
through the drag of the atmosphere,
and has to overcome the very con-
siderable force of gravity. If a rocket
is fired straight up, gravity alone will
slow it twenty miles an hour every
second. Add aerodynamic drag, and
final velocity can be cut to around
seventy percent. As a result, enormous
initial thrust is required.

Like many another technological
advance, the rocket art was accelerated
by the impetus of military needs. The
story of the German work with the
V-2 at Peenemiinde during World
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THIS VAST DISTANCE from the moon and beyond the 1,000,000-mile
range is called translunar space. Although, in the vastness of the universe, it
marks but the start of even interplanctary travel, its conguest will be the result
of a series of giant steps that today stagger the imagination. S-ctenmm say
trips to the inner planets of our solar system will require all of mans skills,
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ASSAULTS ON SPACE Almost since the invention of the airplane, and even before that, man has been thrust-
ing upward toward and finally into space. As early as World War I, combat-aircraft range reached 15,000 feet, and
during World War 11, combat planes attained 35,000 feet. In Korea, jets fought as high as 50,000 feet. In 1956, Capt.
Iven €. Kincheloe, Jr., attained man's highest powered flight, 126,000 feet, in the Bell X.2. Maj. David G. Simons
a year later, in “Man High,” ascended in a balloon to 102,000 fect. Now satellites have accomplished orbits in near space.
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FROM AN ORIGINAL FAINTING FOR CECO BY M. T, HANDVILLE

Contributing to superb performance . . . the Bell H-40,

newest Army Utility Helicopter, is powered by a Lycoming T-53
gas turbine engine with complete unitized fuel control system
engineered and built by Chandler-Evans.

Products, too, are “known by the company they keep”,
and CECO is proud to be airborne with many of the latest
and finest military and commercial aircraft.

CHANDLER-EVANS « WEST HARTFORD 1, CONNECTICUT

Interesting, informative literature on many CECO products is
yours for the asking. Please address your requeést to Department 18,

SYSTEMS y CONTROLS




proud of our part in
AMERICA’S MISSILE and
SATELLITE EFFORTS...

We at METALLURGICAL, INC., by virtue of
the world's largest vertical drop bottom
metal treating furnace, are proud of our
responsibility for the heat treatment of
many guided missile motor cases.

METALLURGICAL'S services are built on
men and equipment . . . experienced
personnel with latest equipment con-
tinually meet high standards required
by modern science and industry.

] [ ]
metallurgical, inc. o rame

SPECIALISTS

900 EAST HENMEPIN AVENUE 1727 MANCHESTER AVENUE
MINMNEAPOLIS 14, MINMESOTA KAMSAS CITY, MISSOURI
FEDERAL 3-45381 BENTON 1-3317




The satelli

would perf all of the military Functions of the un-
manned version, with the important addition of human
judgment and mm|:r|||1:||1_,,

There are sev
and manned
ent ground r

itellite—: LH of them difficult uu{lu‘ t]u pres-
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may not 3 most Frud results. There would be
the terrible n o choose a single airman volunteer
who alone would have to carry the burden of the launc
from Earth and be subjected to the terrific physical and
psychologi trains of this assignment. And further, once
in orbit, his manned station would necessarily be small,
which would p further complication, pychologically,
for the inhabitant of the satellite to cope with,
The more complicated approach to establishing a
ed station—by firing the components and a team of
ially selected men into orbit and then having them put
ther the pieces in space—is considered much more
ical and productive by many e
With this method, a multistage
men and the lightweight piee
fired into orbit. These parts would provide a basic living
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] qen round the world, Sputnik 1, or more scientifically “Alpha 57-1."
AFB, Alnska, ns it erossed the sky soon after the Russians

was photographed from Elmendorf

launched the world’s first Earth satellite last October 4.

for the crew, with more elaborate components

nt up later. When the final stage of the rocket

| position, the team, clad in space

suits, would unload the components in & and pull
them together to build initial living « filling them
with oxygen and supplies. As they vith the com-
ponents, the men could maneuver in sp by use of
small rocket guns. Everything would be moving together
at the san d, and parts could be pushed around
easily ir e they would be weightless, as would
the men. ther and
filled IXVEen supplies, part of the team would
be left in the st and the rest would return to Earth
in the last portion of the vehicle that had been launched
into orbit amr_f which would have been designed to permit
ts Luu]d h-L w [11] 'u']:IEI i:‘rn;ﬂ

xperts ‘\lil|.._|.._ gt— h1. ﬁr\.l ﬂrmu{ I}u rnmpnnunt\ |]1t{:
DlLIEt Itu[ later sending the assembly team up to rendezvous
Thiz approach might initial con-
a [:.trL:'.'r and more sophisticated station.
ilar orbit, any manned USAF satellite
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On January 31, the first American satellite, Explorer,
was launched into orbit from the Air Force Missile Test
Center, Cape Canaveral, Fla. Fired by a modified US Army
Jupiter-C rocket (above), Explorer cireles Earth in an
orbit that varies in altimde from 219 o 1,587 miles.

S&

launched with today's chemical propellants would have
emptied its fuel tanks by the time it reached its position
in space. It would be moving around the Earth at about
18,000 mph. Supplving it would be the problem of the
successors to today’s USAF inflight refueling personnel.

."l][l.'-:r';lﬂ]l fl'.ll]';_!'lt with some 1i||1':||'1_||!:.. |_|;|_|:|:,:|~r-i_ _-;|'|!'_|]]!1_,'.
ing a manned satellite would not be much different from
today’s refueling in the air; it would be easier in some
ways. So long as the refueling “ferry” were in the same
orbit as the satellite, it would be traveling at the same
speed. Extremely heavy equipment could be moved from
supplier to satellite with little effort in zero gravity, and
visibility would be unmarred by such Factors as atmosphere,
bad weather and the like.

The manned USAF satellite, invaluable for observation
and reconnaissance, can be the steppingstone to the first
true interplanetary flight—the landing and establishment
of a permanent base on the moon. Our nearest neighbor
is only 239,000 miles away. The trip would take five to
seven days.

Some definite ideas have been proposed about the
strategic value of lunar bases. Some are convinced that
control of the moon can mean control of the Earth, and
that this nation’s forces should establish themselves on
the moon as soon as possible,

In the words of Brig. Gen. Homer A. Boushey, USAF
Deputy Director of Research and Development, the moon
is an almost perfect example of what a military man means
by “high ground.” From the moon, excellent reconnais-
sance is possible, with amazing close-up views of Earth
through the airless "atmosphere”™ of the lunar surface.
The moon’s high ground could, General Boushey suggests,
serve as a launching point toward Earth for retaliatory
missiles with only about twenty percent of the thrust
needed on Earth. These missiles could—thanks to the lack
of resistant atmosphere—be launched from shafts sunk
into the moon's surface, perhaps even catapulted, with no
internal propellant. Once a missile was launched Earth-
wird, the moon-based crew could track and guide it, The
reverse process from Earth is not possible because of
atmospheric resistance, weather, and numerous other
factors.

With a gravity one-sixth that of Earth’s, movement of
heavy equipment would be much simpler on the moon,
allowing easy construction of military facilities. Another
lunar advantage is the concealment possibility afforded by
the fact that one side of the moon is never visible from
Earth—making it ideal for launching sites. Thus the “recep-
tion committee” for enemy missiles and landing parties
could be located on the near or “light” side to Earth and
retaliatory facilities on the far or “dark” side.

To get from Earth to the moon will get us into true
space navigation—or astrogation. It consists of hurling a
eraft from one body’s orbit to another’s at a carcfully
selected time and speed so that the vehicle arrives at a
point on the other orbit where the spaceship and the planet
are traveling at about the same speed. This enables contact,

After the craft has escaped the Earth and its rockets are
shut off, it is in a state of free fall—it is being pulled back
to Earth still but at a decreasing rate as its inertia carries
it away from the Earth. Thus, to send a ship to the moon,
rockets must push it far enough from the Earth, so that
its inertial speed takes it from the Earth’s gravitational
field into that of the moon.

As it approaches the moon's gravitational field, it will
begin to speed up again, coasting rapidly into the moon's
orbit. And at that point it will be necessary to slow the
ship down to avoid crashing headlong onto the surface of
the moon. This would be done by reverse jets of rocket
power which would slow the ship and brake it as it touches
down on the lunar surface,
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When one goes beyond the moon, to other planets, the
problem becomes even more difficult. One reason is that,
although the planets of our solar system are generally on
a plane, there are slight differences in the planes of their
individual orbits, differences of a few degrees. But a
degree "up” or “down” in space could mean thousands
or millions of miles, depending on distance, Therefore,
it would be necessary at intervals to “take a reading” of
the ship's spatial position to make sure it would arrive at
the correct plane "as well as the correct position in the
destination planet’s orbit—to allow it to meet the planet.

This would be accomplished by using the sun and near-
est heavenly bodies as reference points. Position would be
fixed in all three spatial dimensions as well as in time, the
fourth dimension in the Einsteinian conception of the
universe. Then with control rockets the necessary correc-
tions in course would be made. In this vacoum of space,
the astrogator could always see his reference points with
perfect visibility,

Possibly almost all of the course could be planned
by computers at the time of launching, but these answers
will come as space travel itself comes closer to reality. In
space, it is not a matter of fancily turning left or right
but rather of adjusting the spacecraft’s path to make sure
the spaceship is headed toward its destination orbit at the
proper speed and on the correct plane.

To conquer the giant distances in space and time from
Earth to the edges of our solar system and bevond to the
stars, entirely new propulsion systems will have to be
developed. Spaceships could never carry the enormous
quantities of chemical fuel necessary to build the fantastic
speeds needed for trips beyond the solar system.

As matters stand now, we could—after building up the
necessary 23,000-mph velocity to escape Earth—"coast”
to the moon at that speed in five to seven days, or to Mars
in around eight months. But beyond these relatively near
destinations, greatly increased speed and better control
will be necessary, available only through exotic new pro-
pulsion methods, Mercury, nearest planet to the sun, may
mark the practical limits of chemical fuel in terms of speed
and weight.

The first of these new propulsive methods is nuclear,
either a nuclear pile using heated fuids, which might
suffice to carry Earthmen as far as Jupit®r or Saturn; or
nuclear fusion, which would have unlimited range across
the solar system. The next jump might be to ion propulsion,
that is, obtaining thrust through ejection of a stream of
ionized particles. This method is under study today, and
theoretically might supply enough thrust for unlimited
space travel. In fact, many authorities consider it more
feasible than a nuclear fusion drive.

Also being considered is photon propulsion, which
would propel spaceships by the actual pressure of light
particles, but at a slow -initial rate of acceleration, Photon
propulsion could enable travel from our own galaxy to
others. Time itzelf to traverse such distance would by
then be the only problem. And there may be an answer
to that dilemma in the Einsteinian theory that time
“shrinks” in a relative way as we approach the speed of
light.

Since the invasion of space first by Russian satellites
and now our own, there is growing sentiment for some
sort of system of international control, or demijlitarization.
President Eisenhower has made a serious proposal to the
world that this be done, and other Administration and
congressional leaders have done likewise. One proposal is
that the United Nations form a special commission on
space.

Without questioning the worthiness, or even the ult-
mate necessity, of such a move, there are serious questions
of sovereignty and international law involved.
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Technieal difficulties caused the first two attempts to
launch an American satellite to end in failure, The launch-
ing vehicle was the three-stage Martin Vanguard rocket
shown above. The satellite program is one phase of Amer-
ican participation in the International Geophysical Year.
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ORBITING SATELLITES could provide enormous boons for scientific observation, refueling of outlward-bound

spaceships, and worldwide radio and TV reiay. Closest-in satellites would serve as *fillin

stations" for oothoond

vehicles, whose launching from orbit would take far less thrust than a start from Earth. Satellites for seientifie
observation would be in middle orbits, while outermost three satellites, in line of sight of one ancther, would always

stay over the same point on Earth, which would turn on its axis, 26,000

It can be logically argued that the International Geo-
physical Year marks the beginning of a new era in inter-
national law, holding that “outer space” is not a part of a
nation’s “airspace.” This has been suggested by John Cobb
Cooper, Canadian air-law expert and legal adviser to the
International Air Transport Association. Cooper points out
that neither the US nor the USSR asked permission to put
satellites into space when they announced their IGY pro-
grams. The Fact that no nation has protested the satellites’
invasion of space, Cooper says, has already established a
precedent for freedom of space. He interprets the present
situation as follows:

e That present national boundaries extend upward only
to a point where the atmosphere ceases to provide lift
for airplanes or balloons.

# That “outer space,” which he defines as where there
is not enough atmosphere to create drag or otherwise affect
flight, is now bevond the sovereignty of any state or nation
of the world.

o That the “fringe area™ between these two still awaits
a definition of sovereignty through some sort of interna-
tional agreement.

The desirability of a demilitarized space and its im-
plications for a peaceful world is difficult to deny. But
while the debate goes on, the United States cannot let
space go by default to the Soviet Union.

It is worth pointing out here that although the United
States should work hard to prevent a Soviet monopoly on
space achievements, deep space itself could not be the
site of battle, as man has always known it, between giant
fleets or armies of opposing war vehicles,
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miles away, at exaetly their orbital rate.

Instead—as a battlefield—space would serve as the “high
ground” for reconnaissance and missiley, as envisioned in
the earlier suggestions of General Boushey,

As we approach the reality of space travel, the science-
fiction buffs among us will have to leave much of our
romance behind. For it would be difficult indeed, if not
impossible, for great space fleets to meet in combat, unless
they both left from the same place at the same time in the
same predetermined paths. This is hardly likely. Other-
wise, moments after they had “passed” each other in space,
they would be thousands of miles apart, and the weapons,
again in the classic use of the word, they ranged at each
other would be utterly useless.

This toes not, of course, preclude combat in near space
between orbiting sateliites of opposing nations. It would
be possible, indeed quite simple, to demolish or pune-
ture a manned satellite with a missile fired into its orbit.
And there could, of course, be combat on the moon, a
battle to gain sole contral.

Dr. Edward Teller gave a hint of that prospect during
his testimony at a recent congressional hearing. He was
being asked why man would want to go to the moon. And
he answered that it would be interesting to find out what
was there.

Asked later what he thought we might find when we
did get there, Dr. Teller answered, “Russians!”

The above material represents the combined efforts of the
staff of Am Force Magazine and was written by William
Leacitt, John F. Loosbrock, Richard M. Skinner, and
Claude Witze,
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UNDER THE BLINDING GLARE OF LIGHTS

,

EXPERT TECHNICIANS AND SCIENTISTS TOGETHER

where

ﬁ!s in this picture

HESE LONG, sleek birds of the ICBM,

[RBM and "Air-Breathing™ Missile
I’l‘t‘l{__{f{lﬂl:‘ represent years of work and
dreams by our top teams of military,
In
in
remote and hidden corners of the

scientific and industrial experts.

urban centers, in small towns,

globe, specialists in every branch of
our armed forces work to prepare the

READY ANOTHER GIANT MISSILE FOR FLIGHT

trained men, the missiles and the bases
which are needed to assure the security
of America and the free world.

Special military and industrial erews
go over each giant bird, section by
section, It is their job to fire up the
engines . . . to send power coursing
through the intricate maze of elec-
tronic circuitry. Every part is thor-
oughly tested . . . checked . . . and
tested again.
What part does AC play?

AC builds the intricate guidance sys-
tem whose job it is to control these
missiles in flight. This system, which
AC calls the AChiever, has already
proved its capabilities in flight in the Air
Force's "Thor™ and *"Matador™ missiles,
as well as in the Navy's "Regulus.”

In fact, this is the guidance system
which was in full control during the
sucecessful launching of the Air Force's
“Thor" missile from Cape Canaveral on

last December 19th.,

It is an inertial system which is com-
pletely self-contained. Nothing can
jam it. Nothing can deter it from its
chosen course . . . or deflect the missile
it guides from the appointed target,

Most important of all—AC inertial
guidance is in volume production. The
research and development phase is past.
AC is mass-producing the AChiever now!

What's more, all of AC’s and General
Motors® technical “know-how,” facili-
ties and trained personnel are available
to support this program to the fullest.

If you are a graduate engineer with
experience in the fields of mechanical
or electrical engineering and believe
that you have something to offer to
this important program—and, if you
are not now a member of the armed
forces—write the personnel section of
AC in Milwaukee.

AC SPARK PLUG 'Eill' THE ELECTRONICS
DIVISION OF GEMERAL MOTORS






special report to:

[ UNITED STATES AIR FORCE

Ballistie Missile Division
Air Researcleand Development Command

E , Pered g
= : : o et R T

: A

= . .:1 - -_.'i,i.'

R LA T AT :
flaisen, Manager of Employment.

[ ‘..,.-“.

o -




SUBRIECT:

REFERENCE:

ACTION:

CONCLUSION :

PACIFIC AUTOMATION PRODUCTS, INC. Systems Cabling Program

Fall 1955 forecasts by PAPI of benefits to be derived
from establishment of sole responsibility for missile
site cabling and activation.

The validity of our subject forecasts has been
thoroughly tested by our service to USAF and Convair
(ﬁstronautics} a Division of General Dynamics Corporation.
We have provided the services described below*® for test
and launching sites of the ATLAS intercontinental
ballistic missile, with the following results:

=
1.All sites are being completed on or ahead of schedule.
2.14,000 cables are now in service, with no malfunc-
tions due to cabling.
3.5ubstantial savings are indicated by comparison of
actual costs with predictions based upon former
techniques and methods.
4. 5uperior design and simplified operational character-
isties of completed sites are due to our integrated
approach to cabling and activation.

Original estimates of the benefits to be derived
from PAPI services have proven to be conservative——
actual performance warrants extension of PAPI
services to other missile projects of USAF.

*HERE IS THE COMPLETE SYSTEMS SERVICE OF PAPI-THE SERVICE WHICH WE ARE NOW
FULLY PREPARED TO OFFER TO ALL MISSILE AND MISSILE SYSTEMS CONTRACTORS

SYSTEMS DESIGN: Test Instrumentation, Launch Conteol  SYSTEMS FABRICATION: Cable Components,
Special Hardware and Checkout equipment SYSTEMS INSTALLATION: Instrumentation, Recorders,
Transducers Controls, Consoles, Accessories, Inter-Unit Cabling SYSTEMS CHECKOUT: Conformity to
Circuit Specifications, Instrumentation eperation (by systems), Fire and Launch Control Validation

SYSTEMS DOCUMENTATION: Complete Operational Information in Appreved Form

Address Inguiries to Arthur P Jucob, Executive Fice-president

Pacrrrc AuromMAaTION PRODUCTS, INC.

1000 AIRWAY, GLENDALE 1, CALIFORNIA Phone: CHapman 5-8871 or Cltrus 4-B677
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@@@Ch@fﬂ.]& MA-3...0ne unit provides

electric power, air conditioning, air pressure, towing

Save manpower, time, and multiple equipment
expense with the Beechcraft MA-3:

ELECTRIC POWER TO sPARE There's ample power to
provide for "big aircraft” service. Twenty-eight
kilowatts DC and 45 kilowatts AC are available.

BIG 13-TON AIR cONDITIONER Vitally necessary cool-
ing for electronie equipment ground checks is
available from the MA-3's modern air cycle unit.

HIGH HEATING cAPaciTY Meets all cold weather
heating requirements.

EXTRA LARGE GAS TURBINE coMPRESSOR Hot weather
is never a problem. This compressor provides

T ey

. . Manpower, Tools and Experience

— T i el [ T T W
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fast air-power starts for the largest jet engines.

EXTRA TOWING POWER Has 12,500 pounds draw-
bar pull which can be increased by adding to
the vehicle’s gross weight.

Easy-To-HANDLE speep With four-wheel power
steering, torque converter transmission, four-
wheel drive, and “no spin” differentials, the MA-3
maneuvers smoothly and easily at speeds up to
45 miles per hour.

MODULAR DESIGN Major service units are in “mod-
ular” packages — can be quickly removed and
replaced as complete units to prevent service
delays and costly “down time.”

Write today for further information

eechcraft

BEECH AIRCRAFT CORPORATION « WICHITA, KANSAS, U.S. A




Lrians ac_ miniature computer. ..
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FIRST WITH THE ARMED FORCES SINCE 1956

PERFORMS COMPLEX FLIGHT CONTROL INSTRUCTIONS
... EVERY 30TH OF A SECOND'!

Now a high speed airborne computer ponents of ordinary digital computers.
that slips like a desk drawer into the Philco is proud to have met the exact-
nose of a supersonic Navy jet fighrer ing standards of the Navy Bureau of
and processes digital data derived from Aeronaurics. Industry too is watching
analog information e split secondls. the TRANSAC® computer with its
Miniature printed circuil cards, TRANSAC—a completely transistor- high speed data processing capabili-
heart of the Transac Computer, T s : 1 o ; it
confain all the elements for :i{&:{_{_'l['l:rl_]]‘\.F‘;[ﬂ:l'_l_'l—!._]NTI_IE'I.,I.[I:_‘\"...{L:J.l!]"]‘t FIES maxe !?|:t-r|(1||]t'r1.{.| coninbulions
Srlthmaconil oontool functions, tubes, diodes and other bulky com- to business planning and operations.

TRANSACtrudimard of Philes Cerporaiion
far Tramiiar Astamail: Compnir At Philes, "'Pf-""'""”-'".-rr';"l are wnlimited by electronic

and mechanical research and engineering.

@ - - - -
P H l L( Government & Industrial Division
4716 Wissahickon Ave., Philadelphia 44, Pa.
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America is awake to the urgent need for
the combined efforts of science, engineer-
ing and industry to back up the military
in leading the way to lasting peace,
At Westinghouse Air Arm, scientists and
" engineers . . . with more than 20 years of
airborne electronics experience behind
them . . . are working NOW on these ad-
vanced concepts and systems:
Space Navigation  Space Communication
Space Flight Control Space Guidance
Space Armament Space Reconnaissance

For information on Air Arm’s Space Sys-

tems Engineering Group, write: Air Arm
Division, Westinghouse Electric Corpora-
tion, P.O. Box 746, Baltimore 3, Mary-
land, or contact your nearest Air Arm
representative, J-86000

Westinghouse
AIR ARM

DIVISION
BALTIMORE
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SPACE MAN

Thickol s active in several areas of wital

outer space research. lts contributions range
from supplying the plasticizer used in making
the pressurized anti-G suits worn by super-
sonic pilots . . . to developing solid propellant
rocket engines for high-altitude test missiles
Forexample, Thiokol engines powered Opera-
tion Farside and X-17. providing essential
data on atmospheric. cosmic and re-entry

conditions.

T+cokol -

CHEMICAL CORPFPORATION
TRENTOM, M. J. » ELKTON. MD

HUMTSVILLE., ALA. = MARSHALL TEXAS
MOSE POINT, MISE + BRIGHAM CITY, UTAH

eliants, plasticizers and other chemical producls
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For control system applications...

acceleration

switching

¥ SPECIFICATIONS:

Electrical input 10 milli-omperes
Qperoting pressvre__ 200 to 4000 psi
Rated flow. A2 t0 15 gpm

New AiResearch Time Dwell
Servo Valve overcomes performance and reliability

limitations of present hydraulic control systems

Acceleration switching iz a new control technique  * Less than 5% null shift between —20°F
which provides for positive control of spool velocity, and +700°F

allowing the servo system engineer to achieve resolu- * Infinite resolution

tion, reliability and response previously unattainable. * High spool control forces (= 100 pounds)
Significant advantages include: at all signal levels

* Unimpaired operation in contaminated oil * High pressure gain (10 times linear valve)

EMGINEERING REFRESENTATIVES, AIRSUPFLY AND AERO ENGINEERING, OFFICES I8 MAJOR CITIES

CORPORATEICRN

AiResearch Manufacturing Divisions

Los Angeles 45, California = Phoenix, Arizona

Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, RUCLEAR AND INDUSTRIAL APPLICATIONS
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electronic

COUNTERMEASURES

MICRO WAVE RECEIVERS and ANALYZERS ... ASW and AEW DISPLAY SYSTEMS
... AIRBORNE NAVIGATIONAL COMPUTERS. LORAL is outstandingly equipped —both

In expert specialized engineering manpower and resources—to help you in any phase of elec-

tronic development. Thoroughly experienced in working with the military establishments, Loral

gon?tantly has available important new concepts in the fields of Reconnaissance and Weapons
Yyalems.

lORAlELECTRONICS CORPORATION

NEW YORHK 72, NEW YORK




Heres vour pew ANSWER

PHOTOGRAPHED ACTUAL SIZE
BALL CIRCLE DIAMETER: 3 inch.

WORLD’S SMALLEST ball/bearing SCREW SOLVES
CRITICAL MINIATURE POSITIONING/CONTROL PROBLEMS

An unprecedented achievement in minimum size and
weight—maximum efficiency, dependability and ser-

vice life for ultra-precise controls.

MNUT TRAVELS: Whaen rofary motion s opplled 1o the sorew,
tha b/b aul glides oloag e onin of the crew on roll-

ing slesl bolly, convert)

rotary force ond motion fo linear
force ond moflcs with

£3 less tergue fthon seme screws

1111\ 'Hﬂw.rfmr -

SCREW TRAVELS: When rotery molien i opplied 1o the
- b/b mut, the wrew glides along i longltedinal oxis on
relling sleel balh, convarting rotory force and motion to
linaat foree and marlnn with unprecedented efficiency,

It's another first from Saginow—and the
possibilities it opens up for improved
electrical and electronic controls are
limited only by your imaginalion! Radar
tuners, missile and rocket guidance and
telemetering systems, automatic switch-
gear, electronic machinery controls are
just a few of the applications where this
new minioture Saginaw b/b Screw will
solve critical positioning /control problems.
It's 30 compact and light, you can save
substantially on spoce and weight. s so
efficient, (over 90%) you can use much

smaller motors and gear boxes. It's so
precise, you con position components
within .0005 inch per inch of travel
It's so dependable, you can rely on re-
markably long service life even in adverse
environments,

¥You will find our 1958 Engineering Data
Book extremely helpful in planning
applications, or experienced Saoginow
engineers will gladly make specific re-
commendations without obligotion. Just
phone, write or mail the handy coupon.

 $ocinau
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SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS » SAGINAW, MICHIGAN
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLIMES

SEND TODAY FOR FREE 36-PAGE
ENGINEERING DATA BOOK ...

or see our section in Sweel's Product Design File

Saginaw Steering Gear Division
General Motoers Corporation
b/b Scarew ond Spline Operaotion
Dept. 7AF, Saginaw, Michigon 5
Please send new engineering dale book on Saginow b/b Screws and
Sphines tou

HaME
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ADDRESS

R e ———— IOHE R TATE







“We hove led our generafion fo the threshold of

space—the rood fo the sfars is now open.”

=WALTER DORMBERGER

Ballistic Missiles

SPRINGBOARD TO SPACE

The quote at the top of this page was written by Dr,
Dornberger in his book V-2, referring to the first success-
ful flight of a V-2 missile from the German facility which
he commanded at Peenemiinde. Implicit in these words
iz the recognition that the ballistic rocket had unlocked
the key to successful exploration of space. Recent ecents—
the Russian Sputniks and the American Explorer—have
driven this fact home. Fortunately, in its space endeavors,
this nation is in g position to call upon the resources of
the mightiest single military project the country has cver
known, exceeding in magnitude ecen the Manhattan
Project, which produced the first atomic bomb,

This is the Air Force's ballistic missile program, a logical
springhoard into space. Ballistic missiles can be considered
the first true space weapons, since they are outside the
atmosphere for some ninety percent of an intercontinental

flight. As an introduction to our discussion of the USAF

ballistic missile program we could find no better source
than its boss, Maj. Gen. Bernard A. Schriever, who runs
the show from his position as Commander of the Ballistic
Missile Dicision of the Air Research and Development
Command.,

The following excerpt is from an address by General
Schriever, made long before the various satellites—Russian
and American—had sullied the virgin reaches of outer
space. The occasion was an Astronautics Symposium, jointly
sponsored by the USAF Office of Scientific Research and
Concair at San Diego, Calif., in February of last year.
We think it remains the best explanation of the important
implications of the USAF ballistic missile program in the
US conquest of space and serces as a fitting introduction
to our examination of the program in itz historical, de-
velopmental, and operational context.—Tue Eprrons,

The dawn of spoce-age weaponry is represented by such
advances as USAF's Atlas intercontinental ballistic mis-
sile, shown dramatically rising from its launching pad
at the AF Missile Test Center, at Cape Canaveral, Fla.
The more advanced Martin Titan ICBM will back up Atlas.

AIR FORCE Mogazine = Moreh 1958

OW have the ICBM and IRBM programs contributed

to the conquest of space? They have contributed in

i very concrete sense from the standpoint of hardware

that has been developed or is being developed for this

ﬁrogr;un. A tremendous industrial capability is being

uilt up and production know-how is being established in

many new areas. These airframe, propulsion, and guidance

subsystems development and the data which will become

available as ballistic missile test flights are made, will make
possible a whole gamut of Follow-on projects.

Take, for example, the propulsive unit. The same pro-
pulsive unit that boosts a heavy nose-cone warhead to
25,000 ft/sec, conld hoost a somewhat lighter body to the
escape velocity of 35000 ft/sec or to an orbital path
around the Earth. Using the same number of stages, the
ratio of fhrust to weight would be greater by using a
lighter payload, and higher accelerations and wvelocities
could be reached before burnout. Or with our present
state of knowledge, it would be relatively easy to add
another stage. We have already done that successfully on
our reentry test vehicle, the X-17. The same guidance
system that enables the warhead of a ballistic missile to
reach its target within a permissible accuracy would also
be sufficiently accurate to hit a target much smaller than
the moon. Or, if we are talking about eircular orbits
around the Earth, errors in guidance could be easily ob-
served over a period of time and corrected, and the satel-
lite kept on an accurate orbit. And, of course, these same
propulsive and guidance components could also be used
for surface-to-surface transport vehicles of various sorts
to experimentally carry mail or strategic military materiel
to critical sites. The same applies to structural advances
of the ICBM that have brought us to new heights in the
ratio of total weight to structural weight. I would be will-
ing to venture a guess that ninety percent of the unmanned
follow-on projects that one could visualize for the future
ean be undertaken with propulsive guidance, and strue-
tural techniques, presently under decelopment in the Air
Force hallistic missile program,

It is reasonable to expect that it will not be too difficult
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TWO TYPES OF PROPELLANTS Top entaway shows liguid-propelled rocket’s two chambers, one for fuel
and the other for an oxidizer to enable the foel o “burn™ in the rocket motor, forming the powerful exhanst throst.
Storing the volatile liquids and the time required o prepare liguid rockets for launching are factors why second-
generation  ballistic missiles will probably all be solid-repellant (lower), whose oxidizer is comtained in the fuel.
In solid rocket, fuel burns uniformly out from eentral core. These rockets ean, when operational, be fired on short notice,

to extend these present developments to surface-to-surface
transport of personnel by rocket propulsion, or space travel
of personnel at some time in the future. However, before
man can be committed to space vehicles, a tremendous
amount of human factors research will be necessary. . . .
Granted this research, there are other problems as well.
A specific example of the kind of advanced development
probably necessary for mamned spaceflight to distant
planets is sustained thrust through space. This will permit
us to reach higher velocities and cut down the flight time
which would otherwise be impractically long for a human
passenger even to the closest planets. Sueh 'ong sustained
thrust, at a small enough magnitude level w be tolerable
to a man, requires a type of propulsion technique that is
not well suited to takeoff thrust and general ICBM re-
quirements. The successful achievement of the required
propulsion system is clearly indicated by today’s science,
but it has to be developed as a program bevond the current
1CBM program.

Space technology, probably for some decades, will not
revolve primarily around apparatus for controlled move-
ment of vehicles from one point to another in empty space.
Perhaps not only initially but for all time, space technology
will include as its most characteristic problem the need for
going from the surface of one terrestrial body to another
with successful passage through the atmosphere of each.
The first big problems, then, are how to bring a substantial
mass up to empty space with velocity sufficient to continue
interbody space travel, with adequate precision in -the
velocity vector control, and how to bring it back through
an atmosphere without disintegration. In each of these re-
spects, if one for the moment bypasses human cargo ambi-
tions, the ICBM is attaining the necessary capability and,
even for manned Hight, the ICBM Hight-test program will
provide experimental data of direct interest.

Granted then that the ICBM program is a major pio-
neering and foundation step for space technology, what
appears to be a logical future program? The answer is not
easy. It is very difficult to make a firm prognosis on mili-

T4

tary need during a twenty-year period for something as
new and revolutionary as ballistic missiles, Earth satellites,
and space vehicles. We are somewhat in the same position
today as were military planners at the close of the first
World War when they were trying to anticipate the em-
ployment of aircraft in future wars. Consequently, my
prognoses will go from those which are reasonably firm to
those which might be considered visionary. Fortunately,
there is a considerable overlap between the advances in
the state of the art which are required for the firm needs
and those now considered visionary.

First, we should consider those changes in the opera-
tional and technical characteristics of our long-range bal-
listic missiles to make them superior, reliable weapons.
Almost any military planner would agree that if we can
increase the range, increase the payload, reduce the gross
weight, increase the accuracy, reduce the cost, or simplify
the operational procedures, we will have made a worth-
while contribution. Now, in order to achieve any or all of
these objectives, it will be necessary to advance the state
of the propulsion art, the structures art, or the guidance
art, or perhaps all three. When these advances are made,,
they will be applicable also to the more visionary projects.
The basic science underlying these engineering arts has
been well surveyed in the past two years. It tells us that
considerable advance is possible on all fronts.

A word is necessary on the relationship between mili-
tary need and scientific feasibility in space technology. In
the long haul our safety as a nation may depend upon our
achieving “space superiority.” Several decades from now
the important battles may not be sea battles or air battles,
but space battles, and we should be spending a certain
fraction of our national resources to ensure that we do not
lag in obtaining space supremacy. Besides the direct mili-
tary importance of space, our prestige as world leaders
might well dictate that we undertake lunar expeditions and
even interplanetary fight when the appropriate technologi-
cal advances have been made and the time is ripe. Thus, it
is indeed fortunate that the technology advances required
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BALLISTIC MISSILE TRAJECTORY Missile is powered only during the initial portion of it= flight. from
the launch point to the throstcutoff point. Guidance and control must be accomplished during this phase heecanse
after thrust ceases, the missile’s motion eannot be influenced. Launched vertieally, ICBM or IRBM tokes a progrommed
turn  toward the target, then rises further in free  flight ontside the stmosphere to a high point, the apogee,
and finally falls in an are back to the astmosphere reentry point. From there it continues to its predetermined targel.

in support of military objectives can, in large part, directly
support these more speculative space ventures. . . |

Where does all this lead? My thought is that the evolu-
tion of space vehicles will be a gradual step-hy-step process,
with the first step beyond ballistic missiles being the
unmanned, artificial Earth satellite and then perhaps un-
manned exploratory Hights to the moon or Mars. These first
flights would no doubt be research vehicles to gather sci-
entific data and to accomulate information on space envi-
ronmental conditions for future design use. The information
gathered from these Hights will supplement the information
gathered from ballistic missile test flights. Many of the
things that we can learn from satellites will lead not only
to a better understanding of conditions to be encountered
in space, but will lead to a better understanding of our own
planet. Weather reconnaissance can be accomplished in a

oré effective manner. This will lead to a better under-
standing of the movements of polar air masses and the
courses of jet streams and will permit improved long-range
weather forecasts and improved aireraft and missile opera-
tions. A better understanding of the Earth's magnetic field
will lead to better radio communications, more reliable
navigation instruments, and perhaps new ideas for propul-
sive devices, Refined data on the Earth’s gravitational effects
will lead to improved guidance. Much remains to be known
about cosmic rays. Unmanned satellites will be the means
for obtaining this information.

I have deseribed some of the benefits to be derived from
our early ventures into space, and the contributions the
ICBM program is making in this direction.

Payload capability of a future satellite could be in the
order of hundreds or even a thousand pounds. Such pay-
load would permit more instrumentation and many varied
tvpes of space experiments.

Vehicles with additional complications could be made to
have the ability to return intact rom space. However,
without fundamental extension the environment during
spaceflight would not be suitable for a human passenger.
Therefore, manned spaceflight cannot be attempted with

AlR FORCE Mogozine = Maorch 1958

such apparatus, but manyv of the associated physiological
questions can be answered by experiments with animals.
We may, in fact, be able to fill nearly all the gaps in our
knowledge which are now holding back the design of
manned spacecraft,

Given vehicles with these capabilities, still another ave-
nue for a scientific achievement is immediately opened—
for with additional rocket thrust a lunar research vehicle
is highly possible. In view of the small additional cost of
such:an experiment, it seems certain that in the not too
distant future it will be tried.

The ICBM program, through the technology it is fos-
tering, the facilities that have been established, the indus-
trial teams being developed, and the vehicles themselves,
is providing the key to the further development of space-
flight. Many fascinating new hordzons are sure to apen
within the next decade as a direct result,

There is ample precedent in history for the wtilization
of military capability to explore unknmen regions. Over
the centurics the great explorations of this planet have
been conducted by military men, usually with no precise
idea of what the ultimate value of their discoverics might
be—either in a military or an economic sense. But the
exploring was done, and the value usually followed.

Columbus: discovered America as an admiral in the
service of Spain, Magellan and Sir Francis Drake were
military men. The Lewis and Clark expedition, which
opened the West, was a military enterprise. Likewise Ad-
miral Byrd's exploits at both Poles.

So it is quite fitting that the Air Force should be inter-
ested in furthering the knowledge of its new medium,
just as did the Army and Naoy in theirs in the past. It
has been estimated that during the next five to seven
years, American exploration in space must be based on
ICBM technology. Hence this section will be decoted to
the ICBM program, with charts beginning on page 76, a
chronology of ICBM milestones on page 80, and a text
beginning on page 84 —Tue Emrons
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Denver, Colo.
Martin—Airframe
Martin—Captive test
Martin—Liquid oxygen plant

Sacramento, Calil.

Aerojet —Propulsion
Asrojet—Liquid oxygen plant
Douglas—Caplive test

Inyokern, Calil.

Naval Ordnance Test Site—
Special test

General Electric and Arma—
Guidance

General Electric and Avco—
Nose cone

Edwards AFB, Calil
Convair—Liquid oxygen plant
and Captive test
Air Research & Development
Command —Special test
Douglas —Caplive test
Santa Monica, Calil,
Douglas—Airframe
Los Angeles, Calil.
MNorth American—Propulsion
Canoga Park
Morth American—Propulsion
Santa Suisna
American Machine & Foundry —
Propulsion
Facaima
Aerojet —Propulsion
Arusa
North Amerncan—Liquid
oxygen plant
Sanls Susana
Lockheed —Nose cone
Burbank

Syracuse, N. Y.
and

Pittsfield, Mass.

General Electric—Guidance

Milwaukee, Wis.
A C. Spark Plug—Guidance

5L Paul, Minn.
Remington Rand Univac—
Guidance

Albuguerque, N. M.
AF Special Weapons Command,
ARDC—Special test

Holloman AFB, N. M.

Air Research & Development
Command —Special Test

Camp Crowder, Ma.
North American Aviation——
Propulsion

Tullahoma, Tenn.
Arnold Engineering Development
Center, ARDC—Special Test

San Diego, Calil.

Convair—Airframe
San Diego

Convair—Airframe
Point Loma

Convair —Captive test
Camp Eltiott

Garden City, N. Y.
Arma—Guidance

Lawrence, Mass.
Avco—Nose cone
Cambridge, Mass.
Massachusetts Institute
of Technology —Guidance
Hanscom Field,

MIT —Guidance

Whippany, N. J.
Bell Telephone
Laboratories—Guidance

Wright-Patterson AFB, Ohio

Wright Air Development
Center—Special test

Cape Canaveral, Fla.

AF Missile Test Center—
Liquid oxygen plant
Convair—Flight test
Martin—Flight test
Lockheed —Flight test
Douglas—Flight test
General Electric—Guidance
Bell Telephone. Laboratories—
Guidance
Arma—Guidance

General Electric—Nose cone
Avco—MNose cone

Philadetphia, Pa.

General Electric—Nose cone
Paali, Pa.
Burroughs—Guidance
Allentown, Pa.

Bell Telephone Laboratories
Guidance

USAF’S MISSILE DEVELOPMENT COMPLEX ucross the nation is illustrated in this chart, which shows the
widespread militarv-industrial cooperating network that is working on all phases of missilry. Ranging [rom California
in the west to Massachusetts in the east, Minnesola in the north to New Mexico in the southwest, and covering all
the complicated area of missile development from guidance to fuels, the skills of thousands of specialists are today
preparing the Wiy for the array of space-age weapons that will assure increased US deterrent power in the new age.
A basic feature of USAF's approach is concurrent weaporn 1 1fr-1.|~1n:1;||1u'|1| and ||ru|1|:||'lirl1| and training of personnel.
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AIR FORCE
BALLISTIC
MISSILE
ORGANIZATION

Secrelary of Defense

National Security Council

Defense Secretary, Neil H. McElroy

Ballistic Missiles Committes

Rir Force Secretary, James H. Douglas

it | | o o

USAF Chief of Staf, Gen. Thomas D. White

a  ARDC AMC |
® Commander, Commander,
¢ Lt Gen. Gen.
Samuel E. Anderson Edwin W, Rawlings

CINCSAC

Gen. Thomas S. Power Hy. ARDC

. AFBMD Assistant for
Asst. CINCSAC (SAC-Mike) " Commander, Ballistic Missiles

Col. William R, Large, Jr. "’f‘!‘ Maj. Gen. Brig. Gen.
s Bernard A. Schriever Ben 1. Funk

Air Force Ballistic

AN St | Missles Division (g ARDC)  hasation o s et Misshes 0fica (AMC)
at AFBMD at AFBMD

Space Technology Laboratories
(Ramo-Wooldridge)

F . l l l Associate Contractors
Divison (SAC)
Cooke AFB, Ca, T

Thor Atlas Titan
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Lawrence E. Vandervesr
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Lt. Col.
Beryl L. Boatman

L =% i |
Commander
Maj. Gen,

Bernard A, Schrieve 3

Infarmabian Servces
Offcer

L1. Col.
Donald L, Perry

- - .
2. 1 213 23, i
BMD Fisid Office BMD Field Office and
2. AFFTC AFMTE m
Vice Commandar g Cal. Col.
Blr‘ij. Gen. Richard K. Mclnlosh Heary H. Eichel Harry L. Evans
Oemand J. Ritland
¥ — o
& . o ‘ |
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Joseph L. Hamilten £ % A = 2
Test Oifice e
Cal

Ilm Commasder Directarate,
L ok . Froderich S parter, . Col. to) leseer
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Paul W. Summers
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AIR FORCE Magazine Photocharts
(CORRECTED A5 OF FEBRUARY 1, 1958)
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OFF":E (Hq. AMC)
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Hu. Inglewood, Calif. WS 1A Branch
Mika L. Secoomb

Exi, 1153

23 ol O
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1j.
Arthur H.‘Rﬂchiiq
Ext. 2012

Guidsace Branch
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. af
Ext. lm“

Tl Y Lt. Cal,
W3 1074-2 Brasch John W. Gifluly
LL Col. Trarsporiation Maj. Thomas 5. Swaim Ext, 1321
B E Francis 1, Karlin Ext. 2146
Ban 1. Funk Wright-Patterson AFB

Ext. -I_DGI

e

3

Rachpidyne
Euhl'"t:gtuﬁu
William B, Dudiey

Ext. 1371

t. Cal.
James G. Smith
Ext. 1051

Stalt Divivien
Col. Sherman E. Ellis
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STRATEGIC AIR COMMAND

Office of the Assistant Commander in Chief (SAC-Mike)
Hg. Inglewood, Calif.

B

bk:g Flaze Direetee of
Jokin €. Fahringer no?
Warren E., Vinzant
" (Primary Duty)

([CORRECTED AS OF FEBRUARY 1, 1958)

USAF BALLISTIC MISSILE MILESTONES

1946 Twenty-eight missile projects undertaken in AAF
after completion of assessment of German V-1s
and V-2s,

Industrial development programs inaugurated for devel-
opment of large-thrust liguid-rocket motors, notably North
American work departing from V-2 designs and producing
larger, higher-thrust and lighter-weight motors, to be used
later in Redstone, Navaho, Atlas, Thor, and Jupiter missiles.

In April, Project MX-774 started to study rocket missile
capabilities with objective of ICBM development. Contract
was with Consolidated Vultee, later to become Convair.
Froject later became Atlas. Same year AAF began studies
of Earth satellite feasibility.

1947 MX-T74 project canceled in June, due to prob-

lems including reentry temperatures, plus view

that glide-type missiles showed better range and
pavload potential and seemed closer to achievement. Con-
vair kept project alive with own funds.

Same month, long-range surface-to-surface missiles were
given fourth priority in R&D. Priorities were (1) bomber-
launched air-to-surface and air-to-air missile; (2) surface-
to-surface missiles, 150-nautical-mile range; (3) surface-to-
air missiles and fighter-launched air-to-air missiles; (4)
long-range surface-to-surface missiles.

In September, AF study reported feasibility of Earth
satellites,

1948 AF continued Earth satellite program studies.
During September-December, three MX-T74
test vehicles were fired, verifving design, gim-

baling of engines, guidance, airframe, lightweight rocket
structures.

1949.50 AF reports confirmed feasibility of a long-
range rocket weapon system,
In January 1950, Air Research and De-
velopment Command was established and given responsi-
bilitv for all AF R&D.

1951 In January, Project MX-1593 inaugurated to
study comparative merits of rockets vs. glide
missiles.

Same month, ARDC ordered to study long-range (5,500-
nautical-mile} rocket development, comparing glide and
rocket missiles. Study contract issued to Convair, which
had performed work on MX-774,

In September, ballistic approach chosen for concentra-
tion in Convair contract. Code name Atlas assigned,

1952 Atlas component development program started.
Military characteristics included 5,500-nautical-
mile range, special weapon (thermonuclear)

payload.

In December, Atlas project reviewed bv AF Scientific
Advisory Board ad hoc committee under Pr. C. B. Millikan.
Board recommended AF retain in its program a project
leading to ICBM carrying an atomic warhead, with atten-
tion to guidance, propulsion, and reentry problems.
1953 In June, AF Strategic Missiles Evaluation Com-
mittee, known as “Teapot Committee,” was
formed with Dr. John von Neumann as chairman,

Next month, Convair submitted proposed “crash” pro-
gram on Atlas at the request of Trevor Gardner, then Spe-
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cial Assistant to the Seerctary of the Air Foree for R&D.
In October, Dr. von Neumann and AF Scientific Advisory
Board reported to AF Chief of Staff that thermonuclear
weapons of small size and weight, ideal for missile war-
]l:'.tl'.‘:, were l.l.‘.l.\i.|1|l:"'.
In November, review of AF missile program by newly
formed Strategic Missiles Evaluation Committee began.

Gardner recommended to AF Chief of Stalf that
AF ballistic missiles program be restudied by
scientific-technical group with view to centrali-
zation of authority for an accelerated program.

In February, Strategic Missiles Evaluation Committee
recommended new and comprehensive weapon system
study, covering all alternate approaches, with a new 1CBM
L]l'\'l.'l||]|1rl'.i'|It'l!l-.llI.I"..'.I-'Jl'll‘:H agency to |1L'!5-r:||l. H[lld:\. and
manage ICBM program, and ealled for high priority and
necessary funds.

In March, General Twining submitted memo to AF See-
retary Talbott approving ICBM acceleration and steps
recommended by SMEC,

Same month, AF study reemphasized fea

1954

sibility and
intelligence,

utility of Earth satellite for reconnaissance,
and weather observation.

During March-May, tests at Pacific Proving Ground,
Operation Castle, confirmed feasibility of development of
small, lightweight, high-vield thermonuclear weapons.

In April, AF Office of Assistant Chief of Staff for Guided
Missiles was established at Hyg. USAF.

In July, Western Development Division of ARDC was
established, with basic mission of (1) management of de-
velopment program for WS 107A (Atlas) including ground
support; (2) development of operations, logistical, and
personnel coneepts; (3) authority over all aspects of above.
Then Brig. Gen. B, A. Schriever named to head WDD.

In August-December, WDD established missile study
program, decided to use multiple procurement sources and
selective industrial competitions.

General Schriever assumed WDD command in August
at Inglewood, Calif.

Same month, AMC issued letter establishing Special Air-
craft Project Office to perform procurement and contracting
functions for Atlas project.

In December, basic configuration on the reoriented Atlas
was decided. Missile size decreased. Number of engines
decreased.

Intercontinental Ballistie Missile Scientific Ad-
visory Committee to the AF Secretary chartered
in January. i

Same month, Ramo-Wooldridge Corp. contract arranged
for ICBM technical direction and systems engineering.

In March, general operational requirements for satellite
outlined.

In May, WDD authorized to proceed with development
of alternate ICBM airframe configuration (Titan projeet).
Same month, WDD assigned to evaluate industry proposals
for a tactical ballistic missile of 1,000 nautical-mile-range.
(IRBM).

In September, President Eisenhower and the National
Security Council stated that Atlas had highest R&D pri-
ority, and this would be subject to change only by Presi-
dential action. Secretary of Defense directed to proceed
with W5 107A program with maximum urgency,

In October, Cen. Thomas 8. Power announced manage-

1955

ment responsibility for advanced reconnaissance satellite
would be transferred to WDD,

In November, memo from Secretary of Defense assigned
highest priority to 1CBM, added IRBM #1 (Thor) to AF
ballistic missile program—programs to be carried out at
maximum rate permitted by technology.
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The wital problem of reentry, a key to suceessful mis-
silry, has been  intensively stodied with Inunchings of
the Lockheed X-17, shown here. Standing four-stories high,
the X-17 iz a three-stoge missile, powered by solid pro-
pellants, and is used by the Air Force to lest nose cones.
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WDD mission amended in December to include respon-

sibility for earliest possible ICBM operational capability
and development of IRBM with second priority.
1956  Basic agreements reached in January with Army
and Navy concerning coordination of IRBMs #1
and #2. AF agreed to allocate its North Ameri-
can-developed engines to power IRBM #2 (Jupiter). Later
that month, WDD directed to give coequal priority to
ICBM and IRBM programs, with higher headquarters to
be notified in case of interference between programs.

In March, AMC established post of Deputy Director for
Ballistic Missiles; Brig. Gen. Ben I. Funk assigned. AMC
activities directed to provide maximum support to ICBM,
IRBM programs,

In May, SAC and ARDC agreed on responsibilities for
IRBMs. WDD would be responsible for developing, man-
ning, training, equipping operational units in accordance
with SAC-ARDC planning. SAC would be responsible for
overseas deployment of WDD-trained wings for further
training to combat readiness. As units showed combat readi-
ness, SAC would assume eommand jurisdietion,

In November, General Funk was given additional assign-
ment as weapon systems manager for ballistic missiles, re-
sponsible for AMC functions in ballistic missile programs.

Same month, Secretary of Defense directed that a part
of Camp Cooke, Calif;, be transferred from Army to AF.
1957 In January, first Thor launch attempt unsuccess-
ful when contaminated fuel caused a wvalve
failure. Attempt was made only thirteen months
after Thor contract was signed with Douglas Aircraft.

In April, second Thor erroneously destroyed due to mal-
function of range safety instrumentation.

Next month, third Thor launch attempt unsuccessful
because of failure of pressure valve,

In June, first Atlas” engine failed at 10,000 feet; missile
destroyed.

In August, National Security Council approved Depart-
ment of Defense recommendation to reorient ballistic mis-
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sile programs. Recommendations included: (1} combination
of Thor-Jupiter programs and joint AF-Army-05D commit-
tee to evaluate both programs; (2) suspension or cancella-
tion of Thor and Jupiter production to test requirements;
(3) curtailment of contractor overtime except for Hight
test; (4) continuation of Atlas at highest priority; (5) re-
duction of Titan priority; (6) recognition of slight delay
in IRBM programs as result of above.

Same month, fourth Thor exploded after ninety-six see-
onds of flight due to fire resulting in loss of autopilot.

In September, fifth Thor launched successfully. Engine
operated to automatic shutdown. Bange 1300 nautical
miles.

A few days later, second Atlas’ engine shut down pre-
maturely; missile destroved.

In October, sixth Thor’s engine thrust deteriorated after
liftoff; missile destroved on stand.

October 11, seventh Thor launched successfully in ex-
cess of 1,000 nautical miles to impact point,

On October 24, eighth Thor launched successfully to an
impact point in excess of 2,300 nautical miles.

In November, BMD directed to establish production
capability in the Thor program. A few days later, weapon
system management responsibility for ballistic missile de-
fense assigned to Ballistic Missile Division,

On November 27, AF directed to proceed with opera-
tional deployment of both Thor and Jupiter. First units to
be ready for deployment by December 1958,

At end of November, AF Chief of Staff Gen. Thomas D.
White announced actions designed to provide earlier opera-
tional capability in missiles. These included transfer of 1st
Missile Division at Cooke AFB from ARDC to SAC, trans-
fer of 10C (Initial Operational Capability) for the ICBM
and IRBM to SAC, and assignment of ballistic missile sup-
port to the San Bernardino AF Depot.

On December 7, ninth Thor successfully launched with
burning time as planned, although momentary interruption
of inverter power caused loss of guidance reference points.
Missile proceeded on higher angle trajectory than planned.

On December 17, third Atlus successfully launched.

The power-packed Northrop Snork, America’s first goided missile with 5,000-mile range. A subsonie airbreather, and
all-weather performer, the Snark can seek out an enemy target anywhere in the world and blast it with o noclear warhead.
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This is a spectacular night view of the USAF Thor in ils containing gantry at the Missile Test Center, Pairick AFB,
Fla. An indication of the buge size of the Air Foree intermed -range missile nnd the surroonding works mav be
obtained by looking closely at the left of the photograph., where a large fuel truck stands with 4" its side.
This giant IRBM, being manufactured by Douglas, is a leading member of the Air Foree family of les that
form its developing armory for the space age. Maj. Gen. Bernard A. Schriever, Commander, USAF Ballis Mi
Division, has =zaid that the Thor—adjusted—could be used to launch an inspe n vehicle around the m
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Thor IRBM test at Cape Canaveral, Fla,
proach in missile development is the concurrent and care-

USAF ' ap-

fully planned ereation of production capabilities as
the weapons are developed, with personnel being trained
to handle missiles, leading to earlier operational umits.

B4

The

USAF
BALLISTIC
MISSILE
PROGCRAM

N any discussion, a definition of terms is always de-
I sirable, And there has been much confusion about
guided missiles in general and ballistic missiles in particu-
lar. Our own glossary, on page 157, defines a ballistic mis-
sile thus:

“Unmanned vehicle, the major portion of whose flight
path to its target is a ballistic trajectory which is de-
termined by gravitational and drag forces alone.”

A ballistic missile has often been compared with a rock
thrown by hand or a cannon shell shot through the air. In
it I'“.led sense, 1J'|L1'$L' .I[Illlllqil‘_'!\. are ['UI'I'[,"", f(lr i | Ij.,t”llklic
missile is primarily a method of throwing a bomb 5,000 or
more miles.

But there is another analogy that describes the bal-
listic missile in terms more familiar to persons whose back-
ground has been in aviation. The Air Foree has a technique
called toss-bombing, in which a pilot goes into a high-
speed climb pointed in the proper direction. At just the
right moment he releases a bomb, Inertia carries the bomb
upward and forward until it reaches the apogee, or highest
point of its trajectory. Then it curves toward Earth, gather-
ing speed as it is accelerated by gravity. You could say
that the bomb is “guided” up to the point where it is re-
leasetl from the airplane, From then on the laws of physics
take over.

Essentially the same principles are emploved with the
ballistic missile. It has an airframe and an engine like the
airplane, which carries the pilot up to bombing altitude.
It has a guidance and control sysiem which take the ]}I,u:u
of the human pilot and his fire-control system. The nose
cone with its warhead is the bomb.

Thus a ballistic missile is not catapulted through the air
like a stone from a sling. Rather it is propelled by its rocket
engine to hundreds of miles above the Earth, where the
thin atmosphere offérs almost no resistance. The initial
launch is vertical, to get the missile through the thickest
part of the atmosphere in a hurry. Then the missile is tipped
over by the guidance system so that it is in the proper tra-
jectory when the engine burns out. At the proper time and
place the nose cone is released, continues its elimb to the
apogee, and descends on its trajectory, like the tossed
bomb, at a rapidly increasing velocity

Since the major portion of the ballistic missile’s Hight is
outside the atmosphere—in space—there are important dif-
ferences between it and the toss-bombing airplane, how-
ever. The missile uses a rocket engine (not requiring air for
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Yiew of Thor Elmdl-ltﬂun line ot Douglns® Santa Moniea,

Calif., plant. Thiz is the airframe assembly station.
The Thor, product of indostryv-military eooperative de-
velopment, will contribute to  deterrent  strength  at
projected lounch sites 1o be buill in NATO countries.

oxidizing fuel), and its guidance system works by making
changes in the direction of the rocket thrust, since there is
no air for airfoil controls to work against,

Another problem not encountered by the toss-bomber is
that of reentry. When the missile nose cone with its war-
head reenters the atmosphere, friction occurs. This gen-
erates heat, like the Boy Scout rubbing his sticks together,
But at the tremendous speeds at which an ICBM nose
cone travels the heat is enormous, estimated at 14,000 de-
grees Fahrenheit, This is the temperature of the air How-
ing over the nose cone: The nose-cone material itself must
be kept much cooler or it would burn up like a meteorite,
The use of various heat-transfer methods to accomplish this
has been, of course, one of the great achievements of the
ballistic missile program, and the details have not been
made public,

How did the Air Force get into the ballistic missile busi-
ness in the first place? Its interest dates back to World
War 11 and the first reports that the Germans had suc-
cessfully fired a ballistic missile—the V-2, The Germans
produced about 6,000 V-25 in 1944 and 1945 and launched
more than 3,600 of them against the Allies.

The V-2 had a range of from 200 to 300 miles. It was
highly inaccurate, and its TNT warhead weighed only a
ton. It was highly inefficient as a strategic weapon com-
pared to its cost in skilled technical manpower and critical
materials. Yet it was effective to a degree that Gen. Dwight
D. Eisenhower commented on it in his book, Crusade in
Europe, as follows:

“It seemed likely that if the German had succeeded in
perfecting and using these new weapons six months earlier
than he did, our invasion of Europe would have proved ex-
ceedingly difficult, perhaps impossible, 1 feel sure that if
he had succeeded in using these weapons over a six-month
period . . . OVERLORD (the main cross-channel assault)
might well have been written off.”

Following defeat of Gérmany, technical intelligence
teams of the then Army Air Corps examined with keen in-
terest captured test and operational data, as well as hard-
ware. In principle, a liquid-Fueled ballistic missile ap-
peared technically sound. But it would take much work to
make it practical, effective, and reliable even though the
advent of the atomic bomb had reduced the need for the
accuracy required to make TNT effective,

At that time, the development of air-breathing missiles,
using well-proven methods of propulsion and guidance,

AIR FORCE Mogozine * Maorch 1958

appeared to be a better bet for the short haul. Yet the
Alr Force mission of strategic deterrence would be en-
hanced immeasurably if the range of the ballistic missile
could be stretched to an intercontinental capability with
acceptable accuracy. This would mean a missile at least
ten times as accurate and with ten times the range of the
V-2. Neither appeared possible without considerable ad-
vances in the state of the art.

Therefore, in 1946 the Air Force gave Convair, then
Consolidated-Vultee, a systems study contract called Project
MX-T74, pointed toward development of an interconti-
nental ballistic missile. This was the forerunner of Atlas,
now one of the three ballistic missiles in the Air Force
program, MX-774 was a victim of a slim Air Force budget
the following vear. Even so, it vielded much useful in-
formation about powerplant, stabilization, and guidance
problems.

Convair was interested enongh in the project to keep it
alive with company money, In 1951 the Air Force came
through with a second contract, the beginning of the Atlas
program. But the relatively modest yield of the atomic
bomb made aceuracy requirements unacceptably high. And
the weight and bulk of the first crude hydrogen bombs
-lled for fantastic amounts of power to achieve intercon-
tinental range,

The program might well have died had it not been for
the so-called thermonuclear breakthrough of 1952, This
made it possible to package a hydrogen bomb in a bundle
small enough to fit into a missile nose cone. Thus, both
the stringent accuracy requirement and the extremely high
propulsion requirement were simultaneously eliminated.
The thermonuclear breakthrough brought the develop-
ment of an intercontinental ballistic missile well within
the range of the existing state of the art, which would
make the resulting weapon both militarily desirable and
technically feasible.

The famous Teapot Committee of eleven top scien-
tists, headed by the late Dr. John von Neumann, made a
thorough study of the problem and came up with the
recommendation that the ICBM program be speeded up to
take advantage of the new warhead. The program got top
Air Force priority, and Air Research and Development
Command set up a separate division in Los Angeles, with
full authority and responsibility for the entire AF ballistic
missile program. It was called the Western Development
Division of ARDC, now the Ballistic Missile Division. Its
first commander, Brig. Gen. (now major general) Bernard
A. Schriever, still heads BMD,

From the beginning the Ballistic Missile Division di-

Although it is huge, the Thor is capable of being air-
lifted to launching sites. Here a Thor is shown being
loaded onto an Air Foree C-124 Globemaster for air-ship-
ment to the Air Foree Missile Test Center foib testing at
the missile (‘-ﬂ-iﬁlul of the H‘nrltl—(hllr Canaveral, Fla.




Except for the wrban surroundings, this represents a
typical launching layout for USAF Thor. This aerial view,
showing the missile and ground Facilities, was photo-
graphed during a Douglas display of missile systems, in-
cluding support equipment, for visiting military officcrs.

rected its efforts toward obtaining an operational capa-
bility in the shortest period of time, This led to a concept
of management new in weapon system development—the
concept of concurrency.

The old concept, safe, sure, and terribly slow, consisted
of a lengthy period of research and development, followed
by component testing, the building of as few as one proto-
type, exhaustive testing of the prototype, and finally, if
evervthing worked, a production order. Tooling alone
often took enough time for the gradual phasing in of per-
sonnel, bases, support equipment, and logistic backup.,

But the heat was on the nation’s ballistic missile pro-
gram, heat generated in Moscow. Bussian developments in
the field did not permit such a leisurely approach. So it
was decided to proceed with the development of the
weapon system and to develop concurrently a production
base in industry and an operational capability to include
training, logistics, and operations, In short, the concurrency
concept was a caleulated risk, designed to telescope the
lead-time between beginning work on a weapon system
and seeing it ready for operational use.

Thus while test missiles are being fired from Cape
Canaveral, their successors are rolling off Fully-tooled
production lines. Facilities for training and operations are
simaltaneously under wayv at Cooke Air Force Base,
Calif., and at Cheyenne, Wyo., with another base in the
process of selection. Meanwhile, the first training manuals
are off the presses, and the first group of missile instructors
is being trained, not only in the technique and handling of
the missiles but in the human factors involved as well,

How this "all together and all at once” approach payvs
off is perhaps most dramatically illustrated by the frst
flight of the Thor intermediate-range ballistic missile. Only
eleven months after BMD got the go-ahead from the De-
partment of Defense, the first Thor missile came off the
production line. And the Air Force is still shooting for
December 1958 as the date for the first Thor operational
squadron to be ready for shipment overseas. If it makes
this target, it will have been exactly three years since the
Thor project began.

These spectacular achievements in shortening lead-time
could not have been possible without the elosest coopera-
tion between the Air Force and the aviation industry. With
a broad industry base, working intimately with the AF in
research, development, testing, and production, problems
are being solved as they arise, not discovered with dismay
months later,

B

Seventeen prime contractors, supported by a network of
more than 200 major subcontractors, are engaged in the
ballistic missile program. In addition, there are more than
200,000 suppliers of parts scattered across the country. Key
contractors alone employ more than 70,000 people. (A
directory of prime and major subcontractors begins on
page 135.) Add to these the substantial number of military
personnel, university scientists, and personnel of cooperat-
ing government agencies involved in the program and the
total exceeds that of the gigantic effort that developed the
atomie bomb.

Ferhaps no element of the ballistic missile program has
been subject to more misinformation, misunderstanding,
and misapprehension than the missile test program, News-
men on watch at the beaches near Cape Canaveral keep
running box scores, as if in the press box at Yankee
Stadium. If a missile goes out of sight, it's a home run.
Anything less is a strike-out or, in the most charitable

A US Army Jupiter intermediate-range ballistic missile
rising from its launching pad at a recent test. The Jupi-
ter flew its preseribed course and landed in the *pre-
selected target area.” Jupiter IRBM, developed by the
Army Ballistic Missile Ageney, is produeed by Chrysler,
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interpretation, a foul ball. As a result, a great many Ameri-
cans judge a given missile solely by the number of “suc-
cessful” flights it has made.

This is wrong, and here’s why. Take an airplane. Before
it goes into service it undergoes literally hundreds of test
flights. But a ballistic missile is a one-shot operation and
to duplicate hundreds of test flights vou would have to
shoot hundreds of missiles. Further, a test aircraft is flown
by an experienced engineering test pilot. When he lands
he is able to report exactly how the plane handled, what
worked, what didn't, and to moke concrete supgestions
for improvement. As a substitute in the testing of our
growing family of missiles, we have developed telemeter-
ing devices which report electronically on what was right
or wrong with a missile firing. But even the most sophisti-
cated of such devices ean never be a complete substitute
for human reporting, if only for the reason that there
just aren’t enough communications channels available to
keep an eye on each and every component,

As a result, the ballistic missile program developed a test
philosophyv of its own. Briefly, this is how that philos-
ophy warks:

# No dead-end testing: This is an outgrowth of the con-
currency concept and means that no component is tested
except in the configuration in which it will appear in the
production version of the missile. For example, the very
first flight test vehicle of a given system usually consists of
only the airframe, the autopilot, and the propulsion system.
But these are put together just as they will be in the com-
plete missile so that other components—guidance, auxiliary
power, nose cone, ete—can be added in future tests with-
out compromising the information gained initially,

o Ground test whenever possible: Obviously this is for

Here are two caplive test stands at Martin®s Denver Divi-
gion, where work is progressing on Titan, ICEM backup
to the USAF's Atlas. In center background is the control

building, or blockhouse, from which instrumentation
cireuitry iz carried through tunnels to the two test stands,
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USAF  Atlas

intercontinental ballistic missile rises into

the Florida sky at Cape Canaveral during a series of
recent firings. The Atlas is under development for the
Air Foree by the Convair Division of the General Dynamies
tested  suecessfully  several

Corp. and has been
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reasons of economy. Flight testing is expensive and actually
does not vield the same kind or amount of information that
a ground test system can provide, .

# Test early and often: This means that each part is
tested before it goes into a component, each component is
tested before it becomes part of a subsystem, and each sub-
system is tested before it goes into the missile for eaptive
and later flight tests. The farther down the test totem pole
an item is, the more times it is tested. This is both efficient
and economical, since it results in the expensive flight tests
being numerically only a small part of the entire test
program.

A logical question at this point is, after all this testing,
why do missiles burn up on the pad, blow up in flight, or
wander off course and have to be destroved?

One answer is the complexity of the bird itself. Each
missile contains thousands of parts, hundreds of tubes,
relays, valves, ete. The entire system is supposed to be
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This sixty-foot-high web-like strocture is a USAF automatic tracking telemetry antenna, used to track ballistic
missiles, ]h‘aignulnl TLM-18, this is one of five which work together to follow missiles as they fly their ilrl-:-crﬂ'wd
courses, The antenna (note man at base) towers higher than a seven-story hnilding at its Melbowrne, Fla., loea-
tion. The others are being set up ot Cape Canaveral and at downrange stations in Antigua, in the British West
Indies; Fernando de Noronha, off the castern coast of Brazil; and on Ascension lsland, in the South Atlantic Occan.

fully automatic from the time of firing and, in most cases,
the components function “in line,” that is, the failure of
one means the failure of the system. A failure of a single
relay, a single blown tube, a short cireuit, a badly soldered
wire, a bit of dirt in a line, may ruin a firing. It is some-
thing like the old-fashioned kind of Christmas tree lights,
where one bulb buming out would cause the whole set to
g0 oul.

The other factor, of course, goes back to the fact that
there is no human being aboard to note when something
goes wrong and, in many cases, to make the necessary cor-
rective adjustment. Onece a ballistic missile is fired, there
isn'ta lot the crew can do about it except blow it up should

a8

it veer off course or go awry for various other reasons.

This explains why not every shoot is a successful one,
despite exhaustive testing ahead of time. It also explains
why such exhaustive testing, from tiny part to finished mis-
sile, is an absolute necessitv. Reliability becomes a erucial
factor in the development, in the production, and in the
operation of a ballistic missile weapon system,

From the beginning of the ballistic program it was ap-
parent that a conventional approach to the logistics prob-
lem would be far too cumbersome, either to support the
development phase or, and even more important, to pro-
vide operational ballistic missile units with logistie support
that would make possible the kind of quick reaction time
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needed to respond effectively to an enemy attack.

Logistics is defined in the official Air Force dictionary
as “that part of the military activity that provides for the
buildup and transport of a military force by providing for
supplies, equipment, transportation, maintenance, con-
struction and operation of facilities, movement and evacu-
ation of personnel, and other like services, so as to render
the military force efficient and effective in both combat
and noncombat operations.”

A quick and dirty abbreviation of this formal definition
might be “to have the right thing at the right place at the
right time in the right quantity.” While the Air Force,
through its logistics agency, the Air Materiel Command, is
currently engaged in a long-range program designed to do
just that with a minimum of wasted time, money, and
effort, the ballistic missiles program just couldn’t wait for
the whole Air Force logistics setup to be overhauled. So,
in effect, a little AMC was set up within the Ballistic Mis-
sile Division (see Photochart, page 78). It is called the
Ballistic Missiles Office (see Photochart, page T9). Its com-
mander, Brig. Gen. Ben [. Funk, works directly with
General Schriever at BMD headguarters in Inglewood,
Calif., but his shop is a separate organizational element of
Headquarters AMC and is directly responsible to General
Rawlings for the logistics support of the entire AF ballistic
missile program,

The establishment of BMO has had many collateral
benefits for the Air Force. It has furnished a test bed for
the kind of logistic practices which AMC hopes to have in
effect, Air-Force-wide, within the next ten years.

Here's how it works, in brief, In the beginning, at least,
operational ballistic missile squadrons will be on or near
existing Air Force bases. The host base will take care of
so-called “housekeeping” items—food, clothing, gasoline,
brooms, mops—anything not directly connected with the
firing of the missile. All hardware involved in the weapon
svstem itself and needed to keep the sguadron in constant
readiness is provided directly to the squadron by the
weapon svstem manager, General Funk. Red tape is kept
to a minimum. -I.hl.'r{' Are nd 'il.”f.'k'rl‘t'l”'d accounts at i’-.i-‘“-‘
level; the books are kept centrally, by BMO. There are no
requisitions to be forwarded to depots in the time-honored
tradition. The accent is on urgency. supply of operational
items will be automatic, on the basis of periodic reports
see chart, page 91).

Maintenance work will be done at squadron level as
much as possible, with mobile maintenance teams moving
from base to base to tackle the harder nuts. Any item not
repairable on the spot will be shipped either to an AMA
depot or direct to the contractor,

In the beginning, those items not now stock in AMA
depots will be furnished by the contractor, but this respon-
sibility will shift to AMC whenever the AMA depot sys-
tem can handle it more effectively.

Air transport will be used to the maximum, both in the
United States and overseas even though budgetary restric-
tions make it highly unlikely that there will be enough of
the right kind of airlift to meet the ballistic missile logistic
recuirement. .

Probably the most important single key to the kind of
streamlined logistic system envisaged is the use of elec-
tronic data-processing equipment. A pilot EDPC (Elec-
tronic Data-Processing Center) is in existence at the San
Bernardino, Calif., Air Materiel Area. San Bernardino AMA
currently supports the Ballistic Missiles Office. All logistics
information—from the feld, from BMO, from the con-
tractors, etc.—will funnel through this center, which is
linked through the latest in communications systems with
all elements.

The necessity for this kind of logistics operation has
existed in the Air Force for yvears. Until the ballistic missile
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Frequently in the news these days is Cape Canaveral, Fla.,
seene of the Alr Foree Missile Test Center. shown here in
an over-all merinl view. Missiles are launched from the
pads along upper right side of the base, and sent out
along the 5.000-mile, over-water, ballistic mizsile test range.
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program came along, it was on an “it would be nice if”
sort of basis. But to make ballistic missiles effective opera-
tionally there was no alternative, And the host of com-
ponents made it mandatory to cut pipeline time and stock-
piles to a minimum. On this basis alone the system should
pay for itself. A recent study indicated that the old system
of requisions and stockpiles could eventually add up to
as much as $16 billion in spares alone. Under the new
system this money can be invested in operational readiness
where the true pavoff lies,

We have taken a bird’s eye look at the development
program for ballistic missiles. Now let's look at the birds
themselves, the missiles which are the end item of this
massive effort,

At present the Air Force program includes three bal-
listic missiles. One is an intermediate-range ballistic missile
(1RBM)—the Thor. Twoe are intercontinental ballistc
missiles (ICBM)—the Atlas and the Titan. Here is how
they line up:

o Atlas: The first missile in the program, designed for
a range of 5,500 nautical miles. Its official designation is
Weapon System 10TA-1. Available information, including
estimates made from published photographs, indicate that
it is about seventy-five feet long and ten Feet in diameter.
Convair Division of General Dvnamics is the prime con-
tractor for the airframe, called SM-65 (the 5M stands
for “strategic missile”). Convair is also responsible for
systems integration, which means it puts everything to-
gether—airframe, engine, guidance system, nose cone, ete.
The Rocketdyne Division of North American Aviation is
the contractor for the propulsion system. This consists of
three liquid-propellant engines—two boosters generating
about 150,000 pounds of thrust apiece and a single sus-

tainer engine of about 60,000 pounds. The sustainer is so
called because it bums thronghout the entire time the mis-
sile is in powered flight as opposed to the boosters, which
burn out earlier. Takeoff weight of the Atlas is estimated
to be something over 200,000 pounds. The guidance sys-
tem is built by the Heavy Military Electronic Equipment
Dept. of the General Electric Co. with the computer por-
tion of the svstem by the Burroughs Corp. Massachusetts
Institute of Technology is also a contractor in guidance
syvstem research. The nose-cone contractor is General Elee-
tric’s Missile and Ordnance Systems Dept. The auxiliary
power system is by American Machine and Foundry. Atlas
is currently in the test-firing stage, and several have been
fired successhully from the AF Missile Test Center.

# Titan: Called a more sophisticated missile than Atlas,
presumably because its two-stage design calls for the power
for the second stage to be started when the frst-stage
power cuts off. Its designed range is the same as for Atlas
=3,500 nautical miles. Its weapon system designation is
WS 107A-2. The airframe is designated SM-68 and is
being built by the Martin Co. in a new plant at Denver,
Colo. It is longer than Atlas, an estimated height of ninety
feet, but its diameter of about ten feet is approximately
the same. First-stage propulsion system generates about
300,000 pounds of thrust; that of the second stage about
60,000 pounds. Both use liguid propellants. Propulsion sys-
tem contractor i Aerojet-General, a part of the General
Tire and Rubber Co. Titan's launching weight is about
200,000 pounds. The guidance svstem is handled by three
contractors. American Bosch Arma makes the inertial por-
tion of the guidance system, the Bemington Rand Univac
Diy. of the Sperry Rand Corp. makes the computer, and

(Continued on page 93)

A ship of the USAF's “navy,” sporting huge twin radomes at midships. This is one of the hali-dozen, 178-foot-long,
thirty-foot-wide *“*Ocean Range Vessels”™ of the Air Foree, wsed to gather data on test-firings of missiles from Cape
Canaveral, Fla. Pan American World Airways—USAF contractor for missile test range operations—is responsible for

the muaintenanee of the ships. The Radio Corporation of America handles the telemetry
fleet. The ships are invaluable in tracking the ballistic missiles as they course over the 5,0

20

vipment on the small
-mile over-water range.
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BALLISTIC STRATEGIC

MISSILE AIR
DIVISION COMMAND
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BALLISTIC MISSILES LOGISTICS SYSTEM will cut red-tape and keep need for records to a minimum,
Squadrons will be supplied antomatically, based on periodic reports, with priority items sent by airlift. Under the
proposed system, missile units will be linked with the weapon system manager through an electronic data-process
ing center, as well as by two-way communications that will also encompass the various storage sites and econtractors.
The operational squadrons will not be required to submit the traditional formal requisitions for supplies.
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Is it possible to build a MAN?

"Theoretically, yes" said the scientist. "Or a
reasonably remarkable imitation—a kind of
mechanical analogue. Call it a habit machine,
a mechanism operating according to the laws
of the conditioned reflex.”

You mean that you cowld actually build a me-

chanical mind? One that would exhibit emotions

—8uch 88 fove, fear, anger, loyally ?
"We're doing something like that now in advanced
missile development,” the scientist replied. "In a
limited, highly specialized way, of course."
"Take the 'pilot’ that is being developed for the
big long-range missile. /e has a wonderful mem-
ory, and can solve many complex navigational
problems in a flash. He loves perfection, and
actually becomes highly excited when Ae gets off
course. /e ’s a tough-skinned character, impervious
to the cold at several hundred miles altitude and
the incredible heat at re-entry. And Ais loyalty is
heroic. His life is a single mission, the mission Ais
whole life...and maybe ours, too. He's a pretty
important fellow.”

What about the complete man-made Man? What
would that enfall?

"A mechanism the size of the capitol inWashington,
and the best scientific resources in the world, But
it could be done. You see, it's only a question of
how physical matter is organized. As a great
biophysicist explained, 'If material is organized in
a certain way, it will walk like a man. If it is

organized in another way, it will fly like a missile.

Still, wouldn't there be something missing in the
completa man-made Man—something very im-
portant?

"Yes," said the scientist. "A soul.”

T O TN sae ol
NT £ T8 Ny

BALTIMORE-DENVER ORLANDO
AlR FORCE Mogozine = March 1958

the third contractor is the Western
Electric Co. Aveo has the contract for
Titan's nose cone.

e Thor: A single-stage missile with
a designed range of 1,500 miles. Thor
is designated Weapon System 315A., It
is an estimated sixty-five feet in length
and more than eight feet in diameter.
Launching weight is under 100,000
pounds. The airframe, SM-753, is built
by the Douglas Aircraft Co. North
American Rocketdyne makes the en-
gine, estimated as generating 150,000
pounds of thrust. The inertial guidance
system is being built by the AC Spark
Plug Div. of the General Motors Corp.
The nose cone, like that of Atlas, is
by General Electric. Thor is currently
in assembly-line production, and the
first operational squadron is scheduled
to be deploved overseas before the
end of the year.

On all three AF ballistic missiles
the Space Technology Laboratory of
the Ramo-Wooldridge Corp. is a prime
contractor for systems engineering and
technical direction.

The concept of concurrency, the “all
together and all at once”™ philosophy
which has characterized the AF bal-
listie missile program from the begin-
ning extends into the operational side,
as well as development and produc-
tion. In fact, quite early in the game
the bold decision was made to get
missiles into operational units while
they were still under development.
This Initial Operational Capahility
(IOC) was at first made the responsi-
bility of the developing command,
ARDC. But as time went on it ap-
peared that, since Strategic Air Com-
mand was to be the ultimate user of
the new weapons, it would pay to
get SAC into the operational act as
soon as possible. So, on January 1 of
this vear the 1st Missile Division, at
Cooke Air Foree Base, Calif. was
transferred to SAC. Its commander is
Maj. Gen. David Wade, whose outfit
is responsible for the 10C phase for
both ICBMs and IRBMs.

Cooke has been deseribed as twenty-
six miles of beach, with a few moun-
tains thrown in for good measure. Its
selection as: the site for the first op-
erational ballistic missile unit was not
by chance because it combined many
desirable features. Among these were
the facts that it was already owned by
the Defense Department and that it
had some buildings, a road network,
utilities, a rail spur, and would not
take as long to get in shape as start-
ing from scratch somewhere else.
Weather permits construction and
training the year round. And the vast

*acific Ocean, stretching to the West,
makes a pretty fair firing range. Cooke
will be both an operational and a
training base.

{Continued on page 95)




gest technological job.
GPE has brought togetl
one umbrella, broad physi

technicians. Its co-ordinated skills,

knowledge, experience and produc-
ing facilities cover more than a dozen
industries.

Each company in General Preci-
sion Equipment Corporation +
close to the frontiers of science in its
specific fields. Working together, they
have rolled up an impressive record

of achievement in new and often
unchs ological areas.

If your needs are in controls, sys-
tems engineering or automation,
you'll find some eye-opening answers
in this highly integrated research,
design, engineering and manufactur-
ing group.

GENERAL PRECISION EQUIPMENT CORPORATION




The principal GPE companies
cover needs of defense and industry in
these areas: Audio-Visual, Automatic
Controls and Automation, Aviation,
Chemical Processing, Electronic and
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To ensure a continuing close rela-
tionship with the development pro-
gram, a little SAC headquarters was
set up at Inglewood, Calif., to work
with Generals Schriever and Funk. It
is called “SAC-Mike (see Photochart,
page 80), the “Mike"” presumably be-
ing & phonetic alphabet abbreviation
for missile. Its job is to keep the de-
veloping agency advised of SAC’s
latest operational requirements and to
relay new technical information back
to SAC.

Basic to the integration of ballistic
missiles, or any missiles, into SAC's
operational inventory -is the “mixed
foree” concept. SAC is firm in its be-
lief that the unmanned weapon can-
not take over entirely the SAC mis-
sion, that there are certain targets and
missions suitable for it but others
which are manifestly not. This is why
it intends to replace the B-47 with the
Convair B-38 Hustler and the B-52
with the hypersonic WS 110A chemi-
cal bomber. It is also why SAC sees

role for the Northrop Snark, the
nom-ballistie, air-breathing missile with
an intercontinental range, which has
already Hown several 5,000-mile tests.

On the credit side of the ballistic
missile ledger is its tremendous speed,
with the accompanying factor of short
warning: time, posing tough defense
problems for the enemy. lts range is
an attractive element for SAC com-
manders, as is its quick reaction time.

On the debit side are several other
fuctors, A ballistic missile cannot be
diverted from one target to another
while in flight. Indeed, it cannot be
recalled once it has been launched. Tt
has no buman reason with which to
deal with novel situations, And it can-
not return to tell a commander whether
or not it hit the target.

S0 until missiles become consider-
ably more sophisticated than they are
at present, SAC sees them as a valu-
able major adjunct to its manned
bomber force, as a means to allow the
manned force to accomplish its mis-
sion with as few losses as possible.
Missile launchings would probably
precede manned bombers in order to
cause destruction and confusion in the
enemy’s defenses and would be used
on targets where less than pinpoint
aceuracy would not affect successful
accomplishment of the mission.

The phasing-in of missiles will be
greatly enhanced by the support strue-
ture of SAC which is already in exist-
ence. Indeed it can be said that no
other military organization in the
world has the worldwide system of
logistics, communications, and intel-
ligence that are indispensable corol-
laries to the weapon systems.

The Thor, the Atlas, and the Titan
must be considered as only the first

steps toward even more sophisticated
weapon systems, Now, high-energy
exotic fuels can extend the range
and/or load-carrying ability of the
ballistic missile. Reliability will im-
prove. Guidance systems will become
more discriminating. Solid fuels will
begin to overcome their present limi-
tations of erratic combustion and a
tendency to deteriorate in slorage.

Two developments in particular ap-
pear to hold much promise for the
future. Ome, which is hardly more
than a gleam in a designer’s eve at
the moment but which seems to be
technically feasible, is some methad of
diverting a ballistic missile from its
trajectory. Such a device would be an
effective countermeasure against pro-
jected defense svstems that are predi-
cated on the fact that now ballistc
missiles, once launched, must follow
a mathematically predictable path,

The second development under
study is an air-launched ballistic mis-
sile which, in many ways, fets us
back to the old toss-bombing analogy
with which we started this discussion.
With a bomber aircraft serving as a
launching platform, the missile would
begin its flight well above the thickest
part of the atmosphere, and moch less
power would be required than for the
same range-pavload combination in an
Earth-launched missile,

In closing this discussion of the US
ballistic missile’ program a word of
caution would appear to be in order,

While the development program
has met all its schedules and has not
suffered from a shortage of money,
once the program got into high gear,
the production schedules of finished
weapon systems are far short of an
all-out effort. The country has the
capacity for producing far more bal-
listic missiles than is contemplated.

Meanwhile, the Soviet competition
is not standing still. The integration of
operational ballistic missiles into the
Strategic Air Command will enhance
our deterrent power. But an opera-
tional ecapability in ballistic missiles
on the part of the Soviet Union could
well cancel out any such advantage.
And there is every reason to believe
that it is approaching such a capa-
hility at least as fast as we.

This is all the more reason to look
to our over-all force—in being and to
come—and to maintain the kind of
deterrent posture that cannot be upset
by Soviet achievements in any one
field. Tt means a continued improving
force in manned bombers, in defense
against Soviet air attack, in ballistic
and other missiles and, above all, bold
measures to ensure that all of the first

steps into space are not taken- by
Russians.

—Jonn F. Loossrock
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Electronic Ground Support Equipment

Link’s vast experience in the fields of electronics,
computers, simulators and associated systems is now
being concentrated on the urgent needs of missile
ground support equipment.

Unmatched experience, highly specialized engj-
neers, and modern facilities qualify Link to take on
the most demanding assignments. Together, they help
bring about original solutions to the unorthodox
projects of today. Imaginative engineering has been
a Link attribute for a generation.

Link know-how has already resulted in major
projects, delivered hardware:

« Computers

» Simulators

* Optical Systems

* Missile Training Equipment
» Component Assemblies
* Go-No-Go Test Equipment

In these areas, in other missile ground support sys-
tems, Link electronics can provide the answer.

For a comprehensive brochure on Link’s engineer-
ing and production facilities, write to:

LINK AVIATION, INC.

BINGHAMTON, NEW YORK
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One look and the pilot KNOWS. In a glance
he reads actual ground speed and drift angle,
3—1“""/ displaved on his flight panel — automatically

ground aid or celestial fix.

-

ground speed & drift angle
any time, anywhere, any weather

.and

The wraps are off RADAN! The civilian coun-
terpart of GPL's famous military Doppler auto-navi-
gators, is ready and available now — for anyone and
everyone!

RADAN Systems have behind them millions of
miles of experience in transcontinental, oceanic and
polar flights . . . save precious time and fuel . . . pro-
vide a priceless margin of safety.
® RADAN — accurate: within 1% for ground speed,

within %° for drift angle .
® RADAN — small: 4.4 cu. ft.—light: 89 lbs.
® RADAN — operates without ground or celestial aids
® RADAN — virtually maintenance-free

ENGINEERS -

b :
- / and continuously.
// The system operates entirely without
v

RADAN is the result of GPL'2 harnessing
of Doppler for air navigation—an achievement
comparable in magnitude to the breaking of
the sound barrier.

now for everyone

Now in quantity production, RADAN Systems
are manufactured by GPL, who developed and is the
nation’s leading producer of Doppler air navigation
systems. Address inquiries to: General Precision
Laboratory Incorporated, Pleasantville, New York.

GPL achievements have oponed up some unusual research and development opportunities, Send resumé to Personnel Manager.
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PROFILES OF EXPERIENCE

The demands of computer and control projects and problems over a 20-vear period have
earned for Librascope an enviable record of experience which is demonstrated by versa-
tility and reliability in the design, development and manufacture of successful equip-
ment. New demands of missile projects are reflected in Librascope’s profiles of experiences

IR e = e =
This knowledge can be focused on your computer-control problems with the assuranee

of success. Librascope invites your inqury in this field. A letterhead request will bring IBRASCOPE
you the Librascope story. AT e
Engineery interested in cho!.’rnmng new felds are invited to eontact Glem Seltzer, Employment Monager. v 3 —

LIBRASCOPE. INCORPORATED » 808 WESTERN AVENUE » GLENDALE, CALIFORMNIA




100 POUNDS OF AVAILABLE
INERTIAL HARDWARE

A COMPLETE INERTIAL SYSTEM

WEIGHING ONLY 100 POUNDS.
FULLY OPERATIOMNAL AFTER A 2-MINUTE WARM-UP.

WITH AN EYE TO THE FUTURE

Kearfott’s unique capabilities, the result of a decade devoted to
creative design and quantity production of inertial guidance sys-
tems and components, assure you of the performance and reli-
ability of Kearfott Systems for your most advanced applications.

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

Bales and Engineering Offices: 1378 Main Ave., Clifton, N. J.
Midwest Office: 23 W. Calendar Ave., La Grange, Illinois
South Central Office: 6211 Denton Drive, Dallas, Texas

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




THE SYSTEMS
BEHIND
THE WEAPONS .

The high reliability that is a fundamen- .
tal requirement of an anti-aircraft de-

fense coordination system depends, of

course, to a great degree upon the relia-

bility of the power supply.

The power supply furnishes the en-
ergy for the “brain™ and the “muscles™
that carry out the decisions as the sys-
tem selects targets, evaluates strategy,
assigns missile batteries and supervises

the launching of defense weapons.

The high reliability of duplexed
power supply systems, such as illus-
trated, stems from the performance abil-
ity of the individual components and the
integrated systems approach that has
been developed by the ELECTRONIC
DIVISION of the Otis Elevator

Company.

In power supply systems, such as
deseribed, and in missile support and
training systems, in automatic checkout
and programming equipment, simulat-
ors, security-communication devices—
whatever the system . ..the OTIS
integrated systems approach assures

maximum reliability,

ELECTRONIC DIVISION

OTIS ELEVATOR COMPAMNY
35 Ryerson Sireat, Brookiyn 5, N. Y.




medicine and missiles

Because it represents a totally
new idea, Decker’s T-42 ioniza-
tion transducer has evinced
interest from men engaged in
both the taking of life and the
saving of life.

It has brought a hitherto un-
known degree of accuracy to
the study of the heart, of cancer,
and the measurement of blood
pressures . . . as well as the
measurement of RAM and am-
bient atmospherie pressure,

But like nuclear energy, the
T-42 has no soul. It ean deal
death or dely it as you wish.

e ——— — ——

THE DECKER |  CORPORATION

u _— - Sy _—

Bala Cyawyd, Pa.

whenever a new development takes place, it Is
based on ionization and electrical gas discharge




guidance system experts
through m=wm. a—a» fraining devices

The guidance system of a missle is critical to ifs purpose —without the system—
or without intelligent handling of the system's equipment there is no effective weapon.

The military must train its "unskilled short-term” personnel to operate and
maintain this system—and the question arises ., . . How?

Today ERCOQ is building training devices for this very project. A system which will -
permit accelerated, highly specialized training for individual personnel

and teams assigned to the operation and maintenonce of the guidance

system. These ERCO designed devices will quickly, and economically

permit the military to obtain skilled technical personnel with

maximum speciclization on o minimum time basis—
or the term we use "effectivate™ the system,

If you are o contractor and you are in ) =
need of someone o solve the problem of the
"Man-Machine Data Link"— contact us today.
Qur leadership in the creation of training devices
has been gained with field proven equipments,

Write to ERCO PLANT, Muclear Products —
___ ERCO Division, ACF Industries, Incorporated,
Riverdale, Md., Dept. MT.

SYSTEMS GUIDANCE EMERGENCY
INDOCTRINATION RADAR PROCEDURE

EQUIPMENTS FAULT
FAMILIARIZATION DETECTION

LAUNCHING AND
TRAJECTORY INSTRUCTORS

COMPUTERS CONSOLE

LAUNCHING
PROCEDURE

# Effectivaly Activate

DESIGNED AND EBUILT By EE N R d _4a P
NUCLEAR PRODUCTS — ERCO. DivisioN (QCf INDUSTRIES. INC.. RIVERDALE, MARYLAND

AMERICAN CAR AND FOUNDRY - AVION . CARTER CARBURETOR - SHIPPERS' CAR LINE « W-K-M » ADVANCED PRODUCTS



RCA ELECTRONICS HELPS THE ARMY
KEEP TRACK OF A BILLION THINGS FROM
OKLAHOMA TO OKINAWA

Millions of facts are put in proper
sequence and “Hled” on magnetic
tape as the tape runs through Elee-
tronic Sorter (abovel.

Tomorrow at a U.S. Army supply depot
half a world away a jeep, tank or truck
will roll in for a new bearing, genertor,
or spark plug.

Multiply this situation by the tens of
thousands of vehicles the army must
keep rolling—and you have an idea of
the enormous supply job done by RCA’s
Electronic Data-Processing System
at the U. 5. Army Ordnance Tank-
Automatic Command, Detrait, Mich.

It not only tells the army exactly how
many of 169,938 different parts are
needed where. It writes out the supply
orders, 600 lines a minute, It reads
1,700 words a second. It files, coms-
putes, remembers, and informs.

From this “giant”™ RCA achievement
down to the tiniest transistor in your
“personal” radio, yvou'll see why, in in-
dustry, in defense and in vour home,
RCA means electronics—for Vil

RADIO CORPORATION OF AMERICA




The nation’s first air-to-surface
missile. the Bell GAM-63 Rascal,
15 now on ﬂ|‘mrﬂ.[iu:m| status with
the Strategic Air Command of the
U. S. Air Force.

This rocket-powered guided
mizzile can extend the penetration
ability of SAC crews since it is
launched and accurately directed
on its mission while the bomber

which carries it remains manv

JOINS SAC

miles away from the target area.

Bell Aircraft designed, devel-
oped and now produces the Rascal
"Crewsaver” for the Air Force
under a complete weapon systems
responsibility. This responsibility
includes the airframe. i:llirlancr:,
liquid fuel rocket power plant,
ground support and launching
equipment and techniques and

ll’ﬂlt]l[]LL

BUFFALOC, N.Y.




:-]:[n- has shipped over

23.000 size 8 synchros

Field Tests Prove their Built-In Reliability

Why not buy fully proven size B synchros? Clifton Pre-
cision size 8 units have been designed, developed, in
pmdth:hun 2 years and are now Imng built inw nan

: Smh am-punu made it necessary. Iur us !n
ﬁihannlhar plant in. ﬂﬁmﬂn Spﬂnza to pmdh
'8 synchios.
Accuracies not exceeding 7 minutes max. nl mn
guaranteed. o
A full line of size 8 rotary components is mtﬂi:
including AC and DC motors, linear transformers and
‘motor genm[m. :
e For full information write or call Sales Department, "'.- s
=3 ';Sﬂnmt 4.7521 (Suhurban Phitadelphia) or our repre- =
| sentatives. :
- "._‘:f =~y
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Clifton Precision Products Co.,

and . ..

made provision to deliver
much larger quantities
with their new Colorado
Springs synchro facility

W VISIT OUR HOSPITALITY SUITE

9" LRE Convention, March 24-27,
Studio K, Barbizon-Plaza Hotel,
104 Central Park So., N.Y.C,

LOOK TO

eppe

Inc.

Clifton Heights Pennsylvania FOR SYNCHRO PROGRESS




stems are keeping a tense
swift wind
) .reporting on radiation in the ionosphers

obs for the 1GY and other maj :
challenges abead. .. weather surveillan
ation research from 4000 miles out...and travel b

assignment calls for practical answers t
you successful experience across the full spectrum of rocket systems activity.

Write for information on CDC capabilities in rocket 5y
design, research, development, instrumentation, fabrication,
ground support equipment, field testing and data evaluation.

VELOPMENMNMT GO RS

2626 S, PECK ROAD, MOMNROVIA, CALIFORMIA

foluré




NEED

MISSILE

MANPOWER

Philco TechRep will furnish technical manpower
or training for any project...anywhere in the world!

Taoday, there's an urgent, new need for contract
technical experts who can be disparched to break
technical bortlenecks, or ease technical man-
power shortages—in research, development,
engineering, Operation, maintenance or training.

Ready to answer this need, and backed by
16 years of experience and success in solving

these technical ;'-rui‘l]ums. is the Philco TechRep

Field Engineer. He is one of a vast number of
Philco Field Engineers; each experienced in
and dedicared o his rechnical field.

Whatever yowr technical problem—whether
it's a need for technical specialists, or a need
for a technical training program—Philco
T{-{E:REP Division can help you solve it

For further information, please contact

P H I LC O TECHREP DIVISION

22nd and Lehigh Avenue « Philadelphia 32, Pa.







“Woest of these out of seas colder than the Hebrides
I must go
Whare the fleet of stars is onchored ond the young

Storcaplaing glow.”

—JAMES ELROY FLECKER

MAN IN SPACE

MJ‘LN'S mind has already invaded space—in the form
of electronically reporting satellites. But the true
conguest of space will come only when man himself flies
through the void in vehicles of his own design.

For hundreds of centuries man has hurled things
through the air—rocks, arrows, bullets, and rockets. Yet
he did not conquer the air until December 17, 1903, when
the Wright brothers flew at Kitty Hawk,

Neither will he truly conquer space until he penetrates
it in manned vehicles, whose paths he can plan, and in
which he can return at a time and to a place of his own
choosing,

But can fragile man, with his limited physiological and
psychological tolerances, survive travel in this totally
new environment? He must endure the strain of violent
launch acceleration that for several minutes will mul-
tiply his weight nearly ten times—a few moments later
he will enter the strange world of weightlessness. He
must continue to breathe in a cabin surrounded by a
void that could boil his bloed in seconds. He must be
able to work in a heavily automated environment for
extended periods with the company of only a few ship-
mates under equal stresses. How will he sleep and eat
and perform necessary bodily functions? And what effect
will the mysterious cosmic rays that streak through the
void have on his body?

The answer to the central question of man's ability to
endure spacellight—the key to the true conquest of space
—is a qualified yes. Man can survive this supreme adven-
ture, say “space doctors” like Dr. Hubertus Strughold,
Adviser to the USAF's Department of Space Medicine at

Spacesuit  prelude. USAFOSR-Litton  research has  pro-
duced the suit at left for experimentation in the Litton In-
habited High Vacuum Laboratory. Wearer of the suit is pro-
vided with breathable atmosphere and warmth and ean work
with tools in the simulated ninetv-five-mile-high altimde.
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BRandolph AFB, Tex., but only with numerous special
adjustments and safeguards designed to approximate his
earthly environment or help him adjust to some conditions
he has never before encountered,

Dr. Strughold is probably the world’s leading authority
on the medical aspects of spaceflight. With USAF col-
leagues like Dr. Siegfried J. Gerathewohl, who specializes
on the crucial weightlessness problem at Randolph,
ARDC’s Col. John P. Stapp, and Maj. David G. Simons
at Holloman AFB, N.M., specializing on acceleration stress
and super-high-altitude ballooning. he symbolizes the Air
Force's pioneering studies of man in space,

Dr. Strughold points out that we have already experi-
enced, within the atmosphere, conditions of “space equiv-
alence.” Yet, he adds, our forays, thus far, are in what
he calls the “amphibian stage.”

That experience in “near space” has included balloon
ascensions and rocket-plane flights. Men have passed the
50,000-foot level, where free air cannot contribute to
respiration, and the 63,000-foot level where human blood
would boil outside a protected environment exactly as it
would on the airless surface of the moon,

These two altitudes mark “physiological conditions of
space equivalence,” Dr. Strughold says. At 80,000 feet,
he adds, air compression for cockpits is impractical, since
the machinery required is too heavy, generates too much
heat, and the sparse air contains poisonous ozone, injurious
to equipment and man alike. It is at that altitude, says
Dr. Strughold, that the sealed cabin, with a built-in atmos-
phere, becomes mandatory. Man, from that point on, must
take his environment with him as he ventures out into
space.

The sealed cabin will be his container in spaceflight,
and currently provides the best clues to his reactions to
extended travel in space.

And at this writing, man’s first “flight into space”
right here on Earth was nearing a successful conclusion
at the USAF Department of Space Medicine under Dr.




Brutal erushing G force of rapid acceleration on the human form has been dramatically tested ar Hollman AFB. N. M.,
in ulira-high-speed rides by ARDC's Col. John Stapp on the Northrop-built rocket sled. Colonel Stapp’s rides have
earned him nickname of *fastest man on earth.” In first picture Colonel Stapp has just been strapped into the sled
seal nmll his face is relaxed. Second photo shows sharp facial contortion, inereased G pressures, as sled builds up speed.
Third picture shows Stapp at the end of his ride. At speeds of 600-plus mph, he has survived more than forty Gs.

Strughold’s guidance, as a result of a seven-day sojoumn
in a furnace-shaped “space cabin® by a twenty-three-year-
old airman volunteer, Donald G. Farrell.

During his week-long stay in the USAF “space cabin”
Airman Farrell breathed oxygen supplied from the out-
side, lived off a replenishable prepacked “pantry,” and
was subjected to a battery of psvchological testings at a
“control panel” where, from his eramped sitting position,
he performed operations to test fatigue patterns and
psvchological responses. His living space, 100 cubic feet,
barely let him lie down for sleeping. Wastes were dis-
posed of chemically. He was scheduled through wvary-
ing work-time patterns to test efficiency. His responses—
trackable through electronic devices and visible via closed-
circuit television—will provide monumental data. Already,
a number of short “Hights” in Space Medicine's sealed
cabin have been successfully completed, but twenty-
four hours has been the longest stay. Equivalent altitude
in the cabin during the “space” trip was 18,000 feet.
The experiment was supervised by Lt. Col. George Stein-
kamp, Chief of the Department of Space Medicine,

The psychological problems of a week-long confinement
may well outweigh the physiological problems. And heavy
attention was paid to the subject’s alertness, judgment,
and moods.

One painful problem Airman Farrell did not have to
worry about is multi-G acceleration and body-weight in-
erease at high-speed blastoff. This is the fantastic pressure
and body weight multiplication that will be experienced
by the carefully selected crewmen of the first USAF
manned spacecraft. But thanks to the death-defving ex-
periments of Colonel Stapp, we know that a normal man
can endure—not without temporary discomfort—brief ac-
celerations of up to about forty Gs. Reaching speeds. of
632 mph on a rocket sled, forty-seven-yvear-old Colonel
Stapp has experienced the forty-G pressure for a fifth
of a second and demonstrated man's surprising tolerance.

The Gs endured by Colonel Stapp far surpass what
spacemen would expect at blastoff from Earth. Estimates
based on present-day rocket fuels indicate that peaks of
eight or nine Gs would mark the first-stage period of per-
haps three minutes. From then on, Gs would decrease in
minutes down to two or three as the final boosting rocket
fell off and the ship headed into space. And the G prob-
lem would be much lessened, if as some suggest the first
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ship to the moon were launched from a space station,
rather than from the Earth,

Of course, Colonel Stapp has built up his endurance
to multi-G stress through numerous rocket-sled rides and
has been protected as thoroughly as possible by special
suiting and helmet. Future USAF spacemen would like-
wise be pretrained for increased G tolerance in centrifugal
michines and would wear pressurized suils as thev lay
pronie during actual blastoff. The prone position has Licen
adjudged best to avoid blackouts, cansed by blood draining
from the head, or “red-outs,” blood pooling in the skull.

Most authorities agree with Brig. Gen. Don D. Flick-
inger, Director of Human Factors, ARDC, that space-
men will be so busy coping with increased Gs during
blastoff that practically all of the ship’s operations will
have to be automatic. It is expected, however, that he
could painfully press a button to operate an escape
mechanism, should the blastolf abort.

But, having endured increased Gs, the spaceman's
problems will be just beginning. As propulsion ends and
the last rocket stage drops off, he will have entered the
unfriendly void. And he will be weightless,

This unearthly condition cannot be duplicated, except
for brief periods, within the atmosphere. But the brief
periods attained through experimentation have already
vielded substantial data on what man can expect in the
weightless state. Working intensely on the weightlessness
problem is Dr. Gerathewohl of the Department of Space
Medicine. To attain brief intervals of zero gravity, F-94Cs
are flown at high speed at Randolph in parabolic maneuver
patterns, much like an aerial roller coaster (see diagram}).

The zerc-gravity state is reached at the top of the
curve for periods up to about forty seconds, time enough
for motion picture recording of the phenomenon and for
the subject to experience sensations of weightlessness,

Of the people run through zero gravity, reports Dr.
Gerathewohl, about thirty percent have sulfered ill effects
of one kind or another. Some of these, he points out,
are prone to sea- or airsickness. He adds that the factors
of anticipation and the roller-coaster rise on the curve
into zero gravity may have brought on some of the nausea,

But experimentation so far has demonstrated that zero
gravity, for long or short intervals, does not bother the
majarity of the subjects. Dr. Gerathewohl feels that most
humans can, with training and orientation, adjost to the
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weightless state. Fortunately, it appears that the cyes
can be trusted for orientation in the spaceship—since the
sensitive mechanisms in the ears that ordinarily provide
balance are useless in zero gravity,

Dr. Gerathewohl is attacking the wvisual orientation
problem with inflight experiments in which subjects strike
targets with dart-like styluses to test eye-hand coordina-
tion. These experiments have indicated a tendency to
overreach in the beginning but gradual improvement in
aiming. This supports the view that repeated experience
ean “train” the eves to accept the zero-gravity state,

Presumably, if the potential space flyer shows quick
adaptation in the earliest periods of zero gravity, he will
do all right during longer periods. But those who do not
adjust fairly rapidly at first may never be able to stand
the zero-gravity state for extended intervals, Dr. Gerathe-
wohl suggests.

Still mysterious is the actual physical effect weightless-
ness has on body fluids and tissue, muscle actions, and
other organs. Thus far it is apparent that, with special
arrangements for drinking, and careful and thorough
chewing, feeding would not be a problem. Right here
on Earth, many persons have chewed, swallowed, and
begun to digest food while upside-down. Drinking is a
greater problem, since it is theoretically possible to drown
in a glass of water in zero gravity because liguids foat
freely and could rush into the nose. But squeeze tubes
or bottles could be used to force fluids into the mouth,
where muscles would take over,

Sleep, too, is a problem, but Dr. Gerathewohl and his
colleagues do not consider it insuperable, and they are
experimenting with varving work cyveles to create enough
fatigue to induce proper rest.

The F-94C zero-gravity lab-in-the-air i= flown by USAF Maj.
Herbert D). Stallings st Randolph AFB, Tex., shown here
(left) charting a flight with Dv. Siegfried J. Gerathewohl,
who directs the Department of Spoce Medicine weightless-
ness experiments at the base using datn gained in flights.

One man whose evervday job involves staving in zero
gravity, Maj. Herbert D. Stallings, Jr., pilot throughout
all of the Randolph Space Medicine weightlessness flights,
probably holds the world's zero-gravity endurance record
—more than thirty hours, the total of many momentary
stays in weightlessness. Flying with him as subjects at
Randelph have been newsmen, airmen wvolunteers, and
several flight surgeons, whose reactions are especially
valuable in view of their more precise objectivity.

HOW F-94 REACHES ZERO GRAVITY Chart illustrates the flight pattern used by Major Siallings 1o attain
bricf periods of zero gravity in the F-94C. The maneuver begins at an altitude of abow 18,000 feet, then reaches
about 23,000 feet at the very top of the parabola, at which point it vields about forty scconds of virtual weightlessness,
before dropping down again. The reactions of subjects taken at the zero-gravity level are carefully recorded and ana-

Iyzed om the ground at Randelph. Dr. Gerathewohl feel: most homans will be able 1o adapt to the weightless state.
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(in pounds  — 50,000
per square fool)
e 739

J 2116
} Sea Level

THE HAZARDS OF SPACE Chant above illustrates the dangers to man as he rises up and out of the Earth's
atmosphere. From 15,000-20,000 fect is the highest altitude where atmospherie oxygen will sustain life. At 63,000 feet,
blood boils. At 80,000 feet, a sealed eabin with self-contained environment is mandatory. At 130,000 feet, atmospherie
shiclding of cosmic ruys ends. Nincty-nine percent of the atmos

phere is located below the 100,000-foot level. Physi-
ological “space equivalence™ begins far bhelow that. Above 75 miles, atmospherie shielding against meteors ends.
112
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Another problem of weightlessness for extended periods
will be the lack of the sense of atmospheric pressure on
the skin surfaces. Dr. Gerathewchl suggests that the
spaceman could be seated in something like an infant’s
highchair, with the underside of the "tray” padded with
soft foam rubber. Secured in such a seat, the spaceman
would feel gentle but firm pressure on his thighs. This type
of seat could be leaned backward and used for a bed
during rest periods. To move about the cabin, the
spaceman could release himself from his highchair and
walk on suction-cupped shoes or use guide rails.

But is this weightlessness necessary? Is there no way
of creating some sort of artificial gravity?

There is—and it has both advantages and disadvantages.
A gentle spinning movement could be generated to rotate
the spaceship, providing an artificial gravity. But this
approach would take additional power and ereate the
problem of determining exactly how much spin and gravity
were needed. A further problem might be that of changing
the rate of rotation to adjust the crew to the new levels
of gravity to be experienced when the ship landed on
other planets.

Dr. Gerathewohl feels that the complications of pro-
viding artificial gravity on extended flights might be more
trouble than they were worth and that providing crew
comfort in zero gravity actually would be much easier.
He cites the possibility of failure or unexpected change
in the spinning method which could make the “foor”
suddenly the ceiling and disrupt a crew which had become
used to the security of their artificial gravity,

As USAF Space Medicine studies the human factors,
the Air Force is proceeding to the actuality of spaceflight
that will test the medical data.

The planned Hights of what will be the USAF's first
step toward a manned satellite—the North American X-15
which will fly at 100-mile-plus altitides—are expected to
subject test pilots to periods of up to six minutes of zero
gravity. Such extended times will provide additional
invaluable dala to the studies conducted by the Depart-
ment of Space Medicine and the work of the ARDC's Aero
Medieal Laboratory, where veteran researchers like E. R.
Ballinger and others have also made intense studies.

Weightless or not, man will have to breathe in his
sealed environment, be it a satellite, a ship to the moon,
or bevond. The simplest solution is to take along the
necessary oxvgen. This could probably suffice for a trip
to the moon, taking about a week, but the problem
becomes complicated for extended voyages, such as on a
permanent space station or on longer trips to the inner
planets of our solar system.

Hypoxin. Severe oxvgen shortage oceurs at levels above
20,000 feet, numbing judgment and bringing on drunken-
like reactions. Center cadel, undergoing dexterity ftesis
under hypoxia conditions, fumbles with the pegs which
must be properly placed in holes, as his boddies wateh.
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At super-high altitudes, explosive decompression wounld be
fatal to unprotected airmen. DPrastic reduction of atmos-
pheric pressure releases gases in liguids, e ng “boiling™
as  illustrated here in simulated high-altitnde chamber,
with beaker of exploding fluid held by experimenter.

Huoman blood boils at a level of 63,000 feet, making pro-
teetive pressurized elothing mandatory. Pictured is an
experimental demonstration—using simulated human blood
—of this spaec-travel hazard. This experiment was ear-
ricd out by personnel at the School of Aviation Medicine.
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The very nature of our earthly oxvgen-carbon-dioxide
cyele may come to the rescue here. Dr, A, E. Slater of the
British Interplanetary Society suggests the key to the
problem with his remark that the Earth itself, “which is
the only manned spaceship known to exist, does not need
to take in stores (apart from the energy of solar radiation)
to keep its inhabitants alive. Living matter merely circu-
lates among the various forms of life, forming a closed
svstem. . Green plants use solar energy to build up
carbohvdrates (which form most of their substance) from
the carbon dioxide in the air and the hydrogen in water,

The individual’s reaction to isolation is a major poten-
tianl problem in projected extended spaceflight. Wright
Aero Medieal Lab sabjeet, left, seated alone and suar-
rounided by darkness for long hours during psychological
tests, helps provide scientists with clues to human reactions.

liberating the oxygen from the water; animals breathe
this oxvgen and use it for ‘burmning’ the food they have
eaten, which consists of plants, or of other animals which
have eaten plants. This ‘burning” process produces carbon
dioxide and water which the plants again build up into
carbohydrates.”

This process of photosynthesis may provide the answer
to the ticklish problem of sufficient oxvgen in the sealed
cabin of spaceships on long trips, if carrying prepacked
oxvgen seems unfeasible. USAF space medics are busy
checking its possibilities. At Randolph AFB, mice have
already lived for periods of up to seventy-two hours on
oxygen supplied by nourished algae, minute vegetable
life kept in specially built tanks through which run
fluorescent light tubes to provide the equivalent of
sunlight (see photo, page 117).

These experiments, at the University of Texas and in
the microbiology lab at Randolph, reenact the very
eyele of life on our planet. And they demonstrate the
theoretical possibility of using such equipment aboard
spaceships. Such a method is not without problems. Pro-
viding artificial light for the algae presents a power
problem as does supplying nutdent for the plants. But
it is believed that human waste could be processed for
food for the ;:[gam and that, in tum, part of the algae
could actually be processed as human food.

So it might be possible to operate a closed system

L T - e, —

A/1C Donald G. Farrell has spent seven days and nights in *“space™ right here on Earth by living in USAF space
Medicine's sealed cabin at Randolph AFB in experiment designed to duplicate the conditions spaceman would expe-
rience in flight. Farrell breathed piped-in oxygen, was subjected 1o varving work cyveles, lived in simulated 18,000-
foot altitude, operated “control™ ards, was observed continuously, He was not able to see outside, nor counld he
smoke. This was the longest such stay in AF's Space Medicine cobin. Earlier record was twenty-four hours.
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which would absorb the crew’s exhaled carbon dioxide
and wastes, be nourished by those, and in turn produce
the vital oxygen and food. Today’s equipment is of course
purely experimental, but it works. Capt. Robert D, Gal-
ford, in charge of the Randolph experiment, points out
that such a system would require great attitudes of
objectivity on the part of the erew.

And what of cosmic rays? Scientists have long known
that the Earth’s atmosphere shields us from the major
effects of these poweriul radiations from outer space
which are capable of destroying human tissue cells. As
man rises through and out of the atmosphere, he will
have to Face the naked power of these bhombardments,
and suffer the risk of damage to brain, eyes, reproductive
glands, and other vitals.

The cosmic ray problem is multifold. It involves im-
mediate damage and tolerance, long-range genetic damage
which cannot be charted at the time of the bombardment,
and the problem of shielding in terms of additional weight.

Opinion is divided on man’s tolerance to cosmic rays.
Some scientists believe that the risk of unseen genetic
damage is great, Others suggest that cosmic-ray exposure
on the initially brief spaceflights will not be a prohibiting
factor, They believe that much longer periods of.exposure
than mere weeks or days would be necessary to create
high levels of danger. They add that by the time really
extended spaceflight is accomplished, so much more will be
known about cosmic rays that the problems will be lessened,

We already have some hints concerning the amount
of cosmic-ray bombardment in near space. Ameriea’s
first satellite, Explorer, has revealed that at its 219-1,587-
mile orbital heights, cosmic radiation is no more than
twelve times that on the Earth's surface. Scientists do
not consider this a large increase.

Again, the psychological problems of space flight may
far oubweigh the physical. In his report, Major Simons,
who rode into the heavier cosmic-ray area, laid greater
stress on his feelings of detachment than on his physical
reactions during his sojourn at 102,000 feet.

There are other tangible space bullets crewmen will
have to face. Showering continually through the cosmos
are Fast-moving meteoritic particles, ranging from the near-
ly invisible to the sizable. Moving at tremendous speeds
through unresisting space, they could do heavy damage
to spaceship hulls. Large meteors could smash holes in
the ship, and minute meteoritic dust could wear away hulls
as sandblasting would., Happily, most experts agree that
the chances of large meteors striking a ship in the vast-
ness of space are infinitesimal. Actually, smaller, powder-
like meteoritic dust is a greater problem. Some engineers
have suggested that ships could be equipped with “meteor
bumpers” designed to take the brunt of both erash impact
and the sandblusting effect of the smaller particles. Ex-
plorer has thus far been unbothered by meteoritic dust.

But impatient man cannot wait for one hundred percent
assurance from the researchers—even if that were even-
tually possible; Certainly the Air Force cannot delay its
progress into manned spaceflight. And it is not,

The first step in that progression is the Hight of USAF's
North American X-15, scheduled to be tested in 1959
as 4 joint USAF-North Americun venture with the National
Advisory Committee for Aeronautics, and with the Navy
providing some fiscal support.

Frelude to the USAFs first manned satellite, the X-15
is expected to reach 100-mile-plus altitudes, with some
experts suggesting that peak altitude mav even reach the
200-300-mile range (see chart, page 121).

The X-15 will explore the vital question of human and
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LUSAF's Dr. Hubertus Strughold, “father of spoce medicine,” checks the Randolph space eabin during final prepara-

tinns for Airman Farrell’s seven

studies in the field. Honored throughout Euwrope
is now a citizen of the United States. In 1954
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¥ experiment. Now Adviser to USAF Space Medicine, Dr. Strughold’s theoretieal
studies and practical experiments in the medical problems of space travel
for his contributions,
received the Intermational - Astronomical Federation Oberth award.

o back to the twenties, when he began his
r. Strughold eame to the USAF in 1949,
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This Philippine macagque monkey soared to an altitude of about thirty-six miles in USAF Aerobee rocket lnunchings and
was parachuted to Earth unharmed inside the rocket’s nose. The animal’s container is just visible at top portion of rocket
drawing on the wall in background. The effects of such high-altitude fight on the subject, particalurly cosmie ravs, are
carefully followed periodically by USAF scientists. The animal has thos far not demonsteated any ill effects, At left is
Brig. Gen, Wayne 0. Kester, former AF Veterinary Service chief. The monkey is now at the National Zoo, Washington.

vehicular reentry through the atmospheric friction bar-
rier. Approximately fiftv feet long, the X-15 is a short-
winged cigar in appearance, and will be powered by liguid-
fuel engines. Pitch and yaw control rockets will be located
in the nose and at top and bottom of the fuselage. The
primary navigation svstem will be inertial, giving the
pilot his position in all three dimensions, since high alti-
tudes preclude the usefulness of ordinary flight instru-
mentation like altimeter and airspeed indicator.

The X-15 will probably be launched from a modified
B-32 at altitudes of 30,000-40,000 feet, high over Wen-
dover AFB, Utah, landing at Edwards AFB, Calif. Early
flight tests will be by North American’s Scott Crossfield.
Later maximum performance tests will be flown by Capt.
Iven €. Kincheloe, Jr. NACA's Joseph A. Walker will fly
the plane for the research agency,

Hoped-for accomplishment of the X-15 will be the sue-
cessful trial of the skip maneuver, in which the plane is
flown down into denser air for a brief time, then back up
briefly, then coasting down again, gradually decelerating
preparatory to reentry through the dense atmosphere. The
flight of the X-15 will provide tremendous data on man's
suitability to space. Its pilots will face longer periods of
zero gravity, decision-making in the near-void, exposure
to speeds of from Mach 5 to Mach 7. Its range is expected
to be nearly five times that of the Bell X-1 and X-2, that
is, a total of about 430 miles.

Follow-on vehicle to the X-15 will be the orbital bomber,
a true manned satellite. North American reportedly has in
mind an advanced version of the X-15, souped-up with
boosters, Dr. Walter Dormberger, who ran the V-2 opera-
tion at Peenemiinde and now works for Bell Aircraft, con-
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ceives a boost-glide vehicle, thrown into orbic with existing
propulsion hardware, that could circle the Earth seven times
at an altitude of seven miles, gliding in and out of the
atmosphere for braking effect, and return its two-man crew
to base after dropping a 5,000-pound payload of nuclear
armament anywhere in the world.

After the orbital bomber and small manned satellite will
come the really giant accomplishment—the large manned
space station, the true, operating man-made moon,

The manned station will be the first real permanent test
of space medicine. Orbiting around the Earth, it will be a
self-contained world out of this world, with regularly
assigned crew, living quarters designed for maximum com-
fort, its own gravitational system provided by spinning, its
own oxygen-provision system (probably the algae cyele
now being studied ).

Hurtling around the world, it will provide superb recon-
naissance and observation facilities and a contining flow
of data on such mysteries as cosmic rays and meteors,

Further, it may provide a much easier launching position
for the inevitable trip to the moon, since the atmosphereless
surroundings would not present the launching difficulties
encountered on Earth, with its escape velocity of 25,000
mph and consequently enormous thrust needs,

What would life on a manned space station be like? This
is certain. It would be the most different experience ever
faced by man. Only the very best, the most stable, the most
dedicated personnel could be assigned to such an other-
worldly task. Tours of duty would undoubtedly be short,
certainly at first, geared to the arrival of supply ships and
replacements. But, the USAF is sure, there would be no
shortage of volunteers.
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How would the space station be constructed? The most
commonly suggested method is to put the picces to-
gether in the preselected position. Of course, the most
rigorous celestial mathematics would be necessary to get the
components in the right place at the right time. Convair's
Krafft Ehricke has suggested one method. He believes that
the ships eould be launched in a series to the orbital posi-
tion, then hooked together to form what would look like a
bicycle tire. With this beginning, later supply ships could
bring up components to add sophistication and needed
additional equipment.

From the space station, whether it is used as a launching
point for lunar trips or only for observation, the next step
is mankind’s dream of the ages, the trip to the moon. In
fact, this step could possibly antedate the space station.
The USAF has already suggested that the Thor IRBM,
modified, could possibly be used for launching an inspee-
tion vehicle around the moon.

Earth’s nearest natural neighbor, the moon is, so far as
astronomers know, a nearly atmosphereless, crater-pocked
rock with, at best, small residual pockets of gases that
might be employed for small-seale manufacture of artificial
atmosphere. But most authorities believe that man will
have to bring atmospheric ingredients along with him in
his lunar spaceship.

Although the time (fve to seven days) required for a
“coasting” flight to the moon is relatively short, landing

problems might be quite formidable, because of the need
for the most careful selection of a landing point on the
rugged surface and the careful timing absolutely necessary
for proper braking through the airless “atmosphere.” The
finest skill in reverse jetting would be needed to touch-
down without mishap. Of course, prior to any landings,
circumlunar robot and manned Hights will have taken place
to chart and photograph the moon's surface for selection of
landing and base areas,

Beyvond the pure scientific excitement of conguest, the
military value of the moon is great. High-powered tele-
scopes could be used for clear reconnaissance; retaliatory
missile launchings could probably be effected in the event
of nuclear war. (see “The Space Frontier,” page 42),

The aftermath of successful landings would be establish-
ment of lunar bases, and here repeated would be the test
of man's ability to create and thrive in an artificial environ-
ment. The moon’s temperatures range from terrific heat to
extreme cold, ranging from 250 degrees above to 200 de-
grees below zero Fahrenheit, as the moon faces or turns
away from the sun.

To move about on the silent high-vacuum surface of the
moon, crewmen will have to wear spacesuits providing
oxvgen and pressure, yet allowing enough mobility to work
with tools. Already research toward development of such
suiting is being pushed forward in projects like the USAF-

{Continued on page 120)

Photosynthesis—the giving off of oxygen by plants—may be the solution to the manufacture of the life-sustaining gas
in spaceship sealed eabins. In Randolph microbiology lab, Space Medicine’s Capt. Robert D). Gafford checks reactions
of white mouse in plastic case, living on oxygen supplied by algae in the tank in background. The earbon dioxide ex-
haled by the mounse is converted to oxygen by the plant life, which, in turn, receives energy from fluorescent lighting
and is fed by special nutrients. Experimental mice have lived up to three davs on oxygen supplied by the algae.
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Westinghouse metal
miracles boost jet
engine performance 15%

Turbojet “hot end™ parts, made from clad molybdenum, are increasing
jet engine efliciency up to 15% by permitting higher turbojet operating
temperatures. Developed by Westinghouse research scientists, this new
method of coating molybdenum to prevent high-temperature oxidation
has proved successful during extended engine testing of “‘clad-moly™
parts at temperatures above 2000°F,

Development of this protective coating—which remains intact and
effective after molybdenum alloy sheets or shapes are formed into parts
of complex shapes—is part of the advanced metals research program at
Westinghouse. The Aviation Gas Turbine Division is helping to keep
America strong by applying this coating and other new research develop-
ments to create better and better jet engines for the defense of America.

Take advantage of Westinghouse's ability to engineer, develop and
produce equipment for America’s defense. Contact your Westinghouse
Defense Products sales engineer, or write: Westinghouse Electric
Corporation, Aviation Gas Turbine Division, P. O. Box 285, Kansas

City, Missouri, J-91057
%
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The firat stage turbine nozzle vanes (outlined in red) were chosen for initial testing as thay
are subjected to the highest temperatures and are most susceptible to thermal shock.

you caN BE SURE...IFITS

%stinghouse




At left, balloonist’s-eve view of the eurve of the Earth.
Thi= remarkable photo was taken by USAF Maj. David G.
Simons duoring his record-breaking ascension to an alti-
tude of 10Z,000 feet for a solitary thirty-two-hour pe-
riod, Note how dark the sky appears at top of the photo.

OSR-Litton Industries Inhabited High Vacuum Laboratory,
where space-like vacuum conditions have been created in
a cvlindrical container. A space-suited “inhabitant” has per-
formed mechanical tasks in the vacuum chamber (see cut,
page 108), and the results of such research will eventually
lead to adequate suiting for wear outside spaceships and
on such airless environments as the moon's.

The first needs of the lunar pioneers would be basic—
shelter, air, and food stores. Shelter would probably be set
up in the form of pressurized domes, deflatable and easily
packed in the spaceship. The layer of dust which covers
the moon could be used as an excellent insulator. Personal
communication would be by radio. An odd feature of longer-
range radio communication problems would be the ex-
pected ease of communication with Earth, as opposed
to the short-range difficulties of distance communication
on the lunar surface beciuse of the smaller diameter of
the moon and the nearer horizon.

Once established; the next problem would be energy to

Below, self-portrait of Man-High. Major Simons pholo-
graphed himself nineteen miles above the Earth by
timing a flash of strobe light =et in the balloon gondola
to light Il? the interior for periodic photo-recording.
He survived the experiment without suffering ill effects.
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100,000 feet

ENTERS LOWER
40,000 feet — ATMOSPHERE -
m",'.."m a DROPPED FROM B-52,

%-15 ROCKETS SKYWARD

GLIDING IN, PILOT MAKES
DEAD STICK LARDING

Sea Level

FLIGHT OF THE X-15 Launched from a B-52 high over Wendover

AFEB, Utah, the X-15 will hurtle upward with it= giant fucl load 1o peak speeds
near 3,600 mph and 100 miles or more altitude, then start downward through
the atmosphere, buffeted by shoek waves and extreme heat, ontil it reaches
the 40,000-foot level, then gliding to deadstick landing at Edwards AFB, Calif.
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ON THE EDGE OF SPACE
An artist’s conception of North Amer-
ican’s X-15, soon to reach super-alti-
tudes in joint USAF-NACA test flights.
Skip-glide manecuver is hoped-for ae-
eomplishment of revolutionary erafr,
which is eonsidered prelude to USAF
launch and flight of manned satellite.

FULL PRESSURE SUIT The
MC-2, developed for extreme-altitude
flight, i= modeled by North American
test pilot Scott Crossficld, who will
wear it doring the X-153"s first flight.
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Life on Mars? In jars at Space
Medicine laboratory are bacteria b
ing subjected to conditions ap-
proximating thoze on Mars. And
some of them are hardy enough

to survive. Working on thiz re-
vealing experiment is

USAF Li. John A. Kooistra, Jr.

operate machinery, Solar energy could be received by mir-
ror devices, with heat relayed to fluids, such as water of
mereury, then turned into steam to operate turbines and
generators. There would be the disadvantage of non-
operation during the lunar night, but a heat-storing method
might be devised to overcome that. The only need would
be to erank the machinery periodically to follow the move-
ment of the sun, and this could probably be made automatic
eventually.

As the first moonmen worked to set up their radimentary
base, supply ships would have to be sent periodically with
additional provisions for more permanent materials for the
eventual large lunar base. Meanwhile, the moonmen would
continue to live in their pressurized domes,

As supplies accumulated, construction of the permanent
base would begin. By then considerable knowledge of the
minerals and of construction possibilities of lunar stones
would have been obtained, The first permanent dome could
be a kind of giant igloo of heavy stone, sprayved from the
inside to make it airtight. Should temperature changes be
too violent for this method, however, it might be necessary
to construct the bases underground or in caves, where tem-
peratures would be more constant.

With establishment of a sizable base with numerous per-
sonnel, the need for a permanent oxygen supply would be-
come vital, and at this point, large-scale use of the algae
method described earlier might be arranged. This would be
a sell-contained syvstem and, once established, automatic,

Although sizable military and scientific erews may be
established on the moon and perform highly important
work there, the moon is really only a beginning in the jour-
ney to the planets. Of course, there is the eventual possi-
bility—far in the future—of providing an artificial atmos-
phere on large areas of the moon.

After the moon, where? Mars?

Our mysterious neighbor, at its closest, thirty-five million
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miles from Earth, is the logical next destination. But after
the knowledge gained on the moon, human landings on
Mars would seem much easier. Probably the initial method
of firing robot survey and tracking flights used prior to
hmar landings would be duplicated before any human
flights were attempted.

Oddly, the long way to Mars would have to be taken
because of the prohibitive fuel requirements for the more
direct route. The most economic approach is a giant sweep-
ing curve—nearly 300 million miles long—around the sun
and into the Martian orbit. The probing rockets would take
some eight months for the trip, coasting freely after the
initial launch from Earth (see chart, next page).

What will the astronaut find when he lands on the Red-
and-Green Planet? Mars is much like Earth, but the dif-
ferences are great, too. Day length is about the same, and
the sky, blue on Earth, is probably a whitish blue on Mars.
But as on the moon, space medicine would have to plan for
intense conditions. The much less dense atmosphere- of
Mars is mostly (about ninety-eight percent) nitrogen, and
the “sea-level” pressure (there are no seas on Mars) is
equivalent to a terrestrial level of 55,000 feet, which is just
about the edge of workability for pressurized breathing of
oxygen. Initial explorations in pressure suits would, accord-
ing to Dr. Strughold, have to be limited to an hour or a
little more, after which time the erewmen would have to
return to the environment of the sealed ecabin of their
spaceship.

Gravity, as on the moon, is much lower than that of
Earth, and this would facilitate mobility. Cosmie rays are
not expected to be too great a problem, thanks to the
existence of atmosphere. Earthmen, says Dr. Strughold,
would find Mars a strange “second Earth.” But, just as the
moon might be transformed by technological miracles, so
might Mars.

The explorers of Mars will provide the answer to such
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To Mars and back, around the sun, wonld ke 234 years by orbital route. One-way trip would require 258 days, but

spacemen would have to wait on or near Mars for 435 days before starting the 258-day voyage by orbit back to

questions as the mysterious “canali” which some astron-
omers once thought indicated the existence of intelligent
Martian life. Data on the observed green areas on Mars
which appear in the equatorial areas seasonally will be
obtained. The temperature ranges on Mars, as on the moon,
are extreme, but they might allow for the hardiest forms of
plant life.

An interesting preview of these Martian conditions has
been studied right here on Earth. USAF's Space Medi-
cine scientists have grown bacteria strains under conditions
approximating those of Mars (see photo, previous page),
and some of the bacteria have survived. This is but one
indication of the enormous adaptability of life.

We have traveled, in words, as men will in reality, to
Mars. Men will want to know their other near neighbor,
Venus, utterly mysterious, shrouded always in hovering
clouds. We will learn if it is, as some suggest, a steaming
primordial swamp,; or a windswept desert. We know it will
not be hospitable and that it, too, will present formidable
challenges to space medicine.

Part of man’s exploration of space will be devoted to
learning if we are alone—an accident of life—in the universe,
Will we find what is now more probable, in the light of the
vastness of the universe, that environments conducive to
intelligent life exist elsewhere?

Of our own solar system, on the plus or minus seale of
hospitality to life as we know it, only Mars or Venus offers
any possibility. And they are both deficient in oxygen.

Traveling out from the sun, what possibilities for life?
Mercury, the nearest to the sun, seems too close to the fiery
orb and is on the minus side in the necessities: atmosphere,
hydrosphere, bearable temperatures, carbon dioxide, oxy-
gen. Venus, Earth, and Mars seem to form the only belt
where all the prerequisites are available in some. quantity
and form. Beyond Mars, the outer planets—Jupiter, Saturn,
Uranus, Neptune=have proto-atmospheres dominated by

AlIR FORCE Maogazine = March 1958

arth.

hydrogen, ammonia, and methane—frozen atmospheres
which may forever bar human exploration. Outermost
Pluto is, in most respects, a mystery,

It is, in fact, a possibility that because of physiological
reasons we may never see the outer planets of our own
system, and our flight putside the solar system may be the
step beyond Venus.

Such exploration is doubtless far in the Future and de-
pendent on—aside from the propulsion problem—the very
nature of the universe. The nearest galaxy to our Milky Way
is approximately one million light years away. Even with the
maost exotie, today-unknown propulsion methods, it would
take untold time, traveling at nearly the speed of light, to
reach such a destination. But there mav be an answer to that
problem, too, in Einstein’s Theory of Relativity,

Even if we never get to the far reaches of the universe,
the exploration we do accomplish may well provide the
answers to the secret of life, the origin of our own solar
system, the formation of the universe.

Astronomers used to believe that solar svstems such as
ours were rather rare. Now this trend of belief is reversing
in the face of theories that all the stuff of the universe was
created by a series of “explosions,” or a single incredibly
large explosion at the “beginning.” If this is true, then there
is not too much reason to doubt that many stars are suns
with solar systems, and that many solar systems could con-
tain the prerequisites of life.

This question may some day, in the eons of the future,
become tremendously important to mankind,

For many experts believe our sun is a dying star, that
possibly only a few billion years remain before it begins to
cool in a cosmic way, snuffing out with it the life that de-
pends on it. Man will need a new home then,

The work of today’s space doctors is part of the be-
ginning of that search inte the universe.

—WiLLianm LeaviTr
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We give yvou a partner, when your project’s
under this roof

When you invite us to develop and produce aircraft
systems or equipment, we immediately assign a
top man to get you what you want and need.

He goes direct ... pares away time . . . deals in

a straight line with our engineers, production per- -

sonnel and any others who can contribute to the
success of your project.

Suppose, for example, a change in aircraft specs
comes in, after production’s under way. It calls for
a new systems design. Your “partner” (Project

JAGK & Bl =xNTZ ARCRAFT SYSTEMS AND EQUIPMENT

Manager) acts immediately. Stops production. Tm-
plements engineering changes. Unravels any knotty
problems up and down the line. So in minimum
time, the new design is up to top-speed production.

Our Project Managers are one more reason why
under one roof Jack & Heintz produces the widest
range of aircraft electric systems and equipment
available from any single source.

We invite your inquiry. Write Jack & Heintz,
Inc., 17630 Broadway, Cleveland 1, Ohio.




.

o .fP“mB“ MAR E

Official 1.8, Air Force Pholo

It tracks down an enemy at 300 miles

Deseribed as the most potent of all ground-to-air
defense missiles, the Bomare pilotless inter-
ceptor, designed by Boeing, stands poised for
the destruction of any “enemy’’ bomber within
a 200-300 mile range. Its booster rocket has the
power to hurl it more than 60,000 feet straight

up; then, powered by two ramjet engines, it
hurtles by electronic instinet to its target at
up to 3 times the speed of sound. For this
guardian of our homes and way of life,
RCA has been privileged to supply important
advance components of the guidance system.

RADIO CORPORATION of AMERICA

Tmk{s} @ DEFENSE ELECTROMIC PRODUCTS

CAMDEM, NEW JERSEY
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If your concern is the design of equipment to handle, transport
and launch rockets and missiles—or the planning of air frame
ground support vehicles—Timken-Detroit experience and en-
gineering and manufacturing facilities are at your disposal. They
will help you cut design time and cost—and assure you of today's
most dependable driving and trailing axles and power transmis-
sion assemblies for every tvpe of vehicle.

Timken-Detroit military products are standard defense pro-
duction axles and transfer cases. They can be assembled in any
combination to make general or special purpose vehicles. Timken-
Detroit, also, has available the world's most complete line of
commercial axles of all sizes which may be adapted to your
particular specifications.

A telephone call is all that is necessary to start Timken-Detroit
engineers working with you to solve any problem you may have
in power transmission. @1958, ® 5 & A Compony
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ROCKWELL SPRING AND AXLE COMPANY
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AROUND THE WORLD WITH
SIKORSKY HELICOPTERS

45 'I'l.'I'HE PER HOUR— h‘l nurlhvrn ‘\chrwm* pliﬂts of the ll 5. Army's 8th Hehcﬂpter Iidtt:tlmn c‘u'rmd loads nf
building materials, steel , electronic equipment, and even dynamite to mountain-top sites of micro-wave relay
stations. The H-34As (Sikorsky 5-58s) delivered their cargo at the rate of 114 tons every 2 minutes.

LIFTING THE LANTERN—An HR2S8-1
{Sikorsky 5-56) from the Second Marine
Aircraft Wing places a 1740-lb. lantern
atop a new 142-foot lighthouse at Cape
Fear, N. C., with only 6 inches of clearance
on the sides. Hovering stability for this
difficult job was provided by Sikorsky's
Automatic Stabilization Equipment in the
HR2S-1.

52 RESCUED—The ecrew of the gmunr!tﬂi French freighter
Pei-Ho were flown ashore near Casablanca, Moroeco, by an
H-19 (Sikorsky S-55) of the Air Force's Air Rescue Serviee,
which is on duty around the world. All 52 of the crew were
rescued. The H-19 came from the U. 8. base at Port Lyautey.

—~= < |KORSKY AIRCRAFT

STRATFORD. CONNECTICUT
One of the Divisions of United Aircraft Corporalion




George A. Fuller Company's
Contribution To
America's Missile Program

TEST FACILITY 1-A

U. 8. Government

Edwards, California

ROCKET ENGINE PLANT

North American Aviation, Ine.
Canoga Park, California

ENGINEERING & CAFETERIA

Martin Company
Denver, Colorado

MANACEMENT CONTRACT
" Martin Company
Denver, Colorado

COLD FLOW LABORATORY
Martin Company
Denver, Colorado

PROTOTYPE ROCKET TEST STAND
Kaizer Steel Company
Edwards, California

ROCKET TEST TRACK
U, 8. Government
Edwards, California

ROCKET TEST STANDS
Douglas Aircraft Company
Nimbus, California

LIQUID OXYGEN PLANT
Air Products, Inc.
Edwards, California

INSTRUMENTATION SYSTEM
Conwvair
Edwards. California

“BRAVO"' TEST STANDS
North American Aviation, Inc.
Santa Susana, California

“'cocA™ TEST STANDS
North American Aviation, Inec.
Santa Susana, California

RESEARCH LABORATORY
U. 8. Government
Edwards, California

PROPULSION LABDEATORY
North American Aviation, Inc.
Chatsworth, California

TACTICAL FACILITIES
North American Awvlation, Ine.
Palmdale, California

OFFICES: Atlanta + Boston

George A. Fuller Co.

plays a constructive role in
America’s missile program

Since 1882 the George A. Fuller Company has taken
the lead in all types of building construction. From the
famous Fuller (Flatiron) Building—one of the earliest
steel skyscrapers—through thousands of projects all
over America for commerce, industry, education and
defense, Fuller continues to build its reputation for
superior performance.

GEORGE A. FULLER COMPANY
3100 West 8th Street - Los Angeles 5, California

Dallas + New York -« Pittsburgh - Washington




TEST INSTRUMENTS Bulova's rugged Tachometer Tester for all jet and
reciprocating systems meets MIL-T-5345A requirements —is accurate to
0.1% with engines on or off. Simple to operate and maintain, this field
unit also serves in maintenance depots. Precise Bulova testers includa
the dual purpose Torgmaeter—a dynamomaeter or calibrated torque source

RECONMNAISSANCE SYSTEMS Bulova-developed miniaturized sensor
packages, geared to specific tactical missions, feed combat surveillance
data to Bulova analysis and display systams. Camera, Infra-red, TV and
radar techniques, combined and integrated, ald decision-making on land
and [n space. Satellite applications? Unlimited!

Bulova’'’s capability helps to solve
today’s most challenging problems

To conceive, develop and manufacture a
broad range of advanced electronic and
electro-mechanical devices...this is the
Bulova eapability.

Meeting the needs of defense and industry
is an unusually creative group of scientists,
engineers and technicians, backed by 80
years' experience in precision production.

waitch

With dynamic imagination, Bulova's eapa-
bility has invaded the often uncharted
technological areas to originate many
modern-day miracles in miniaturized sys-
tems and components.

Here is a proven capability ready to assist
you from concept to mass production. For
full information, write Department G.1.5.-2.

company

BULOVA RESEARCH AND DEVELOPMENT LABORATORIES, INC.

BULOVA PARK —

INFRA-RED COMPONENTS Bulova's advanced IR projects include
mosalc cells that will automatically filter out unwanted wave lengths
and picture targets clearly against any background, Bulova infra-red R&D
covers lead selenide and lead sulfide cells, missile seeker cells, reticles,
filters and thermistor bolometers...for defense and industry,

JACKSON HEIGHTS -

NEW YORK

INFRA-RED SYSTEMS Bulova's IR illuminators put unseen spotlights
on night objectives. Bulova's development capability extends to fire
control systems that detect, track and automatically lock on target
Designed for accuracy and simplicity, thess high resolution units will
serve our nation's land, sea and air forces.
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Accuracy meosured in millionths of an Inch, made
vidible to the humon eoye. Steel balls, the heart of
How Deporiture precision ball bearings, held to 5
milionths of on inch or less in sphericity. Graph at lefi
shows sphericity varlation of a ball on the order of
one millionth of an inch (.D00001"} meosred by
Talyrond Machine, Graph radial divisions are 000017,

PORTRAIT
of PRECISION !

A mechanism is only as accurate and reliable as the bearings sup-
porting its moving parts. For the desipner the problem is how to
achieve the essential rigidity or accuracy of location, yet be assured
of extreme freedom. of rotation.

A “tip-off” to the solution lies in the chart above—super-precise
steel balls, the heart of New Departure precision ball bearings. Far,
with balls held to 5 millionths of an inch or less out-of-roundness and
other bearing parts finished with comparable care, such bearings can
be mounted and preloaded to provide the hairsplitting exactness of
location and ease of rotation required of the finest precision instruments.

The extreme accurocy of Mew Departure

ball bearing component ports T3 now The AChiever guidam:!e ﬁ}’ﬁtﬂ’m pm\'l}d in tests of the Air Force's
rlnﬁnﬂ @ vital role In successful missiles Thor ballistic missile demands tolerances often measured in millionths
or the Army, Novy ond Alr Foree. Above = SR 3 g 2
 leal i et e seearar of an inch, as is 'I:h&-' case 1..-.'1_th the New Departure ball bearings on
—unretouched phetagraph. which the AChiever's precision gyros turn.

ERPARTURE
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN.

NOTHIANE ROLLE LIKE A BALL




RESEARCH « ENGINEERING « DEVELOPMENT
for problems of the space age . . . including

Satellite Research — instramentation, control, recovery

ALLIED RESEARCH ASSOCIATES, INC. i Forrmare s oo G

Space Phenomena

43 Leon Street, Boston, Massachuseils
G -Irn':r-'f ;.-_.:_,1 "U high lesnpaiatuie physics » mﬂmul:_:nd malerial :-rll:nl!_ﬂr-!!. = Binman [achorg =

’ % i physical meleorology = physical chemistry = instramentation and systems - atomic

weapons effects « theoretical and applied serodymamics and hydredynamics »
applied machanics and therme-elasdicity » seroelasticity and structural dynamics «
wibrations amalysss and testing » custom vibration solation = srcrall operaticny =

POSITIONS NOW AVAILABLE FOR ENGINEERS AMD SCIEMTISTS specialized mechanical design
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“Roscal” air-to-ground guided missile
Developed and built by: Bell Aircraft Corporation
Transporter built by Q C £ Industries, Inc.,

as sub-contractor

SAC's new “Rascal” air-to-ground guided missile gets
swift, sure handling on the ground, thanks to this
Q C f-built transporter. It's an important part of
making the 13,000-pound missile truly operational, for
fast ground handling when the chips are down.

As prime contractor or sub-contractor, American Car
and Foundry Division of A CF is well equipped to
handle such important jobs. Four major plants include
extensive facilities for casting, welding, hot and cold
forging, heat treating, cutting, forming, drawing and
light and heavy assembly. The division is fully prepared
to produce ordnance material from any stage of develop-

acf

ment—including such varied items as ground tanks, artil-
lery shells, rocket sleds, armor plate, rocket engine cases,
support equipment, depth charges, and many others.

If you have a production or development problem, find
out about the capabilities of A C£ . Just contact any
Q C f sales office or Director of Defense Products,
American Car and Foundry, Division of Q C £ Indus-
tries, Incorporated, 30 Church Street, New York 8, N.Y.

Sales Offices: New York, Chicago, S8t. Louis, Cleveland,
Washington, D. C., Philadelphia, San Francisco.
Plants: Berwick, Pa., Huntington, W. Va., St. Louis, Mo.

AMERICAN CAR AND FOUNDRY

DIVISION OF ACF INDUSTRIES, INCORPORATED

PRODUCTS FOR DEFENSE
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&E‘ R G'C-’ Dynamics Corporation, 1466 N. Goodman Street, Rochester 3, N. Y. et

THE SHAPE THAT MAKES MACH 5

By way of preamble, let us describe briefly the
Amold Engineering Development Center, a key Air
Force installation at Tullahoma, Tennessee. This
installation is being built by U, 5. Army Corps of
Engineers for the U. S. Air Force. (Design architects
—Sverdrup & Parcel.) Its facilities will consist of
wind tunnels for testing models and propulsion sys-
tems of aircraft and missiles under conditions sim-
ulating an incredibly wide range of altitude, airspeed
and temperatures.

The propulsion facilities will comprise two large
“closed circuit” type wind tunnels, of the same
chamber size; plus compressors driven by a single
set of motors developing 216,000 HP—a lot of mus-
cle. The transomic circuit tests engines and air-
frames, or models, at air velocities reaching a modest
Mach 1.5. The supersonic circuit can take such units
to what was once the never-never land of Mach 5.

THE NOZILE'S THE NUB

Just upstream of the supersonic test chamber is a
variable shape nozzle, the contour of which deter-
mines what air velocity is whipped up at the test
section. The nozzle walls are two flexible steel plates,
each 100" long, 16" high, and 1%2-3" thick. The
walls, with 29 pairs of screw jacks on each, which
are moved as desired, can mold the tunnel walls into
any one of 300 difierent contours. Obviously, this
is not the same as sinking a two-inch putt,

What's needed is the capacity to control these
movements automatically or manually, keeping the
tunnel operator visually apprized at all times of the
wall positions.

So. .. where, you may ask, does Stromberg-Carlson
come in?

We designed the electronic control system that
positions the jacks and coordinates their motion with
the required accuracy of ==0.008" over a seven and
one-half foot travel.

Here’s the nuts-and-bolts story. The control sys-
tem consists essentially of 29 “station units"—one
each for the set of four jacks at each tunnel station. A
memory and programmer feeds the positional com-
mands to the various station units. An input section
and control console permit the selection of the
various modes of operation and actuation of the
necessary safeguards.

PULSEBEAT AND HEART

The memory is a magnetic tape on which are re-
corded, in block form, 29 trains of pulses, each about
40,000 pulse intervals long and corresponding to
one of the 29 station units,

The heart of the station unit is a digital subtractor
which compares the position of the steel plate (sup-
plied by the position sensing system) with the com-
manded position -obtained from the memory pulse
train for that station. The difference, if any, is con-
verted to an analog voltage which is fed to the jack
motors in a direction that reduces the error.

All in all, the control system consists of 26 seven-
foot racks with functional elements packaged as
plug-in printed card modules; all circuits are tran-
sistorized.

200 PERCENTER

In the plant of a certain world-
famous photographic firm,
shutter assemblies for roll film

cameras are automatically as-
sembled and 200 per cent tested at the rate of 13,000
per day.

This feat of high-speed production and mathemat-
ically improbable testing is accomplished by com-




bining the camera maker’s production machinery
with Stromberg-Carlson test gear. Assembled shut-
ters are automatically loaded on an endless conveyor
in pallets which are positioned in successive as-
sembly and test stations. After a shutter is tested at
one station, it goes through a second identical sta-
tion. Thus 200%.

Stromberg-Carlson made the two identical sets
of high-speed electronic measuring equipment which
are integrated with the assembly facilities. During
each cycle the measuring circuits are successively
activated, read out and reset by programming
switches synchronized with the conveyor drive—at
the rate of 30 test cycles per minute per station.

At the end of the test cycle the reject circuits are
read out. Reject conditions are registered on tally-
ing counters and stored in a memory drum synchro-
nized with the conveyor drive. Rejected assemblies
are automatically sorted in bins according to certain
combinations of reject conditions. They can then be
adjusted and retested.

The net result of all this: a significant reduction
in the number of cameras returned from the field.

OUTGROWTH

As one phase of a data
link development pro-
gram, ever-alert Strom-
berg-Carlson engineers
have evolved a series
of light, small, reliable rotary binary encoding
switches.

They have 10 or 26 detented positions and use
6 brush pickoffs providing standard teletype code,
One brush input is common and makes continuous
contact with a metallic coded area on the insulated
drum surface. The other pickoff brushes make or
break contact with the common brush through the
coded area, depending on switch position.

We've been particularly careful in the selection
of “base materials” and in the fabrication techniques
we use in making these switches. The brush connec-
tors are pins which can be dip soldered into printed
boards.

While the switches are basically equivalent to
rotary tap switches having 5 decks, 5 poles, non-
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shorting 10 and 26 positions and hence should find
many applications in all types of switching, their
primary application is to digital encoding where
small size and high performance are what you want.

OUTGROWTH AGAIN

From a microwave development program we have
evolved a series of microwave circuit elements which
combine light weight, small size and (as the advertis-
ing fraternity says) best of all, low cost—with ex-
tremely low insertion loss and good termination.
Through the good offices of precision printed wiring
techniques, these units have been designed and op-
erated successfully over a wide frequency range.

Ilustrated here is one example, a band-pass filter.
Others include antenna radiating elements, variable
tuning sections and detector mounts. In certain
applications these can be used singly; in others they
can be combined so that they constitute, in effect,
the entire r.f. section of a microwave receiver.

We've worked out designs which show very low
insertion loss and exceptional impedance over wide
ranges of frequency. Components have been designed
for impedance levels ranging from 20 to 80 ohms.

While they have myriad applications in micro-
wave receiving equipment, their primary destiny is
to be used where low cost and small size must be
combined with high performance.

You may find yourself thirsting for more data on
all these matters, just for your own information. Or
you may have a problem we can help solve. We offer
our engineering talents and techniques. Write to
Military Marketing Department at the address on
the masthead.

This is the first in a series of communications
outlining unigue developments, processes and

rechniques in electronics.

STROMBERG-CARLSON GD

A DIVISION OF GENERAL DYNAMICS CORPORATION

@
1466 N. Goodman St., Rochester 3, N. Y. S

L

Electronic and communication products for home, industry and defense



A BALLISTIC MISSILE DIRECTORY

The following directory of prime contractors and major subcontractors in the nation's
ballistic missile program is, to our knowledge, the most comprehensive listing of its
kind ever published. At the same time, it admittedly is not complete. For example,
the program is so vast in scope (much larger than the celebrated Manhattan Project
for atomic-bomb decelopment) that an abbreviated style had to be adopted. Further,
specific identification of products, services, and missile systems was not always possible
for security reasons. And, of course, there are thousands of suppliers to the program
who are not included in this dircctory. The information presented is based on question-
naires sent to a list of companies provided by the services. However, since the program
is dynamic and still relatively new, no list currently available can be considered
complete. With these resercations, we present the directory as a pioneer effort in
documenting the industry “team” engaged in developing and producing the nation’s
first family of space weapons.—Tue Eorrons.

Prime Contractors

ATLAS ICBM
Davelopment Agency: US Air Force

AIRFRAME AND SYSTEMS INTEGRATIOM
CONVAIRE DIVISION OF GENEBRAL DYNAMICS
CORP., 3165 Pacific Highway, San Diego 12, Calif.; Pres.:
J. T. McNarney
Astronautics Div,, 5001 Kearney Villa Bd., San Diego,
Calif.; Mgr.: ]. R. Dempsey
Mgr. of Operations: W. L. Young, P. O. Box 1128,
San Diego, Calif.
Dir. of Scientific Research: C. L. Critchfield, 3165
Pacific Highway, San Diego, Calif.

PROPULSION
NORTH AMERICAN AVIATION, INC. International
Airport, Los Angeles 45, Calif.; Chmn. of the Board: J. H.
Kindelberger
Rocketdyne Diy., 6633 Canoga Ave., Canoga Park,
Calif.; V-Pres. & Gen. Mgr.: Samuel K. Hoffman
Production Mgr.: Ross Clark
Chief Engineer: T. F. Dixon

GUIDANCE AND CONTROL
GENERAL ELECTRIC CO., 570 Lexington Ave., New
York, N. Y.; Pres.: R. ]. Cordiner
Missile and Guidance Section, Heavy Military Electronie
Equipment Dept., Court St., Syracuse, N. Y.; Mgr:
R. L. Shetler
Megr., Manufacturing: D. L. Johnson
Mgr., Engineering Operations: ]J. K. Records

BURROUGHS CORP., 6071 Second Ave., Detroit 32,

AIR FORCE Magozine = Maorch 1958

Mich.; Pres.: John §. Coleman
Defense Contracts Organization; Gen. Mgr.: Paul 5.
Mirabito
V-Pres., Manufacturing: Edward Kertscher, 67 35th
St., Brooklyn, N. Y.
V-Pres., Research & Engineering: Dr. Irven Travis,
8071 Second Ave., Detroit 32, Mich.

HOSE CONE
GENERAL ELECTRIC CO., 570 Lexington Ave., N. Y.,
N. Y.; Pres.: R. ]J. Cordiner
Missile and Ordnance Systems Dept., 3198 Chestnut St.,
Philadelphia 4, Pa.; Gen. Mgr.: G. F. Metcalf
Scientist: H. Paige

SYSTEMS ENGINEERING AND TECHNICAL DIRECTION
RAMO-WOOLDRIDGE CORP., 5730 Arbor Vitae St.,
Los Angeles 45, Calif.; Pres.: Dr. Dean E. Wooldridge
Space Technology Laboratories; Pres.: Dr. Simon Ramo
Program Dir.: D. E. B. Daoll
Sr. Scientist: Dr. M. U, Clauser

AUXILIARY POWER
AMERICAN MACHINE & FOUNDRY CO., 2681 Madi-
son Ave., New York 16, N. Y.; Chmn. of the Board: More-
head Patterson
Defense Products Group, 1101 N. Royal 5t., Alexandria,
Va.; Exec.: 5. ]. Childs
Divisional V-Pres.: C. W. Adams, Broadway &
Kennedy Rd., Buffalo, N. Y.
Scientific Dir.: R. A. Kimes, 11 Bruce Pl., Greenwich,
Conn.
{Continued on following page)
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TITAN ICBM
Development Agency: US Air Force

AIRFRAME AND SYSTEMS INTEGRATION
THE MARTIN CO., Baltimore 3, Md.; Pres.: George M.
Bunker
Denver Div., Denver 1, Colo.;
H. W. Merrill
Dir., Manufacturing: R. M. Blakey
Dir., Engineering Research: A. C. Hall

V-Pres. & Gen. Mgr.:

PROPULSION
AEROJET-GENERAL CORP., 6352 N. Irwindale Ave.,
Arusa, Calif.; Pres.: Dan H. Kimball
Liquid Rocket Plant, Sacramento, Calif.; V-Pres.: R. B.
Young
Production Mgr.: R. J. Mill
Scientist: Dr. Theodore von Kirmdn

GUIDAMCE AMND CONTROL
AMERICAN BOSCH ARMA CORP., 320 Fulton Ave.,
Hempstead, N. Y.; Pres.: C. W. Perelle
Arma Div,, Huuv;wlt Field, Carden City, N. Y.; ‘l.-' Pres.
& Div. Mgr.: E. D. Gittens
Production Mgr.: W. W. Alexander

SPERRY RAND CORP., 30 Rockefeller Plaza, New York,
N. Y.; Pres:: H. F. Vicker
Remington Rand Univac Div., Univac Park, 5t. Paul 186,
Miomn.; V-Pres. & Gen. Mgr.: C. W. Norris
Mgr., Manufacturing Operation: ]. H. Vye
Chief Engineer: George S. Hanson

WESTERN ELECTRIC CO., INC,; 120 B'way, N. Y. C.
Radio Div,, V-Pres.: F. R. Lack
Bell Telephone Laboratories, Whippany, N. J.

HNOSE CONE
AVCO MANUFACTURING CGHF 420 Lexington Ave.,
New York, N. Y.; Chmn. of the Bo: mi Victor Emanuel
Aveo Rescnrch Laboratory, 2355 Revere Beach Pkwy.,
Everett 49, Mass.; Dir.: Dr. Arthur R. Kantrowitz
Lab. Mgr.: James P. Kennedy
Research and Advanced Development Div., 20 S, Union
St. Lawrence, Mass.: Pres:: Dr. L. P. Smith
Mgr., Tech. Serv.: A: J. Maki

SYSTEMS ENGINEERING AND TECHNICAL DIRECTION
RAMO-WOOLDRIDGE CORP. (sce Atlas)

AUXILIARY POWER
AERO)JET-GENEBRAL CORP. (sce Propulsion above)

THOR IRBM
Development Agency: US Air Force

AIRFRAME AND SYSTEMS INTEGRATION
DOUGLAS AIRCRAFT CO., INC., 3000 Ocean Park
Blvd., Santa Monica, Calif.; Chmn. of the Board: Donald
W. Douglas, Sr.
Santa Monica Div., V-Pres. & Gen. Mgr.: L. A. Carter
Chief Missiles Engineer: Elmer P. Wheaton

PROPULSION
NORTH AMERICAN AVIATION, INC. (see Atlas)

GUIDANCE AND CONTROL
GENERAL MOTORS CORP., 3044 W. Grand Blvd., De-
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troit 2, Mich.; Pres.: Harlow H. Curtice
AC Spark Plug Div., 1925 E. Kenilworth Pl., Milwaukee
2, Wis.; Operations Mgr.: Martin J. Caserio
Works Megr.: Roy E. McCullough
Chief Engineer: Bruce H. Schwarze

NOSE COME
GENERAL ELECTRIC CO. (see Atlas: Nase Cone)

SYSTEMS ENGINEERING AND TECHNICAL DIRECTION
RAMO-WOOLDRIDGE CORP. (see Atlas)

JUPITER IRBM
Development Agency: US Army

AIRFRAME AMD S5YSTEMS INTEGRATIOMN
CHRYSLER CORP., 341 Massachusetts Ave.,
Park, Mich.; Pres.: L. L. Colbert
Missile Dlv 6230 John R St., Detroit 31, Mich.;
Exec. —I.)Lh.-nse Irving J. Minett
Dir. of Operations: H. D. Lowrey, 3811 Van Dyke
Ave., Sterling Township, Mich.
Exec. Engineer: ]. P. Butterfield, Sterling Township,
Mich.

Highland

Group

PROPULSION
NORTH AMERICAN AVIATION, INC. (see Atlas)
Rocketdyne Div.
GUIDANCE AND CONTROL
SPERRY RAND CORP., 30 Rockefeller Plaza, New York,
M. Y., Pres.: H. F. Vicker
Ford Instrument Co. Div., 31-10 Thomson Ave.,
Island City 1, N. Y., Pres. & Gen.
Rockwell
V-Pres., Manufacturing: Albert E. Edwards
Mgr.. Missile Development Div.: Lawrence S, Brown
Sperry Farragut Co. Div., Bristol, Tenn.: Pres. & Gen.
Mgr.: Charles 5. Rockwell

Long
Mgr.: Charles S.

NOSE COME
GOODYEAR TIRE & RUBBER CO.,
Akron 18, Ohio; Pres.; E. ]. Thomas
Goodyear Aircraft Corp., 1210 Massillon Rd., Akron 15,
Ohio; Pres.: Thomas A. Knowles
'-l‘rf: , Production: V. L. Fallo
Chief Engmecr E. A. Brittenham

1144 E. Market St.,

POLARIS IRBM
Development Agency: US MNavy

WEAPOMS 5YSTEM MAMAGER, AIRFRAME, MOSE COME
LOCKHEED AIRCBAFT CORP. 2555 N. Hollvwood
Way, Burbank, Calif.; Chmn. of the Board & Chief Exec.:
Robert E. Gross
Missiles Svstems Div., Sunnyvale, Calif;
L. E. Root
Scientist: Dr. L. N. Ridenour

Gen. Mgr.:

GUIDANCE AND CONTROL
GENERAL ELECTRIC CO,

Missile and Ordnance Systems Dept. (See Atlas: Nose
Cone.)

MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge, Mass.

AIR FORCE Mogazine = March 1958
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PROPULSION
AEROJET-GENERAL CORP. (sce Titan)
Solid Rocket Plant, Sacramento, Calif.; Mgr.: R. D.
Geckler
Production Mgr.: F. Miller
Scientist: Dr. Theodore ven Kirmén

LAUNMCHING & HANDLING EQUIPMENT

WESTINGHOUSE ELECTRIC CORP., 3 Gateway Cen-
ter, P. O. Box 2278, Pittsburgh 30, Pa.; Pres.: Mark W.
Cresap, Jr.

Sunnyvale Manufacturing Div., Hendy Ave., Sunnyvale,
Calif.; Mgr.: ]. 5. Hagan

Production Mgr.: R. N. Parkin

Scientist: Dr. George F. Mechlin, Jr.

TEST RANGE INSTRUMENTATION
INTERSTATE ELECTRONICS CORP., 707 E. Vermont
Ave., Annheim, Calif.
Pres.: Paul H. Reedy
Development Dept.; Mgr. and Dir. of Development:
Dr. James F. Jenkins

Major Subcontractors

A

ACF INDUSTRIES, INC., 30 Church 5t., New York
N X
Pres.: James F. Clark
Advanced Preducts Div.; Pres.: B. Furrer
Rocket thrust chambers (Polaris); special pressure
vessel heads, airbome storage bottles (Titan); rocket
engine thrust mounts (Thor); special assembly equip-
ment (Jupiter), airframe and missile components.
American Car and Foundry Div.; Pres.: H. H. Rogge
Ground-handling equipment (Jupiter).
Avion Div,, 11 Park PlL, Paramus, N. J.; Pres.: R. F.
Wehrlin
Magnetic components, radar beacons (Atlas, Titan);
engineering services {Jupiter).
Nuclear Products—Erco Div., P. 0. Box 5, Riverdale,
Md.: Pres.: Dr. Marshall G. Holloway
Maintenance training equipment (Atlas); subassem-
blv development (Titan); substrocture (Jupiter).

ADVANCE GEAR & MACHINE CORP., 5851 Holmes
Ave., Los Angeles 1, Calif.
Pres.: Charles M. Piglia
Turbo pump and rocket motor gears (Atlas, Titan,
Thor, Jupiter).

AERONCA MANUFACTURING CORPF., Rte. 4, Middle-
town, Ohio,
Pres.: John A. Lawler
Tracking system, electronic cannisters. ground-support
equipment, beacon encoders (Atlas).

AIR REDUCTION COMPANY, INC. 130 E. 42d St.,

New York 17, M. Y.

Pres.: John A. Hill
Automatic welding tooling, welding engineering ser-
vice (Titan, Jupiter): industrial gases, gas-handling
engineering, fuels, and oxidants, R&D.

AIRBORNE INSTRUMENTS LABORATORY, INC., 160
Old Country Rd., Mineola, N. Y.
Pres.: Hector R. Skifter

Microwave equipment components (Atlas); Ré&D.

ATRCRAFT ARMAMENTS, INC., Cockeysville, Md.
V-Pres. & Gen. Mgr.: Joel M. Jacobson
Flight simulators, telemetering checkout eguipment
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(Titan); special test equipment [Atlas).

ALLIED RESEARCH ASSOCIATES, INC., 43 Leon St.,

Boston 135, Mass,

I’rl..".\,\ i 1 AWTence Lt\':l"
Design studies, aerodynamics and structures, rocket
and jet propulsion, nuclear weapons effects, instru-
mentation and systems engineering, vibration analysis,
design and testing, physies and physical chemistry,
vibration isolators, nuclear radiation monitoring sys-
tem, solid plastic scintillators,

AMELCO, INC.,, 2040 Colorado Awve., Santa Monica,

Calif.

Pres.: Remy L. Hudson
B&D for telemetery checkout monitors, data sub-
commutation equipment, instrumentation put;_:h pan-
els; 10C for checkout trailer, RIM building test
equipment (Thor).

AMERICAN BOSCH ARMA CORP., 320 Fulton Ave.,
Hempstead, N, Y,
Pres.: C. W. Perelle
Chicago Div., 5551 W. 95th St., Oak Lawn, Ill.; Mgr.:
A. V. Sommer
Production test ground-support equipment (Titan);
equipment and field-evaluation equipment for inertial
guidance systems.

AMERICAN ELECTRONIC LABORATORIES, INC,

121 N. Tth 5t., Philadelphia 6, Pa.

Pres.: Dr. Leon Riebman
Spectrum analyzer, low-level amplifier, ground-con-
trol boxes, ground-terminal boxes, environmental test-
ing components and chassis (Atlas); miscellaneous
test equipment (Atlas, Jupiter, Thor); telemetering
antennas, crystal holders, low-pass filters.

AMERICAN MACHINE & FOUNDRY CO., 261 Madison
Ave., New York 16, N. Y.
Pres.: Carter L. Burgess

Missile-handling systems (Titan).

AMPEX CORP., 934 Charter St., Redwood City, Calif.
Pres.: George 1. Long, Jr.
Airbormme and missile-borne laboratory, instrumenta-
tion recorders for research, test, and operations, mag-
(Continued on follmwing page)
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netic systems and special products research services,

AMPHENOL ELECTRONICS CORP., 1830 5. 54th Ave.,
Chicago 50, 111
Pres.: Arthur ]. Schmitt
West Coast Div., 5356 W. Pico Blvd., Los Angeles,
Calif., Mgr.: J. H. Schaefer
Umbilical, interstage, computer package, internal and
RF connectors (Atlas, Titan); disconnect and pro-
gramming connectors (Titan); umbilical and internal
connectors (Thor); cable assemblies (Titan).

FRED F. ANTELLINE, 15852 Moore 5t., San Diego 1,
Calif.
Pres.: Fred F. Antelline

Ground-handling cooling system (Atlas),

APPLIED SCIENCE CORPORATION OF PRINCETON,
F. O. Box 44, Princeton, N. ].
Fres.: Thomas C. Roberts

Instrumentation Div.; Mgr.;: Robert E. Navin.

Electro Mechanical Div,; Mgr.: Dudley E. Woodbridge.
Electro-mechanical commutators, mechanical chop-
pers, low-level and high-level pulse width multicoders,
data-reduction station.

ARDE ASSOCIATES, 75 Austin St., Newark 2, N. i
Pres.: C. . Sage
R&D, enginecring and design services.

ARMOUR RESEARCH FOUNDATION, Ilinois Institute

of Technology, 10 W, 35th St., Chicago 16, Il

Dir.: Dr. H. A. Leedy
Research services in special materials, ceramics, alloy,
developments, propellant chemistry, combustion-
chamber design.

ATLANTIC RESEARCH CORP., 901 N. Columbus St.,

Alexandria, Va.,

Pres.: Arch C. Scurlock
Materials evaluation (Polaris); sounding rockets, nose-
cone instrumentation, and instrument racks for upper-
air research.

ATLAS POWDER CO., Concord Fike and New Murphy
Rd., Wilmington 99, Del.
Pres.: R. K. Cottshall
Explosives Div.; Gen, Mgr.: Max E. Colson
Initiators, detonators, switches, relays, boosters,
primes, destructors, power cartridges; R&D for ex-
plosives and devices,

AUDIO PRODUCTIONS, INC., 630 Ninth Ave., New
York, N. Y.
Pres.: Frank K. Speidell

Production of sound and color motion pictures (Titan).

AUTOMATION INSTRUMENTS, INC., 401 E. Green
St., Pasadena, Calif.
Pres.: ]. Randolph Richards
Aircraft Inspection Div., 7750 Monroe St., Paramount,
Calif.; Mgr.: Floyd Clark
Nondestructive testing (Titan).

AVCO MANUFACTURING CORP., 420 Lexington Ave.,
New York, N. Y.
Board Chmn.: Victor Emanuel
Avco Research Laboratory, 2385 Revere Beach Pkway.,
Everett 49, Mass.; Dir.; Dr. Arthur R. Kantrowitz
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Besearch in high-temperature gas dynamics, reentry

physics, shock tube, chemical physics, reentry heat

transfer, are wind tunnel, magneto-hydrodynamics.
Crosley Div., 1329 Arlington St., Cincinnati 25, Ohio.
Pres.: F. C. Reith

Structures, ground-support, ground-handling equip-

ment, guidance and control systems, acquisition and

track radar system.

BAIRD-ATOMIC, INC., 33 University Rd., Cambridge
38, Mass.
Pres.: Davis R. Dewey, 11.
Ré&D—electronics, infrared studies, infrared tracking
system.

BABCOCK RADIO ENGINEERING, INC.,, 1640 Maon-
rovia Ave., Costa Mesa, Calif.
Pres.: Ferris M. Smith

Range-safety equipment (Titan); test

equipment
(Atlas).

BALDWIN-LIMA-HAMILTON CORP., Philadelphia Na-
tional Bank Bldg., Philadelphia 7, Pa.
Pres.: McClure Kelley
Eddystone Div., Eddystone, Pa.; Gen. Mgr.: P. A. White
Support-stand mechanisms, heat-stress analysis, load-
ing cranes, test equipment, nozzles, rings, Hanges.
Electronics and Instrumentation Div., 42 Fourth Ave,
Waltham 54, Mass.; V-Pres.: Robert G. Tabors
Missile launcher and measurement systems (Atlas,
Titan); missile-weighing systems (Thor): thrust-meas-
urement systems, fuel and oxidizer weight recording
and engine-thrust recording systems.
Hamilton Div., 545 N. 3d 5t., Hamilton, Ohio; Gen.
Mgr.: Walter A. Bentschler
Machine tools, missile components (Titan).
Standard Steel Works, Burnham, Pa.; Gen. Mgr.: Joha
D. Tyson
Aft domes and dome rings, nozzles, sustainer parts.

THE BALDWIN PIANO CO., 1501 Gilbert Ave., Cin-
cinnati 2, Ohio
Pres.: Lucien Wulsin
Electronics Div.; Mgr.: J. H. Bruning
Analog to digital converter for instrumentation (Atlas).

THE BARDEN CORP., 33 E. Franklin St., Danbury, Conn.
Pres.: . Robert Tomlinson
Precision ball bearings.

BARRY CONTROLS INC,, 813 Pleasant St.,, Watertown,
Mass.
Pres.: Ervin Pietz

Vibration isolation systems,

BASIC TOOL INDUSTRIES, INC., 14439 S. Avalon

Blvd., Gardena, Calif.

Pres.: L. C. Wiemken
Launcher and ground-supporting equipment, handling
trailers and accessories, component parts and assem-
blies, ground systems checkout benches and support-
ing equipment {Atlas, Thor).

BATTELLE MEMORIAL INSTITUTE, 505 King Ave.,
Columbus 1, Ohio.
Pres.: B. D. Thomas

Research in nozzle and nose-cone materials, nuclear

AIR FORCE Magozine * March 1958




problems, reliability of electronics components, semi-
conductor devices, high-temperature seals for hy-
draulic systems, internal and external aerodynamics,
thermodynamics, stress analysis for components, high-
and low-temperature alloys for components, econom-
ics of materials, methods, and processes, and opera-
tions analysis.

BELL AIRCRAFT CORP., P. O. Box 1, Buffalo 5, N. Y.
Pres.: Leston P. Faneuf
Special Weapons Div.; Gen. Mgr.: Clenn L. Lord.
Various components.

BELOCK INSTRUMENT CORPF.,, 112-03 14th Ave,

College Point 56, N. Y.

Pres.: Harry D. Belock
Programming and switching devices (Atlas); test
equipment (Jupiter); timing devices and ship-motion
simulator computer (Polaris).

BENDIX AVIATION CORP., Fisher Bldg., Detroit 2,
Mich.
Pres:: M. P. Ferguson

Bendix Systems Div,, 327 8. 4th Ave., Ann Arbor, Mich.;

Gen. Mgr.: Dr. R. D. O'Neal
Preliminary design of penetration aid.

Cincinnati Div., 3130 Wasson Rd., Cincinnati 8, Ohio;

Plant Mgr.: L. E. Rasmussen
Electronic and electro-mechanical assemblies and
subassemblies, complex cable assemblies (Atlas,
Titan, Thor, Jupiter, Polaris).

Computer Div., 5630 Arbor Vitae St.,, Los Angeles 45,

Calif.; Gen. Mgr.: M. W. Horrell
Single- and three-axis flight simulators.

Eclipse-Fioneer Div., Teterboro, N. J.; Factory Mgr.:

A. Drenkard
Flight-control and guidance systems, three-gyro
stable platforms: two-gyro all-attitude control, pro-
gramming, and stabilization devices, hydraulic, elec-
tric servo and actuating packages, low-inertia servo
motors, rate and motor generators, analog-digital con-
verters and related components for servomechanism
and computing equipment, ground-support equip-
ment (Atlas, Titan, Thor, Jupiter, Polaris).

Friez Instrument Div., 1400 Taylor Ave., Towson 4,

Md.; Gen. Mgr.: L. D. Kiley
Barometric pressure switches, acceleration switches,
regulated power supplies, liquid oxygen temperature
probes, timers, launching site test equipment, launch-
ing site meteorological equipment, telemetering
equipment.

Pacific Div., 11600 Sherman Way, North Hollywood,

Calif.; Gen. Mgr.: R. C. Fuller
Main body telemetering, assorted hydraulic compo-
nents (Atlas): nose-cone telemetering and assorted
hydraulic components (Titan, Thor, Atlas); telemeter-
ing components (Jupiter); assorted hydraulic compo-
nents (Polaris).

Products Div.-Missiles, 400 S. Beiger St., Mishawaka,

Ind.; Gen. Mgr.: Arthur C. Omberg
Research.

Red Bank Div., N. ]. State Highway #3535, Eatontown,

N. ].; Gen. Mgr.: E. F. Kolar
Amplifier-type tubes (Atlas, Ther, Titan, Jupiter,
Polaris); semiconductor devices.

Scintilla Div., Sidney, N. Y.; Gen. Mgr.: G. E. Steiner
Electrical connectors (Atlas, Thor, Titan, Jupiter);
engine-control harnessing (Atlas, Thor, Titan, Jupi-
ter); protected wiring assemblies (Atlas, Thor, Titan).
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Skinner Div., P. O. Box 135, Royal Oak, Mich.; Gen.
Mgr.: Fred C. Wevburne
Filters (Jupiter, Thor).
Utica Div., 211 Seward Ave., Utica, N. Y.; Gen. Mgr.:
W. Michel
High-pressure containers (Jupiter).
York Div., York, Pa.; Gen. Mgr.: H. Walker
Electronic packages (Atlas).

BONE ENGINEERING CORP., 701 W. Broadway, Glen-
dale 4, Calif.
Pres.: Wm. L. Worthen
Electroforming (Titan); ground-power support equip-
ment (Atlas).

BDPIEIG-W.»\RNER CORP., 310 5. Michigan Ave., Chicago
4, 11l.
Chmn. of the Board: R. C. Ingersoll
B] Electronics, 3300 Newport Blvd., Santa Ana, Calif.;
Gen. Mgr.: John K. Harkness
Vibratron transducer systems, accelerometer systems:
RF test instrumentation, test equipment, environ-
mental testing services.
York Corp., Roosevelt Ave., York, Pa.: Pres: H. M.
Haase
Compressors, heat exchangers, precision machining
and assembly, metal fabrications, refrigeration valves
and fittings, refrigeration and air-conditioning appli-
cations, field installation and service.

BROADVIEW RESEARCH CORP., 1127 Chula Vista
Ave., Burlingame, Calif.
Pres.: Richard De Lancie
Applied Physies Div.; Dir.: Dr. Boris Ragent
Research for Fuel explosive hazards, heat, and mass
transfer, fluid dynamics (Atlas).

BROOKS & PERKINS, INC., 1950 W. Fort S5t., Detroit
18, Mich.
Pres.: E. Howard Perkins
Various components (Atlas); nose cones, missile, and
airplane airframe assemblies.

THE BRUSH BERYLLIUM CO., 43401 Perkins Ave.,
Cleveland 3, Ohio
Pres.: Bengt R, F. Kjellgren

Suppliers of beryllium metal, beryllium compounds,
fabricators of beryllium components.

C

CADILLAC GAGE CO., P. O. Box 3508, Detroit 5, Mich.
FPres.: R. E. Bauer

Hydraulic control systems (Atlas, Thor, Titan, Jupiter).

CALCOR CORP., 1620 N. Spring St., Los Angeles 53,
Calif.
Pres.: Andy F. Brown
Electronic consoles and cabinets, motor mounts, ducts,
hose assemblies (Atlas, Thor, Jupiter).

CALIFORNIA AIRCRAFT PRODUCTS, 790 Greenfield
Dr., El Cajon, Calif.
Pres.: John Straza
Chemical Milling Div., 4102 E. Main St., Grand Prairie,
Tex.; Gen. Mgr.: Nelson Sherman
Hi-temperature (Atlas); sheet-metal assemblies (Thor);
chemical-milled skins (Atlas, Thor).
(Continued on page 1432)
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Readying the Range
for the Space age

Takes a lor o know-fow !

e Planning e Electronics ® Food, Housing

® Engineering ® Optics & Medical

e Administration e Procurement ® Security

® Communications & Supply @ Clearance

® Meteorology ® Maintenance & Recovery

® Marine ® Data Processing ® Propellant Handling
: Sinee July 1953, Pan Am, with RCA as its
> . N principal subeontractor, has been planning,

\ instrumenting and operating the 5000-mile

- S test range for the Air Foree Missile Test
h < Center at Cape Canaveral, Florida.

% A pioneer for thirty years in the fields
of technology, construetion and offshore
operation—in war and in peace—Pan Am's
X resources are dedieated to this most vital
3 task of continuous range readiness.

STATIONS AND RAMGE
VESSEL BASES

1. Canoveral AAFB
2. Jupiter AAFB
3, Grand Bahama AAFB
4, Eleuthera AAFB
5. Son Salvodor AAFB
&, Maoyoguana AAFB
7. Grand Turk AAFB
8. Dominican Rep, AAFB
9. Moyaguez AAFB
10, 5t Lucia AAFB
11. Fern. De Moronha AAFB
12. Ascension AAFE
13, Recife

SOUTH
AMERICA

AMERICAN

GUIDED MISSILES RANGE DIVISION
Patrick Air Force Base, Florida

La



Out of advanced research. development and production at “f.‘iffmﬂn

FOR INERTIAL NAVIGATION
AND GUIDANCE SYSTEMS

Electro-Mechanical Equipment—such as the Air Force's ASN-6
Automatic Dead Reckoning Navigation Computer now in
production at Hoffman—include gyroscopes, inertial navigation
systems and components, servomechanisms, fire control
systems, and guided missile controls. These are examples of the
special Hoffman skills and electro-mechanical capabilities
which can help solve your design problems.

Hoffman Elecironics

COoORPORATILON
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CALIFORNIA EASTERN AVIATION, INC., 1744 G St.,
N.W., Washington 6, D. C.
Land-Air, Inc., 7444 W. Wilson Ave., Chicago 31, I
Pres.: Martin T. Dyke
Range instrumentation and operations services,
ground-support services, ground-support equipment,
R&D for range-instrumentation and ground-support
equipment.

CAMBRIDGE CORP., 2 Industrial Park, Lowell, Mass.
Pres.: John W. Logan
Lox pumping and fuel-pumping systems (Atlas), lox
tanks (Thor); lox trailers (Jupiter).

CHALCO ENGINEERING CORP., 15126 S. Broadway,

Gardena, Calif.

Pres.: C. R. Heimbuch
Ground-handling equipment, production-test equip-
ment, instrumentation-recording systems, engineering
research and development (Atlas).

THE CHAMPION CO., 400 Harrison St., Springfield, Ohio.
FPres.: M. E. Baker
Special Products Div.; Mgr.: Joe ©. Mills
Metal shipping containers (Thor, Jupiter, Atlas); pres-
sure vessels (Titan).

CHICAGO MIDWAY LABORATORIES, The University
of Chicago, 6220 S. Drexel Ave., Chicago 37, IlL
Dir.: T. R. Hogness
R&D on reentry problems (Atlas, Titan); guidance-
system analysis (Atlas).

CHRISTIE MACHINE WORKS, 201 Harrison St., San

Franeisco 5, Calif.

Pres.: A. Edwin Christie
Rotor turbine wheels (Atlas, Titan); connecting levers,
pistons, valves, racks, shafts, actuators, flange com-
bustion chambers, ring flanges, pump seals, lox swivel
assemblies, gearbox seals, gimbal ring supports, nozzle
assemblies, flange oxide pump, manifold axial com-
bustion chamber ring (Titan).

CLARY CORP., 408 Junipero St., San Gabriel, Calif.
Pres.: Hugh L. Clary
Clary Dynamics Div.; Pres.: Paul J. Meeks
Gyros, servo actuators (Atlas),

COHU ELECTRONICS, INC., 5725 Keamy Villa Rd.,
San Diego 11, Calif.
Pres.: R. T. Silberman
Kin Tel Div.
Components for test instrumentation and data-process-
ing.

CONSOLIDATED AVIONICS CORP., 8500 Shames Dr.,

Westbury, L. 1., N. Y.

Pres.: H. R. Glixon
Automatic checkout equipment (Titan): data-redue-
tion svstems, telemetry systems, instrumentation re-
corder.

CONSOLIDATED ELECTRODYNAMICS, 300 N, Sierra

Madre Villa, Pasadena, Calif.

Pres.: Hugh F. Colvin
Automatic data-processing systems (Titan, Atlas,
Jupiter); magnetic-tape svstems (Polaris); recording
oscillographs (Titan, Jupiter, Thor); shock tester
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{(Polaris, Titan, Atlas); propellant checkout system
(Atlas); transducers (Atlas, Titan, Thor).

CONTROL DATA CORP,, 501 Park Ave., Minneapolis 4,

Minn.

Pres.: William C. Norris
Control systems, digital and analog computers,
ground-checkout equipment, gyroscopes, acceler-
ometers, inertial-navigation devices, servo motors,
autopilots.

COOK ELECTRIC CO., 2700 N. Southport Ave., Chi-
cago 14, Il
Pres.: Walter C. Hasselhorn
Evaluation instrumentation and telemetry syvstems,
evaluation data-reduction service (Atlas).
Cook Research Laboratories, 6401 Oakton Ave., Morton
Grove, Ill.; Dir.: Dr. ]. Bobert Downing
Nose-cone recovery systems (Atlas, Thor, Jupiter);
perforated tape reader (Atlas).
Cinefonies, Inc., 2700 N. Southport Ave., Chicago 14,
Ill.; Pres.: Charles O. Prohst
Film production services (Jupiter); reentry nose-cone
recovery system, product films, progress reports,
briefing films.
Electronic Systems Div., 5100 Monticello Ave., Skokie,
IL; Mgr.: Earl Washbum
Missile range instrumentation, automatic drive theo-
dolite acquisition equipment applicable for all sys-
tems.

CUMMINS ENGINE CO., INC., 1000 Fifth §t., Colum-
bus, Ind.
Pres.: R. E. Huthsteiner

Ground power equipment (Thor).

CUSHING & NEVELL, 101 Park Ave., New York 17,
N. Y.
Partner: George Cushing
Technical data, training material (Atlas, Titan); vari-
ous systems of the missile program,

DAVIDSON MANUFACTURING CO. 2223 Ramona

Blve., West Covina, Calif.

Pres.: Don E. Davidson
Azimuth alignment theodolite (Thor, Atlas, Jupiter,
Polaris); optical assemblies (Thor, Atlas); automatic
autocollinator (Atlas); optical test instruments.

DENVER RESEARCH INSTITUTE, University of Den-

ver, University Park Campus, Denver 10, Colo,

Dir.: Shirley A. Johnson, Jr.
Research—nose cone materials (Atlas, Thor); inertial-
guidance platform (Thor); explosives, stage detach-
ment system, airframe and structures, high-tempera-
ture lubricants, cable impedance, aluminum weld-
ments (Titan); auxiliary power supply (Atlas).

DESIGN SERVICE CO., INC., 76 Ninth Ave., New York

11 Ny

Pres.: A, A, Signorelli
Item descriptions (Atlas); technical manuals, design
and drafting, illustrated parts breakdowns, provision-
ing parts breakdowns, animated visual displays, tech-
nical services (Thor).

ALLEN B. DuMONT LABORATORIES, INC., 750
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Bloomfield Awve., Clifton, N. J.

Pres.: D. T. Schultz
System test equipment, gyro test equipment, ampli-
fiers, displays, militarized closed cirenit TV equip-
ment, radio inertial missile equipment monitor,

DUNLAP AND ASSOCIATES, INC., 420 Atlantic St.,

Stamford, Conn.

Pres.: Dr. Jack W. Dunlap
Human ‘engineering (Thor, Polaris); performance
evaluation, training requirements  studies (Thor):
training program evaluation, maintenance program-
ming (Polaris).

DYNAC, INC,, 395 Page Mill Rd., Palo Alto, Calif.

Pres.: R. E. Rawlins
Radar simulators, custom instrumentation systems,
aircraft and missile checkout systems, ground-support
instrumentation systems.

THE EACGLE-PICHER CO., American Bldg., Parkway &
Walnut, Cincinnati 2, Ohio,
V-Pres,: Miles M. Zoller
Couples Div., C & Porter Sts., Joplin, Mo.
Gen. Mgr.: Miles M. Zoller
Primary and secondary batteries, silver zinc, nickel-
cadmiuvm and thermal cells.

EASTMAN KODAK CO., 343 State St, Rochester 4, N. Y.
Pres.: Dr. A. K. Chapman
Apparatus and Optical Div., 400 Plymouth Ave., North
Rochester 4, N. Y.; Vice-Pres. and Gen. Mgr.: N. B.

Green
Power supplies, instrumentation, telemetering, bea-
con, computers, miss-distance indicators, closed loop
television, safety and arming systems, precision,
mechanical and optical devices,

ELECTROMAGNETIC RESEARCH CORP. T11 1l4th
St., N.W., Washington 5, D. C.
Pres.: Martin Katzin

Nose-cone antenna design (Atlas),

ELECTRO-MECHANICAL RESEARCH, INC, P. O.

Box 3041, Sarasota, Fla,

Pres.: J. C. Legrand
Airborne telemeter and ground-station acquisition and
data (Atlas, Titan); reduction equipment (Thor,
Jupiter, Polaris).

ELECTRONIC ENGINEERING CO., 1601 E. Chestnut

St., Santa Ana, Calif.

Pres.: Burgess Dempster
Data-processing systems (Thor, Atlas); timing and
launching systems for test (Atlas, Thor, Jupiter, Po-
laris).

ELLIOTT ENGINEERING CO., INC., 2800 E. Century

Blvd., Lynwood, Calif.

Pres.: ]. O. George
Metallic ducting, liquid oxygen lines, bellows, pre-
cision machine work (Atlas, Titan); metallic ducting,
precision machine work (Thor); lox lines, bellows,
welded assemblies (Jupiter).

EL-TRONICS, INC., 1360 Suburban Station Building,
Philadelphia 3, Pa.
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Pres.: Thomas P. Tanis
Warren Components Div.,, 5. Irvine St., Warren, Pa.;
V-Pres.: David Cropp
Integrating accelerometer switch for nose cones, lox
fill and drain sensor switch, humidity-sensing system,
seals for altitude controls.

EMERSON RADIO & PHONOGRAPH CORP., 14th &
Cole Sts., Jersey City, N. ].
Pres.: Benjamin Abrams
Government Electronics Div., 14th & Cole Sts., Jersey
City, N. J.; Gen. Mgr.: Dorman D. Israel
Cable harness, programmers (Atlas).

EPSCO, INC., 588 Commonwealth Ave., Boston 15, Mass.
Pres.: Bernard M. Gordon
Automatic telemetry reduction systems (Atlas); data-
storage components (Titan).

F

FEDERAL MANUFACTURING & ENGINEERING
CORP., 1055 Stewart Ave., Garden City, N. Y.
Pres.: James K. Malone

Vibration isolators (Atlas).

FOOD MACHINERY AND CHEMICAL CORP., 1105
Coleman Ave., San Jose 3, Calif.
Chmn. of the Board: Paul L. Davies
Ordnance Div.; Mgr.: James M, Hait
Florida Div., Fairway Ave., Lakeland, Fla; Mgr.:
Howard L. Shannon
Becco Chemical Div., P. O. Station B, Buffalo, N. Y,;
Pres.: Frederick A. Gilbert
Transporter, launcher,
(Thaor),

and power-control trailer

THE FRANKLIN INSTITUTE OF STATE OF PENN-
SYLVANIA, 20th & Benjamin Franklin Pkwy., Phila-
delphia 3, Pa.
Exec. V-Pres.: ]. 5. Burlew
Laboratories For Research and Development; Dir.: Nicol
H. Smith
Electro-hydraulic servo systems, test stand vibration
analysis, special hydraulic studies, inertial load simu-
lators and linear accelerators for testing, ship motion
simulator studies (Jupiter); measurements of thermal
properties at extreme temperatures (Thor, Atlas);
shipboard missile installations (Polaris, Jupiter); high-
speed friction studies for nose-cone reentry (Atlas);
supporting research and development on fuzing,
safety, and arming systems,

FRUEHAUF TRAILER CO., 10940 Harper St., Detroit
32, Mich.
Fres.: Roy Fruchauf
Missile Products Div.; Mgr.: E. R. Neumann
Ground-handling eguipment (Thor, Atlas, Titan, Po-
laris, Jupiter).

GEORGE A. FULLER CO., 597 Madison Ave., New
York 22, N. Y.
Pres.: Ray C. Daly
Los Angeles Div., 3100 W. 8th 5t., Los Angeles 5, Calif,;
V-Pres.: William V. Lawson
Production center, test stands, calibration and test
building, sodium reactor, test facility, cold flow lab-
oratory, engineering and production fixtures.
{Continued on following page)
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FI{EUR‘ECRAFT CORP., 1717 N. Chico Ave., El Monte,
Calif.
Pres.: Meyer Piet

Propellant valves, explosive valves (Titan, Atlas).

G

G. W. GALLOWAY CO., 220 S. First Ave., Arcadia, Calif.
Pres.: G. W. Galloway
Construction Div., Arcadia, Calif.; Construction Mgr.:
R. H. Dibley
Tanks (Polaris); high-pressure piping systems, fuel
transfer and storage facilities, pneumatic instrumen-
tation lines (Atlas); turbo-pump and high-low test
facilities.

GENERAL BRONZE CORP., 711 Stewart Ave., Garden

City, N. Y.

Dir. of Electronics: Ira Kamen
Missile-tracking antenna systems, conical scanners,
wave guide systems, antenna research, telemetry an-
tennas, microwave systems.

CENERAL DYNAMICS CORP., 445 Park Ave, New
York 22, N. Y.
Pres.: Frank Pace, [r.
Stromberg-Carlson Co., 100 Carlson Rd., Rochester,
N. X.; Pres:: R. C. Tait
Special test equipment [Atlas).

GENERAL METALS CORP., 220 Bush St, San Fran-
cisco, Calif.
Pres.: W. E. Butts
Adel Precision Products Div., 10777 Van Owen St
Burbank, Calif.; Gen. Mgr.: C. W. Eliason
Valves (Atlas).

GENERAL MILLS, INC., 400 Second Ave. S., Minne-
apolis, Minn.
Pres.: Charles H, Bell
Mechanical Div., 1620 Central Ave., Minneapolis, Minn,
R&D.

GENERAL PLANT PROTECTION CORP., 2515 W. Tth
St., Los Angeles, Calif.
Pres.: Ralph E. Davis

Plant protection and industrial security services.

GENERAL MOTORS CORP. 3044 W. Grand Blvd.,
Detroit 2, Mich.
Pres.: Harlow H. Curtice
New Departure Div., 269 N. Main St., Bristol, Conn.;
Gen. Mgr.: Seth H. Stover
High precision instrument and miniature ball bear-
ings.

GENERAL PRECISION EQUIFMENT CORP., 92 Cold
St., New York, N. Y.
Pres.: Herman G. Place
Librascope, Inc., 508 Western Ave., Glendale, Calif.;
Pres.: Lewis W. Imm
Visual display ground equipment (Atlas).

GOODYEAR TIRE & RUBBER CO., 1144 E, Market 5t.,
Akron 16, Ohio
Pres.: E. ]|. Thomas
Goodyear Aireraft Corp., 1210 Massillon Rd., Akron 15,
Ohio; Pres.: Thomas A. Knowles
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Cround-support (Atlas).

GOULD-NATIONAL BATTERIES, Pleasant St., East-
hampton, Mass.
Pres.: G. B. Ellis
Nickel Cadmium Div.; Pres.: G. B. Ellis
Nickel cadmium storage batteries, aircraft-starting
batteries.

THE GRISCOM-RUSSELL CO., Massillon, Ohio
Pres.: Kenneth B. Ris
Heat-exchanger equipment.

GRUEN INDUSTRIES, INC., Time Hill, Cincinnati G,
Ohio
Fres.: Edward H. Weitzen
Gruen Precision Laboratories, Cincinnati, Ohio; Dir. of
Eng. & Mfg.: Philip H. Borden
Inertial test equipment (Atlas); safety and arming de-
vices (Jupiter); inertial guidance components.
Gruen Applied Science Div., 60 Hempstead Ave.,
Hempstead, L. 1., N. Y.: Exec. V-Pres.: Dr. Antonio
Ferri
B&D, aerodynamies and propulsion, dynamies and
electronics (Atlas).

B. H. HADLEY, INC., 1427 §. Carey Ave., Pomona,

Calif.

Pres.: B. H. Hadley
Ligquid oxygen and fuel regulators, assorted valves,
coupling assemblies (Atlas); gates, retainers, assem-
blies, rings.

PAUL HARDEMAN, INC., 10955 W. Pico Blvd., Los

Angeles 64, Calif.

Pres.: Paul Hardeman
Electronie, pneumatic, hydraulic instrumentation de-
sign, fabrication and installation, fuel-handling, de-
gign and fabrication, environmental design and in-
stallation, general construction, engineering (Atlas,
Titan, Thor, Jupiter).

HENNEY MOTOR C0O., Inc., P. O. Box 1157, Stamford,
Conm.
Pres.: C. Russell Feldmann
Oneida Products Div., Canastota, N. Y.; V-Pres.: C. W.
Trout
Vans for electronics equipment (Atlas).

HERLO ENGINEERING CORP., 549 N. Prairic Ave.,
Hawthome, Calif.
Pres.: Robert E. Cole
Machined parts and component assemblies; fuel and
relief valves (Atlas, Thor, Jupiter).

THE HICKS CORP., 1671 Hyde Park Ave., Hyvde Park,
Mass,
Pres.: Thomas Wheeler

Booster and JATO cases (Polaris).

HITEMP WIRES, INC., 1200 Shames Dr., Westbury,
N. Y.
Pres.: George F. Rolfe
Cables (Titan, Atlas); wire, engineering assistance,
(Atlas, Jupiter).
{Continued on page 148)
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Mild exercise
for "Bertha’

The latest thing in aircraft handling equipment is “Big
Bertha,” a standard B Tournapull®.Crane made by LeTourn-
eau-Westinghouse, “Big Bertha” is the largest mobile crane
in the world without outriggers adapted for aircraft handling.
It is shown here lifting the Bell X-1E {rom Rogers Dry Lake
bed. Bertha has a lifting capacity of 80,000 lbs. Cranes of
similar construction having capacities from 20,000 lbs. to
100,000 lbs, are also available, A 300 hp diesel engine drives
a generator which supplies electric current to activate all
controls, including the hook lift, giving “Big Bertha” the
“touch of a lady” controls which can be actuated from the
cab or by remote control,

“Big Bertha” is similar to many Tournapull-Cranes
also used by the U.8. Naval Bureaus of
Aeronautics and Ordnance. It was selecled for ils
ability to gently lift, carry, and position heavy
loads with speed and precision. The
machine is an adaptation of a commercial
product, with parts and service
facilities available all over the world.

Ay

§ LETOURNEAU-WESTINGHOUSE COMPANY

This B Tournapull-Crane is typical of the standard machines

made by LeTourneau-Westinghouse which can be converted — o A
- - easily for handling planes, rockets, missiles, ete., requiring iy o Government Sales Department -
™ gl preci.'__iiun control. Our engineers are available to help d_ﬁ_s.imi “ " Peoria, liineis, Ph. 3-4521; and 916 Ring Bldg., 1
g} s & R special control and transport equipment for your military 18th 51, M. w Waskingten, 6, D.C., Ph. l.puhm
Ny needs. Write or call collect Government Sales offices listed. 7.7445; 994 Pacific Electric Blda., 610 5. MaingSh,
e . BC-1BET.ML-1 Los Angeles '|4 Cuﬂl:m'llu, Ph, Hu.:h on 9717

] el ’"E’ﬁ?bﬂaﬁw of Westinghouse Air Brake Cnmph .
%% Whﬂn quality is n habit

" Facilifies booklet ovailable on |




Do you know . . .

It’s a fact—many of the shipments you now send routinely by surface
methods could get there five tinies faster for thesame cost or less—hby AIR!
Add to that the hidden savings resulting from less need for expensive
erating and warehousing, less loss from damage and pilferage—and AIR
FREIGHT stacks up as vour biggest shipping bargain!

Compare the cost of your next surface shipment with the cost of sending
it by speedy, reliable AIR FREIGHT. Simply check yvour phone book to
find which of the Scheduled Airlines below serve your part of the country
. .. then phone for information and rates.

THE CERTIFICATED OF THE L. S.A.

ALASKA AIRLIMES CAPITAL AIRLINES FRONTIER AIRLINES MHORTHWEST ORIEMNT AIRLINES TRAMNS-TEXAS AIRWAYS
ALLEGHENY AIRLINES CENTRAL AIRLINES LAKE CENTRAL AIRLINES OTARK AIR LINES TRAMS WORLD AIRLINES
AMERICAN AIRLINES COMTIMENTAL AIR LINES "‘ml”mmzs PIEDMONT AIRLIMES UMITED AIR LINES
BOMANZA AIR LINES DELTA AIR LINES iretdety Tyl el o LRI SOUTHERN AIRWAYS WEST COAST AIRLINES
BRANIFF AIRWAYS EASTERM AIR LINES NORTHEAST AINLIMES SOUTHWEST AIRWAYS WESTERN AIR LINES

DEPENDABLE. SCHEDULED SERVICE SAVES MILLIOMS OF VALUABLE MAN HOURS FOR THE MILITARY
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RADAR INTELLIGENCE

FOR ALL APPLICATIONS
Produced at

DAYSTROM INSTRUMENT

Daystrom Instrument meets today’s rigid requirements for Missile
Control Equipment.

Our engineers and production specialists are qualified, ready and
-anxious to assist in your programs. Our new 350,000 sq. ft. plant is
completely equipped with the most modern manufacturing and test
facilities for the production of electronic and electro-mechanical products.

Be among our satisfied customers in the Armed Services and
Industry. Contact us for complete information on how we can help you.

Remember —Reliability Is A Must At Daystrom Instrument.

DAYSTROM INSTRUMENT

Division of Daystrom, Inc.
ARCHBALD, PENNA.

Visil Our Booths Mos. 1802 through 1810 IRE Show, March 24-27th
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HOEFNER CORP., 9720 Rush St., El Monte, Calif.

Pres.: Albert F. Hoefner
Liquid-oxygen wvalves and regulators, pneumatic
valves and regulators, fuel valves (Atlas, Thor).

HOOVER ELECTRONICS CO., 110 W. Timonium Rd.,
Timonium, Md.
V-Pres. and Gen. Mgr.: J. M. Pearce

Analog signal converter (Titan).

HOUSTON FEARLESS CORPF., 11801 W. Olympic Blvd.,
Los Angeles, Calif,
Pres.: R. C. Wilcox
Photographic and film-processing equipment, remote-
control parabolas for radar tracking, reflectors.

THE HUFFORD CORPORATION, 1700 E. Grand Ave.,

El Segundo, Calif.

Pres.: M. L. Bengston
Launching platforms, missile check stands, launching
parts, hydraulic packages for launchers (Titan, Po-
laris).

HUNTER-BRISTOL CORP., Emilie Rd., Bristol, Pa.
Pres.: Charles E. Hunter
Test sleds (Titan); support equipment (Atlas).

INTER-CONTINENT ENGINEERING CO,, 1520 N.
Highland Ave., Los Angeles 28, Calif.
Pres.: James T. Jury
Engineering services, test stands, guidance systems
(Jupiter, Polaris).

INTER-CONTINENT ENGINEERING CO. OF S5AN
FRANCISCO, 301 Market St., San Francisco 3, Calif.
Pres.: James T. Jury
Engineering services, test stands, guidance systems
(Jupiter, Polaris).

INTERSTATE ENGINEERING CORPF., 707 E. Vermont
St., Anaheim, Calif.
Pres.: F. E. Booth
Undercarriage for support equipment (Thor).
Interstate Electronics Corp.; Pres.: Paul H. Reedy
Study and master planning for test instrumentation,
complete electronics svstem for test instrumentation
{Polaris); scaler amplifiers for telemetered data han-
dling (Atlas).
Interstate Precision Products Corp.; V-Pres.: M. G.
Thomas
Electric shut-off values, vernier drive sector, gear
valve tank vent assembly, cvlinders, valves, actuators,
compensator (Atlas); valves (Titan).

K

KAISER INDUSTRIES CORP., 1924 Broadway, Oakland
12, Galif.
Pres.: Edgar F. Kaiser
Kaiser Aircraft & Electronics; V-Pres. & Gen. Mgr.:
Clay P. Bedford
Fabrication and assembly of unit components, manu-
facture of aluminum test capsules (Polaris); machining
of missile propulsion unit components (Titan),

KAISER STEEL CORP., 1924 Broadway, Oakland, Calif.
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V-Pres. & Gen. Mgr.: Jack L. Ashby
Test towers, flame deflectors (Atlas); erector towers,
umbilical towers, flame deflectors (Titan).

KEARFOTT CO., INC., 1150 McBride Ave., Little Falls,
N. ]
Pres.: D. W, Smith
Gyros (Atlas, Titan, Polaris, Jupiter); components {At-
las, Titan, Polaris, Jupiter, Thor); inertial guidance.

KIRK ENGINEERING CO., 1776 5. Robertson St., Los
Angeles, Calif.
Pres.: Thomas L. Kirk
Eastern Div., 910 Bankers Securitics Bldg., Philadelphia
7. Pa.; Mgr.: Theodore A: Raymond
Contract and consulting engineering, engineering serv-
ices (Atlas, Jupiter, Titan, Polaris, Thor).

L

LADISH CO., 5481 S. Packard Ave., Codahy, Wis.
Pres.: V. F. Braun
Pacific Div., 3321 E. Slauson Ave., Los Angeles 58,
Calif.; Mgr.: H. C. Ende
Drop forgings, press forgings, rolled rings.

LEACH CORP., 18435 Susana Rd., Compton, Calif.
Pres.: K. F. Julin
Inet Div.; Gen. Mgr.: K. F. Julin
Ground power units (Atlas); synchronous motor gen-
erators (Jupiter); variable frequency motor generator
(Thor); MG sets (Titan).
Relay Div., 3915 5. Avalon Blvd., Los Angeles 3, Calif.
Gen. Mgr.: K. F. Julin
Electrical relays and contractors, ground-support
equipment {Atlas, Thor, Jupiter, Titan, Polaris).

ARTHUR D. LITTLE, INC., 30 Memorial Dr., Cambridge
42, Mass.
Pres.: Ravmond P. Stevens
Engineering Div., 20 Acorn Park, Cambridge 40, Mass.;
V-Pres.: Allen Latham, Jr.
Cryogenic consultants (Atlas, Titan, Thor).

LITTON INDUSTRIES, INC., 336 N. Foothill Rd., Bev-
erly Hills, Calif.
Pres.: Charles B. Thomton
Litton Industries of Maryland, Ine., 4910 Calvert Rd.,
College Park, Md.; Gen. Mgr.: Russell W. McFall
Telemetering system (Jupiter); precision compenents,
study of warhead control systems.
Electron Tube Div., 960 Industrial Rd., San Carlos,
Calif.; Mung. Dir.: Dr, Norman H. Moore
Magnetrons (Atlas, Thor); traveling wave tubes, gas
tubes, and noise sources (Atlas).

M

MACHINE ENGINEERING CO., INC,, 5110 E. 15th St.,
Tulsa 12, Okla.
Pres.: J. W. Carter

Tooling, design and production parts (Titan).

THE W. L. MAXSON CORP., 475 Tenth Ave., New York
18 N.Y.
Pres.: H. A. Leander
Safety and arming device (Thor); guidance systems,
flowmeters (Atlas).
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McGRAW-HILL BOOK CO., INC,, 330 W, 42d St. New
York 368, N. Y.
Pres.: Curtis G. Benjamin

Texts and reference books.

MELPAR, INC., 3000 Arlington Blvd., Falls Church, Va.
Pres.: Thomas Meloy
Ordnance devices (Jupiter); radar beacons (Atlas, Ti-
tan, Thor); antennas, antenna-test equipment (Atlas).

MILGO ELECTRONIC CORP., 7601 N. W, 8Tth Ave.,

Miami 47, Fla.

Pres.: Monroe A. Miller
Sequence programmers (Atlas, Titan, Thor, Polaris);
analog coordinate conversion equipment (Atlas, Thor,
Titan): data-transmission equipment, timing equip-
ment (Atlas, Thor).

MILLER METAL PRODUCTS, INC., 2215 Russell St.,
Baltimore 30, Md.
Pres.: M. M. Miller
Research Laboratories Div., 2832 Maisel St., Baltimore
30, Md.: Exec. V-Pres.: H. C. Filbert
Automatic checkout test svstems, dynamic balancing
equipment, moment of inertia, weight and CG meas-
uring equipment (Atlas, Thor, Titan); missile-tracking
and location systems, automation of production equip-
ment (Atlas, Thor).

MINNEAPOLIS-HONEYWELL REGULATOR CO., 2753
Fourth Ave. 5., Minneapolis 8, Minn.
Pres.: Paul B. Wishart
Military Products Group, 2600 Ridgway BRd., Minne-
apolis 18, Minn.; V-Pres. in Charge: Stephen F. Keating
Guidance, warhead and fuzing ground-handling (At-
las); reference guidance system (Titan); guidance,
warheads, fuzing, and ground-support components
(Atlas, Polaris, Titan, Thor).

MODERN DIE & TOOL CORP., 5901 5. Avalon Blvd.,
Los Angeles 3, Calif.
Pres.: John G. Buyser

Gimbal assemblies, machined components.

NARMCO MANUFACTURING CO., 5159 Baltimore
Dr., Las Mesa, Calif.
Pres.: N. F. Trost

Exterior sandwich pods, bulkheads {Atlas).

NATIONAL CO., INC., 61 Sherman St., Malden, Mass,
Chmn. of the Board: Herbert C. Guterman
Test and checkout equipment (Atlas); telemetering
equipment (Polaris); communication systems, radio
engineering.

NELSON TECHNICAL ENTERPRISES, INC., 1165 W.
Main St., St. Charles, Il
Pres.: Donald A. Nelson
Reliability test program, maintenance handbooks
(Atlas).

NORDEN-KETAY CORP., 58 Commerce Rd., Stamford,
Conn.
Pres.: P. R. Roehm
Instrument and Systems Div., Wiley St., Milford, Conn.
Gen. Mgr.: Ernest |. Greenwood
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Pendulum test set (Atlas); stable platform (Titan).
Norden Laboratories Div., 121 Westmoreland Ave.,
White Plains, N. Y.; Tech. Dir.: C. F. Schaefer

Guidanee and control (Titan); stabilization-measuring

instruments (Polaris); digital techniques, simulation

facilities (Atlas).

NORTH ELECTRIC CO., 553 South Market St., Galion,

Ohio

Pres.: Hans Kraepelien
Telephone-type relays, telephone communications, and
tone-signaling equipment, various ground-support
equipment.

o}

OAKLAND MACHINE WORKS, 561 4th St., Oakland,
Calif,
Cwner: Walter N. Fanning

Parts and tooling for solid and liquid engines.

P

PACIFIC AUTOMATION PRODUCTS, INC., 1000 Air
Way, Glendale, Calif.
Pres.: Frank Gard Jameson

Cable system (Atlas).

PACKARD-BELL ELECTRONICS CORP., 12333 W.
Olympic Blvd., Los Angeles 64, Calif.
Pres.: Robert 5. Bell.

Ground-support equipment (Thor).

J. C. PEACOCEK, INC,, 1673 E. 582d Pl Los Angeles 1,
Calif.
Pres.: J. C. Peacock
Lox, quick disconnects, aceumulators, hydraulic actua-
tors (Atlas); valves, regulators.

PELTON STEEL CASTING CO., 148 W. Dewey PL,
Milwaukee 7, Wis.
Pres.: Allen M. Slichter
Pacific Alloy Engincering Corp., 400 Raleigh Ave., El
Cajon, Calif.; Gen. Mgr.: Walter H. Dunn
Castings (Titan, Polaris).

THE PERKIN-ELMER CORP., Main Ave., Norwalk, Conn.
Pres.: Richard S, Perkin
Engineering and Optical Div.; Mgr.: Roderick M. Scott
Azimuth-alignment theodolite (Thor, Jupiter); preci-
sion optics, R&D.

PHILCO CORP., C & Tioga Sts., Philadelphia, Pa.
Pres.: James M. Skinner, Jr.
Philco TechRep Div.; V-Pres.: Bobert F. Herr
Service (Jupiter),

PHILLIPS-CARTER-OSBORN, INC., 831 14th 5t., Den-
ver 2, Colo.
Pres.: Orley O. Phillips

Engineering service for test facilities (Titan).

PLANNING RESEARCH CORP., 109686 Le Conte Ave.,
Los Angeles 24, Calif.
Pres.: Robert W. Krueger
Unit-proficiency training for ground-guidance systems,
AICBM studies (Atlas).
{Continued on following page)
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POTTER INSTRUMENT CO., Sunnyside Blvd., Plain-

view, N. Y.

Pres.: John T. Potter
Digital magnetic tape handling systems, high-speed
electronic printing systems, tape handler, counting
equipment.

PRECISION SHEET METAL, INC., 5235 W. 104th St.,
Los Angeles 45, Calif.
Pres.: O. E. Podeyn

Fabricators of precision components (Atlas, Titan,
Thor).

THE PYLE-NATIONAL CO., 1334 N. Kostner Ave,, Chi-

cago 51, Il

Pres.: William C. Croft
Electrical connectors, cable systems, and electrical
equipment used in conjunction with support facilities
(Thor, Jupiter).

R

RADIAPHONE CO., INC,, 600 E. Evergreen Ave., Mon-
rovia, Calif.
Pres.: Marshall Setnan
Data-acquisition and recording system, patch panel
custom consoles, calibrating test carts (Atlas).

RADIO CORPORATION OF AMERICA, 30 Rockefeller
Plaza, New York, N. Y.
Pres.: J. J. Burns
Defense Electronic Products Div., Front & Cooper Sts.,
Camden 2, N. J.; Exec. V-Pres.: A. L. Malcarney
Electrical control assembly (Thor); ground checkout
equipment (Atlas); instrumentation (Jupiter).

REACTION MOTORS, INC., Ford Rd., Denville, N. ].
Pres.: R. W. Young
Propulsion svstem components (Atlas, Jupiter).

REEVES INSTRUMENT CORP., Roosevelt Field, Garden

City, N. Y.

Pres.: D. T. Bonner
Star tracker, stable platforms, high-precision gyros
(Polaris); resolvers (Atlas); gyros reference and pro-
grommer (Titan); instrumentation radars.

RELIANT INDUSTRIES, 4935 Firestone Blvd., South
Gate, Calif.
Secy.-Treas.: R. W. Stevenson
Liguid oxvgen tanks (Atlas}; motor mounts, line as-
semblies (Atlas, Thor, Jupiter).

RESEARCH WELDING & ENGINEERING CO., INC.,
18201 S. Santa Fe Ave., Compton, Calif.
Pres.: John A. Toland

Pressure vessels (Atlas, Thor).

RHEEM MANUFACTURING CO., 400 Park Ave., New
York 22 N. Y.
Pres.: A. L. Walker
Aireraft Div., 11711 Woodruff Ave., Downey, Calif.;
Gen. Mgr.: L. M. Limbach
Titanium pressure vessel (Atlas).

RIVERSIDE PLASTICS CORP., Miller Rd., Hicksville,
N. Y

Pres.‘: H. C. Tomford

CONTINUED

Reinforeed plastic parts, radomes, honeycomb lami-
nates, high-temperature phenolic molding.

SANCOR CORP., 1700 E. Grand Ave., El Segundo, Calif.
Pres.: M. L. Bengston
Hydraulie carriers and conveyors for ground handling
(Titan, Polaris),

SERVOMECHANISMS, INC., 12500 Aviation Blvd., Haw-
thorne, Calif.
Pres.: William W, Shannon
Subsystems Div.; Gen. Mgr.: Gerard (. Decker
Transducers, pitot and static pressure, angle of pitch
and yaw, high range altimeter.
Magnetics Div., 1000 W. El Segundo Blvd., Hawthorne,
Calif.; Mgr.: William T. Smither
Transformers, reactors, chokes, coils (Thor).
Mechatrol Div., 625 Main St., Westbury, L. I, N. Y.;
Mgr.: John J. Dempsey
Synchronous motors (Atlas, Jupiter, Polaris, Titan).

THE SIEGLER CORP., 8352 Brookhurst Ave., Anaheim,
Calif.
Pres.: John G, Brooks
Hallamore Electronic Co.; Pres: Llovd G. Hallamore
Telemetering systems, missile checkout equipment,
ground-support equipment (Atlas); instrumentation
(Titan, Polaris, Jupiter).

SNAP-TITE, INC., 201 Titusville Rd., Union City, Pa.
Pres.: Malcolm S. Clark
Quick-disconnect (Titan).

SOLAR AIRCRAFT CO., 2200 Pacific Highway, San
Diego 12, Calif.
Pres.: Herbert Kunzel
Components (Atlas); combustion chambers and bel-
lows (Titan); tank parts (Polaris); ducting (Jupiter).

SOLON FOUNDRY, INC,, 6370 Som Center Rd., Solon,
Ohio.
Pres.: A. M. Hubman
Som Precision Industries, Inc.; V-Pres.: D. §. Smith
Aluminum and magnesium sand castings.

SONOTONE CORP., Box 200, Elmsford, N. Y.

Pres.: 1. 1. Schachtel
Rechargeable storage battery (Titan, Thor, Polaris);
electronic tubes (Atlas, Jupiter).

SOROBAN ENGINEERING, INC., Kissimmee Highway,

Melboumne, Fla.

Pres.: Charles F. West
Digital-computer  equipment,
quencers, controllers,
readers and tabulators.

test-equipment  se-
perforated tape recorders,

SPACE CORP., P. O. Box 5175, Garland, Tex.

Pres.: M. G. Hughett
Weight- and thrust-measurement system (Atlas, Titan);
erector actuation (Titan).

STANDARD-THOMSON CORP., 152 Grove 5t., Waltham
54, Mass.
Pres.: John E, Woods

(Continued on poage 154)
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ENGINEERRIING
BEYOND THE
EXPECTED

DESIGN —When timedictates, avail-
able equipment can be adapted to
your specifications. But you receive
custom design, beyond the expected,
when you need it. For example, the
transistorized MAGAMP power sup-
ply (right). This unit provides a
faster response time... a lower over-
shoot and undershoot. .. and remote
regulation at longer distances than
has ever been achieved before with
this type of power supply.
DELIVERY—A contract from Doug-
las Aircraft for “Thor™ test equip-
ment was awarded in March 1956,
A total of 100 units, comprising 30
different units, was delivered before
deadline in November. On-time de-
livery at its best...delivery beyond
the expecied.

;Mfmmeiy @ %ﬂwﬂ{fz&z/

MISSIIT.E
SUPPORT
SERVICE

You worry about the missile...let Packard Bell Elec-
tronics take care of ground support! Proven perform-
ance in this field has resulted in a separate missile
equipment section devoted exclusively to ground test
and launching equipment. Here, in a 21,500 sq. f1. facil-
ity geared for short run production, experienced man-
agement shoulders complete responsibility. Here the
most radical design changes are absorbed during the
process of development. Here direct assembly super-
vision by production engineers eliminates costly and
time-consuming delays. A reliable source, any way you
look at it. And a reliable way to rid yourself of a major
headache!

‘umperes, regulated at
a loa to several

This. lrlmiﬂﬂn:ed Th- M IGAHE has & surge capacity ﬁtm% overland
ﬁﬁﬁﬁﬁ#ﬁ for 2 Is. Regulation at the load is 15 or better.
: %‘ output at 0 to 300 is less than 50 milliseconds. Overshoot

are less than 2595, with a 30% rhange
eale in ahove photos: 5V /CM and
-»WH-‘.'VJ'GH ) 1)

PACKARD BELL ELECTRONICS




Aol Mognetic: Moreniale

.. the most complete line in the industry

PERMANENT MAGNET
MATERIALS
Cast Alnico Magnets

Sintered Alnico
Magnets

Vicalloy

Cunife

HIGH PERMEABILITY
MATERIALS

Tape Wound Cores
of Deltamax,
Supermalloy,

Permalloy

“C" and “E” Cores of
Silectron
Bobbin Wound Cores

Molybdenum Permalloy
Powder Cores

Iron Powder Cores
Sendust Powder Cores

Special Magnetic
Materials

PRECISION-TESTED TO YOUR SPECS...

Write for the
TECHNICAL DATA YOU MNEED

Bulietin Tf_'Tﬂ_] A . . . Properties, standard
sizes, etc. of Arnold Tape Wound Cores.
Bulletin PC-104 B . . . Complete data on
Mo-Permalloy Powder Cores.

Bulletin GC-106 € . . . General information
on Magnets and other Amold products.
Bulletin SC-107 _ . . Covers the complete
mnge of Arnold Silectron Cores.

Bulletin TC-108 A . . . Describes proper-
ties, etc. of Amold Bobbin Cores.
Bulletin PC-109 . . . Essential data on Arnold
Iron Powder Cores.

Bulletin SDC-110 . . . Information on pro-
perties, etc. of Sendust Powder Cores.
Bulletin TC-113 . . | Technical datz on
Arnold Supermendur Tape Cores.

ADDRESS DEPT. AF-83

Arnold can answer all your requirements from the most complete line of magnetic
materials in the industry. In addition, Arnold maintains complete control over
every production step from raw marerials to final performance testing.

Typical test facilices for Mo-Permalloy Powder cores are illustrated above,
Precision equipment and methods such as these accurately measure the properties
of all Amold magnetic materials before shipment, insuring ultimate performance
in accordance with your specifications.

As your source of magnetic materials, Arnold offers the vital advantages of
long experience, undivided responsibility, and unequalled facilities for qualicy
control throughout production. ® Let ss supply yosur needs!

WEW ETEI &

THE ArNoLD [ENGINEERING (COMPANY

. Main Office & Plant: Marengo, lllinois
. Ropath Pacific Division Plant: 641 East 813t Sireet, Les Angeles, Colif,
o Wy ciIrict Soles Offices:

- e T,

TSI EEE R R RERER R R OR RN R N N R NN RN AN N




LMEE fire control systems put lethal talons in the F-104° g
i ¥ put le [ 5 5 EF_ 1—\f B0 =70 ]

gy =4

offensive power. .. can assist the pilot of such supersonic i .E._,h___ﬁl
aircraft to detect, pinpoint, track and destroy an attacking A

aircraft. LMEE fire control systems can be integrated with
| navigation and flight control systems, electronic counter- Frogress Is Our Most Imporfant Product

measures and pilot displays. » Fire control systems are
only one of many LMEE airborne 5:515m5 which help to power G E N E R A I. @ E I.E CT H I c
the peace. » » For new brochure ... "Meeting the Chal

|ErIEE of Jet AEE DefEI‘ISE" w"te DEFL 1A LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT

FRENCH ROAD, UTICA, NEW YORK

A DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISION
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Clifford Manufacturing Co. Div.
Flexible fuel lines, flexible ducting, gimbal bellows,

oil coolers, electronic coolers.

STERLING PRECISION CORP., 103 Park Ave., New

York, N. Y.

Pres.: Charles Bellm
Turntables, rate and spin tables, signal microsyns,
torque microsyns, pendulous accelerometers, gyro
comparators, transducer, gyro pivots (Atlas, Titan,
Thor, Jupiter).

STEWART & STEVENSON SERVICES, INC., 4516 Har-
rishurg Blvd., Houston 1, Tex.
Chinn.: Ross Stewart

Ground powerplant {Atlas).

SUN ELECTRIC CORP., 6323 Avondale Ave., Chicago
a1, 1L
Pres.: R. R. Malik

Hydraulic test and support equipment (Titan).

T

THE TALCO ENGINEERING CQ., 2685 State St., Ham-

den, Conn.

Pres.: F. G. Talley
Cartridge-actuated devices, gas generators, ballistic
delay switches, hose or cable cutters, destructors,
huusler-ﬂ-pura!nr thrusters, recoverv-system d&\'ices,
explosive bolts, actuators, retractors.

TELE-DYNAMICS, INC., 5000 Parkside Awve., Philadel-

phia 31, Pa.

Pres.: E. E. Lewis
Telemetering svstems [Titan); telemetering compo-
nents (Thor); command-actuate receivers (Titan,
Polaris).

A, 5. THOMAS, INC., 161 Devonshire St., Boston 10,
Mass.
Pres.: Abdelnour §. Thomas
Consultants on research, design and development of
antennas (Atlas, Titan).

THOMPSON PRODUCTS, INC., 23555 Euclid Ave.,
Cleveland 17, Ohio
Pres.: J. D. Wright
Jet Diiv.; Mgr.: 5. C. Pace
Rocket engine ejector nozzles, nose and frame strue-
tures, high- and low-pressure tanks.
Accessories Div.; Mgr.: P. T. Angell
Accessory power systems, ground-handling svstems,
fuel systems, precision-machined parts.
Electronics Div,, 2196 Clarkwood Rd., Cleveland 3,
Ohio; Mgr.: W. M. Jones
Electronie control systems and components,

TITANIUM FABRICATORS, INC., 39068 Cohasset St.,
Burbank, Calif,
Pres.: O. M. Bell
Missile components, titanium alloy pressure vessels,
new materials (Atlas).

TRANSCO PRODUCTS, INC., 12210 Nebraska Ave., Los
Angeles 25, Calif,
Pres.: M. W. Sawver

Antenna (Thor).
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TRANS-SONICS, INC., P, O. Box 328, Lexington 73, Mass.
Pres.: Vemon C. Westcott
Pressure and temperature transducers (Atlas, Titan,
Thor); liquid-level transducers (Thor).

A

VARO MANUFACTURING CO,, INC., 2201 Walnut St.,
Carland, Tex.
Pres.: Austin N. Stanton
Precision power supplies, frequency meters (Atlas,
Titan, Thor).

VICKERS, INC. (Division of Sperry Band), Administrative
and Engineering Center, Detroit 32, Mich.
Pres.: |. F. Forster
Head Hydraulics Div.; Gen. Mgr.: B. W. Badenoch
Hydraulic pumps (Atlas, Titan, Thor, Polaris); valve:
{Thor).
Machinery Hydraulics Div., Aurora St., Waterbury 20,
Conn,; Operations Mgr.: G. M. Darsch
Hydraulic equipment for ground-handling, testing
and launching (Atlas, Titan, Thor).

VITRO CORPORATION OF AMERICA, 261 Madism
Ave., New York, N. Y,
Pres.: |. Carlton Ward, Jr.
Vitro Laboratories, 14000 Georgia Ave., Silver Spring
Md.; Pres.: Dr. G. Bussell Tatum
Systems engineering, navigation analysis (Polaris).

w

WALDRIP ENGINEERING CO., 11810 Center St., Hol-
Iydale, Calif.
Pres.: R. N. Simpson
Ground-support equipment (Polaris); flame deflector:
{Atlas): launching equipment.

WALLACE FROCESS PIPING CO., INC., P. O. Box 9655
Wright Station, Norfolk, Va.
Pres.: Sam Wallace
Denver Div., P. O. Box 4027, Denver, Colo.; V-Pres.:
Arthur C. Parker
Outfitting of static test stands (Titan).

WARNER, INC., 522 Fifth Ave., New York 38, N. Y.
Pres.: Leon P. Rynar
Military handbooks, engineering reports (Atlas).

WASTE KING CORP,, 3300 E. 50th 5t., Los Angeles 58
Calif.
Pres.: Bertram Given
Technical Products Div., 4600 Pacific Blvd., Los An-
geles 58, Calif.; Exec. V-Pres.: Howard Given
Heat exchangers, valves, turbo pumps, combustion
chambers, control components (Atlas, Thor, Jupiter);
gyros (Jupiter).

WESTERN GEAR CORP., 2600 E. Imperial Highway,
Lynwood, Calif.
Pres.: T. ]J. Bannan

Turbo pump drives.

WHEELER LABORATORIES, INC., 122 Cutter Mill Rd.,
Great Neck, N. Y.
Pres.: Harold A. Wheeler

Microwave antennas (Titan).
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GUIDANCE and CONTROL in SPACE TECHNOLOGY

It is becoming increasingly apparent that many of the
technigues and analyses, and much of the equipment,
developed for the present Air Force ICEM-IRBM pro-
grams will have a wide future application in space tech-
nology. For instance, many of the guidance and control
techniques for ICBM’s are applicable to the space vehicles
of the near future.

An important element of these applications is precision.
The precision required of the guidance and control system
for vehicles aimed at the moon or one of the planets is not
substantially greater than that required for the Air Force
ICBEM-IRBM programs. And, the precision needed to
guide a vehicle into a near-circular orbit of Earth is even
less than that required for ICBM's.

The problem of communication with lunar and plane-
tary vehicles is, of course, made more difficult by the
much greater distances involved. This, however, is not an
insurmountahble difficulty if today’s trends continue in the
use of higher transmitted power, narrower communica-
tion bandwidths and amplifiers with very low noise-figures.

The problems of operating electronic equipment in the
space beyond our atmosphere are already encountered on

present ballistic missile trajectories. The principal differ-
ence in the case of space vehicle applications is the
requirement for longer equipment lifetimes. Electronic
equipment and power supplies will have to last for several
hours or days or weeks, instead of a few minutes, under
conditions of vacuum pressure, zero “g" fields, and bom-
bardment by micrometeorites, high-energy particles, and
radiation.

The preceding examples serve to illustrate some of the
ways in which the ICBM-IRBM programs are advancing
the basic techniques of space technology.

Since 1954, Space Technology Labaratories has been
providing over-all technical direction and systems engi-
neering for these programs. Both in support of this respon-
sibility and in anticipation of future svstem requirements,
the Laboratories are presently engaged in a wide variety
of advanced research and experimental development proj-
ects (as distinct from development for manufacturing, in
which STL is not engaged), These activities are directed
toward the exploration of new approaches in space vehicle
electronics, aerodynamics, propulsion, and struciures,

Space TecHnoLOGY LLaABORATORIES
A Division of The Ramo-Wooldridge Corporation

S730 ARDOR VITAE STREET * LOS ANCGELES 45, CALIFORMNLA




WHITE SANDS DIVISION:
Collection of missile data and research and
development of equipment for this purpose.

| INSTRUMENT & ELECTRONICS DIVISION:
Accomplishing development of new instru-
mentation techniques and the prototype fab-
rication of equipment.

¥ MATTERN X-RAY DIVISION:

The manufacturing area of Land-Air, Inc,
whieh fulfills quantity produetion require
ments,

CHEYENMNE DIVISION:
Within this double hangar is a two-fold pro-
gram of Engineering Design and Aireraft
Modification.

PT. MUGU DIVISION:
Processing photographic and oscillographie
data obtained by missile launchings at this
Naval Air Missile Test Center.

FIELD OPERATIONS DIVISION:
Supplying aireraft, aireraft engine and elec-
tronic technicians on a world-wide hasis,

LOS ANGELES DIVISION:
Industry wide data processing concerning
organization, buying, inventories, ete. utiliz-
ing the latest computer equipment.

STEPPER MOTORS DIVISION;
Producing an incremental rotation, bi-diréc--
| S tional motor for missiles and automation,

CHICAGO ENGINEERING DIVISION:
Theoretical study group solving problems in
methods and procedures in electronics and
mechanics.

Send for the brochure
describing our operations

mael.  LAND=-AIR, Inc.

Subsidiary of Californio Eosfern Aviation, Inc.

7444 Wilson Ave, Chicago 31, lllincis



A Military Astronautics Glossary

Absolute zero. Theoretical point at which all molecular mo-
tion stops; the lowest possible temperature, equivalent to —165.6
Fuhrenheit or —273.15 Centigrade.

Air breakup. Destruction of a high-altitude or reentry re-
search wvehicle by aerodynamic forces on its reentry into the
atmosphere; done to reduce the impact velocity and to aid in
the recovery of records and instruments.

Airframe. Assembled structural and aerodynamic components
of un aircraft or guided missile.

Airglow. Radiation arising in the upper atmosphere from
recombimation of dissociated molecules and jonized molecules
and atoms after they have been affected by solar radiation. In
the davtime it keeps the sky light even at heights of fifty miles,
while at night it limits photographic exposures at astronomical
observatories,

Alpha 57-1, Code system established for identifying Earth-

sitellites and components. Alpha 57-1 is the Russian Sputnik I
rocket vehicle, Alpha 57-2 the Sputnik satellite body, and
Alpha 57-3 the protective nose cone designation.

Alpha 58-1. Official code identification for Explorer, the frst
Earth satellite to be successfully launched in 1958,

Anoxia. Absence of oxygen in the blood, cells; or Hssue, as
would be the case if a person were at 50,000 feet or above
without oxygen equipment,

Antigravity, Effect upon masses such as rocket vehicles and
human bodies by which some still-to-be-discovered energy field
would cancel or reduce gravitational attraction of Earth,

Antimissile missile. Defensive weapon system including de-
tection, tracking, and calculation of the extended trajectory
of incoming missiles, and launch a guided missile that will
destroy an attacking missile,

Antipodal bomber. Special type of boost-glide bomber that
lands at the antipode: of its launching point, the place on the
globe dinmetrically opposite, after dropping the bombs from a
point on its out-of-the-atmosphere trajectory.

Aphelion. Point on an elliptical orbit around the sun which
iz farthest from the sun.

Apogee. Point on an elliptical orbit {of the moon or artificial
satellite) around the Earth which is farthest from the Earth.

Asteroid, or minor planet. The muiny thousands of small
warlds, revolving around the sun, mainly between the orhits of
Mars and Jupiter.

Astrogation.” Navigating in space.

Astronautics, Word coined by R. Esnault-Pelterie, a French
pioneer in this feld, to mean the science of space travel; now
encompasses propulsion systems and vehicles.

Astronomical unit. Mean distance of the Earth from the sun,
equal to 92,907,000 miles.

Astronomy. The oldest of the sciences; treats of the celestial
bodies, their magnitudes, motions, constitution, location.

Astrophysics. Application of the laws and principles of physics
to all aspects of stellar astronomy.

Atlas, USAF ICBM. Length (figures estimated) seventy-five
feet, dinmeter ten feet, stage-and-a-half airframe with liquid
propellant sustainer, thrust about 60,000 pounds; two boosters
in flared-base skirt of 150,000 pounds each; launching weight
over 200,000 pounds; design range 5,500 miles; in Hight test,
W3 107A-1, airframe, Convair $M-65; propulsion, North Amer-
ican Rocketdyne; guidance, GE and Burroughs; nose cone, GE
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MOSD; warhead, Sandia Corp.

Atmosphere. Gaseous envelope surrounding a star, planet, or
satellite; weight of the Earth's atmosphiere at sea lovel is about
14.7 pounds psi, principally nitrogen and oxygen; divided into
reference zones: troposphere, sea level to ten miles; stratos-
phere, ten-sixteen miles; mesophere, sixteen-fifty miles; ion-
DSI]!hem or thermosphere, fifty-200 miles; exosphere, 200-1,000
miles.

Atmospheric braking. Deliberate maneuver of applying at-
mospheric drag to decelerute a satellite or space vehicle for
landing upon a planet that has a usable atmosphere; can be
accomplished by entering at a nearly Hat gradual trajectory or
by making a series of passes through the atmosphere.

Attitude. Orientation of an air vehicle as determined by the
i!milill:ﬂtiun of its axis to some frame of reference, usually the

TR

Attitude jets. Sometimes called steering jets, attitude-control
jets, or roll, pitch, and yaw jets; fixed 6r movable gns nozzles
on a rocket, missile, or satellite operated continuously or inter-
mittently to change the attitude or position either in the atmos-
phere or in space.

Aurora. Commonly known as the northern and southern
lights; a high-altitude airglow caused by solar particles, pre-
dominantly protons, moving as charged particles in the Earth's
magnetic field and interacting with the Earth’s atmosphere.

Backout. Reversing the countdown sequence because of the
failure of a component in the missile or a hold of unac-
ceptable duration. Most serious task during backout is removal
of the propellants from missile tanks.

Ballistic missile. Unmanned vehicle, the major portion of
whose Hight path to its target is a ballistic trajectory which is
determined by gravitational and dmg forces alone.

Ballistic trajectory. Also known as coasting and free flight;
this is the portion of the ballistic missile trajectory (misnamed
the Hight) where no propulsive or steering force is applied to
the vehicle,

Beta 57-1. According to the code system used for identifying
Earth satellites, this is the Sputnik II satellite and attached
rocket launching wvehicle, which did not separate from the
rocket. See Alpha 57-1.

Blowolf. Separation of an instrument section or “package”
from the remainder of the rocket vehicle by application of ex-
plosive force, to retrieve the instruments after they have col-
lected the required information.

BMD. Ballistic Missile Division, ARDC, Inglewood, Calif,

BMO. Ballistic Missiles Office, AMC, Inglewood, Calif,

Boiloff. Vaporization of a cold propellant such as liguid
oxygen as the propellant mass rises to higher temperatures be-
cause of exposure to local condiions through the walls of the
missile tank or other uninsulated containers.

Boost. Descriptive term that defines the use of racket pro-
pulsion, either solid- or liquid-propellant types, during the
initial climb, the liftoff, and the first phase of propelled flight,

Boost-glide bomber. Vehicle, with wings or similar aero-
dynamic surfaces, propelled upward by rocket engines in the
manner of a satellite or ICBM into the outer fringes of the
atmosphere to glide or skip-glide on the atmosphere (as a stone

(Continued on following page)
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skipping over water) long distances while completing its mis-
siom.

Burnout velocity (Brennschuss). The velocity along the bal-

listic trajectory when the propellant is exhausted.

Captive fring. Test-firing of a complete missile where all or
any part of the propulsion system i operated at full or partial
thrust while the missile is restrained in the test stand.

Celestial mechanics, Branch of astronomy concerned with the
laws governing the motions of heavenly bodies.

Celestial sphere. Imaginary sphere of infinite radius, assumed
for navigational purposes, the center of which coincides with
the center of the Earth.

Characteristic velocity. Sum of all the velocities that have to
be attained or overcome for purposes of braking, by a rocket
intended for a particular journey,

Chromosphere. One of the atmospheric shells of the sun. It
lies above the photosphere and is best visible at time of total
eclipse; can be observed spectroscopically at other Hmes.

Circular velocity. Critical velocity at which a satellite will
move in a circolar orbit around its primary. Circular velocity is
o special case of orbital velocity, and one which is not likely to
be obtained in practice due to accuracy of control needed.

Circumlunar rocket. Rocket-propelled wehicle designed and
operated to take off from Earth, travel to the moon's orbit, circle
the moon, and return to Earth.

Cislunar space. Space around the Earth beyond the outer-
most reaches of the terrestrial atmosphere and within the orbit
of the moon.

Comet. Nebulous body that revolves about the sun in elon-
gated ellipse.

Component. Term loosely given to a part, subassembly, or
system, when considered as part of a larger assembly or system.

Console, Master instrument panel from which rocket and
missile lnunchings are gontrolled.

Constellation, stellar. Arhitrary groups into which stars are
divided for reference and identification; in most constellations
there is no relation between members, they seem close torether
merely as a result of perspective.

Contraorbit missile. Missile sent backward along the calcu-
lated orbit of an approaching spaceship, satellite, or space
weapon for the purpose of destroving it in a head-on collision
with an explosive warhead or by missiles. Contraorbit attacks
are considered much easier to accomplish than orbital attack;
the antisatellite missile is one of these weapons,

Controller. Device which receives a measured value of a vari-
able from a sensor, compares that value with some reference
value, and supplies a control signal to a control element to
maintain the value of the variable within a certain range about
the reference value.

Coriolis force. Deflection of a projectile during its flight across
the surface of the Earth, caused by the rotation of the Earth.

Cosmic rays, Extremely fast particles continually entering the
upper atmosphere from interstellar space; atomic nuclei which
have very great encrgies because of their enormous velocities;
potentially dangerous to humans experiencing extended ex-
posure.

Cosmonautics. Word coined in recent years to describe the
science, as yet merely academic, of travel bevond the solar
system by using radically new forms of propulsion.

Countdown, Series of events that take place from the start
of rocket-launching operations until the rocket lifts of the
launch stand. Countdown starts with a missile in the ready
condition, progresses through loading of propellants and pres-
surization gas, activating the circuits, last-minute checkout of
components, starting the rocket engines, and building up the
thrust to the required force for liftoff,

Crossing the trough. Process in an Earth-moon vovage of
passing from the influence of terrestrial gravity to the region
of space where lunar gravity predominates,

Cruise missile. Guided missile, the major portion of whose
flight path to its target is conducted at approximately constant
veloeity; depends on the dynamic reaction of the air for lift,
and upon propulsion forces to balance drag forces.

Cutolf, Shutting off of a working fluid or a combustion proc-
ess; In a liquid-propellant rocket engine, the time when either
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one or both of the main propellant valves is completely shut off.

Doppler effect..Apparent change of wavelength of light (or
any other form of wave motion) when the source and the ob-
server are in motion refative to one another.

Down the slot. Vernacular expression for a successful flight
of a missile down the test range and within the left and right
range limits (parallel lines previously plotted on the range-plot-
ting board) established by range safety personnel.

Ecliptic. Plane of the Earth's orhit around the sun. It is
used as a reference plane for other interplanetary orbits. Also
the name for the apparent path of the sun through the con-
stellations as projected on the celestial sphere.

EDP center. Electronic data-processing center; automatically
operated equipment engineered to simplify the vse and in-
terpretation of the mass of data gathered by modern instru-
ment installations. Can automatically handle information fed to
it from thousands of widely scattered points.

Electrojet. Current sheet or stream moving in an ijonized
layer in the upper atmosphere of a planet. On Earth, electro-
jets move around the eqguator following the subsolar point and
also in polar regions where they give rise to auroral phenomena;
generally eauzed by solar activity.

Escape velocity, Minimum velocity which will enable an ob-
ject to escape from the surface of a planet or other body with-
out further propulsion, The escape velocity of the Earth is just
over seven miles per second, or 25,000 mph.

Exosphere. Outermost region of the Earth's atmosphere,
where atoms and molecules move in dynamic orbits under the
action of the gravitational field,

Exotie fuel. New fuel combinations under study and develop-

.ment for aircraft and rocket use with the purpose of attaining

far greater thrusts than now possible.

Expendable construction. Proposed method of comstruction
for propellant tanks of high-performance rocket vehicles, The
tanks are sectioned and each section is jettisoned as soon as it s
emptied. This improves the over-all mass ratioc and gives a
greater burnout velocity.

Explorer. First US satellite to be successfully placed in an
Earth-circling orbit. On January 31, at 10:48 p.m, EST, a US
Army Jupiter-C launching vehicle left Cape Canaveral, Fla., in
a trajectory that placed a satellite developed by the Jet Pro-
pulsion Laboratory of the California Institute of Technology in
an elliptic orbit. The Explorer satellite is the eighty-inch, solid-
propellant last stage of the vehicle. The six-inch-diameter body
weighed 30.8 pounds, after burmout, including approximately
eleven pounds of instruments in its nose section.

FBM. Flect ballistic missile, for example Polaris.

FBMS. Fleet ballistic missile system; US Navy program of de-
veloping missiles to be launched from nuclear-powered sub-
marnes.

Flight-control system. On ballistic missiles and unmanned
spaceships, the automatic system that keeps the rocket-propelled
vehicle on a prescribed course during liftoff and propelled
flight up to the position where the guidance system (if any) be-
comes operational.

Flight path. Moving position of the center of gravity of an
air vehicle or projectile with reference to a coordinate frame
fixed either relative to the Earth or its launching platform.

Flight-readiness firing. Complete firing operation of the
liquid-propellant rocket engines of the restrained missile in its
launch stand to verify its readiness for a flight test or opera-
tional mission,

Free fall. Condition of unrestricted motion in a gravitational
field. In a rocket coasting without power, the rocket and all its
contents are equally under the influence of gravity, irrespective
of the distance from Earth, and the entire rocket is in a state
of free fall. See Weightlessness,

G foree. Force exerted upon an object by gravity or by reac-
tion to acceleration or deceleration, as in a change of direction;
one G is the measure of the gravitational pull required to move
a body at the rate of about 32.16 feet per second per second.

CGalaxy, Spiral system of stars; our galaxy, a disc-shaped
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aggregation of stars called the Milky Way, includes our solar
system, far out on one of its spiral arms.

Gantry, Crane-type structure, with: platforms on different
levels, used to erect, assemble, and service large rockets or mis-
siles; may be placed directly over the launching site and
rolled away just before firing.

Gegenschein, Faint light area of the sky always opposite the
position of the sun on the celestial sphere. Believed to be the
reflection of sunlight from particles moving beyond the Earth's
arhit,

Gimbal. Mechanical frame containing two mutually per-
pendicular intersecting axes of rotation (bearings and/or shafts).

Gravitation. Force of attraction that exists between all par-
ticles of matter everywhere in the universe, Between any pair
of bodies it is proportional to the mass of each and inversely
proportional to the squoare of the distance between them,

Gravity simulation. Use of centripetal foree to simulate weight
reaction, in a condition of free fall; possibly achieved by spin-
ning the vehicle to use the centripetal force of the outer
periphery on bodies within the vehicle to replace the normal
weight reaction experienced at the Earth's surface.,

Gravity well. Analogy in which the gravitational field is con-
sidered as a deep pit out of which a space vehicle has to climb
to escape from a planetary body.

Ground start. Use of liquid fuel or liquid oxidizer or both
from a pressurized ground supply, instead of missile tanks, dur-
ing the countdown, ignition phase, thrust buildup, and liftoff.
This system permits the missile to take off with full tanks, at
correct weights; plumbing connections come apart at break-
away couplings.

CGround-support equipment. Category which includes all those
items required by AF activities to inspect, test, adjust, cali-
brate, appraise, gauge, measure, repair, overhaul, assemble, dis-
assemble, transport, safeguard, record, process, store, actuate,
or otherwise maintain the original functional operating status
of a specific air weapon system.

Guidance system. Obtains and develops target information for
the determination of the desired flight path of a missile and
communicates this intelligence in the form of commands to a
missile flight-control system. A guidance system may be inertial,
self-contained within the missile, or the muidance function may
be performed by various combinations of ground and airborne
components,

Guided missile. An unmamned vehicle moving above the
Earth's surface whose trajectory or flight path is capable of be-
ing altered subsequent to its launch.

Gyroscope. Device consisting of a wheel so mounted that its
spinning axis is free to rotate about either of two other axes
perpendicular to itself and to each other; once set in otation,
its axle will maintnin a constant direction, even when the Earth
is turning under it; when its axle is pointed due north, it may
be used as a gyrocompass.

Hard base. Launching base that is protected against a nuelear
bomb by a structure or terrestrial cover (natural or man-made
tunnel); the structures are designed fora specified amount of
overpressure. See Soft base.

Huarvest Moon. Said to be a proposed manned satellite with a
first stage based on the Navaho booster design consisting of sev-
eral rocket engines of many thousands of pounds thrust,

Heaviside-Kenelly layer. Region of the ionosphere that re-
flects certain radio waves back to Earth; the E layer.

Hohmann orbit. See Tangential ellipse.

Hold. Unscheduled delay or pause in the launching sequence
or countdown of a missile or space vehicle,

Hydrosphere. The aqueous envelope of a planet.

Hnﬁpersunh Velocities of five or more times the speed of
sound.

Hypoxia, Oxygen deficiency in the blood, cells, or tissue;
occurs at about 20,000 feet, ¢

IAD. International Astrophysical Decade, proposed by Krafft
Ehricke for world program of scientific investigation,

ICBM. Intercontinental hallistic missile,

Inertial guidance. An onboard guidance system for missiles
and satellite vehicles where gyros, accelerometers, and possibly
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a gyro-stabilized platform satisfy guidance requirements with-
out use of any ground-located components. This system is jam-
proof and entirely automatic, following a predetermined tra-
jectory.

Inertial space. An assumed stationary frame of reference—a
nonrotating set of coordinates in space—relative to which the
trajectory of a space vehicle or long-range missile is calculated.

Interstellar flight. Flight between stars, strictly between orbits
around stars. The shortest interstellar flight from the solar sys-
tem is to Proxima Centauri, a distance of 24 x 10" miles. Travel-
ing at the speed of light, an interstellar space vehicle would
take 4% years for such a journey, and a similar time for the
return.

IO0C. Initial operational capability of a ballistic missile
weapon system; the IOC includes the launch complexes, main-
tenance areas, ground-support equipment, the missiles, per-
sonnel, and other elements of a weapon system, See UOC.

Ionization. Formation of electrically charged particles; can
be produced by high-energy radiation such as light or ultra-
violet mays, or by collisions of particles in thermal agitation,

Ionized layers. Layers of increased fonization within the
ionosphere, Believed to be caused by solar radiation, and labeled
the D, E, and F layers. Responsible for absorption and reflec-
tion of radio waves and important in connection with com-
munication and the tracking of satellites and other space
vehicles.

Ionosphere. Region of the Earths atmosphere extending
ﬁlhtc::’ to 500 miles above the Earth, merging into the exosphere
above.

Ton rocket. Spaceship powerplant, still to be developed, that
produces thrust by the reaction obtained from efecting a high-
velocity stream of jons,

IRBM. Intermediate-range ballistic missile,

Jet steering. The use of fixed or movable gas jets on a space
weapon, ballistic missile, or sounding rocket to steer it along a
desired trajectory, during both propelled flight (main engines)
and after thrust cutoff. The jets may be supplied cold pres-
surizedl gas or hot gas obtained by burning propellants in a gas
generator,

Jupiter. Army IRBM, single-stage, length Afty-eight feet,
diameter eight feet, nine inches, thrust 160,000 pounds, de-
signed range, 1,500 miles; product of Army Ballistic Missile
Agency, at Redstone Arsenal, Huntsville, Ala ; airframe, Chrys-
ler; guidance, Sperry-Hand; propulsion, Nerth American
Rocketdyne; nose cone, Goodyear Aircraft; developed From
earlier Redstone and Jupiters A and B; a modified Jupiter C
launched the American satellite, Explorer,

Landing rocket. A manned space vehicle operated to transfer
passengers and cargo from a satellite or larger orbiting space-
ship to the surface of a planet. A landing rocket must be pro-
vided with a means of reducing its velocity for a safe entry
into the planet’s atmosphere and the touchdown.

Launch. Send forth a rocket or missile from its launcher under
its own power.

Launch complex. Launch stand upon which the missile will
stand when ready for liftoff, plus the service tower that can
be moved out of the way on tracks, the flame bucket, the
ground-support equipment located nearby to control the count-
down_sequence, and the protective building or trailer housing
the equipment.

Liftoff. Initial motion along the trajectory of a space weapon
or ballistic missile as it rises from the stand under rocket pro-
pulsion: the takeoff,

Light year. Distance traveled in one year by light, which
cw;'cr& 156,284 miles in one second; equal to 5,880,000,000,000
miles.

Liquid propellant. Liguid fuel which combines with an oxi-

zer.

Low-energy primary. Biologically dangerous cosmic ray par-
ticle which may be prevented from reaching the Earth by the
heliocentric field. A possible hazard to spaceflight.

LOX, Liguid exvgen used as an oxidizer.

Loxing. Vernacular term for the task of loading liquid oxy-

(Continued on page 161)
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Every brand will be in DALI.AS e

at the
NATIONAL CONVENTION

and Al RPOWER
PANORAMA

September 25-28, 1958

That’s right! Every brand of aviation will be
represented at the Air Force Association’s
1958 Convention and Airpower Panorama in
Hif_.: “D™ in September- -p]]crls and bombar-
diers, mechanics and mess sergeants, manu-
facturers and suppliers, generals and pri-
vates, mayors and governors, and just plain
AFA’ers will be on hand for the big airpower
roundup. There will be serious defense dis-
cussions, as well as some serious elbow-bend-
ing. and some ridin’, ropin’, and shootin® (the
bull, of course). Better plan to be on hand.

PROGRAM HIGHLIGHTS
& THURSDAY = SEPTEMBER 25
AF A Business Sessions
Reserve Forces Semindr
Panarama Preview
Reception

# FRIDAY * SEPTEMEBER 246
Space-Age Symposivm
Airpmwer Panorama
Airpower Luncheon
Western Wing Ding

* SATURDAY * SEPTEMBER 27
AF A Business Sessions
Industry Briefings
Airpower Panorama
Awards Banguet

® SUNDAY * SEPTEMBER 28
Trail's-End Brunch
NOTE: There will be an
AFA Leaders Workshop

Wednesday afternoon, and
an AFA Directors meeting

IFednesday night, Sept. 24.

SEE PAGE 1567 FOR DETAILS ON HOTEL RESERVATIONS
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gen into the fuel tanks of a missile from a ground supply.

Luminous bands. Faint bands of luminosity appearing in the
night airglow. May be caused by the impact of micrometeorites
with the upper atmosphere. Height and origin of the phenome-
non are in doubt, due to the difficulty of making observations.

Lunar gravity. The attraction of particles and masses toward
the gravitational center of the moon.

Lunar probe. Unmanned guided missile sent into space with
the required velocity and heading to circumnavigate or land
on the moon,

M storm. Magnetic storm, produced by disturbances on the
sun, identified by an indefinite beginning and ending and a
fairly long duration.

Mach cone probe. Device for measuring the temperature of
the upper atmosphere; uses sensing elements to determine the
position of the shock wave from a slender cone mounted at the
nose of a missile,

Mach number. Ratio of the velocity of a bady te that of sound
in the medium being considered; 762 mph at sea level.

Magneto-hydrodynamics. New science dealing with ultra-
high-altitude, high-speed flight; examines whether an electri-
cally charged wing or acrodynamic body passing through a sea
of jons can attract these charged particles on the one side and
repel them on the other to produce lift,

Magnitude. Brightness of a star; first magnitude is the bright-
ness of a candle flame at a distance of 1,300 feet. Order of
magnitude decreases from first to twentieth at a ratio of in-
tensity of 2.3; the first magnitude is 100 times brighter than
the sixth; stars of the first six magnitudes are visible to the
naked eve.

Main stage. Fhase fn the thrust buildup of a single rocket
engine or a multiengine rocket powerplant when full thrust (at
or ahove ninety percent of mted thrust) is obtained; with cer-
tain multistage designs, main stage defines the operation of
rocket engines remaining on the vehicle after booster rockets
have been exponded and jettisoned,

Mass ratio, Initial mass of the vehicle at the instant of liftoff
divided by the final mass at some point of the powered ascent
or at burnout and thrust cutoff,

Meteor bumper. Thin shicld, comparable in thickness with
the diameter of the meteor to be intercepted, around a space
vehicle and designed to thermally dissipate the energy of
meteoritic particles; high impact velocity of the meteor leads to
vaporization of the meteor and a part of the shield without
penetration of any particles to the wall of the space vehicle.

Micrometeorites. Small dust particles moving around the sun;
may be debris from the formation of the solar system or inter-
stellar dust coming into the solar system: may cause erosion
and destruction of optical and other surfaces on vehicles moving
al interplanetary speeds.

Minitrack. Svstem for tracking artificial satellite by means of
radio waves transmitted from the vehicle itself; several ground
stations are required.

Mixed force. Concept of retaining strategic air force as the
major deterrent to enemy aggression while building up opera-
tional missiles.

Nebulae. Galactic nebulae are clouds of interstellar matter
whose presence is revealed either because they are illuminated
by a bright star or because they noticeably weaken the light
from stars in a particular region of the sky; unborn stars.

Noctilueent cloud. High-altitude terrestrial ¢loud lving at an
altitude of fifty miles in the temperature minimum laver. Ap-
pzars only after sunset or before sunrise when contrasted against
a dark sky; may consist of voleanic dust or interplanetary mat-
ter trapped by the temperature inversion.

Nose cone. Assembly at the upper end of a ballistic missile
from which it is separated alfter the end of propelled flight.
The nose cone may contain an atomic bomb with an arming
and fuzing system and o means of decelerating the body as it
speeds down into the atmosphere.

Nova. Star which undergoes a sudden and enormous increase
in. brightness; about twenty-five appear every year in our
gulaxy. Supernova is a star which expledes with a lberation of
maost of its energy into space.
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Nuclear rocket. Theoretical rocket device using the enecgy
of nuclear fission or fusion to heat a working Huid or to gen-
erate high-energy particles for use as a propulsive jet; expected
to vield high specific impulses and thus decrease propellant
needed for spaceflight.

Null ecircle. Theoretical point in space where the gravita-
tional attraction of one planet balances that of another planet;
there can be no real null point, circle, or region because the.
solar system is dynamic, parts of it are always moving in re-
lation to other parts.

Onboard guidance system. Also known as the airborne guid-
ance system and the inflight guidance system. The automatic
system on ballistic missiles and unmanned spaceships that sends
steering signals through the Hfight-contral system during the
terminal phase of propelled fight.

Orhit. Path in which a celestizl body moves about the cen-
ter of pravity of the system to which it belongs; every orbit
is basically in the shape of a conic section with the center of
gravity at one focus.

Orbital bomber. See Boost-glide,

Orbital refueling. Suborbital technique analagons to inflight
refucling of aircraft. Designed to make possible high charac-
teristic velocities without the penalty of impossibly high in-
dividual vehicle takeoff weight. In practice, might consist of
sending & manned space vehicle into an orbit just outside the
Earth’s atmosphere and then replenishing its propellant supply
from the pavload of tanker rockets senmt into the same orbit,
These propellants would supply sufficient energy for the manned
space vehicle to journey to the moon and later to return to the
terrestrial suborbit. More tanker rockets would carry propel-
lants to the returning space wvehicle for it to land back on the
surface of the Earth.

Orbital velocity, Velocity needed to keep a body moving in
a closed orbit around a sun, planet, or satellite. May be cir-
cular velocity or elliptical velocity and can vary over wide limits
depending on the distance from the attracting force center and
upon the magnitude of the attracting force; orbital velocity of
the Earth is 15,000 mph.

Orbit nodes. Points in an orbit where the orbit crosses a
reference plane, such as the ecliptic or the equatorial plane.

Ozone layer. Layer in the atmosphere about twenty miles
above sea level which strongly ahsorbs solar ultraviolet radia-
tion; absorption of energy not only converts molecular atmos-
pheric oxygen into ozone but heats the atmosphere and pro-
duces a high-temperature layer, a little above the ozone layer.

Pad. Permanent or semipermanent load-bearing surface, con-
structed or laid on the ground, upon which a permanent or
mobile catapult or launcher can be placed.

Parabola of escape. Critical orbit in a central foree field.
Orbhits of bodies moving in a gravitational feld were shown by
Newton to be conie seetions. Ellipses and hyperbolas are com-
mon orhbits, Circles and parabolas are limiting orbits. The para-
bolic orbit is such that a body has escape velocity at every
point along it.

Parsec. Astronomical unit of distance equal to 19,150,000,-
000,000 miles,

Pavload. Weight of everything in a rocket or missile that can
be described as “useful cargo,” such as scientific instruments,
passengers, supplies, or, in the case of weapons, the warhead:
usually less than a tenth of the total weight of the missile with
full propellant tanks. In a step-rocket, the payload of each step
but the last consists of the succeeding steps.

Perigee. Point in an elliptical orbit around the Earth which
is closest to the Earth,

Perihelion. Point closest to the sun in the orbit of any mem-
ber of the solar system.

Perturbations. Effect of gravitational pull of one body upon
the orbit of another; a satellite moving around the Earth is dis-
turbed by the gravitational fields of the sun and the moon and
by the Earth’s bulze.

Photon rocket. Hypothetical reaction-type powerplant based
on directional emission of photons, & continuous gquantum of
radiant encrgy moving with the velocity of light. The photon

(Continued on following page)
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rocket is considered a possible power source for interstellar
spaceflight.

Photasphere, Layver of the sun's surface that we normally
see; turbulent region on which most of the visible solar fea-
tures appear, such as sunspots and solar flares.

Pied Piper. AF code name for an unmanned satellite, also
called ARS (Advanced Reconnaissance Satellite), by Lockheed
Aircraft: designated Weapon System 117L. Said to be un-
manned, at frst, and designed for carrying TV, photographie
cameras, infrared spotter, and radar-scanner svstems, Orhits for
unmanned Pied Pipers would lie between 300 and 1,000 miles,
according to unofficial reports.

Plasma jet. High-temperature jet of electrons and positive
fons that has been heated and ionized by the magneto-hydro-
dynamic effect of a strong electrical discharge.

POC. Productional operational capability. See IOC.

Polaris. Navy IRBM. Solid-propellant rocket, estimated to
be thirty feet long, diameter four feet; airframe and nose cone,
Lockheed; propulsion, Aerojet-General; guidance, GE and
MIT; designed to be launched from nuclear-powered sub-
marines.

Pre-stage. Sequential phase in the starting of a large liquid-
propellant rocket engine where the initial partial flow of pro-
pellants into the thrust chamber is ignited, and this combustion
is satisfactorily established before main stage is initiated.

Programmed tum. Automatically controlled turn of a ballistic
missile from the vertical direction, maintained after liftoff, into
the curved path that will lead to the correct velocity vector at
thrust cutoff for the final portion of the trajectory, the coast-
ing fight, that will impact on the target.

Projectile. Body which is accelerated to a wvelocity by the
application of mechanical forces and which continues its motion
along a ballistic trajectory. The mechanical forees may be oen-
erated by propellant gases in a rocket-propulsion svstem as well
as in 4 tube or gun barfel,

Propellant. Ligquid or solid substunee or substances which
either separately or mixed can be changed into a large volume
of hot gases at a rate which is suitable for propelling projectiles
or air vehicles.

Propulsion system. Fortion of an air vehicle whose function
is to provide thrust, which is normally used to propel the
vehicle through all phases of powered flight, but may be used
for attitnde control purposes; includes the enpgines and all
necessary associated systems to insure satisfactory operation of
the engine eithér on the ground or in fight.

PU svstem, Short form for propellant utilization system, the
automatic electromechanical system that is installed on very
large ballistic missiles, to precisely control the mixture matio of
the liguid propellants (oxidizer to fuel), as they are consumed
during a firing,

Radial velocity. Speed of approach or recession of a body
from the point of observation with respect to the Earth; can be
determined by measuring the Doppler shift between lines of the
same elements in the spectrn of the star and of a laboratory on
the Earth.

Badio-inertial guidance. Missile or space weapon guidance
system  that is divided into two nwmjor groups: the onboard
guidance system and the fight-control system, and the ground-
located guidance station.

Recovery. Muaneuver or actions that result in return of an
instrumentation section or a “package” of instruments from a
sounding rocket or a scientific satellite; recovery can be effected
by jettisoning the remuining rocket body from the instrumenta-
tion section, then dropping the recoverable unit by pamachute
or permitting it to fall freely.

Reentry. Entry of a ballistic missile, nose cone, space weapon,
or bomb from a satellite bomber into the atmosphere. The re-
entry point is the portion of the terminal trajectory where
thermal heating becomes critieal.

SAC-Mike. Strategic Air Command ballistic missile staff, at
BMD, Inglewood, Calif.

Serub. Vernacular for the act of canceling or backing out of
a countdown or launching sequence because of an unaceeptable
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hold or the breakdown of an essential component of the missile,

Separation. Moment when a full stage, half stage, a warhead,
or a nose cone is separated from the remainder of the rocket
vehicle; the moment when staging is accomplished.

Separation rocket. Relatively small rocket, usually solid-
propellant type, that is installed in groups of two or more on
a second or higher stage to be operated when its stage needs
additional thrust to accelerate away, at separation, from the
preceding stapge,

Shutdown. Process by which the thrust of a rocket engine is
br;:ught from its main stage, steady-state value to a negligible
value,

Skip-glide bomber. Winged vehicle that is boosted abave the
atmosphere by large rocket-powered stages and turned into a
somewhat circular orbit before thrust is cut off. From this point,
the extraterrestrin]l bomber follows an undulating trajectory,
glancing or skipping off the upper regions of the atmosphere
as it travels tremendous distances around the Earth to complete
its mission, See Boost-glide bomber.

Soft base. Launching base that is not protected against atomic
attack. See Hard base.

Solar constant. Amount of energy arriving per unit aren ex-
posed to unobstructed solar rays at the mean radius of the
Earth's orbit around the sun. Important when caleulating the
energy input to a space vehicle for cooling purposes or from
the standpoint of wsing a solar engine.

Solar corona. Outer atmospheric shell of the sun, divided into
the F coroma and the K corona.

Solar corpuscles. Particles, usually protons, sprayed out into
the salar system by disturbances on the sun. If the Earth inter-
cepts one of these spravs, the particles tangle with the Earth's
magnetic field and produce ionospheric disturbances.

Solar fBare. Catastrophic solar phenomenon which gives rise
to intense ultraviolet and corpuscular emission from the asso-
ciated region of the sun. It affects the structure of the fono-
sphere and interferes with communications and the control of
space vehicles,

Solar noise. Electromagnetic radiation which radiates from
the atmosphere of the sun at radio frequencies.

Solid propellant. Chemical or mixture of chemicals in solid
form which when properly stimulated, burns itself.

Space gun. Early proposal to fire a vehicle at escape velocity
from a monster gun; not technically possible from the surface
of the Earth, but may be used one day from the moon for
orhital refueling.

Space medicine. Study of the human factors involved in
spaceflight; links medicine with extraterrestrinl sciences.

Space platform. Large satellite, with both scientific and mili-
tary applications, conceived as a habitable and safe base in
space. The proposed space platforms would conlain housing
facilities, power supplies, gravity simulation, provisions for
transferring  personnel and cargo to and from other space
vehicles, scientific instruments, weapon systems, controlled
atmosphere, and communication systems. Usually conceived as
a gmiant wheel, assembled in space.

Spacesuit. Hermetically sealed enclosure for an individual,
supplying him with a respirable atmosphere, snitable tempera-
ture, and permitting him mobility,

Spatiography. System proposed by Dr, Hubertus Strughold
for charting a “geography”™ of space.

Specific impulse. Parameter for rating the performance of a
rocket powerplant; shows how many pounds of thrust are ob-
tained by consumption of a pound per second of the propellant.

Specific thrust. Thrust of a rocket engine divided by the pro-
pellant consumption rate.

Spin stabilized. Directional stahility of a projectile obtained
by the action of gyroscopic forces which result from spinning
of the body about its axis of symmetry.

Splash. Proving ground vernacular for the intentional de-
struction or impact of a missile that is deviating from the pre-
selected safe mnge limits or is malfunctioning becanse of a fire
or premature loss of propulsion.

Stabilized platform. Major part of an all-inertial guidance sys-
tem, composed of an assembly of gimbal Frames that hold

(Continued on page 164)
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From Ki"Y Hawk to the SPUCE Frontier A HISTORY OF THE

A HISTORY OF THE
UNITED STATES AIR FORCE, 1907-1957

AIRPOWER — BOOK CLUB

Nearly 400 historic photos,

more than two dozen maps

'
and that's not all . . . and charts, and 277 pages

of exciting text, including a

Your Airpower Book Club membership brings you four more books
chosen for their lasting professional value to you—and at real savings.
Your free gift for joining and your first selection have a combined retail
value of $12.75—vet for a full vear’s membership with three more books,

Foreword by Gen. Thomas D.

White, Chief of Staff of the

each worth about $5, vou pay only $15 in all.

You may send your $15 membership fee with your application, if you
wish. Or if you prefer, you can return the coupon today, and SEND NO
MONEY. We will bill vou for $6 a month for three months.

USAF, and a complete index
and bibliography for quick

reference. And this book,

Either way, we'll mail your gift copy of A History of the United States
Air Force immediately, and vour first selection, Mitchell: Pioneer of
Airpower within a few weeks,

which is retailing for $6.75,

costs you absolutely nothing.

YOUR FIRST SELECTION

S MITCHELL:

frered  PIONEER OF
i AIRPOWER

by lsooc Don Levine

F----------—---“—----------i

AIRPOWER BOOK CLUB 358 )
CARE OF AIR FORCE ASSOCIATION * MILLS BUILDING = WASHINGTON &, D. C. ]

Please enroll me as a Charter Member of the Airpower Book Club.
I understand that I will receive the next four selections of the club,
PLUS A BOUND COPY of A History of the United States Air Force
—1907-1957 (retail value $6.75).

[ 1 enclose $15.00 in full payment.
(] Bill me for $6.00 a month for the next three months.

MAME
ADDRESS

This is the story of a great airman
with the vision and courage to pre-
dict: “Neither armies nor navies can
exist unless the air is controlled over
them.” You can follow GCen. Billy
Mitchell as he took the case for air-
power to his superiors and, ultimately,
to the people. This is a book you will
want to read and reread for its in-
spiring message to the air-minded.
This 1958 edition retails at $6.00. S o . St S T e it b M e
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WEAPON SYSTEMS by V/77I'g

Vitro CorPORATION OF AMERICA has built an outstanding per-
formance record in weapon systems development for the Navy's new
guided missile ships, now on guard around the clock. Vitro has done
systems engineering for every one of the guided missile ships and has
designed installations of launching and handling systems for the
Navy's Terrier, Tartar and Talos and the Army's Hawk missiles.
Systems engineering techniques, pioneered by Vitro, are standard
operating procedure for installation and maintenance of Navy missiles.

Vitro has important ordnance system contracts with Army, Navy
and Air Force plus contracts for sub-systems and components. It is
engaged in electronics manufacture, aircraft components development
and manufacturing, and research and development in physics, chem-
istry, electronics, aerodynamics, ceramics, metallurgy, hydrodynamics,
cybernetics, nucleonics and acoustics.

Whether the need is for operations research, long-range studies,
components, sub-systems or complete weapon systems, Vitro experi-

ence assures top performance. A new brochure
describes Vitro's weapon systems capabilities.

fro

& Research, development, weapon syslems

CORPORATION of AMERICA
261 Maodison Ave., New York 16, N.Y,

q\-"‘..u Thorium, rare earths, and heavy minerals
& Nuclear and procass engimeering, design &~ Recovery of rare metals and fine chemicals

J-E"Alrmn companents and ordnance systems
P Ceramic colors, pigments, and chemicals

i Refinery engineering, design, construction
%% Uranium mining, milling, and processing

GLOSSARY

CONTINUED

three accelerometers in a fixed position
in relation to inertial space. The accelero-
meters are mounted perpendicalar “to
each other to measure accelerations along
the three reference axes. These accelern-
tions can be fed to a computer that will
determine instantaneous velocity and po-
sition in space.

Stage, Portions of powered fight of an
air vehicle in which both the thrust and
the mass of the vehicle are either essen-
tially constant or are varyving slowly and
smoothly. A discontinuity of either thrust
or mass could signal the end of a stage.
Also, elements of a rocket, as the three-
stage Vanguard,

Staging. Operation wherehy a full stage
or a half stage is automatically disen-
gaged or unlocked from the adjacent
upper stage and permilted to decelerate
away to follow its own return trajectory
to the surface.

Stationary orbit. Also, in reference to
Earth, known as a  twenty-four-hour
orbit; a circular orbit around a planet in
the equatorial plane and having a rota-
tion period equal to that of the planet.
For Earth, the stationary orbit is about
26,000 miles in radius. A body moving in
a stable stationary orbit appears fixed in
the sky relative to an observer of the sur-
face of the planet in the hemisphere fac-
ing the body.

Sunseeker. Two-axis deviee actuated
by servos and controlled by photocells to
keep instruments pointed toward the sun
despite rolling and tumbling of a rocket
vehicle in which the instruments are car-
red. Used in upper-atmosphere research
and may be developed for navigation in
space, especially when made sensitive
enough to become a star- or planet-
seeker,

Sweat cooling. Method of controlling
the excessive heating of a reentering
body or a plane Hying at hypersonic

| velocitics. With this method, the sur-

faces that will be subjected to exces-
sive heating are made of o porous mate-
rial through which a liquid of high heat
capacity is forced. The evaporation of
this coolant completes the sweat-cooling
process.

T-time, Elapsed time of the fight of a
missile or space weapon slarting from the
moment  the vehicle leaves its stand.

Tangential ellipse. Most economical
spaceflight transfer ellipse from the en-
ergy standpoint: grazes the orbits of
arrival and departure. Also known as a
Hohmann orbit. The transfer ellipse from
Earth to Mars carries a rocket vehicle
halfway around the sun and takes about
cight months to traverse.

Targeting. In missile warfare, the art
of plotting the correct trajectory for a
designated target. With an ICBM, the
range could be 5.000 nautical miles.

Telemetering system. Svstem for meas-
urement  with the aid of intermediate
means permitting the measurement to be
observed or recorded at a distunce from
the primary detector,

Terminal wvelocity, Hypothetical maxi-
mumn speed a body could attain along a
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specified straight flight path under given
conditions of weight and thrust if diving
through an unlimited distance in air of
specified uniform density.

Thermal heating. Acrodvnamic heat-
ing produced by supersonic and hyper-
sonic travel through the atmosphere;
transfer of heat from a lominar or tur-
bulent flow around the nose of a reentry
body as it loses kinetic energy.

Thor. USAF IRBM. Length (figures
estimated) sixty-five feet, diameter over
cight feet, single-stage airframe, launch-
ing weight under 100,000 pounds, liquid
propellant, design range 1,500 miles;
150,000 pounds thrust; WS 315A, air-
frame, SM-T5 Dourlas: nose cone, GE
MOSD; warhead, Sandia Corp.; guidance,
AC Spark Plug; propulsion, North Amer-
ican Rocketdyne; in assembly-line pro-
duction.

Thrust buildup. Sequence of events
on the start of a large liquid-propellant
rocket powerplant that begins with the
ignition phase, progresses through pre-
stage, and is completed when full thrust
is obtained at main stage.

Thrust, effective vehicle. The resultant
force in the direction of motion of an air
vehicle, owing to the components of the
pressure forces in excess of ambient
atmospheric pressure, acting on all inner
surfaces of the wvehicle parallel to the
direction of motion.

Time dilation. Relativity effect experi-
enced within bodies moving at very high
speeds in which time measored by a
clock traveling within the body seems
slower than time measured by a clock at
rest in the initial frame of reference
{such as Earth). In nature, time dilation
secms to slow the decay of mesons pass-
ing through the atmosphere, In interstel-
lar Hight, it is suggested that time dila-
tion might make it possible for inter-
stellar vovagers to make their trip in a
few wears of their “time” while many
more years pass back on Earth.

Titan, USAF ICBM backup for Atlas;
two-stage, liguid-propellant, LOX and
kerosene, length (figures estimated)
ninety feet, diameter ten feet, launching
weight 200,000 pounds; design range
5,500 miles, first-stage engine 300,000
pounds  thrust, second-stage 60,000
pounds; WS 107A-2, airframe, SM-G8
Martin; propulsion,  Aerojet-General;
puidance, American Bosch Arma, West-
ern Electrie, and Sperry-Rand; nose cone.
Avco.

Topping the tank. Ground propellant
supply  svstem  adjacent to the launch
stand that replaces the boiloff or vapor
loss of propellant as it is consumed dur-
ing the thrust buildup before liftoff,

Touchdown. Landing of a manned or
unmanned space vehicle on the surface
of a planet by any method except glid-
ing., Reverse jets would be the probable
method of touchdown.

Transfer ellipse. Path followed by a
body moving from one elliptical orhit to
another, Transfer ellipses which intersect
departure and arrival orbits at large
angles are most expensive in energy re-
quirements. See Tangential ellipse.

Translunar space. Interplanetary space
bevond the orbit of the moon,

{Continued on following page)
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Exploring

. ther it's @ man _into space,
Firewel's experience ond accomplishments in
developing supersonic and stratospheric exygen
control egquipment can be an important consider-
ation . . . in the quest for smaller, sensitive,
intricate hardware. Firewel's engineering abilities
and production facilities are adaptable to the
needs of this ever expanding scientific frontier.
Your inguiries of special or highly technical
nature are invited, '

Engineers are meeded at Firewel now.
Address Personuel Mawager,

Aeronautical Division

|

THE FIREWEL COMPANY, INC..

3585 Broadway, Buffalo 25, MN.Y.
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TEMPERATURE

GHAMBER

;'. . . the impossible takes a little
onger."”

ell, here it is—that impossible-
to-do high and low temperature

chamber — 100°F to -+~ 1000°F IRE
ALL IN ONE CHAMBER. show Booth OTHER CHAMBERS for;
Free working space is 24" x 24  Ne. 1721
% 24" and the temperature is : « YACUUM OVENS
fng controliers - HUMIDITY

ured on two recording controllers—
one for —100°F to + 300°F, the ROERANE NS + SAND AND DUST

other for 4+ 300°F to < 1000°F. * SUNSHINE

IRG is equipped in Engineering, De- « RAIN

sign and Production skills to meet

every Problem. Send us yours for « SALT SPRAY

our prompt Quotation. + |MMERSION
+ FUNGUS

ENVIROMMENTAL TEST EQUIPMENT « AIR COMDITIONING

»J) INTERMATIONAL RADIANT [ eriis
BATHS

111 Hew York Avenus, Westhury, L1, N.Y !'Huh‘l & “M'IH'H"B“S Eﬂ:
N .

GLOSSARY

Ultrasonic, Speeds between sonic and
hypersonie.

Umbilical. Electrical eable providing
connecting circuits to missile components.
Stands in the launcher with control
equipment located at a s=afe distance.
Umbilical is ejected at liftoff.

UOC. Ultimate operational capability.
See IOC and POC,

CONTINUED

Vanguard. Experimental satellite pro-
ject by US Naval Research Lab as part
of the International Geophysical Year.

Vector steering. Vernacular for a steer-
ing method where one or more thrust
chambers are gimbal-mounted so that the
direction of the thrust force (thrust vec-
tor) may be tilted in relation to the cen-
ter of gravity of the missile to produce a
turning moment. Two servo actuators,
one on the pitch axis and one on the yaw
axizs, Hlt the thrust direction according to
signals from the fight-contral system.

Velocity vector. Combination of two
ballistic missile trajectory values; the
speed of the missile’s center of gravity at
a designated point on the trajectory and
the angle between the local vertical and
the direction of the speed,

Vernier. Small rocket engines or gas
nozzles mounted on the outside of a mis-
sile or propulsion vehicle for a space
weapon which can be tilted by commands
from the flight-control system to control
the roll, pitch, and yaw attitudes during

o

GREER designs and builds the most efficient and dependable

HYBRA“L'@ SYSTEHS for your missile launcher!

A |

B
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Greer's experience and know-how in hydraulics started stone, Talos, Terrier, Thor and other missiles. Greer
more than 15 years ago. Today, you'll find Greer hydrau- ecan probably deliver a complete hydraulic power pack-
lie systems on planes, ships, missiles, submarines, buses, age at what it would cost you for the design alone, Call
mnthine_r!.r — just to mention a few. Greer has provided Greer for immediate action on Launching Systems, Go
hydraulic systems and components for the Bomare, Red- No-Go Systems and Gas Booster Systems for missiles.

GREER HYDRAULICS INC. - NEW YORK INTERNATIONAL AIRPORT * JAMAICA 30, NEW YORK

Devigners and Manufoeturers of Precision Tu_t Equipment and Hydraulic Components

—
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propelled flight. The second important function of verniers is
to make the final adjustment of the missile velocity as it ap-
proaches the throst-cutoff point,

Warhead. Portion of the armament system of a guided mis-
sile or projectile which consists of the explosive, chemical in-
cendiary, or other contents that inflict the intended damage on
the target; includes the charge or filler and its container or
casing, but not the fuze,

WDD. Western Development Division, forerunner of BMD.

Weapon svstem. Entity consisting of an instrument of com-
bat, such as a bomber or guided missile, together with all re-
lated equipment, support facilities, and services required to
bring the instrument upon its target or to the place where it
carries out the function for which built.

Weight. Force exerted by a mass under local gravitational
acceleration conditions.,

Woeightlessness. Condition in free fall. May be physiologi-
cally unimportant but psychologically dangerous in space fight.
Can be avoided by spinning the space vehicle and simulating
the effects of gravity by providing a weight feeling with cen-
tripetal force.

X-time. Time remaining before the launching of a missile,
according te a schedule established by launch control person-
nel. See T-time. :

Zero gravity. See Weightlessness,

Zodiacal band. Faintly luminous band of light appearing on
the celestial sphere, connecting the zodiacal light with the
Gegenschein. Caused by an extension of the solar corona out
and beyond the Earth. Could indicate presence of interplanetary
matter in space which might be a hazard to space vehicles mov-
ing in the plane of the ecliptic,

Zodincal light. “Wings" of hazy light extending on either side
of the sun approximately in the plane of the ecliptic. Only
visible after sunset or before sunrise. Believed to be part of the
outer atmosphere of the sun.—Exn

NEW METALS

for the Space Age

The rare earth metals have brought about an
engineering revolution during the last vear.

They have literally “written their own specs”

® as lightweight nuclear shielding

® gs radiation-proof atomic engine structures

® as key additives to high-temperature air-

craft alloys.

Yet all these developments stem from earlier
studies of the very few examples of the rare
earths that were available a few years ago.

Today, the St. Eloi Corporation has made
available—and is offering for sale—all the rare
earth metals. Seventeen new metals. One-
quarter of all the metals in the entire periodic
table.

May we quote on your needs?

St. Eloi Corporation

P.O.B. 507 & MNEWTOWN STATION
CINCINNATI 44, OHIo « PHOME LOcCUST 1-6464
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Make Your Reservations Now for AFA’s 1958 Convention in Dallas

Seven air-conditioned hotels have  HOTELS

set aside 2,500 rooms and suites for

SINGLE
ROOMS

DOUBLE
ROOMS

TWIN
ROOMS

SUITES
142 B/R

the Air Force Association’s 1958 Con-
vention and Airpower Panorama in
Dallas, Texas, September 25-25.
There will be three Headquarters
Hotels, as follows:
AFA Members

ADOLPHUS
BAKER
DALLAS

.+« . Adolphus SOUTHLAND

Reserve & Guard .. . Baker

Industry . . . . Statler Hilton

The major Convention events will
be held in the new Memorial Audito-
rinum, location of the Airpower Pano-
rama. AFA business sessions will be 1
held at the Adolphus Hotel; the Re-
serve Forces Seminar at the Baker:
and the VIP Host Suite will be at the

STATLER HILTOM

TRAVIS

WHITE-PLAZA

HAME

£5.00— 7.00

AlR FORCE ASSOCIATION COMNVENTION

$9.00—-14.00 5$10.00—14.00 $20.00—40.00
346.50—85.00
23.00—25.00
32.50—45.00
16.00—24.00

Mo 2-bedroom
16.50—17.50

MNa 2-bedroom
20.00—38.00
41.00—56.00
15.00

Ma 2-bedroom

15.00—27.00

5.00-11.50 7.00-12.00 8.50—-13.00

5.00— 7.00 8.00—10.00 2.00-12.50

4.50— 7.50 5.50— 8.50 5.50—10.50

7.00—13.00 10.00—15.00 12.50—-18.00

5.00— 7.00 8.00— .00 8.00— %.00

4.50— 8.50 6.00—-10.00 6.00—12.00

i ———————

HOTEL ROOM RESERVATION FORM

,(

Statler Hilton.

The Dallas Hotel Association will ADDRESS.

ﬂpﬂrﬂtﬂ J'I-FA% HOUSiﬂg {}[ﬁce. All re- CITY & STATE

quests for rooms and suites must be

sent to the following address:

First Choice

Second Cheice
{ ) Low [ ) Avercge

AFA Housing Office

1101 Commerce Street
Dallas 2, Texas

DEFARTURE DATE.

Don’t waitl Make your reservafions now.

1
I
|
|
i
I HOTEL
|
|
i
|
I
I
L
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A Bibliography of Space Literature

The conqguest of space is off to a running literary start. Seldom has a nation
been so well provided with the fundamentals to understand the beginnings of a

new era.

History will, no doubt, mark the space age as beginning in 1957 with the
Sputniks, and, thanks to them, the imaginations of writers and publishers are
being stirred up, On one aspect of space conquest alone—satellites—Project Van-
guard officials report knowledge of seventeen hooks now in the works, We know
of at least a half dozen ballistic missile and space technology volumes scheduled
for publication in the months ahead. More are planned and, counting what the
British will contribute, this year should be a banner one.

Here is a countdown of books on missiles, rockets, satellites, astronautics,
space, spaceflight, and closely related fields already published. They are listed
by subject area and by the year published.

Though not comprehensive, this bibliography affords both layman and spe-
cialist a fix on current and past professional and popular books that deal with

the great adventure ahead.

I—ROCKETS AND MISSILES

Rockets Through Space, by Phil E.
Cleator (Simon and Schuster, 1936)—
An early account of rocketry by the
founider of the British Interplanetary
Society.

World Power and Atomic Energy:
The Impact, by Harry E. Wimperis
(London, Constable, 1946)—Discussion
of German V-1 and V-2 development
and use.

Rockets, by Robert H, Goddard
{American Rocket Society, 1946)—
Two Smithsonian reports on  high-
altitude rocket flight and liquid-pro-
pellant rocket development.

The Coming Age of Rocket Power,
by G. Edward Pendray (Harper,
1947 )—History of rockets and exami-
nation of their future application.

Rocketry, Jets and Rockets: The
Science of the Reaction Motor and Its
Practical Application for Aircraft and
Space Travel, by Constantin P. Lent
(Pen-Ink Publishing Co., 1947)—An
illustrated history for beginners.

Mathematical Theory of Rocket
Flight, by ]. Barkley Rosser, Robert
R. Newton, and George L. Gross (Me-
Graw-Hill, 1947)—A technical work on
all phases of rocket flight character-
istics.

Rocket Development: Liguid-Fuel
Rocket Research, 1929-1941, by Dr.
Robert H. Goddard, edited by Esther
C. Goddard and G. Edward Pendray
(Prentice-Hall, 1948)—Based on con-
densations from notes of the experi-
mentation with rockets kept by Ameri-
ca’s pioneer rocket developer.

Rockets, Guns and Targets, edited
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by John E. Burchard (Little, Brown,
1948)—World War Il science series
book discussing American rocket -ord-
nance and ballistic missile problems.

Ballistics of the Future, by ]. M. ].
Kooy, and ]J. W. H. Uytenbogaart
(McGraw-Hill, 1948)—A comprehen-
sive study of exterior ballistics by two
Dutch scientists, Chapters on V-1 and
V-2 contain detailed designs,

Guided Missiles, by Alfred R. Weyl
(London, Temple, 1949)=The origins,
development, types, operations, and
future possibilities of missiles and
rockets,

Internal Ballistics of Solid-Fuel
Rockets, by R. N. Wimpress (Mec-
Graw-Hill, 1950)—Deals with artillery
rockets, based on research at Cal Tech
during World War I1.

High-Altitude Rocket Rescarch, by
Homer E. Newell, Jr. (Academic
Press, 1953)—Discusses testing and
results of upper air rocket research.

V-2, by Walter Dornberger (Viking,
1954 )—Former Peenemiinde chief de-
scribes German liquid-fuel rocket and
missile development between 1830
and 1945,

Bocket Propulsion, with an Intro-
duction to the Idea of Interplanetary
Travel, by Eric Burgess (Macmillan,
1954, second revised edition)—Tech-
nical presentation based on author’s
scientifie public lectures. Basic theories,
problems, and developments of long-
range rockets and missiles and their
application to space travel.

The Viking Rocket Story, by Milton
W. Rosen (Harper, 1955)—Authorita-
tive story of Viking by one of the
project officials.

Rockets and Guided Missiles, by
John Humphries ({Macmillan, 1956)—
A survey of achievements in propel-
lants, motors, components, and appli-
cation of powerplants to missiles.

Principles of Guided Missiles De-
sign, a series edited by Capt. Grayson
Merill, USN (D. Van Nostrand):
Vol. I, Guidance, by Arthur 5. Locke
(1955); Vol. I, Aerodynamics, Pro-
pulsion, Structures, by E. A. Bonney,
M. J. Zucrow, and C. W. Besserer
(1956); Vol. III, Operations Re-
search, Armament, Launching, by
Grayson Merrill, Harold Goldberg,
and Hobert H. Helmholz (1958).
Coming in the same series: Vol. IV,
Systems Engineering, Range Testing,
by ]. J. Jerger and R. F. Freitag; Vol.
V. Space Flight, by Grayson Merrill,
Milton W. Rosen, and Krafft A.
Ehricke; and Vol. VI, Guided Missile
Designer's Handbook, by C. W. Bes-
Serer.

Satellite, by Erik Bergaust and Wil-
liam Beller (Hanover House, 1956;
Bantam, 1957)—The research in rock-
etry and astronautics leading to the
launching of earth satellites, and space
exploration.

Cuided Missiles in War and Peace,
by Maj. Nels A. Parson, Jr. (Harvard
Univ. Press, 1956)—History of the
missile as a military weapon.

Rocket Propulsion Elements, by
George P. Sutton (Wiley, 1956)—An
introduction to the engineering of
rockets, for the specialist.

Frontier to Space, by Eric Burgess
{(Macmillan, 1958)—How rocket and
missile experimentation and fight are
adding to man’s knowledge,

Guided Weapons, by Eric Burgess
{Macmillan, 1957) — Characteristics,
operations, and military usefulness of
guided and ballistic missiles. For the
informed layman and the specialist,

Rockets, Missiles and Space Travel,
by Willy Ley (Viking, 1957)—Revised
edition of a detailed account of rocket
and missile research and test and ap-
plications to future space travel,

Rockets and Missiles, by Erik Ber-
gaust (Putnam’s, 1957 ) —Picture story
of the rockets and missiles of all ser-
vices.

Rocket Power and Space Flight, by
G. Harry Stine (Holt, 1957)—A sim-
plified explanation of the fundamentals
of research and test of rocket and mis-
siles and the future of space travel.

Rocket, by Air Chief Marshal Sirc
Fhilip Bennet Joubert de la Ferte
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{ Philosophical Library, 1957)—A his-
tory of rocketry and the story of the
German V-2 development and opera-
tions against the Allies and allied
countermeasures.

The Handbook of BRockets and
Guided Missiles, by Norman J. Bow-
man ( Perastadicn Press, 1957 )=Tabu-
lation of rockets and missiles and their
characteristics with 170 diagrams.

Development of the Guided Missile,
by Kenneth W. Gatland (FPhilosophi-
cal Library, 1958)—Traces evolution
of puided missiles and projects their
possible future development for both
military and peaceful uses. Contains
maps, charts, and data on 140 powered
rockets of eight countries. A thorough
work for the specialist and layman.

II-ASTRONAUTICS AND
SPACEFLIGHT

Rockets: The Future of Tracel Be-
yond the Stratosphere, by Willy Ley
(Viking, 1944}—History of early rocket
development and use, theorizing on
spaceship construction and fight.

The Conquest of Spece, by -Willy
Ley (Viking, 1949)—Popular intro-
duction to interplanetary Hight com-
bining narrative and illostration.

Interplanctary Flight: An Introduc-
tion to Astronautics, by Arthur C.
Clarke (Harper, 1951)—Surveys inter-
planetary flight as visualized in 1950,
based on known astronautical and
scientific fact.

A Handbook of Space Flight, by
Wayne Proell and Norman J. Bowman
{Perastadion Press, 1950)—A collec-
tion of astronautical, gravitational, and
conversion tables and available data
on rockets and rocket experimenta-
tion.

The Exploration of Space, by Arthur
C. Clarke (Harper, 1952; Pocket
Books edition, 1954)—Thorough and
witty analysis and discussion of space
travel for the layman.

Across the Space Frontier, edited
by Cornelius Ryan (Viking, 1952)—
Examination of the feasibility of space
travel by a group of eminent scientists
including Fred Whipple, Heinz Haber,
Joseph Kapran, Osear Schachter, and
Willy Ley. Highly illustrated.

Our Neighbour Worlds, by V. A.
Firsoff (London, Hutchinson, 1952)—
A combination of astronomy-made-
simple and space travel.

The Atmosphere of the Earth and
Planets, edited by Cerard P. Kuiper
{Univ. of Chicago Press, 1952, revised
edition)—Papers given at Fiftieth
Anniversary Symposium of the Yerkes
Ohbservatory in 1947 deal with atmos-
pheres of Mars, the Earth, and other

Designers and Manufacturers
of Special Portable

Air Conditioning and
Refrigeration Equipment

Keco was established to meet the
need for an organization specializing
in the difficult area of portable re-
frigeration and air conditioning
equipment, designed and manufac-

MODEL G-7N Ground Support
Air Conditioner. Made for
MNorthrop Aviation for use in
missile testing. Self sustained,
water cooled, eleciric motor
driven. For cooling, heating,
dehumidifying, filtering, and
ventilating air. Capacity
220,000 B.T.U./hr. cooling;
123,000 B.T.U.fbr. heating.
Auromatic air flow wariable
from 100 to 150 lbs./min.
Automatic temperatureé con-
trol from 0° o 80°F,

MODEL G-7 Ground Support
Air Conditioner. Made flor
Convair Div., General Dy-
namics Corp. for use with
Atlas Missile. Self sustained,
air cooled, electric motor
driven. For cooling, heating,
dehumidifying, filtering and
ventilating air. Capacity—
360,000 B.T.Ufhr. cooling;
245,900 B.T.Ufhr. heating.
Automatic airflow from 60
to 120 lbs.fmin. Automatic
temperature control from 40°
1o 60°F. 0 to 24" water column
Eauge pressure.

Under Development—Model
“X" Air Conditioner consist-
ing of 3 independent air
handling systems with com-
binations of ventilating,
heating and coocling.

DUSTRIES

tured to meet military specifications.
For more than ten years Keco has
been supplying this vital equipment
to almost every branch of the Armed
Services.

MODEL G-7

MODEL F-& SERIES—Sell contained,
air cooled, electric motor driven

air conditioners for cooling,
filtering, dehumidifying and ven-
tilating air. For electronic van or
trailer use. External or internal
mounting. 24,000 to 48,000
B.T.U./hr. capacities.

INC.

planets, and rocket research,
{Continued on following page)
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Complete ﬁew bulletin on
Instrumentation cables

now available

Here's o brond-new comprehensive
source of information on cables for tel-
emetering, dota recording, circuit con-
tral testing, and electronic computers.

Now you can avoid leafing through a
dozen incomplete references when you
want information on instrumentation
cables.

You'll find all the pertinent data in
one concise, eight-page bulletin, Rome
Cable's RCD-400.

We've drawn on our own consider-
uble experience with instrumentation
and telemetering cables to give you
the story on multiple conductor de-
signs, insulating and jacketing materi-
als, color coding, as well as charts list-
ing various MIL specs.

Ewven this bulletin cannot answer all
your guestions, of course, but it will
help you block out problems and areas
where you want more information. You
are then invited to ask for more spe-
cific data.

This new bulletin is easy to get. Just
send the coupon for your free copy.
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BIBLIOGRAPHY — conmnueo

Conquest of the Moon, edited by
Cornelius Ryan (Viking, 1953)—De-
scribes the pioneer expedition to the
moon, based on informed speculation
and known scientific fact, Contributors
include Fred Whipple, Wernher von
Braun, and Willy Ley. Highly illos-
trated.

Flight into Space: The Facts, Fan-
cies and Philosophy, by Jonathan N,
Leonard (Random House, 1953)—Non-
technical.

Man in Space, by Heinz Haber
( Bobbs-Merrill, 1933)—Discussion of
problems of space travel in nontech-
nical terms with emphasis on human
survival and existence.

Space Travel, by Kenneth W, Gat-
land and Anthony M. Kunesch (Philo-
sophical Library, 1953)—Traces de-
velopment of rocket from earliest use
to 1953, showing how research in re-
lated fields brings interplanetary flight
NEATer,

Into Space, by Phil E. Cleator
(Crowell, 1953)—A study of the feasi-
bility of spaceflight, by a British
anthority.

Rockets Beyond the Earth, by Mar-
tin Caidin (MeBride, 1952)—The story
of rocket development and discussion
of spaceship construction and space
travel.

Worlds in Space, by Martin Caidin
(Holt, 1854)—A popular accounting
of outer space. Ilustrated,

The Science Book of Space Travel,
by Harold L. Goodwin (Watts, 1954;
Pocket Books edition, 1955)—Highly
readable description of techniques of
space travel and the problems that can
be anticipated. Contains glossary.

Exploration of the Moon, by Arthur
C. Clarke (Harper, 1955)—A fanciful
description of what man may find on
the moon.

Experiments in the Principles of
Space Travel, by Franklyn M. Branley
(Crowell, 19535) —Discusses rocket de-
sign streamlining, rocket ship engines
and temperature control, power, and
pressure in space,

Exploring Mars, by Robert 8. Rich-
ardson (MeGraw-Hill, 1854)—Specu-
lation about Mars, the moon, other
planets, and asteroids. Describes feasi-
ble rocket flight to Mars and moon and
the work being done in our major ob-
servatories.

The Adcenture of Space Tracel, by
G. V. E. Thompson (London, Dennis
Dobson, 19535)—Imaginative popular
account of manned exploration of
space,

The Exploration of Mars, by Willy
Lev and Wernher von Braun (Viking,
1956)—A blueprint for man's first
space trip to Mars based on modemn

TRANSMITTER

o small size
o low distortion
¢ high reliability

e high frequency
stability

FM TELEMETRY

Model 3115 Transmitter

7/ \

GRS ) A
7

New, improved maodels designed
for extreme environmental con-
ditions (100g shock, 2000 cps
vibration, —53 to +-75°C). Su?)
miniaturized and erystal-stabi-
lized with telemetry band spuri-
ous output better than 60db
below carrier,

Frequency Ranges:

Model 3115-Tor2 215t0 235 me
Model 3115-30r4 235 to 260 me

Frequency Stability: 0.01%
Power Output: 2 welts
Weight: 1.7 pounds

Write P. 0. Box 37, Melbourne
for complete data and prices.

RADIATION

INC.
MELBOURNE AND ORLANDO, FLORIDA

ELECTRONICS* AVIONICS“INSTRUMENTATION
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astronomical and engineering data.

A Space Traveler's Guide to Mars,
by Dr. I. M. Levitt (Holt, 1956)—
Director of the Fels Planetarium bases
his speculation on secientific fact,

Man Among the Stars, by Wollgang
D. Miiller (Criterion, 1957)—German
science writer probes the beginnings,
progress, and prospects of spaceflight
and its impact on modern eivilization.

Man into Space, by Hermann Oberth
(Harper, 1957)—Updated views by
the famed author of the 1929 Way to
Space Travel, which became the bible
of modern astronauts.

The Complete Book of Space Travel
(Maco, second edition, 1957, paper-
back)—A collection of articles on space
stations, space travel, space medicine
by eminent American missile and astro-
nautic scientists. Well illustrated.

llI-THE MEN

The Lonely Sky, by William Bridge-
man and Jacqueline Hazard (Holt,
1955)—Story of test-flying the Douglas
Skyrocket research airplane.

Across the High Frontier: The Story
of Test Pilot Major Charles E. Yeager,
USAF, by Wililam R. Lundgren
(Morrow, 1955)—The biography of
the first man to break the sound bar-
rier and an account of his test fights
in the Bell X-1.

The Rocket Pioneers, by Beryl Wil-
liams and Samuel Epstein (Messner,
1955) —Interesting, simply  written,
biographies of rocket pioneers from
William Congreve to the present.

The Men Behind the Space Rockets,
by Heinz Gartmann (MeKay, 1958)—
The lives and works of the German
rocket and missile scientists,

The Fastest Man Alive, by Lt. Col.
Frank K. Everest, Jr., USAF, as told
to John Guenther (Dutton, 1958)—
The story of one of the USAF's top
test pilots with emphasis on his flights
in the Bell X-2 at extreme altitudes
and at speeds above 1,900 mph.

IV—EARTH SATELLITES

The Artificial Satellite: Proccedings
af the 2nd International Congress on
Astronautics, by L. ]. Carter (British
Interplanetary Society, 1951).

Earth Satellite, by Patrick Moore
{Norton, 1956)—0ver-all view of satel-
lite program and practical uses of
satellites in space travel, research, and
military operations.

Earth Satellites as Research Vehicles
(Franklin Institute, 1956)—Proceedings
of Franklin Institute Symposium, April
18, 1958.

Scientific Uses of Earth Satellites,
edited by James A. Van Allen (Univ.
of Michigan Press, 1956)—Thirty-three
papers given at the tenth annual
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A POWER-PACKAGE FROM TEXAS

2,315,600 FLYING HORSES and 19,228,000 LBS. OF THRUST!

Delivered Feb. 12, 1958:

THE 10,000th USAF ENGINE

Overhauled Since WW Il by Southwest Airmotive Co.
(4,180 JETS « 5820 RECIPS.)

Continuing a record of reliable service for the Services

which includes thousands of other engines overhauled

by us for the Air Force in World War II. .. now also

overhauling Jet powerplants for the U. 5. Navy.

—— —— — —

v Southwest == Airmotive Co.

1932 19

OF LEADERSHIP

DISTRIBUTION DIVISIONS: KANSAS CITY =

LOVE FIELD, DALLAS
DENVER

meeting of the Upper Atmosphere
Rocket Research Panel, January 1956
at University of Michigan.

Vanguard: The Story of the First
Man-Made Satellite, by Martin Caidin
(Dutton, 1957 )—Dramatically written
account of research and test in prepa-
ration for launching first US satellite.

The Making of the Moon: The Story
of the Earth Satellite Program, by
Arthur C. Clarke (Harper, 1957)—
Highly readable account of Project
Vanguard, its history and develop-
ment, and problems of satellite and
space experimentation.

(Continued on following page)

Comventsanal Jat

The Modern Method of Simulated In-
strument Flight for Conventional or Jet

Type Aircraft . .. ... .. $15.00

FRANCIS AVIATION
Bax 29 Lansing, Mich,

171




BIBLIOGRAPHY

CONTINUED

Man-Made Moons: The Earth Satel-
lites and What They Will Tell Us, by
Irving Adler (John Day, 1957)—Ex-
amines our knowledge of the upper
atmosphere and what we shall leamn
from satellites about space.

Around the World in 50 Minutes,
by David O. Woodbury (Harcourt,
Brace, 1958)—An account of the
American Earth satellite program with
last minute post-Sputnik revision.

Earth Satellites and the Race for
Space Superiority, by G. Harry Stine
(Ace Books, 1957)—Layman’s glimpse

| research/developmen:
" abrication/

i/ L] Erector actuator for the Titan

1
Name your functional requirements for ground support

SPACE stands ready to meet your needs

SPACE—a new corporation for the new complexities of tomorrow’s ground
support equipment—a skilled team of scientists, engineers, technicians and
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ment, however large or small, however difficult.

SPACE'S many ground support assignments for conventional aircraft, turbo

jet, turbo prop, ram jet, missiles and rockets include—

& Weight and thrust measuring systems & Missile exercisers

® Permanent, semi-portable and mobile test cells » Altitude chambers

» Block house instrumentation » Erector actuator systems
* And other classified projects

Learn how problems of specialized control and propulsion equipment daily

find a solution at SPACE. An inquiry about SPACE's services—as they may be
of use to you—receives immediate and confidential attention.

ENGINEERS
I you "’JEF working al
the edge of the future,
write SPACE : Vice Pres.
et of Industrial Rela-
fiens, Box 5175, DaMas
22, Texas
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at what we are doing in rocket and
missile research and what we should
do to win the race for space.
Satellites and Spaceflight, by Eric
Burgess (Macmillan, 1958) —Scientific
analysis of earth satellite development
including construction, instrumenta-
tion, launching, transmission data,
and flight orbit. Covers physiological
and psychological problems of manned
spaceflight, scope of spaceflight pro-
gram, manned space stations, and ex-
peditions to moon and planets,

V—REFERENCE AND
RESEARCH

German Research in World War 11
by Col. Leslie E. Simon (Wiley, 1947)
—How the Germans organized their
R&D.

The Nature of the Universe, by
Fred Hoyle (Harper, 1951)—Astro-
physicist discusses the universe, fu-
ture of Earth, and possibility of life
on other planets.

Space Medicine, the Human Factor
in Flights Beyond the Earth, by John
F. Marberger (Univ. of Illinois Press,
1951)—Based on space-medicine sym-
posium at University of Illinois in
March 1950, Dr. Hubertus Strughold,
Dr. Heinz Haber, Wernher von Braun,
and others contributing.

Physics and Medicine of the Upper
Atmosphere, edited by Clayton 8.
White and Otis O. Benson (Univ. of
New Mexico, 1852)—Proceedings of
School of Aviation Medicine’s sym-
posium on high-altitude physics and
medicine in 1952,

The Planets: Their Origin and De-
velopment, by Harold C. Urey (Yale
Univ. Press, 1952),

A Rocket Drive for Long Range
Bombers, by Eugen Singer and Irene
Bredt (privately published by Dr. Rob-
ert Comog, 1952)—Commonly known
as the Singer-Bredt report on the
round-the-world rocket bomber. Con-
tains additional material from Dr.
Singer's files not in early report.

Aerodynamics, by Theodore wvon
Kirmdn (Cornell Univ. Press, 1954)—
A basic, authoritative text with appli-
cation to rocketry and missilery,

Rocket Exploration of the Upper
Atmosphere, edited by R. L. F. Boyd
and J. M. Seaton (Interscience Pub.,
1954)—A collection of the papers
given by the Cassiot Committee of
the Royal Society of London to the
Upper Atmosphere Rocket Research
Panel of the US,

The Physics of the Stratosphere, by
R. M. Goody (Cambridge Univ. Press,
England, 1954)—A scientific analysis.
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Jet, by Sir Frank Whittle (Philo-
sophieal Library, 1955)—Story of jet
engine pioneer and the costs of de-
veloping a new science,

200 Miles Up—=The Conguest of the
Upper Air, by ]. Gordon Vaeth (Ron-
ald Press, second edition, 1955)—An
acecount of upper-air research with
unmanned stratosphere balloons and
rocket flights.

Men, Rockets, and Space Rats, by
Llovd Mallan (Messner, 1956)—A
Javman's account of the Air Force's
achievements toward the exploration
of outer space.,

The Secrets of Space Flight, by
Lloyd Mallan (Fawcett, 1956, paper-
back ) —Picture narrative on the men,
the aircraft. the missiles, and rockets
probing the edges of space.

Skyrocketing into the Unknown, by
Charles Coombs (Morrow, 1954)—
The story of high-speed, high-altitude
research, experiment, and test flight.

The lonosphere, by Karl Rawer
(Ungar, 1957) —A scientific analysis of
the ionosphere and discussion of the
methods of scientific observation, For
the professional.

The Space Encyclopaedia: A Guide
to Astronomy and Spece Research, by
a group of top US and British scien-
tists (Dutton, 1957)—A comprehen-

sive, authoritative, illustrated encyelo-
pedia of astronomy, astronautics, mis-
siles, and space travel. Emphasis on
terminology and definitions relative to
our solar system.

Soviet Education for Science and
Technology, by Alexander G. Korol
(Wiley, 1957)—Thorough, authorita-
tive study of Soviet education in gen-
eral and scientific education in par-
ticular by an MIT senior researcher.

And There Was Light: The Dis-
covery of the Universe, by Rudolph
Thiel, translated from the German by
Richard and Clara Winston (Knopf,
1957 ) —Highly readable history of as-
tronomy and its great men. Compre-
hensive appendix and chronological
tabulation of main astronomical dis-
COVEries.

High Speed Flight, by E. Ower and
J: Navler (Philosophical Library, 1958)
—Analyzes problems of high-speed
and supersonic Hight, as applied both
to manned and unmanned wvehicles.
Traces aerodynamic research and as-
sesses future possibilities for rocketry
and aeronautics,

VI-FOR THE YOUNGER SET
Guided Missiles: Rockets and Tor-
pedoes, by Frank Ross, Jr., (Lothrop,

(Continued on following page)

PIOMEER IN RESEARCH
1830 — Steam boilers

1832 — First walking-beam test machine

1844 — Ductility of cast iron

1869 — Study of solar eclipse and corona

187 7 — First electric dynamo test

1925 — Muclear physics, cosmic rays
1942 — Fire control, small arms, artillery, radar

1946 — Pilotless aircraft
1947 — Air traffic contral
1954 — IREM

1956 — ICBM and research satellites

1957 — Space

FRANKLIN INSTITUTE

20TH AND PARKWAY, PHILA. 3, PA.
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TALCO”

has become a familiar phrase
in aircraft problems of ejec
tion . . . because aircraft and
components manufacturers
have found that Talco designs,
develops, and manufactures
high gquality, reliable ballistic
devices to meet their require-
ments.

TALCO ROCKET-CATAPULTS, the latest devel
opment in the e]e:tlm'l field, are
designed  with  weloclties and
thrusts for a particular seat or
capsule ejection need.

Tliﬂl EMERGENCY ESCAPE SYSTEMS and
components are available for a
wide wariety of applications, such

— —

a5
i Rocket-Catapults Equipment
] Initiators Stowage
b Cable & Hose  Canopy Unlbch
1 Cutters Thrusters
Pin Pullers Calapults

Canopy Actuators Seat Positioners
{ Ballistic Switches

H-I.l:l:ll I:IEiﬂtucTEm are  engineered to

destroy . . . on command . . .
any mls;ule_ aircrafl of com-
ponent in flight . . . a speclaliza-

tion that is adaplable to your
specific destruction requirements.

EMERGENCY POWER FOR PNEU-
MATIC OR HYDRAULIC ACTUATORS
is another Talco ballistic appli-
calion. Talco combines in a single
actuator  either pneumatic  of
hydraulic and ballistic operation
which permits air or fluid pres-
sure for normal use and ballistic
power fof emergency.

OFFERS THESE BALLISTIC POWER
ADVANTAGES for -:anud and un-
IJ!.'I.I‘II applications: Paower-

Ight Ratio, Flulbllily High Itb
Iiﬂi Hity, Sunpllcil:r af sign,
Electrical of Mechanical Opera-
tiom, Automatic Sequencing and

Minlmum Mainienance, With such

specialized facilities, it is under.

standable why manufacturers with
gjeclion problems say, *‘Take It

To Taleo.™

ANDEY

Cail or
write today.

TALCO

ENGINEERING COMPANY, INC.
2687 State Street, Hamden, Conn.

173




The

Ir Ls Jﬂ-lﬂlﬂ' by this
Awertising T fa

Photng'raphad at the Nnmau Qtraw
Market, one of the tourist attrac-
tions of the Bahamas,

IF you are like

most couples, the years after
forty-five can be as reward-
ing as any in your lives.
You've raised the children,
seen them settled. Now vou
can look forward to enjoying
many things you deferred
while the family was growing
up—to pleasant years made
secure and independent by a
lifetime of saving. How wise
to protect that independence
by investing part of your
savings conservatively in
safe, sure U. 8. Savings
Bonds! The r ‘urn is good—
3149 at tb: bonds' matur-
ity. And you can increase
your security so easily by
buying more Series E Bonds
regularly where vou bank or
automatically through the
Payroll Savings Planat work.
Or, if you'd rather have your
interest as current income,
order Series H Bonds through
yvour banker. The time to do
it? Now. When financial in-
dependence counts, count on
U. 8. Savings Bonds!

@

. Gevernment r.lc-n £ pay vertle
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BIBLIOGRAPHY

Lee and Shepard, 1951) —Highly illus-
trated,

Rockets, Jets, Guided Missiles and
Space Ships, by Fletcher Pratt and
Jack Coggins {Random House, 1951)—
Picture book, ages ten to fifteen.

You and Space Travel, by John
Lewellen (Childrens Press, 1951)—
Mustrated, ages six to eight.

Model Jets and Rockets for Boys,
by Raymond F. Yates (Harper, 1952)

—Ages twelve to sixteen.

By Space Ship to the Moon, by
Fletcher Pratt and Jack Coggins (Ran-
dom House, 1952)—Ages ten to six-
teen.

Rockets and Jets, by Marie Neurath
(Lothrop, Lee and Shepard, 1952)—
Ages six to eight.

The Mystery of Other Worlds Re-
vealed, edited by Lloyd Mallan (Faw-
cett, 1952)—Ages ten to sixteen,

The Real Book About Space Travel,
by Hal Goodwin (Garden City Books,
1952 ) —Illustrated.

Your Trip Into Space,
Poole (Whittlesey House,
Mustrated,

The Complete Book of Quter Space,
edited by Jeffrey Logan (Gnome Press,
1953)—Ages ten up.

by Lynn
1953)—

TESTING
OVERHAUL

FACILITIES

% Qualification Tests
% Evaluation Tests
% Performance Tests

% Environmental Tests

AIRCRAFT
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ORleans 5-8337 or 52222
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The Big Book of Space, by Earl
Oliver Hurst (Grosset and Dunlap,
1953 ) —Ages six to eight,

The First Book of Space Travel, by
Jeanne Bendick (Watts, 1953)—Ages
six to eight.

The Prentice-Hall Book About Space
Travel, by William F, Temple (Pren-
tice-Hall, 1954 ) —Ages ten to fourteen,

Man, Rockets and Space, by Burr
W. Leyson (Dutton, 1954)—Ages ten
up.

The Science Book of Space Travel,
by Harold Leland Goodwin {Watts,
1954 ) —Ilustrated.

Going Into Space, by Arthur C
Clarke (Harper, 1954)—Ilustrated.

All About Rockets and Jeis, by
Fletcher Pratt (Bandom House, 1955)
—Ages ten to fourteen.

The Complete Book of Space Travel,
by Albro T. Gaul (World Publishing
Co., 1956)=Illustrated.

An Introduction to Rockets and
Spaceflight, by Eric Burgess (Lon-
don, Hodder and Stoughton, 1956)—
Iluostrated, for ages ten to fourteen.

The Complete Book of Jets and
Rockets, by D. N. Ahnstrom (World
Publishing Co., 1957 )—History of jet
propulsion and rocket-powered air-
craft from initial development to the
present, with a chapter on'rocket and
missile test.

Rockets, Missiles and Moons, by
Chagles Coombs (Morrow, 1957)—
IMustrated account of research and
experimentation in rockels, missiles,
and space travel fields by all the
services and NACA.

Rockets Through Space: The Story
of Man’s Preparation to Explore the
Unicerse, by Lester del Rey (Winston,
1957 ) —Review of man's knowledge
of the realms beyond the atmosphere
and the problems of space explora-
tion. Speculates on space travel. Hlus-
trated.

Exploring by Satellite: The Story
of Project Vanguard, by Franklyn M.
Branley (Crowell, 1957)—Illustrated
story of rockets and satellites, explain-
ing specifications. characteristics, orbit-
ing, and spaceflight problems. Ages
eleven to twelve.

Space Satellite: The Story of Man-
Made Moons, Lee Beeland and Robert
Wells  {Prentice-Hall, 1957 )—Illus-
trated story of satellites, inside and
out, and the laws governing their
orbiting. Explains atmospheric layers
of air blanketing world. Ages eleven
to twelve.

The Next Fifty Billion Years, by
Kenneth Heuer (Viking, 1957)—An
astronomer explains the universe and
what our future may be in space.

—Capt. James F. SuspERMAN
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Avco

makes things

better
for America

Aveo is a builder of quality products for
the commercial'economy and high-
performance military systems for national
defense. Gas turbine and reciprocating
aireraft engines, electronics systems, farm
implements, kitchen components and

the Nose Cone for the Air Foree Titan
Intercontinental Ballistic Missiles

are being produced by Aveo loday.

There are many products that identifv
Aveo, All of them display distinguishing
characteristios of Aveo workmanship. ..
gkill, dependability, resourcelulness,
And Aveo's first order of buziness is
to make things better for America.
THIS IS AVCO
Aveo today iz a diversified organization
whose products include aireraft power
plants and structures, electronies fo
defense and industry, and specialized
home and farm equipment.

Aveo's divisionz and subsidiaries are;

Lycoming—aviation, marine and industrial
power plants . . . Crosley—electronics
gystems and aireraft structures. ..
Research and Advanced Development . ..
American Kitchens . . . New Idea and
Ezee Flow—specialized farm equipment

« » . Crosley Broadeasting Corporation . . .
AMoffats Limited (Canada)—commercial
gas and heating equipment.

Avco makes things better for America

Avco Manufacturing Corporation
420 Lexington Avenue, New York, N. Y.




- TWO OF A KIND

the worlds fastest!

The world’s fastest and most luxurious passenger plane, Convair's Jet 880,
is a companion achievement of the world's most spectacular bomber— Convair's
supersonic B-58. Superior speed is only one indication of the over-all superior
performance and passenger appeal of the Convair Jet 880—a significant
jet age achievement for airline operators and travelers alike!

CONVAIR

A DIVISION OF GENERAL DYNAMICS CORPORATION

Among airlines to first offer Convair B80 Jet-Liner service will be TWA, DELTA, TRANSCONTIMENTAL, 5.4. { Argenting), REAL-AEROVIAS [ Brazil)




