


tells the whole story... with impact

miniature

tape recorder

ACTUAL SI2

newest new product from Inet!

Testing under severe environments ... in extremely limited space? Inet's rugged new
Miniature Tape Recorder simultaneously records data on 1 to 14 in-line channels, never

loses a record because it's built to survive high impacts.

Here are the features to look for: precision in-line recording head; adjustable motor
speed and tape tension; molded rubber pressure roller and driver wheels; and precision

ball bearings at both ends to support all revolving parts.

Weighs just 24 ounces and operates at tape speeds of from lA to 15 inches per second

in a temperature range of — 50°F. to +200°F. Among its applications: in-flight and

static tests; atmospheric, blast, explosion, and wind tunnel studies; and acceleration

and actuation tests. Write today for complete specifications.

^^^^ LOOK
INET DIVISION
18435 S U SANA

DISTRICT OFFICES AND FIELD REPRESENTATIVES IN PRINCIPAL CITIES OF U. S. AND CANADA • EXPORT: LEACH CORP., INTERNATIONAL DIVISIO
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Crosley
helps put the
"Sunday Punch"
in POLARIS

Making sure the Navy's Polaris missile

detonates at the right time and at

the right place is a prime responsibility

of Avco's Crosley Division.

A long record of success in the arming

and fuzing of many different types of

ordnance brought Crosley the Navy
Ordnance Laboratory's prime contract

for this difficult assignment.

Since first undertaking the task, Crosley

has expanded its Polaris development

work, without once losing step in

the demanding Polaris timetable.

Arming and fuzing is just one area

in which Crosley contributes to

the development and performance of

missiles. It is the country's leading

producer of Command Receivers for

missile-range safety applications and

for high-performance drones and decoys.

It is an important subcontractor to

Hughes Aircraft on the Falcon missile.

Crosley also has contributed to the

development of the Jupiter, Sergeant

and Redstone missiles.

Crosley's technical competence,

dependability, and coordinated project

administration are ready to serve the

Free World's defense requirements

wherever needed most.

For more information, write to:

Vice-President, Marketing—
Defense Products, Crosley Division,

Avco Corporation, 1329 Arlington Street,

Cincinnati 25, Ohio.

Creative research and .,v
development engineers exper- jfc
ienced in electronics, mechanics^^M
weapons systems, and ordnance

"
warheads are urged to investigate ,

the wide range of opportunity $k
at Crosley. Write to: Director,

Technical and Scientific Personnel,

Dept. M-79E, Avco/Crosley,

1329 Arlington Street, r"

Cincinnati 25, Ohio.

ENGINEERS!



CAE...
PRODUCER

J69-T-29
1,700 Ib.-thrust mddel
drone applications. The new
engine has 60% more
with only a 6% increa

weight. It is presently

ering the Ryan Q-2C target

drone which recently under

went successful flight

J69-T-25
Latest power plant for

the Air Force T-37A twin-

jet trainer manufactured

by Cessna, the J69-T-25

has increased thrust to

1,025 lbs.

Continental's TC-106 turbine air com-

pressor, developed in conjunction with

the United States Air Force, is now
available for ground support of jet age
aircraft. The unit, supplying low pressure

air, is especially suited to engine starting,

cabin air conditioning and actuation of

electrical generating equipment for

ground operations of the aircraft.

CONTINENTAL AVIATION & ENGINEERING CORPORATION
12700 KERCHEVAL AVENUE, DETROIT IS, MICHIGAN

SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION
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COVER: upstream view of the

No. 2 cooler of the Unitary

Plan Wind Tunnel at the Lewis

Flight Propulsion Laboratory,

NASA facility at Cleveland,

Ohio.

EARTH'S inner and outer radia-

tion belts, named for Van Allen,

are shown in a new artist's con-

ception. (See the Astrophysics

report, p. 43.)

TEST firing of individual H-l
engines is carried out at Rocket-

dyne's Propulsion Field Labora-

tory in the Santa Susana Moun-
tains. (See the report on liquid

engines, p. 53.)

POWERFUL Titan ICBM is

readied for static testing at one
of Martin-Denver's four static

test stands. (M/R's annual mis-

sile encyclopedia is included in

this issue—see p. 137.)

missiles and rockets
MAGAZINE OF WORLD ASTRONAUTICS

y ANNUAL ENGINEERING PROGRESS ISSUE

Astrophysics: The Van Allen Belts Discovery Most Important
U.S. has obtained more fundamental scientific information from
its satellites than the Soviets have gained with heavier payloads.

By Dr. Robert Jastrow, NASA 43
Missile Support: The Bigger Problems Coming with Larger
Vehicles
Army Corps of Engineers has the responsibility for solving most
of the engineering difficulties ahead. An interview with Maj.

Gen. E. C. Itschner, Chief of Engineers 48

Instrumentation: A Fertile Field for New Applications
Promising areas include microminiaturization, solid-state physics

and communications technology. By Robert J. Jeffries, President,

Data-Control Systems, Inc 51

Liquid Engines: Emphasis Remains on Power, Simplification

and Reliability

Cheaper oxygen-jet fuels will be dominant for some time because

of tremendous consumption of rockets being designed. By Roy
Healy, Rocketdyne 53

Astrometry: A Vital Program Is Still Lacking Support
Continuous location of spacecraft will demand more equipment

and development of new methods for using it. By Dr. Douglas

Duke, Radiation, Inc 56

Control, Guidance and Navigation: Propulsion Imposes Design
Inventiveness is needed most in prime problem areas of components
hardware. By S. S. Edwards, W. C. Griffith and J. I. Osborne, Lock-

heed Aircraft Corp 63

Space Medicine: Not Keeping Pace With Engineering
Several new sciences must be developed before man can travel

safely through great distances in space. By Dr. T. C. Helvey,

Radiation, Inc 68

Astrionics: A Host of Tough Challenges
A survey of strides made by the electronics industry to meet its

Space Age assignment—and how they will bring new markets.

By David R. Hull, vice president, Raytheon Manufacturing Co.,

and president, Electronic Industries Association 76

Electric Propulsion: Much Theoretical Work Is Started
Although experiments are still in early stages, results so far are

encouraging. By Dr. Ernst Stuhlinger, ABMA 83

Materials: Heat Remains the Major Problem
An examination of the broad environmental criteria which under-

line the need for comprehensive R&D. By Lt. Col. Frederick C.

Krug, ARDC 90

ANNUAL MISSILE ENCYCLOPEDIA
A comprehensive illustrated listing of U.S., allied and Soviet

missiles 137

NEW MISSILE PRODUCTS
Reynold's New Aluminum Back-up for Aluminum
Welding 107

THE MISSILE WEEK
Washington Countdown 21

Industry Countdown 29
More About the Missile Week 105

DEPARTMENTS

Contract Awards 127

Propulsion Engineering ... 128

Letters 129

When and Where 135

People 179

Guest Editorial 184
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HIGH
integrated hurricane hunting

A sky-high vantage point will be the key to the detection

of spawning hurricanes over vast ocean areas such as the

Caribbean Sea. Weather satellites equipped with special

sensing devices will be able to report cloud patterns and

rising columns of warm moist air which indicate the

formation of these tropical storms.

Alerted by satellite information, weather reconnaissance

aircraft will be dispatched to investigate the hurricane

area. These aircraft, with the Bendix AN/AMQ-15 system,

will employ high altitude rocketsondes, dropsondes,

aircraft sensors, and cloud and storm radars to measure

the meteorological and geophysical parameters that

make it possible to predict storm intensity and motion.

Measurements of weather phenomena relayed from the
{

AN/AMQ-15 system will be combined with data from

land-based weather stations and upper air sites. These data

will be integrated and processed by advanced weather

computing centers to yield forecasts essential to military

operations, commercial aviation and our civilian life.

Advanced weather and geophysical forecasting is the.

ultimate objective of the AN/AMQ-15 system and related

projects being carried out at the Bendix Systems Division.'

These programs, air defense projects and the kALrba

Air-to-Air Missile program, will provide the integratea

systems of tomorrow. Opportunities are available tor

better engineers and scientists also looking to the future.

Bendix Systems Division
ANN ARBOR, MICHIGAN
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JPJRECISION ...ON A SPACE-HIGH PEDESTAL

Reeves has pioneered in the development of extremely high

precision two- and three-axis antenna pedestals for

fire control, guidance and tracking systems. Reeves-engineered

pedestals and related electronic assemblies, including

servo systems and computers, are production-ready in types

for both land-based and shipboard applications. The

pedestals provide continuous rotation in azimuth, with angular

travel in the remaining two axes designed to meet particular

requirements. Accuracies in the order of 0.1 milliradians can be

achieved, with rates of 10 degrees per second, or higher.

REEVES INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America

Roosevelt Field, Garden City, New York

Qualified engineers who are seeking rewarding
opportunities for their talents in this and

related fields are invited to get in touch with us.

page projects of tomorrow are part of the picture at

and rockets, July 20, 1959 Circle No. 5 on Subscriber Service Card. 7



The PLANE
America's newest production

bomber, the Convair B58
Hustler. This delta-wing jet

employs an area-ruled fuse-

lage for supersonic regime

efficiency, and has reportedly

been flown in excess of Mach 2

at 50,000 feet. Engines are

four J 79's, in pods below the

wings.

The PROBLEM
Sealing and cushioning vacu-

um tubes in cooling air ducts

for the B58 Fire Control Sys-

tem, designed and produced

by The Emerson Electric

Manufacturing Company. Dif-

ficulties involved include heat

—the sub-miniature tubes

operate as high as 350 F—
and severe cold when the units

are inactive during flight.

Protective material must
stay resilient despite these

extremes.

TOP VIEW

SILASTIC
AIR DUCT SEAL

SILASTIC
TUBE GROMMET

The

v SILaSTIC
Tubes and other electronic equipment

in the B 58 are cushioned by molded

parts of Silastic®, the Dow Corning

silicone rubber. Silastic stays

rubbery, has excellent electrical

properties.

TYPICAL PROPERTIES OF SILASTIC MOLDED PARTS

Temperature range, °F —130 to 500

Tensile strength, psi 600 to 1400

Elongation, % 150 to 500

Electric strength, volts/mil ... 300 to 500

For further information write DepL 7619.

1 Kdow Corning
HHHP CORPORATION

MIDLAND. MICHIGAN -
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BURST PRESSURE

OPERATING PRESSURE: 6000 psi.

AEROQUIP ANNOUNCES VERY HIGH PRESSURE

678 PNEUMATIC HOSE LINES OF TEFLON

roquip makes a major contribution to safety in the handling of very

|h pressure air, helium, nitrogen and other gases for missile charging

terns. Newly developed and now available is rugged 678 Hose of
:LON, rated for 6000 psi. service . . . with a 4-toA safety factor.'

With an inner tube of TEFLON, which has zero moisture absorption

d an anti-adhesive surface, Aeroquip 678 Hose allows fast, easy
rging and dehydration. The hose has superior resistance to vibration,

v volumetric expansion and high temperature resistance. Return the

(upon for complete information.

Aeroquip 678 Pneumatic Hose of Teflon

Hose part number 678-6 678-8

Hose size I.D. .312 .437

Hose size O.D. .609 .812

Oper. press., psi. 6,000 6,000

Burst press., psi. 24,000 24,000

Bend radius at pressure 5 10

All dimensions in inches

eroquip

Aeroquip Corporation, Jackson, Michigan

Please send me a copy of Engineering

Bulletin AEB-23.

AEROQUIP CORPORATION, JACKSON, MICHIGAN
EROQUIP CORPORATION, WESTERN DIVISION, BURBANK, CALIFORNIA

AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN CANADA. U.S.A. & ABROAD

Teflon is DuPont's trade name for its tetrafluoroethylene resin

rssiles and rockets, July 20, 1959 Circle No. 7 on Subscriber Sorvlco Card.



BORESIGHT ACCURACY TO Hs M IIXIRADIAN ? SEE BRUNSWIG

Brunswick-built radomes are set-

ting new highs not only for strength-

to-weight ratios, but accuracy as

well. The reasons for the accuracy

are simple: Brunswick has the test

facilities and know-how that are

•Without peer in the industry. Three

radome ranges which automatically

detect boresight error to an accu-

racy of Ms to Vis milliradian are now
in full operation at Brunswick.

Soon to be in operation: two 1,000-

foot ranges, manually operated,

that will assure even more refined

accuracy, detecting errors as small

as 5 seconds of arc. Also, as an aid

to design, quality control and main-

tenance of electrical tolerances,

Brunswick is currently utilizing a

one-horn interferometer for accu-

rate IPD measurements and correc-

tions before final range testing.

Behind these extensive test faci

ties operates an engineering te£

skilled in both detecting and I

recting boresight error. To lea

how this combination of faciliti

and engineers can give you uniqui

accurate, tough and lightweight

domes, write to: Brunswick-Ball

Collender Company, Defense Pr<

ucts Division Sales Manager, 17

Messier St., Muskegon, Michigs

BRUNSWICK
MAKES YOUR IDEAS WOh



AIR FORCE ROCKET POWER
with pressure vessels by Butterworth in

the instrumentation and launching systems

In the launching system for the Air Force's Bomarc, pressure

vessels custom-designed and custom-built by Butterworth

assure precise volumetric control of liquid nitrogen.

Pressure vessels by Butterworth meet the most rigid require-

ments for high and low temperature operation. Butterworth

experience in the design and building of molds for Naval solid

propellants is also available to prime contractors in the missile

and rocket field.

Talk to a Butterworth engineer. Or write for "The Butterworth

Story", a quick-tour of our complete metalworking facilities.

BUTTERWORTH
Division of VAN NORMAN Industries, Inc.

Metalworking for Industry Since 1820

H. W. BUTTERWORTH & SONS CO. • BETHAYRES, PA.

le No. 9 on Subscriber Service Card.



Now! Cool through

the thermal barrier

with FLAMEMASTIC!
The high-heat insulating material proved in actual production for 5 years

/

Now, provide positive protection and high-heat insulation for

metal surfaces with FLAMEMASTIC. For five years, FLAME-
MASTIC has been used exclusively on one of the major produc-

tion missiles. Also applied extensively on allied test and launching

equipment. Protects against high-velocity combustion heats, rang-

ing from 3000°F upward. Gives positive protection for electronic /

equipment. Readily applied by conventional methods. !

NEW! 1-154 CERAMIC CONVERSION COATING /
High temperature protection. High dielectric. Spray, brush or /

dip with conventional equipment. /

/

For additional information on
Flamemastic, write or wire:

I D YNA -THERM
I Chemical Corp.
I

Culver City, California
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Finest "in house" programs anywhere

When you work in AC's instrumentation business, AC
Joffers free comprehensive training programs that will

rielp you grow professionally and enhance your status,

pust look at these opportunities . . .

Program A—for recent graduate engineers— gives you

a solid foundation in the theory and application of

jinertial guidance systems and servomechanisms. You
pttend classes three hours per day for four months,

all on company time.

Program B—for experienced engineers— consists of up-

grading studies in inertial guidance, servomechanisms,

environmental problems, engineering math and physics,

jplus advanced state-of-the-art courses. Time—during

[working hours or evenings.

Program C—for all engineering supervisors— involves

management training developed by a team of AC
executives and University of Chicago industrial relations

experts. Sixty one-half-hour sessions give you a solid

grounding in management techniques.

These thoroughly practical courses—taught by univer-

sity professors or recognized AC specialists— constitute

AC educational "extras." AC offers them in addition

to their educational assistance programs for men who

wish to study for degrees in nearby universities.

You may be eligible for training

If you are a graduate engineer in the electronics,

electrical or mechanical fields, or if you have an ad-

vanced degree in mathematics or physics, you may be

able to participate in these programs while you work

on AC's famous AChiever inertial guidance system or

a wide variety of other electromechanical, optical and

infra-red devices.

For more details, just write the Director of Scientific and

Professional Employment: Mr. Robert Allen, Oak Creek

Plant, Dept. H, Box 746, South Milwaukee, Wisconsin.

Inertial Guidance Systems • Afterburner Fuel Controls • Bombing Navigational

Computers • Gun-Bomb-Rocket Sights • Gyro-Accelerometers • Gyroscopes

Speed Sensitive Switches • Speed Sensors • Torquemeters • Vibacall • Skyphone

SPARK PLUG

nissiles and rockets, July 20, 1959

THE ELECTRONICS DIVISION OF GENERAL MOTORS
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LAVELLE
SPECIALISTS IN

ROCKET, MISSILE,

JET ENGINE,

AIRFRAME AND
ELECTRONIC

COMPONENT
FABRICATION

Sheet metal parts and assemblies precision

welded, machined, and processed to your speci-

fications by certified men, methods and ma-

chines ... of stainless steel, titanium, aluminum,

and heat resistant, high strength nickel alloys.

Weldments fabricated by resistance, inert gas

shielded arc, metallic arc and oxyacetylene

welding. X-ray, Zyglo and Magnaflux methods

of non-destructive inspection are used to estab-

lish and control weld quality.

Services include engineering, production plan-

ning, tool making, sheet metal fabricating facili-

ties, machine shop, anodizing, painting and

quality control.

For components requiring precision fabrication,

quality workmanship, dependable delivery . . .

at reasonable cost . . . contact Lavelle.

Write for illustrated brochure de-

scribing Lavelle's services in detail.

lavelle FLAME HOLDERS • EXHAUST

LAVELLE AIRCRAFT CORPORATION • NEWTOWN, BUCKS COUNTY, PA. NOZZLES • TAIL pipes •

between Philadelphia, Pa., and Trenton. N.J. FUEL MANIFOLDS

14 Circle No. 12 on Subscriber Service Card. missiles and rockets, July 20, 195$
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..in mass production for over I years!

More than 150 proven explosive valve de-
signs ready for production and 26 models
now in mass production provide Conax with
the greatest accumulation of experience in

this type of hardware.

Aluminum or stainless steel, Conax Explosive

Valves operate by firing a small, completely self-

contained explosive squib.

Light weight, minimum envelope, "normally

closed" Conax Explosive Valves provide dead-

tight shut- off before firing and are used for in-

definite storage of gases or liquids up to 10,000

psi. Upon firing, flow passage is completely

opened in .002 seconds.

"Normally opened" Conax Explosive Valves,

when fired, completely stop flow of gases or

liquids.

Uetouched photographs above show a few of the
tlusands of Conax Explosive Valves that have
Win made to highest aircraft standards and put
Hp operation on missiles.



A NEW HIGH

JET ENGINE TURBINE DISC — MATERIAL: INCO 901

T.S. Y.S. E.l. R.A.

175,000

150,000

Y.S.

.2%

128,000

100,000

S.R.

1200° F.

80,000 Ib./sq. in.

225 hrs.

23 hrs.

JET ENGINE TURBINE SHAFT— MATERIAL: WASPALLOY
Reproducible Properties

T.S. Y.S.

.02%
E.l. R.A. S.R.

1350° F.

70,000 Ib./sq. in.

196,200 131,706 23 32 71 hrs.

Spec. 160,000 90,000 15 18 23 hrs.

IN METALLURGICAL
PROPERTIES FROM
EXOTIC METALS

t engine components made from

Cameron forgings have hit a new

^
high in forming and in metallurgical

refinements, developing not only

room temperature properties 20%

ovei specifications but, more im-

portantly, producing these same

oyer-specification values at elevated

emperatures.

With our special forging techniques,

one heat and one push produce

uniform properties from surface to

center, and from hub end to flange

end. Even in high density alloys,

interesting economy is effected.

Favorable billet to finished forgir

weight ratio means lesvOt-trie expen-

sive material is u$ed in each opera-

tion. Becaus^of improved grain

structure ajld close controls through-

out the /pntire process, it

qualities/are excellent.

All th/s, of cour

rs a better

and economi

ing comf

tion values

the two jet turb^ierotating

component shown—let us sf

what we cak do with your problem;

forgings -jusr^CALL, WRITE, or

COME BY

RON WORKS, INC.

SPECIAL PRODUCTS DEPARTMENT*

P. Q. Box 1212, Houston, Texa»



PRODUCT SUPPORT ENGINEERS
Urgency-Speed-Reliability. These words describe Convair-
Astronautics' top-priority program of activating Atlas ICBM
bases throughout the United States. Included in this immense
task is the job of training Air Force personnel, developing and
producing hundreds of technical manuals and providing

technical assistance to the Air Force. The Product Support depart-

ment at Astronautics is responsible for this assignment and to fulfill

it must double in size within the next two years. Engineers qualified

to participate in this long-range program will find excellent growth
opportunities in the following areas:

CUSTOMER TRAINING- Service Training Instructors—Engineers

with degrees in ME, AE or EE, or equivalent hardware experience

are needed to prepare and conduct continuing 4-6 month courses

to Air Force personnel on the Atlas ICBM. This training will in-

clude classroom theory and hardware manipulative skills to a high

level of proficiency.

Service Training Planners — Men with 2-5 years experience in the

planning of industrial and/or armed services training programs are

needed for the planning, preparation, editing and publishing of

training material for the Air Force. This assignment will also in-

clude training standards, syllabuses, lesson plans and training

projects.

TRAINER DESIGN —Trainer design engineers (electronic and
mechanical) with degrees in ME, AE or EE are needed to design

simulators to be used in the training of Air Force personnel on
the Atlas weapon system.

FIELD SERVICE — Engineers, preferably with degrees in ME, AE
or EE, and field or in-plant hardware experience are needed to act

as technical representatives to the Air Force on the Atlas ICBM.
Most assignments will be at Vandenberg AFB, Santa Maria, Calif.

There will be other assignments as additional Atlas bases become
operational. A limited number of San Diego openings also exist

in the areas of Field Service Support. A field service bonus of

$210.00 per month is authorized for field assignments in excess of

six months. Per diem paid for assignments under six months.

TECHNICAL WRITING - Engineering degree preferred, plus 1-3

years of technical writing experience. Assignments include the writ-

ing of engineering reports, maintenance manuals and operation

manuals.

Our engineering representatives will be conducting

INTERVIEWS
in these cities soon:

• Syracuse • Albuquerque • El Paso • Los
Rockford • South Bend • Salt Lake City •

• Washington • Chicago • New Orleans
• Indianapolis • St. Louis • Fort

Philadelphia • Boston • Oklahoma

Schenectady • Utica

Angeles • Dayton •

Cleveland • Denver
Hagerstown • Milwaukee
Wavne • San Francisco

A 7g

City • Pittsburgh • Youngstown

Call our permanent recruiting offices — in Detroit, LI 9-3038; in

New York, EL 5-3550.

Qualified Product Support Engineers are urged to send a detailed

resume at once so advance arrangements can be made for a confi-

dential interview. Write to Mr. T. W. Wills, Engineering Personnel

Administrator, Department 130-90.

CONVAIR/ASTRONAUTICS
CONVA1R DIVISION OF

GENERAL DYNAMICS
5519 KEARNY VILLA ROAD. SAN DIEGO. CALIFORNIA
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STRAIGHT TALK TO ENGINEERS
from Donald W. Douglas, Jr.

President, Douglas Aircraft Company

I've been asked whether non-aeronautical engi-

neers have good prospects for advancement in

the aviation industry.

The answer is yes, definitely ! At Douglas many
of our top supervisory people have moved up from

other engineering specialties. The complexity of

modern aircraft and missiles requires the greatest

variety of engineering skills known to industry.

For example, we now have pressing needs for

mechanical, structural, electrical and electronics

engineers in addition to aerodynamicists, physi-

cists and mathematicians. Whatever your back-

ground in the engineering profession may be,

there are prime opportunities in the stimulating

aircraft and missiles field.

Please write to Mr. C. C. LaVene

Douglas Aircraft Company, Box 620-R

Santa Monica, California

18 missiles and rockets, July 20, 195'



itwifl OFFERS YOU MORE

ACTUATORS
Your choice of advanced designs

WITH MORE PRECISE POSITIONING AND

DYNAMIC RESPONSE CHARACTERISTICS

1542 & 1544 SERIES

DOMOTOR POWERED

ACTUATORS

Two types, "Direct
Thrust" (illustrated)

or "Lever" units are

available for any ap-

plication requiring
accurate positioning
in response to a pneu-

matic signal, such as
butterfly valves,
dampers, turbines
and engine governors.

Guaranteed position-

ing accuracy of better

than O.0O1" per inch

of stroke over the
complete range of
piston travel is com-
bined with a smooth
operating action that

provides an accurate,

stable output force.

600 SERIES

STROKE POSITIONING

ACTUATORS

Offered primarily for

the control of variable

speed drives, rheo-

stats, pumps and
cams, as well as con-

trol valves, with
strokes up to 6 inches

and forces up to 2510
pounds of thrust.
Compact and rugged,

for easy mounting on
existing equipment.
May be operated from

a standard 3-15 psi

instrument signal,

with a positional ac-

curacy within 0.001"

per inch of stroke.

10,000 SERIES

PNEUMATIC-HYDRAULIC

ACTUATORS

For valves requiring

strokes to 6 inches
and thrusts to 100,000

lbs. Furnished on
body assemblies
where process condi-

tions require very fine

valve response, hi-

speed and stability.

Operate on 1500 psi

oil su pply system
from any common in-

strument air signal.

20,000 SERIES

ELECTRO-HYDRAULIC

ACTUATORS

Provide a means of

converting an electri-

cal signal to a power-

ful hydraulic position-

ing force, where high

speed of response
and stable operation

are required under
extreme conditions of

pressure differentials,

high velocities and
large volume loads.

TOGGLE ACTUATORS

For process requirements where the un-

balanced forces are extremely high, or

where large through-puts are required.

Three types are offered: pneumatic
positioning, pneumatic on-off, and
manual control, all embodying the tog-

gle actuator; or a manual control ar-

rangement can be combined with the

pneumatic positioning or on-off toggle

actuator.

Write for Bulletin 1236-ST

nam v
THE ANNIN COMPANY

1040 S. Vail Avenue, Montebello, California
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fortkeconquestofspace

opment of second and third genera-

tion strategic, tactical, and air de-

fense missiles.

Significant, too, is the "potential

performance of storable combina-

tions. Research points to energy yields

as high as 400 seconds of altitude

specific impulse—performance 20 per-

cent higher than that of today's com-

binations. These high-energy yields

will offer new capabilities and greater

flexibility for America's scientific and

military programs.

Stepping stones to Space

Rocketdyne has designed and built

much of today's operating hardware
in the high-thrust rocket field. En-

gines by Rocketdyne power most of

the military and scientific projects

"MISSION ACCOMPLISHED:
DEPARTING LUNA 2205 ZEBRA"
This message, flashed across a quar-

ter-million miles to Washington, D.C.,

will be awaited anxiously by millions.

But even then our first expedition to

the moon will still face its most cru-

cial test— the journey home to earth.

The success of that trip will depend

in large part on rocket propellants—
fuels and oxidizers that will have been

stored for days in the tanks of the

expeditionary vehicle and yet will re-

spond instantly when needed.

Storable liquid propellants is one of

the fields in which Rocketdyne has

anticipated the future. For more than

ten years, its propellant chemists have

toeen studying, engineering, and test-

ing combinations of storable fuels and

oxidizers for greater storability and
higher energy.

Storability PLUS high energy

Rocketdyne has tested these combina-

tions in all production and experimen-

tal engines. The results prove that to-

day's storable fuels and oxidizers have

these important capabilities:

(1) High performance, even after

months or years of storage; (2)

Stability over a wide temperature

range, permitting storage in missile

tanks without rigid environmental

controls; (3) Dependable perform-

ance, predictable even at extremes of

heat and cold; (4) Instant readiness

for firing at any time during the stor-

age period; (5) Energy yields equal

to or higher than those of conven-

tional propellant combinations.

Second-generation missiles

The tests also prove that engines

developed for conventional propellants

can be converted to storable combina-

tions rapidly and inexpensively — a

significant consideration in the devel-

POWER FOR AMERICA'S MISSILES

Thrust chamber production

line for Thor and Jupiter

at Rocketdyne's Neosho,

Mo., facility moves smoothly,

sponsored by Air Force, Army, and

NASA. This experience now becomes

the point-of-departure for tomorrow's

journeys into the unknown.

FIRST WITH POWER
FOR OUTER SPACE ROCKETDYNE I*

A DIVISION OF NORTH AMERICAN AVIATION, INC.
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Washington Countdown

IN THE PENTAGON

Which military service will run . .

.

the new satellite detection fence is up for

decision at the Pentagon's top levels. The
command could encompass all U.S. military

tracking facilities around the world. All three

services want the job.

• • •

Recent Soviet 'Zooniks' . .

may have soared some 1000 miles into space

before returning to earth. The Russians aren't

saying, but this is the educated guess of a

number of U.S. experts. The flights obviously

are aimed at collecting data on survival in

space.

• • •

Pentagon sources complain . .

.

that the GAO—Congress' fiscal watchdog

—

is stepping out of bounds in checking up on

military expenditures. They say GAO is not

only checking up on fiscal matters but also

making judgments on the reliability of

weapons.

• • •

No extensive delays . .

.

in the Discoverer satellite schedule are now
expected to result from recent failures. ARPA
and the Air Force had planned to launch

Discoverer V about the end of July. The shot

is expected to be a full equipment checkout.

No wildlife.

• • •

Behind the scenes an AF fight . .

.

is shaping up over handling of weapon

systems development. The trend appears to

be moving toward greater centralization. A
top-level AF committee is studying the

question.

ON CAPITOL HILL

The House-cut NASA budget . .

.

probably will stay cut—at least in part. But

NASA appears to have little to worry about.

Whatever dollars are lost in the first round

are fairly certain to be regained by slipping

them into a FY '60 supplemental appropria-

tions bill later on.

The Hebert Subcommittee
investigation . .

.

into hiring of ex-military officers by defense

contractors is scheduled to get down to spe-

cifics in its new round of hearings. Among
other things, the subcommittee wants defini-

tions of such activities as "selling," "pro-

moting," and "negotiating."

At NASA

Would an astronaut die . .

.

if the Convair Atlas designed to boost him
into space exploded on the launching pad and

the Mercury escape system failed to blast him
free? NASA experts say no. The heat-resistant

escape capsule would save him anyway.

• • •

But, incidentally, the strain . .

.

of the ride to safety in an escape capsule is

nothing to look forward to. If the Mercury

capsule is blasted free from ground level, the

astronaut will have to sustain as much as

20 g's for about one second.

• • •

Testing of Big Joe . .

.

the boiler plated capsule mounted on top of

an Atlas, will begin in late summer. The

shots, which will test the capsule's heat shield

on re-entry, have been delayed because of

the recent defects discovered in the Atlas

vehicle.
• • •

Chrysler's Jupiter may be put back . .

.

in the Mercury program for budgetary rea-

sons. NASA would like to use Atlases for the

early Mercury tests. But cheaper Jupiters may
have to be used because of congressional

cuts in NASA's budget.

AROUND TOWN
Some of the reports . .

.

that are being passed as the "latest" in the

nation's capital:

. . . The French will explode their first

A-bomb in a matter of months and begin

developing nuclear warheads for missiles.

. . . Officials are worrying about a new
Red power play in troubled Latin America's

Possible Soviet goal: missile bases at America's

back door.

. . . Top civilian scientists fear they see

a trend back toward starving civilian federal

research programs in favor of military re-

search.
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with precision
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"When critical pressures must be delivered or measured, Consolidated

Systems are on the job, surpassing design specifications. Digital pressure

measurement for windtunnels, automatic calibration of pressure transducers,

missile propellant systems checkout wfth accuracies of one part in 2,000.

these are being accomplished day-in and day-out, with precise pressures

delivered at the turn of a dial. This typeBof performance is available for your

application. Write for the complete story in Bulletin 3018-X5.

Consolidated Systems

CONSOLIDATED ELECTRODYNAIVH0SE300 N. Sierra Madre Villa, Pasadena, Calif.

FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL

Pressure transducer calibration system
controls and measures pressures from
25 pickups in ranges from 1.5 to 500 psi.

Linearity, hysteresis, zero, and sensi-

tivity characteristics are determined at

a specified temperature in 2H minutes.

22

Propellant Utilization System Exerciser

checks missile system performance by

generating precise pressures for fuel

and oxidizer channels at preselected

points. Twenty-one similar systems
are now in use at missile test sites.
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Circle No. 18 on Subscriber Service Card. >



EXPLOSIONPWW
'»"""

'umiooimooosi

submitted to Co^.^
C'

f revolutionary
new Cole se«

b^e^
with up to 1000 X^rational requirements

difficult
environmental andJ rt>

^puters,

for aircraft,
missiles,^^ equipment,

nuclear,
electronic and

electn
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Whatever your connectorP^^de the

SelfIhgning Gr configuration

practical solution elubemade.

with any number
of conta ^ amp _

Four pin capacities^
stainless ,

phenohcs,

^tf EI-ECTRICCO.
™ fdif. UP 0-4701

Tested to 100 Gs
In recent tests conducted by Wyle
Laboratories of El Segundo, Calif.,

Model B-3106 Cole Connectors
were subjected to vibration scan
from 5 to 2000 cps. Each connec-
tor contained 15 contacts, wired

in series. At vibrations up to 100
Gs amplitude there was no evidence

of contact opening. Noise levels

were exceedingly low. Full test re-

port available on request.



Energy conversion is our business

The concept of energy availability

in all its ramifications is becoming
ever more important to Allison's

energy conversion mission.

Current projects involving this con-

cept include electrochemical con-

version systems (for satellites, space

systems, and perhaps even your
future automobile), heat regenerator

systems and photolysis regenerators.

In our inquiries we rely not only on
our own resources but also on the

talents of General Motors Corpora-

tion, its Divisions, and other organi-

zations and individuals. By applying

this systems engineering concept to

new research projects we increase the

effectiveness with which we accom-
plish our mission — exploring the

needs of advanced propulsion and
weapons systems.

WtiTLLISON
24

Division of General Motors, Indianapolis, Indiana
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Bendix* has long been a leader in supplying controls and fuel systems for all types
of aircraft engines. Today, Bendix is proving to be a natural for new challenges
in related missile fields—on ramjets, rockets, nuclear power, and other advanced
propulsion systems. So, when it comes to controls, remember that Bendix has the
background—and is anxious to share it in solving your problems. REG. U.S. PAT. OFF.

BENDIX™T SOUTH BEND, IND.
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For Control of Accidentally Ignited Missiles

. . . Fire Detector-Water Injection Nozzle

Missiles are among the most
destructive weapons in our fast-

growing arsenal. Their storage,

particularly aboard naval craft,

creates critical problems. So
Grinnell and the Navy collabo-

rated on the development of this

Fire Detector - Water Injection

Nozzle. This device is actuated

by shock waves should fire start

in a missile booster. Then, almost

instantaneously, the nozzle deliv-

ers a stream of water to control

or extinguish the burning.

The same experience in solving

tough fire problems is available

to you. Let Grinnell be respon-

sible for the fire protection on

your next installation—whether

it requires standard equipment,
or special development work.

Remember, Grinnell's specialty

is fire protection . . . with a back-

ground of successful research,

engineering, manufacturing
and installation for 89 years.

Grinnell Company, Providence 1,

Rhode Island.
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GRINNELL
Research, Engineering, Manufacturing and Installation of Fire Protection Systems since 1870
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When man first steps into the vehicle that will carry

him into outer space, it will be with complete

confidence.

He knows that he can rely on the extensive testing

and preparations that have gone before. Flexonics

has played a vital part in these preparations— engi-

neering, designing, and manufacturing metal and

synthetic components and systems for hydraulic,

pneumatic, liquid oxygen, and fuel applications on

America's best-proved missiles and aircraft.

You can draw on this unequalled experience, too,

by contacting your Flexonics sales engineer.

Thin wall ducting • Flexible hose: metal, synthetic, Flexon-T (Teflon) • Gimbal, pin, and link joints

Metal bellows and expansion joints • Special-formed stainless steel parts

AERONAUTICAL DIVISION
FLEXONICS CORPORATION -14 14 SOUTH THIRD AVENUE • MAYWOOD, ILLINOIS

Divisions

INDUSTRIAL HOSE • EXPANSION JOINT - BELLOWS • AERONAUTICAL • AUTOMOTIVE
Flexonics Research Laboratories, Elgin, Illinois

In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario
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A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY

scientists -investigate outstanding opportunities at Aerojet. (Plants at Azusa and near Sacramento, Calif.)
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Industry Countdown

STRUCTURES

Satellite rendezvous . .

.

system is being researched by Norair Division

of Northrop Corp. Concept is to permit man-
euverable manned satellite to couple in space

with life support satellite in permanent orbit.

Hook-on would be effected through target

satellite controlled approach (TSCA)—space

version of aircraft ground controlled approach,

or through maneuverable satellite landing sys-

tem. MSLS would utilize search-and-track

radar beacon aboard target satellite with pilot

performing terminal phase guidance and
coupling through visual observation.

• • •

'Super' Hawk . .

.

is under research and development by the

Army. On the operational Raytheon-built

Hawk low-flying anti-aircraft missile, the

Army is planning to spend an additional $127
million in FY 1960. Plans call for 15 Hawk
battalions—13 operational in mid- 1961.

• • •

Reports are current in France . .

.

that De Gaulle hopes to get help from Boeing

in producing a solid-fuel IRBM of his own.

Advisors have told him that the cost, plus

production of an atomic warhead would be

a prohibitive 18 billion francs (about %Wz
billion) or more. The French almost-ready

atomic bomb is presently uncomfortably large

for an aircraft, let alone a missile warhead.

• • •

Government recognition . .

.

of the missile industry won't be possible for

at least two years. It takes that long to make
the change in the Standard Industrial Classifi-

cation of the Census Bureau. Argument is

under way now whether missiles should be

classed as ammo/ ordnance, lumped together

with aircraft or treated separately in the 1958

census of manufacturers listing dollar value of

contracts. This will be published in 1960.
• • •

Total of $384 million . .

.

so far has been awarded The Martin Co.
Denver Division for design, fabrication and
test of Titan ICBM. Recently, ARPA chose

modified first stage of Titan as second stage

of 200-foot, 1.3 million pound thrust Saturn

space vehicle.

• • •

Timetable for missile cruiser . .

.

Long Beach to be ready for action is early

1961. The Talos- and advanced Jemer-carry-

ing nuclear-powered warship was launched

at the Bethlehem Steel Co. shipyard in Quincy,

Mass., on July 14. Outfitting will take until

late next year.

PROPULSION
Dynasoar propulsion . . .

systems proposals are being reviewed by Source
Selection Board composed of AMC, ARDC
and SAC officials. Boeing concept would use
Atlas or Titan to blast off the boost-glide

space vehicle, while Martin-Bell proposes us-

ing Titan only.

• • •

Saturn at lift-off . .

.

will weigh about 580 tons—500 of it fuel.

Booster for the 1.3 million pound thrust

vehicle is cluster of eight H-l Rocketdyne
engines.

• • •

In pop-up tests . .

.

of full-scale mockup Polaris at San Clemente
Island, Calif., Lockheed is using 186-foot

barge-mounted crane to catch the instrumented

missile in the air. Operation is called "fish-

hook."

ELECTRONICS

Western Electric has won . .

.

the $25 million-plus NASA contract to con-

struct the Project Mercury world-wide track-

ing range. On the Western Electric team are

Bell Telephone Laboratories, International

Business Machines, Bendix Aviation Corp. and
Burns and Roe, Inc. Formal contract negotia-

tions will begin this week.
• • •

Improved Azusa Mark II . .

.

tracking system is being readied by Convair
Astronautics for installation soon at Cape
Canaveral under $1.7 million contract. Azusa
circuits presently are aboard Thor, Jupiter,

Polaris, Atlas and Titan. Mark II, which em-
ploys continuous microwave signal showing

velocity and position, will be installed in sec-

ond generation missiles and space vehicles.

ASTROPHYSICS

The Czechs are setting up . .

.

an astronautics commission in the country's

Academy of Sciences. But reports from the

Iron Curtain country say the commission will

not participate in any satellite or rocket launch-

ings. Activity will be confined to optical,

photographic and radio observation of cosmic

activity.

• • •

"Moon garden" of snap beans . .

.

carrots and turnips is being grown in pres-

surized vessels by Republic Aviation re-

searchers. Project is aimed at determining the

feasibility of growing crops to support a lunar

base. Results so far indicate that little germina-

tion results in seeds planted in simulated alti-

tude of 46,000 feet.
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Low cost, versatile DIGITAL SYSTEMS
for automatic testing of

transistorsm resistors M diodes

and capacitors

Small E-I automatic digital systems pro-

vide many advantages. First, they cost less.

This is primarily the result of large-quan-

tity manufacture of modules which make

up the E-I system. Cost is almost a linear

function of performance capabilities

desired in the system.

Second, they are exceptionally versatile.

The E-I system can be expanded simply

by adding appropriate modules. Typical

systems presently in use measure resist-

ance, capacitance, DC and AC voltages,

DC/DC ratios, AC/DC ratios, AC/AC
ratios and combinations of these. Meas-

urements to four or five digits can be vis-

ually displayed and printed out at rates up

to five readings per second. Operation can

be semi- or totally automatic with go/no

go comparison of values and programmed

readout at periodic intervals. Scanners can

be provided for scanning thousands of

single and multi-wire input channels. In

brief, the E-I system has an extensive

scope of operating capability.

Third, E-I systems provide unmatched

reliability. Where practicable, circuits are

totally transistorized. The use of etched,

plug-in circuit boards, and modular inter-

nal construction make maintenance checks

and in-plant repairs easy.

Typical E-I system for evaluating components-

includes 100 channel input signal scanner. Can digi-

tize DC voltage, resistance, AC voltage and DC/DC

voltage ratio analogs. Digital equivalents are recorded

on strip printer for "quick look" data and on punch

paper tape for additional data reduction by digital

computer.

Lower cost, maximum versatility and

greater reliability— if you want these 1

advantages in your component test sys-

tem, contact your nearest E-I representa-

tive. He can give you complete informa-

tion or answer any specific questions you

may have.

Electro Instruments, Inc. 3S40 AERO COURT
SAN DIESO 11, CALIF.
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he 28" diameter Scaife missile motor case shown
bove was laboratory-tested to 230,000 p.s.i. minimum
eld without permanent deformation. Here is another

riking example of how Scaife's missile metal parts

<now-how", combined with the most modern manu-
Kturing techniques—such as the famed Reverse-Draw

rocess—have advanced missile frontiers over the past

decade. Today, as higher specific impulse propellants

gain wider use, Scaife's progress in developing the right

"hardware" becomes even more important to your R&D
and Production programs. For full information on what
Scaife is doing right now to achieve even higher yields,

and how this important break-through can benefit you,

telephone EMerson 2-2 1 00, or write today.

OUNDED IN 1S02 • O A K M O N T (PITTSBURGH), PA. A DIVISION OF WILSON BROTHERS

INDUCER OF THE GREATEST NUMBER OF HIGH PERFORMANCE' MISSILE MOTOR CASES IN AMERICA



PMR Outlines Plans To Spend $30 Million

by Robert Mount
Special MlR Correspondent

Oxnard, Calif.—Pacific Missile

Range development of downrange and

coastal facilities moves into high gear

this fiscal year with $30 million in ex-

penditures authorized.

Island facilities at Eniwetok, Wake,
Kaneohe Bay, Midway and Kwajalein

are under way, and some modification

of the tracking station at Ka Lae, South

Point, Hawaii, may also be in the cards.

In addition, PMR will develop new
instrumentation facilities at Point Mon-
tara, near San Francisco; Granite Can-

yon, on the Monterey Peninsula; Pied-

ras Blancas, west of Paso Robles; Point

Pillar, south of Point Montara; and at

Laguna Peak, next to Pacific Missile

Range Headquarters, Point Mugu.
Expenditures at PMR headquarters

itself this year will total about $18 mil-

lion, with nearly $10 million more ear-

marked for Point Arguello develop-

ment. Launching pads for the Air Force

Cleveland—An 80-inch saucer-

shaped beryllium disc has been forged

for heat-sink service in the Project

Mercury space capsule.

A 50,000-ton press at the Alcoa

plant here squeezed a steel-jacketed

beryllium billet into the shape desired

at a temperature of 2000° F. Brush
Beryllium Co. hot-pressed the 62-inch

billet by a patented process involving

simultaneous application of vacuum,
heat and pressure.

After preliminary machining by
Brush, Alcoa heated the billet in a

special furnace. Then a huge manipu-

lator placed it on a pre-heated die and

project, WS-117L (Project Sentry) are

under construction at a contract cost

of over $5 million at Point Arguello.

Sentry is the advanced reconnaissance

satellite, still listed in Air Force re-

leases under that name. It will utilize

Convair's Atlas for a booster and a

Lockheed-developed satellite stage.

• For the islands—Island develop-

ment planned this year includes:

• Eniwetok—Communications data

link with Wake Island, to handle mis-

sile impaction location data, $317,000.

SOFAR MILS (Sound Frequency and

Ranging/ Missile Impact Location Sys-

tem) installation, $435,000. Sounding

rocket facility to obtain high-altitude

meteorology data, $22,000. Such data

are essential for operations involving

nose cone re-entry and missile impact

data collection.

• Wake Island—Expansion of Fed-

eral Aviation Agency transmitter build-

ing, $93,000, needed because ICBM
target area is near Wake Island and im-

pressed it to 3 inches thick. The forged

part goes back to Brush for precision

finish machining, after which Alcoa

will perform ultrasonic inspection.

The shield will form part of the

outside covering of the capsule, for

which McDonnell Aircraft Corp. is

prime contractor. The shield will be

the leading face of the chamber on the

return to earth. The piece is one of a

series of beryllium forgings Brush and

Alcoa will produce for Mercury. Beryl-

lium was chosen because it is only a

fifth the weight of steel and is an

excellent heat absorber.

pact data must be transmitted. Wake
is one of several PMR stations in what
eventually will become Naval Missile

Facility Western Pacific. Another $190,-

000 will be spent here for civilian bach-
elor quarters this year.

• Midway—SOFAR MILS installa-

tion, $435,000.

• Kaneohe Bay—SOFAR MILS in-

stallation, $486,000. PMR Hawaiian
Islands communications center located

at this Marine Corps Air Station will

cost another $123,000.

• Ka Lee, South Point, Hawaii—
Although no money is explicitly earn

marked for this site, recently acquired

from the Air Force in a transfer, it has

been reported that this deep space;

tracking station may be modified to in^

crease its ICBM tracking capabilities.

• On the coast—Instrumentation

along the West Coast budgeted for this

year includes:

Instrumentation stations with port-

able communications and tracking

equipment at Point Montara, Granite

Canyon and Piedras Blancas, to cost

a total of $423,000.

At Point Pillar, the Navy will con-

struct permanent instrumentation facilj

ities costing $545,000, and $63,000

more in photographic and calibration

instrumentation for air-to-air and ain

to-surface missiles.

A new remote monitoring buildinf

atop Laguna Peak, near PMR head*

quarters at Point Mugu, will extend

monitoring coverage to the Los Angele)

Basin, presumably to refine current cap)

abilities for frequency screening and

interference control.

At Point Mugu, the following majoi

construction is planned:

Roads, $3 million; missile projec

building, $2.9 million; armament tes>

project building, $2.4 million, whicl

may herald transfer of some armament

system studies from Patuxent River

Md., to Mugu; PMR headquarter}

building, $1.8 million, to house about

600 administrative and operations perj

sonnel by 1961; parking facilities and

flight aprons, $1.1 million; instrumental!

tion facilities $750,000; frequency con

trol facilities $580,000.

At Point Arguello, planned inter!

service and inter-agency launch site foil:

PMR, the following are approved: I

Roads and facilities, $5 million

security facilities, $955,000; centra

launch control building and missile asli

sembly building, each costing $873,0001

multipurpose Marine detachment quarl

ters $410,000; range users' engineerinj

building, $400,000; second unit of radii]

receiver station, $238,000; operationaj 1

computer center, $233,000; ordnano;

assembly building, $200,000; publii !

works shop, $150,000; launch site sup jl

port, $65,000.

missiles and rockets, Jury 20, I95'|
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Only marman makes all four!

UCTING...BELLOWS...JOINTS...VALVES

NOW YOU GET COORDINATED ENGL BERING AND MANUFACTURING FROM ONE SOURCE

Let Marman simplify your problems of designing and
procuring duct assemblies for missile fluid systems.

Marman provides highly competent, start-to-finish

engineering assistance. And, only Marman manu-
factures the full range of components required to

produce complete duct assemblies for low, medium
and high performance systems.

i
DIVISION

Marman's wide experience and extensive facilities

assure expert fabrication of ducting, bellows, joints

and valves into precision assemblies. Engineering and
manufacturing facilities are coordinated to meet your

lead time requirements. To get full information, return

the coupon below.

Aircraft Sales Department
MARMAN DIVISION. Aeroquip Corporation

11214 Exposition Blvd., Los Angeles 64, California

Please send me full details on Marman Duct Assemblies.

eroquip^Corporation

I 11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA
;

IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO
jwman Products are Covered by U.S. and Foreign Patents and Other Patents Pending

Name-

Title—

Company^

Address

City-
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Tomorrow's dialing will be out of this world
J

Global telephone calls via satellites brought nearer by a new ITT electron tube

From the nation-wide resources of ITT
Laboratories has come the ultimate de-
velopment in a unique electronic ampli-
fying device called the travelingwave tube.

A four-foot version pioneered by ITT
for the Armed Forces can transmit as
many as 100,000 telephone messages
simultaneously!

Telephone Exchanges in the Sky
Now a miniaturized type is to be pro-
duced by ITT Components Division

—

small enough for satellites, where its

amazing message capacity could be
utilized to relay thousands of dial tele-

phone calls to points around the globe.

ITT traveling wave tubes of many
sizes are already in use in major areas of
telecommunications, and in radar, mis-

sile guidance, electronic countermeas-
ures, microwave radio, and television.

Pioneers in Electron Tubes

ITT Components Division, backed by
experience almost as old as the electron

tube industry itself, also manufactures
Iatron® tubes that can display informa-
tion, store it for days, erase it at will;

photo multiplier tubes that convert light

into an electrical signal and amplify it

millions of times; image converter tubes
for infrared applications, and tubes
that give sharp eyes to our radar warn-
ing systems.

Other ITT tubes include types for

industrial power, rectification, and
radio-TV broadcast transmission.

In the free world today, nine ITT

System companies are developing and
building electron tubes for hundreds of

essential and sophisticated tasks—in

laboratories, industry, global communi-
cations, and national defense. For infor-

mation, write ITT Components Divi-

sion, Clifton, New Jersey.m
. . . the largest American-owned world-wide

electronic and telecommunication enterprise,

with 101 research and manufacturing units, 14

operating companies and 130,000 employees.

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad Street, New York 4, N. Y.

ITT COMPONENTS DIVISION • ITT FEDERAL DIVISION • ITT INDUSTRIAL PRODUCTS DIVISION • ITT LABORATORIES • 1NTELEX SYSTEMS INCORPORATED
A I RM ATI C SYSTEMS CORPORATION - KELLOGG SWITCHBOARD AND SUPPLY COMPANY • ROYAL ELECTRIC CORPORATION • AMERICAN CABLE & RADIO
CORPORATION • FEDERAL ELECTRIC CORPORATION ITT COMMUNICATION SYSTEMS, INC. • INTERNATIONAL ELECTRIC CORPORATION • INTERNATIONAL

STANDARD ELECTRIC CORPORATION • LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES
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giving

the

"breath of life"

to

solid propellants!

. TRONA ...first and

foremost

source of supply

for AMMONIUM
PERCHLORATE

Advances in solid propellant technology have

depended on Ammonium Perchlorate from American

Potash & Chemical Corporation since the very beginning.

First in the field with this essential oxidant, AP&CC was

for many years the only domestic producer of ordnance-

grade NH4CIO4. Today, with a growing network of

strategically located plants and increased technical

knowledge, Trona still leads the industry. Supporting the

big tonnage production of Ammonium Perchlorate at

Henderson, Nevada is the new Sodium Chlorate plant at

Aberdeen, Mississippi, making AP&CC the free world's

largest producer of NaClOs. If a guaranteed source for

Ammonium Perchlorate and the very latest in technical

developments, gained through years of experience in this

field, are important to your process and products, contact

your nearest AP&CC sales office today.

Ammcm Potash & Chemical Corporation

3000 WEST SIXTH STREET, LOS ANGELES 54, CALIFORNIA

99 PARK AVENUE, NEW YORK 16, NEW YORK

SALES OFFICES: Los Angeles • New York - San Francisco • Portland (OreJ

Chicago • Atlanta • Shreveport • Columbus (0J.
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CW INTERCEPT RADAR
Continuous Wave Airborne Intercept Radar is

superior to pulse radar for detecting low-flying tar-

gets. Even using special techniques, pulse radar

echoes from low-flying targets are obscured by

ground clutter. However, the unique character of

Doppler-shifted frequencies distinguishes the target

signal from ground clutter.

The intercept radar locks on and tracks the target

Doppler frequency by means of an automatically

positioned narrow bandpass filter. This bandpass fil-

ter also rejects most of the noise, clutter, false signals

and interference, thereby assuring top system per-

formance.

This CW intercept radar is one of the many interest-

ing developments engineered in Raytheon's Maynard

Laboratory.

PROFESSIONAL ASSOCIATION WITH A FUTURE
Raytheon has excellent openings for qualified engineers and turing engineering of complex electronic equipments. Please

physical scientists with BS or advanced degrees. Positions write Donald H. Sweet, Government Equipment Division,

are available in systems, development, design or manufac- Raytheon Company, 624 Worcester Rd., Framingham, Mass.
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Engineering Laboratories: Wayland, Maynard, Sudbury, Mass.; Santa Barbara, Calif.

Manufacturing Facilities: North Dighton, Waltham, Mass.

GOVERNMENT EQUIPMENT DIVISION

zxcellence in Electtonics LAND SEA AEROSPACE
missiles and rockets, July 20, I'



NOTABLE ACHIEVEMENTS AT J PL . . .

PIONEERING IN SPACE RESEARCH

rAnother important advance in man's
lowledge of outer space was provided
' Pioneer III. This, like many others of a

'ntinuing series of space probes, was
^signed and launched by Jet Propulsion

boratory for the National Aeronautics

•''id Space Administration. JPL is admin-

itered by the California Institute of

fchnology for NASA.
IDuring its flight of 38 hours, Pioneer III

was tracked by JPL tracking stations

for 25 hours, the maximum time it was

above the horizon for these stations.

The primary scientific experiment was

the measurement of the radiation en-

vironment at distances far from the Earth

and telemetering data of fundamental

scientific value was recorded for 22 hours.

Analysis of this data revealed, at 10,000

miles from the Earth, the existence of a

belt of high radiation intensity greater

than that observed by the Explorer

satellites.

This discovery is of vital importance as

it poses new problems affecting the dis-

patch of future vehicles into space. The

study and solution of such problems

compose a large part of the research and

development programs now in extensive

operation at the Laboratory.

(PORTUNITIES NOW OPEN
I THESE CLASSIFICATIONS

CALIFORNIA INSTITUTE OF TECHNOLOGY
JET PROPULSION LABORATORY

A Research Facility operated for the National Aeronautics and Space Administration

PASADENA, CALIFORNIA

APPLIED MATHEMATICIANS . ENGINEERING PHYSICISTS . COMPUTER ANALYSTS . IBM-704 PROGRAMMERS
AERONAUTICAL ENGINEERS . RESEARCH ANALYSTS . DESIGN ENGINEERS . STRUCTURES AND DEVELOPMENT ENGINEERS
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RE-ENTRY

EST.

WYMAN-GORDON IS FORGING RE-ENTRY SHIELDS

Copper in production

Beryllium in limited production

Reinforced plastics in development

ALUMINUM MAGNESIUM STEEL TITANIUM BERYLLIUM MOLYBDENUM COLUMBIUM
AND OTHER UNCOMMON MATERIALS

WORCESTER, MASSACHUSETTS
HARVEY . ILLINOIS GRAFTON. MASSACHUSETTS FRANKLIN PARK. ILLINOIS

DETROIT. MICHIGAN FORT WORTH
, TEXAS LOS ANGELES. CALIFORNIA
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METALS FOR MISSILES...
Armco PH Stain l<

PH 15-7 Mo
17-7 PH
17-4 PH

These special Armco Stainless Steels, developed specifically for air-
craft and missiles, are used for missile airframes, tanks, power plants
and accessories because they:

• possess high strength-weight ratios up to 900-1000 F.
• can be readily fabricated by standard methods.
• resist corrosion without plating or painting.
• are commercially available in all forms.
• can be hardened by simple heat treatments.
• have been proved by performance.

For complete information on the properties and fabrication of Armco's
Precipitation-Hardening Stainless Steels, write to Armco Steel Cor-
poration, 1499 Curtis Street, Middletown, Ohio.

ARMCO STEEL
Armco Division • Sheffield Division • The National Supply Company • Armco Drainage & Metal Products,
Inc. • The Armco International Corporation • Union Wire Rope Corporation • Southwest Steel Products
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NNOUNCES A NEW
ECIALIZING IN PRODUCTS
ACE AGE

OFFICE OF ADVANCED RESEARCH. Basic re-

search is conducted in areas of long-range com-
pany interests, with special emphasis in the
fields of atomic and molecular physics, physical
chemistry and atmospheric physics.

NEW 200-ACRE ENGINEERING AND RESEARCH CENTER. An artists' con-

cept of Aeronutronic's new 20-million dollar Research Center

under construction at Newport Beach in Southern Cali-

fornia. Here, Ford resources provide the finest facilities for

carrying out complete engineering, research and prototype

manufacturing operations on advanced projects. Over 40

government and commercial programs are now underway at

the new Center and at other Aeronutronic facilities nearby. RANGE SYSTEMS OPERATIONS provides total

capability to study and plan missile range in*

strumentation and to staff and manage com-
plete missile range operations for U. S. military

and civilian agencies.

TjAL WEAPON SYSTEMS OPERATIONS. The
Ctji of TWSO is to research, develop and
lUcture tactical weapons for the military
liw. Under development now is the Army's
•nlion SHILLELAGH surface-to-surface
ie missile system.

COMPUTER OPERATIONS is engaged in re-

search, development, manufacturing and
marketing of computer components and com-
munications systems for military and commer-
cial use. New products developed are revolu-

tionizing present data processing techniques.

SPACE TECHNOLOGY OPERATIONS is devoted
to solving problems dealing with man's new
frontier. Typical development programs include
satellite communication, ICBM detection, space
vehicle design and research rockets, such as
Project Far Side.

For information regarding interests,

fUlities, products or positions, write to

l^eronutronic, a Division of Ford Motor Company,

"d\oad, Newport Beach, California.

itlTARY AND INDUSTRY IN SCIENCE AND TECHNOLOGY
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SPACE MINDED
ENGINEERS and

SCIENTISTS

Excellent opportunities for growth are available to qualified Engineers and Scientists, who

can contribute to the fulfillment of recently awarded long term contracts in the

Development of Space and Armament Systems

Openings in many fields, including:

ADVANCED BOMBING SYSTEMS

SPACE FLIGHT CONTROL SYSTEMS

MISSILE GUIDANCE SYSTEMS

SPACE COMPUTERS

These Space Age Projects will be of particular interest

to Engineers and Scientists with professional training

and interest in: Space Flight Mechanics • Weapon Sys-

tems Evaluation • Analysis Of Performance Require-

ments* Operations Analysis -Advanced Digital Computer

Development ' Advanced Inertial Systems Development

• Study Of Advanced Sensors • Missile Trajectory Analy-

sis • Synthesis Of Aerospace Systems

For Further Details

Please Contact

MR. J. W. DWYER,
Employment Manager

SPFRRV
GMOSCOPf C0MP4M

Division of Sperry Rand Corp.

GREAT NECK,

LONG ISLAND, N.Y.

FIELDSTONE 7-3665
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\strophysics Progress . . .

Van Allen Discovery Most Important

U.S. has obtained more fundamental scientific

information from its satellites than the USSR

from its instruments in heavier payloads

KBITS OF trapped particles, from the paper published by

oermer in 1913: Orbit A shows a particle injected into the

diation belt at a large angle to direction of the local mag-
tic field; Orbit B, particle injected at small angle. (Fig. 1)

INNER AND outer radiation belts in space. Outer belt pene-

trates into the atmosphere at the latitudes of the auroral zones.

Zones are indicated by light bands across the surface of the

earth. (Fig. 2)

by Dr. Robert Jastrow

j
Washington—The first step toward

re exploration of space occurred ap-

]
oximately 22 months ago as a part of

le International Geophysical Year. In

lb short interval since October, 1957,

i te new tools of research, the satellite

;d the space rocket, have produced
> l[o unexpected results of fundamental
i Sientific importance.

First, instruments placed in the Ex-
prer satellites by James A. Van Allen

lve revealed the existence of layers

( energetic particles in the outer at-

mosphere. This discovery constitutes the

most significant research achievement

of the IGY satellite program. The
layers may provide the explanation for

the aurora and other geophysical

phenomena, and they will also influ-

ence the design of vehicles for manned
space flight, whose occupants must be
shielded against their harmful biologi-

cal effects.

Second, the shape of the earth has

been determined very accurately with

the aid of data from the first Vanguard
satellite. As a result of this investiga-

tion, we have found that our planet

tends toward the shape of a pear, with

its stem at the North Pole. This dis-

covery may produce major changes in

our ideas on the interior structure of

the earth.

Each of these discoveries was made
with the aid of a U.S. satellite having a

payload with a weight of approxi-

mately 10 pounds. It is a remarkable

fact, and to the credit of the scientists

responsible for the design of these

small satellites, that they could be con-

structed to yield so much information

per pound of instruments. It can be

reasonably stated that we have ob-

tained more fundamental scientific in-

formation from our satellites than the

U.S.S.R. from its instruments, and on a

per pound basis our yield of informa-

tion has been amazing.

Of course, this is not to say that

we could not have done even more in

this first stage of space exploration, if

heavier satellites had been available.

In addition to these two results of

greatest fundamental importance, both

the U.S. and the U.S.S.R. space research

programs have also yielded other in-

teresting data on the properties of the

ionosphere and on the density and tem-

43

About the Author
Robert Jastrow, 33-year-old geophysicist and nuclear

theorist, is chief of the Theoretical Division and chairman of

the Lunar Explorations Working Group of the National

Aeronautics and Space Administration.

Jastrow, who was graduated from Columbia College at

the age of 18 and won his Ph. D. at 22, has lectured in

physics at Columbia, Cooper Union, Leiden {the Nether-

lands), California, Yale and Maryland universities. He has

been a member of the Institute for Advanced Study at Prince-

ton, N.J., and consultant to the U.S. Naval Research Labo-
I'ory, the Convair Division of General Dynamics, and the Los Alamos Scientific
i boratory. Jastrow joined NASA in 1958.

i
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what are the particles? . . .

perature of the upper atmosphere.

• Trapped particles—The discovery

of an intense zone of radiation in the

outer atmosphere was first reported by

Van Allen and his collaborators at the

State University of Iowa on May 1,

1958. at a meeting of the National

Academy of Sciences in Washington.

Van Allen's results were confirmed by
Sputnik data released by the U.S.S.R. at

the Moscow IGY conference early in

August, 1958. The zone discovered by
Van Allen is commonly called a radia-

tion belt, but the term is a misnomer
because it is really a belt of particles

rather than radiation.

We shall begin with a few remarks

on the general features of the Van
Allen particles. They are known to be

electrically charged (probably a mix-

ture of electrons and protons), be-

cause their intensity follows precisely

the shape of the earth's magnetic field.

A magnetic field acts on charged par-

ticles, but it does not have an effect on
neutral particles and radiation.

Also, we know from a great deal

of theoretical research, going back to

papers published by the Norwegian
physicist Stoermer a half century

ago, that charged particles can be

trapped in the earth's magnetic field in

orbits in which they spiral about the

lines of magnetic force, traveling back

and forth between the north and south

magnetic poles. Fig. 1 shows typical

orbits of trapped particles, reproduced

from the original paper which Stoermer
published in Videnskapsselkapets Skrif-

ter in 1913. The particles can stay in

these trapped orbits for very long

times, perhaps as long as several years

if they are at altitudes of one thousand
miles or more. The trapped particles

are injected into the outer atmosphere
at an exceedingly slow rate, but because

they stay there so long the total num-
ber of particles in the atmosphere will

still build up to very large values. That
is the key to the formation of the Van
Allen layer.

The Pioneer 111 space rocket

showed that the layer actually consists

of two separate zones, as shown in

Fig. 2. Each zone contains particles

with energies varying from approxi-

mately 20 000 to several million volts

or more. There may be an appreciable

number of particles at still lower en-

ergies, but these could not have been

detected with the instruments flown

thus far.

It is found that the particles only

appear in appreciable numbers above

200 miles in the northern latitudes and

above 600 miles over the equator, and

have a maximum density of about 1

per cubic centimeter. However, the

Russians have reported Sputnik III re-

sults which suggest that in or near the

auroral zone, the outer belt may reach

a density of 100 particles/cm at an

energy of 10,000 volts.

• Protons or electrons?—The com-
ponent at the lower energies probably

consists of electrons. The more ener-

getic particles are protons or a mixture

of protons and electrons. In the inner

zone, the penetrating particles have

been definitely identified as protons

with energies up to one billion volts,

according to the results of an emulsion

experiment recently conducted by
White and Freden of the Livermore

laboratory. The concentration of ener-

getic particles is greatest in the inner

zone, but is still only 0.1 per cent of

the density of soft electrons in that

zone.

The inner zone is peaked at an alti-

tude of 2500 miles. The outer zone

has a maximum at an altitude of 10,-

000 miles, and extends into space to a

distance of approximately 35,000 miles

from the center of the earth.

Until recently, we did not know the

mechanism that produced the two

zones. This problem of the origin of

the zones was the subject of a very

lively debate, marked by high atmos-

pheric temperatures, at a recent con-

ference sponsored by the NASA The-

oretical Division. However, it is now
believed, on the basis of a prelimi-

nary report by Van Allen on the

Pioneer IV results, that the outer

layer is produced by particles coming
from the sun. The surface of the sun

boils and bubbles in a very active man-
ner, occasionally emitting large gusts

of plasma or charged particles into the

solar system. The Pioneer IV flight

came immediately after 5 days of con-

tinuous and unusually intense solar ac-

tivity of this sort, and showed radia-

tion intensities in the outer zone which

were many times greater than those

measured in the Pioneer III space

rocket. The Pioneer III flight had oc-

curred in a time of solar quiet. The
difference between the radiation levels

measured in the Pioneer III and IV
flights definitely establishes that the

outer zone is fed by particles from the

sun.

It is not yet precisely clear how the

outer zone is built up by the solar

streams. It may consist of the actual

solar particles which have been trapped

near the earth by the geomagnetic

field, or it is possible that the sola

stream produces the trapped particle

indirectly by collisions with air atom:

The NASA schedule of rocket an

satellite launchings includes exper

ments which will indicate which c

these theories is correct.

• Cosmic ray reflection?—The cans

of the inner zone has not yet been dt

termined, but the available theoretic!

evidence indicates that at least som
of the particles in this belt are produce!

by the beta decay of cosmic ray neu

trons, as suggested by Christofilos, b

Singer, and by the Soviet physici:

Vernov. The observations by Fredei

and White also support the hypothesj

that the inner belt is produced by co:,

mic rays. The Freden-White data it

dicate that the number and energ,

distribution of the energetic prototj

are in good agreement with what w

expect from the beta decay of fa

neutrons.

The presence of a gap between tl

two zones still presents a serious prol

lem. On the hypothesis of beta-de«

for the inner zone and a solar orig

for the outer zone, we would expei

the inner zone to rise smoothly ini

the outer, and it is difficult to expla

the finding of a minimum in radiatic

intensity between the two. In this co

nection an interesting suggestion w
made at the NASA conference by D
Dessler of the Lockheed Missile ai

Space Division, who pointed out th

there is an irregularity in the geoma
netic field which may be described

a hole or depression in the magnet

contours. He pointed out, further, th

i

the lines of force passing through tit

irregularity are located at the positkj

of the gap between the zones. Wh<i

particles are trapped on these lines 1

force in the magnetic field they desceij

to lower altitudes than would be til

case in a perfect dipole field. At tl

lower altitudes they pass through
|

denser atmosphere and are rapidly i|

moved from the radiation zone.

• Geophysical effects—As Fig. 2 ii

dicates, the particles in the outer zo|

are funnelled into the Arctic and Ail

arctic by the concentration of the nul

netic field near the north and sot

poles. The outer zone dips down ir

the atmosphere in these regions a

disturbs the normal conditions whi

exist at other latitudes. Two exampi

will indicate the consequences of f

interaction between the trapped pi

tides and the atmosphere.

First, we are rather certain that t

aurora horealis and the aurora aust

lis result from the excitation of 1

Arctic and Antarctic atmospheres

collisions between air atoms and I

particles trapped in the outer zone.

Second, the trapped particle zoi

44 missiles and rockets, July 20, I?



(plain the recent surprising discovery

lat the air at high altitudes is warmer
i the arctic than in the temperate

jnes. This discovery was made by the

lalysis of experiments performed in

.S. rockets at the White Sands missile

inge in Arizona, and at the Fort

hurchill range in the Canadian Arc-
c. The rocket measurements indicated

lat at altitudes above between 90 and
tO miles the air over Fort Churchill

is a temperature of approximately

)00°F., as compared with a relatively

>ol 2000°F. over Arizona.

We can understand these tempera-
re differences as a result of heating

oduced by collisions between the

ipped particles in the outer zone and
e atoms and molecules of the upper
mosphere. The Van Allen data, sup-

emented by Sputnik III results and
r rocket measurements performed by
e Naval Research Laboratory and the

ate University of Iowa, provide

i opportunity to make a quantitative

l it of this heating mechanism. With
is aid of the rocket and satellite data,

Harris of the NASA Theoretical Di-
>ion and the author have carried out
ilculations that show that collisions

th the Van Allen particles must
i use an increase of several thousand
igrees in the temperature at the cen-
r of the auroral zone, in qualitative

ireement with the observations.

Thus we see that the trapped par-
He layers provide the explanation for
i number of geophysical phenomena.
J is this geophysical significance of the
I pped particles that makes their dis-

cvery so important to fundamental
i iearch.

• Radiological hazard—The trapped
jjrticle layer has an additional signifi-

cice for space technology in that it

Hiy constitute a serious radiological
Izard to the personnel of future man-
i J space nights. In order to determine
t: biological exposure level produced
I the layer, we must know the ener-

ip of the trapped particles, and
Aether they consist of electrons, pro-
tp, or heavier particles. Detailed
aswers to these questions should be
ppvided in the future by further ex-
rfiments now in preparation. The
4a available at present tell us only
th the exposure levels appear to be
whin the range from 2 to 50 roent-
His for personnel in a vehicle passing
tjough the atmosphere to the moon
P outer space. These levels are far
how the estimated lethal dosage for
hpans, and they can be further re-
cited by body shielding. This problem
njy not be a major one in comparison
^h other uncertainties of the first

spce flights.

.

Of course, the exposure can be
Dch greater for personnel in a man-

iples and rockets, July 20, 1959

ned orbiting satellite. It may in fact be
necessary for the early manned satel-

lites to remain at low latitudes and
relatively low altitudes, below 400
miles, where the intensity of the radia-

tion belt is sharply reduced.
• Shape of the Earth—1958

—

Beta
2, the first Vanguard satellite, was
launched on March 17, 1958. Later in

1958, O'Keefe, Eckels, and Squires,

three scientists in the Theoretical Divi-

sion of the NASA Goddard Space
Flight Center, recognized certain

changes in the perigee height of the
satellite (orbital point closest to the

earth) that were contrary to the es-

tablished theory on the shape of the
earth. This theory maintained that the
earth had the shape of nearly perfect

sphere, flattened somewhat at the poles,

and bulging at the equator by about 12
miles as a result of the outward cen-
trifugal force produced by the rota-

tion of the earth. If the "flattened

sphere" theory were correct, the force
of gravity on the satellite would be
the same in the northern and southern
hemispheres. Actually, the orbit was
found to be different in the northern
and southern hemispheres. This indi-

cated that the earth was not symmetri-
cal above and below the equator as

previously indicated.

The new findings show that the sea

level at the north polar cap is raised
by about 50 feet above what has been
considered normal. At the solar polar
cap there is a depression of 50 feet in

the sea level. There are also small
changes of the sea level in the temper-
ate zones. The combined effect of

these variations is to give the earth a
tendency toward the shape of a pear,
with the narrow end in the Arctic and
the broad base in the Antarctic. A
schematic representation of the old

.
and the new shapes is shown below in

Fig. 3.

This result is not entirely new.
Without indicating his reasons, Colum-
bus stated in the 15th century that the
earth must be pear-shaped, as the fol-

lowing quotation proves: "... that
it is not round in the way they have
written, except that it has the shape of
a pear that is very round, except where
it would have a stem, where it is higher
..." (Henry Vignaud, Histoire
Critique de la Grande Entreprise de
Christophe Colomb, Paris, H. Welter,

1911.)

A 50-foot variation seems insignifi-

cant in comparison with the 4000-mile
radius of the earth, or even in com-
parison with the 12 mile difference be-

tween the polar and equatorial radii.

However, this change means that there

is an excess of matter near the North
Pole, or a deficiency at the South Pole,

sufficient to draw up the level of the

sea by 50 feet over an area the size of
the Atlantic Ocean. Such variations in

the distribution of mass imply very

large shearing forces in the interior of

the earth.

We may ask what can be the cause

of the pear shape. That is not known,
but we can make some interesting

guesses. For example, we know that

the earth is currently growing warmer.
It is possible that the Antarctic ice cap
has been decreasing in thickness faster

50 ft

50 ft.

ELLIPSOID PEAR SHAPE

SHAPE OF the earth from Vanguard satellite data: The drawing on the left represents

the old conception of the spheroidal earth, with a 26 mile difference between the

diameters at the pole and the equator. The figure on the left shows, in exaggerated form,
the effect of adding a pear-shaped component to the ellipsoid, as required to fit the

Vanguard data. In both drawings dashed circle represents an equivalent spherical earth

with equal volume. (Fig. 3)
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shape of geoid established . . .

than the earth beneath can bounce
back beneath the reduced load. That
would account for the depression at the

base of the pear.

The above result indicates that the

interior of the earth is not as plastic

as originally assumed. NASA scientists

have in fact concluded that a mechan-
ical strength at least as great as that

of a brick wall is required to support

the dome in the north and the varia-

tions in the southern hemisphere.

• Ionosphere propertie s—The
U.S.S.R. satellites have been the major
source of ionospheric information thus

far, primarily because these satellites

transmit on the relatively low fre-

quencies of 20 and 40 megacycles.

Low frequencies are poor for track-

ing purposes because the signals are

bent by the electrons in the ionosphere

during the course of their passage from
the satellite to the ground tracking sta-

tions, producing an error in the appar-

ent position of the satellite. At 40
megacycles the ionosphere produces an
average error of 6 miles in the position

of a satellite 600 miles from the ob-

serving station.

However, the bending that ad-

versely affects the low-frequency signals

for tracking purposes can provide valu-

able data on the state of the ionosphere,

provided the true position of the satel-

lite is known at all times. For example,

the difference between the true position

and the apparent radio position de-

pends on the number of atmospheric

electrons in the path of the signal from

the satellite to the observing station.

This effect has been used by several

scientists to measure the electron den-

sity in the ionosphere. The true position

can be determined by optical methods

if the satellite is sufficiently large.

Otherwise it can be done by combin-

ing a large number of radio observa-

tions for improved accuracy.

The U.S.S.R. satellite, Sputnik I, is a

particularly intriguing satellite for iono-

spheric studies because it transmitted

signals on both 20 and 40 megacycles

for an extended period. Excellent world-

wide recordings were obtained on both

frequencies during the radio lifetime of

this satellite. The ionosphere physicists

must know the true position of Sputnik

i in order to extract scientific informa-

tion from these records. Thus far the

U.S.S.R. has unfortunately not furnished

any detailed information on the orbits

of Sputnik I or the other Russian satel-

lites, although requests for this informa-

tion were made in 1958 at the IGY
conference in Moscow.

• Sputnik ephemeris—In the ab-

sence of orbit information from the

U.S.S.R., the Theoretical Division of

NASA has collected all available radio

observations and combined them

to produce an ephemeris, or table oj

true positions, for Sputnik I. Thii

ephemeris has an accuracy of only ten

kilometers in the position of the satel!

lite, but it is the best one available tij

American and European scientists a

the present time. The NASA ephemer^
for Sputnik I is being made available tij

all scientists in the U.S.A. and in othej

countries.

The Moscow IGY conference ini

eluded a Soviet report on ionospherkj

investigations, based on undisclosed

U.S.S.R. orbit data. Prof. Alpert of th

University of Moscow gave the resultj

of an analysis of the Sputnik I signals

which indicated that the upper layer o]

the ionosphere extends to much highe

altitudes than had been anticipated!

Alpert found the very important resulj

that the number of electrons above th

level of maximum density in the iono|

sphere is 3.5 times greater than tb[

number below the maximum. The elec

tron density profile obtained by Alper.j

is shown in Fig. 4, together wit 1

U.S.S.R. rocket data. The Alpert profllj

appears to be a reasonable represents i

tion of ionospheric densities unde,

average conditions.

The third U.S.S.R. satellite, Sputmi

III, has also yielded interesting ionoi,

sphere results obtained from a devic!

called the "ion trap." The ion trap ij

a spherical collector approximately 1

1

inches in diameter, attached to the surf
1

face of the satellite by an extendin;}!

rod 30 inches long. A negative voltag

is placed on the trap, drawing all near

by positive ions to it. The rate at whicl

the ions are collected is telemeter© i

automatically to the ground, and pro
j;

vides a measurement of the number oh

positive ions in the neighborhood oil

the satellite.

A few samples of the ion trap dat?

were presented at the Moscow cool

ference. They indicated that the ioif:

density values are in reasonable agree

ment with the electron densities measji

ured by Alpert, as shown in Figure 4j

As a by-product of the experiment, th|

ion trap also showed that Sputnik //|

acquired an appreciable negative chargl

in its passage through the ionosphere f

corresponding to negative potentials o§

several volts. An investigation by scienjii

tists in the NASA Theoretical Division

indicates that a satellite can be chargei ,

to still higher potentials, on the orde i

of thousands of volts, in those parts ojl

its orbit that extend into the region ojl

the great radiation belt. An extension:

of the calculations published in 195 (

by C. A. Pearse and the author show|t

that if the satellite is charged to kilcjj

volt potentials, it will be slowed dowi>

Electron Densities

1000

750-

uj 500

250 -

VARIATION of electron

density with altitude in

the upper ionosphere, as

determined from U.S.S.R.

rocket and satellite data:

The solid line represents

the electron density pro-

file obtained by Alpert

and his collaborators from

the analysis of Sputnik I

signals. The circles are

data obtained in U.S.S.R.

rocket flights, and the

square represents the

charge density measure-

ment derived from the

ion trap mounted in

Sputnik III. (Fig. 4).
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y an electrical drag force which is 10
> 100 times greater than the ordinary
srodynamic drag.

1 • Density and temperature—Direct
Jeasurements of the density of the at-

mosphere have been made by install-

ig ionization gauges in rockets. These
'easurements extend to an altitude of
l>0 miles. For altitudes above 150
iles the density has been measured in-

fectly, by analysis of satellite orbits,

be indirect measurements depend on
\e fact that the atmospheric drag
jrces acting on the satellite are pro-
prtional to air density. The drag forces

•luse a decrease in the energy and
terefore in the period of revolution of
Je satellite, which can be easily meas-
ljed and analyzed to give the average

f density in the orbit.

I The striking feature of the latest

rcket measurements of density is their

j eat variability with time of day, sea-

m and latitude. The data show that

; an altitude of several hundred kilo-

Kters the upper atmosphere is two
tries heavier in the day than at night,

tfd two times heavier in the summer
rjn in winter. During a summer day
£ arctic latitudes, where the "day" lasts

ijarly 24 hours, the density is four to
e±ht times greater than the density at

t; same time in the temperate zones.

J There appears to be a simple ex-
tlnation for all of these effects,

rmely, that prolonged exposure to the
sa heats the atmosphere and causes
aj upward expansion, producing very
like relative increases in the thin air

a high altitudes.

[
• Satellite drag variations—The sat-

eite density data also show large fluc-

ntions in addition to the systematic
Vriations described above. These fluc-

tuions are probably the result of at-

Dispheric heating produced by streams
oj energetic particles and radiation
Elm the Sun. Dr. Jacchia of the
rirvard Observatory has in fact dis-

Solar Effect on Satellite Drag

SOLAR FLUX ( 10.7 CM. WAVES

)

CORRELATION be-

tween solar activity and
satellite drag. In the

graph satellite drag is

plotted on the same base

with the observed flux of

solar radiation in the 10
centimeter region of the

spectrum. The 10 centi-

meter radiation is an ac-

curate measure of solar

activity. The figure dem-
onstrates a perfect corre-

lation of nrnima and
minima in the two curves.

(Fig. 5).

90 150 210 270 330 390
1958 DAYS

( FROM JAN. I )

covered that the apparently random
fluctuations are actually proportional to

the changes in the intensity of the 10-

centimeter radiation from the sun,

which constitutes an excellent measure
of solar surface activity. The correla-

tion between the satellite drag and solar

flux is shown in Fig. 5.

Jacchia has been able to eliminate

electromagnetic radiation as the source
of the drag variations, and has suc-

ceeded in identifying the heating effect

with the arrival of corpuscular streams in

the vicinity of the earth, following
major solar flares. The proof of this re-

sult is shown in a report recently pub-
lished by Jacchia in Nature. Fig. 6
shows that the drag increases observed

after two solar flares did not occur at

the time of the flares, but began ap-

proximately 1 day later at the same
time that the magnetic K index spurted

upward. A rise in the K index signi-

fies the onset of a magnetic storm, and
therefore the arrival of the relatively

slow-moving solar corpuscular stream
which accompanies the flare.

This beautiful demonstration of the

relation between upper atmosphere

properties and solar corpuscular streams

promises to open a new chapter in the

study of solar-terrestrial relationships.

I believe that in retrospect it will turn

out to be one of the most significant

results to come from the IGY satellite

program.

Drag Increase with Storms-
i r 1

1 1

FLARE /

i
i i

1 1

1 i

A SATELLITE DRAG

MAGNETIC INDEX

-

—

l 1 1—li 1 1 i
1 i i '-i r^-

July 4 8
1958

10

DAYS
12 14 16

CORRELATION of drag increases with

magnetic storms, following a major solar

flare: The time of occurrence of the flare

is indicated by an arrow. The onset of the

magnetic storm, which signifies the arrival

of corpuscular streams from the sun. is

marked by the increase in the magnetic
index plotted from the lower graph.

(Fig. 6).
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Missile Support Progress . . .

Bigger Vehicles Will Pose

More Baffling Engineering;

Solution to missile support problems

largely rests with Army's Corp of Engineers

which has lion's share of responsibility

SERVICE tower for Redstone at

White Sands.

Washington—The art of launching

a rocket has reached such refinement

that the supporting mechanisms and

structures required to get our exotic

birds off the ground present the most

baffling of engineering problems.

The solution of some of these sup-

port problems is a responsibility of the

U.S. Army Corps of Engineers, headed
by Maj. Gen. E. C. Itschner. As the

Chief of Engineers explains it, the

Engineers' role in the Government's
missile and space program is a multiple

one—performing a variety of missions

for the Army Missile System; con-

structing missile bases for the Air
Force; and carrying on construction

projects for the Advanced Research

Projects Agency and the National

Aeronautics and Space Administration.

Working closely with the Army
Ordnance Missile Command, the Corps
of Engineers' support of guided missile

and rocket operations includes the pro-

vision of Engineer troops; construction

of m ssile sites, test laboratories, train-

ing centers and other facilities needed
to fain men and develop weapons;
supply and maintenance of engineer

equipment and material; provision of

maps and geodetic data; and develop-

ment by research; often in cooperation

with industry, of new engineer equip-

ment for the Army's family of missiles.

• Keeping abreast—All of these

areas of support are equally important

to the Army missile program, Gen.

Itschner said, but to those whose in-

terests lie primarily in keeping abreast

of new developments in the constantly

changing requirements of the program,

a review of the research efforts of the

Corps is in order. These efforts affect

all Army missiles, from the operational

Lacrosse to the still-to-be tested Per-

shing, successor to the Redstone

family.

"Nuclear warfare will impose a re-

quirement for great mobility on our

ground forces, which must have the

capability of hitting the enemy, then

dispersing and regrouping again for an-

other strike where it is least expected,"

Gen. Itschner explained. "We must be

able to move our rockets and missiles

into the battle area and out again on

short notice. Supporting equipment,

such as power generators, fuel tanks,

fire control vans and radar equipment

must also be easily and quickly moved.

To attain this mobility, the Corps is

developing smaller and lighter equip-

ment which will do the job for which

a particular missile has been designed.

About the Army Engineer Chief

Maj. Gen. Itschner has charge of the booming missile

construction program for both the Army and Air Force. In

addition, he is responsible for the Corps' nationwide civil

functions. A graduate of West Point (1924) and Cornell,

the General has served in Army construction projects all over

the world—Europe in WWII, the Philippines, and Korea.

Known as a "man in a hurry," his major responsibility now
is directing construction of the new Air Force ICBM bases

along with a whole range of missile research and develop-

ment, testing, and launching facilities, including the Army's Nike bases.
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"For example, the presently avaij

able conventional engine generatd

capable of providing power rj

quired for guidance of the Lacros.A

missile weighs 900 pounds with a

cessories. Since it is necessary thi

this generator be manpacked to tl||

forward observers' position, we al

developing a generator of 3 KW ouj

put, 400 cycle with precise powj

regulation capable of being carriij'

by one man, or with a full fu

tank, by two men. The Curtks-Wrig

Corporation, Santa Barbara Divisio

developed and demonstrated engineej

ing models in sixteen months. One <a

the unusual engineering characterise I

of this generator is the silencing fe
J

ture. Operational noise from this equifl

ment will not be heard further than i >

few hundred feet.

"Also under development is til

power pack for the Pershing missi

system. This pack is a combination
||

utilities ordinarily furnished by fl

Corps of Engineers as separate piecl

of equipment. The various units a l

packaged on one base plate, with lit (H

greater total weight than is norma
||

found in any one of the componen 3

Electric power of three different outpjc

characteristics, high pressure air (30|(i

psi), and conditioned air all generatla

from one gas turbine drive, are

eluded for a total weight of abefe'

2600 pounds. This unit will be traill

ported on a vehicle weighing 95
jj

pounds which also mounts a fire cc I

trol hut. The standard air compress jjj

of the size needed, three generato*

and an air-conditioning plant heatili

unit, with four vehicles previously I
quired to transport them, would Weill

upwards of 28,000 pounds."

• Ireterservice cooperation—Of viB

missiles and rockets, July 20, 191



IYDROGEN peroxide service truck is part of support equip- BIG TASKS are performed by vehicles in missile support,

lent for Redstone. Representative is this 5000-lb compressed air storage tank.

lenefit to the Army in speeding the

jevelopment of the Pershing system is

fie precedent established by having one
fchnical service participating directly

!. k the program of another, the Chief
1

If Engineers said. Specifically, the

Wer pack is being developed by the

lartin Company, contractor for de-

elopment of the missile system for the

Jrdnance Corps, Army Ballistic Mis-
Jle Agency, and the Engineer Research
hd Development Laboratories (ERDL)
po serve as technical supervisor of the

jack development for the ABMA, op-

rating within the framework of the

time contract.

\ "Again, in the high power acqui-

tion radar (HIPAR) building for the

"nproved Nike-Hercules, as in the

'ershing power pack, we have an in-

:grated Engineer-Ordnance working
elationship," Gen. Itschner pointed
iut. "ERDL is the technical super-

isor for the Army Rocket and Guided
lissile Agency for the development
tf a pre-fabricated building to house

I new radar. It is evident that the
!rmy will gain from this joint opera-
bn in both the development and logis-

f
ps stages. Experience gained by the

'orps of Engineers from participation

t development will enhance our capa-

city for providing spare parts and
Maintenance support of the resulting

Induction item."

In the HIPAR building, where mo-
i |lity and weight are of prime im-

srtance, the unique engineering prob-

[
fcn is in retaining the necessary air-

ght panel seal despite repeated as-

fi fmbly and disassembly of the build-

I Ig, a problem not heretofore involved
I prefabricated building. Inflated seals

i fe being used at all joints, and it

bpears possible that a technical break-

lissiles and rockets, July 20, 1959

I

through in this particular problem area

may result, the General disclosed.

Another development item with a

requirement for high performance and
low weight is the air-conditioner

—

heater plant for an Army field missile.

This plant, a unit weighing 350 pounds,
provides 38,000 TbTU of air-condition-

ing and approximately 35,000 BTU
heating per hour. It will be used in a

van or a shelter of a field battery con-

trol center. Two difficult engineering

problems—vibration and noise level

—

were encountered due to the high ro-

tating speeds of the motors and com-
pressors. Both are being solved through
unique packaging and insulating meth-
ods. Because of an immediate require-

ment for this unit, a six month de-

velopment time was imposed. Produc-

tion models are scheduled with an

initial delivery time of nine months.
• Skyscraper on wheels—Recently,

the design was completed for a 305-

foot missile service tower to be built

at Cape Canaveral for the Advanced
Research Projects Agency space ve-

hicle, the Saturn. (Missiles and Rock-
ets, June 8, 1959.) The tower, as tall

as a 28-story building, will be on
wheels.

Another ARPA project at Redstone

Arsenal, is a static test tower being

modified for use with the Saturn. This

is the Army Ballistic Missile Agency's

140-foot tower previously used to test

missiles up to the size of the Jupiter.

Upon completion of the work, the

tower will be capable of statically test-

ing missiles having up to 1,500,000

pounds of thrust.

The work consists of driving ap-

proximately 6000 lineal feet of steel

piling, constructing two reinforced con-

crete underground anchors 61 feet

below bedrock and erecting approxi-

mately 470 tons of structural steel to

be used for mounting the hold-down
devices for the missile test. A canti-

levered 100-ton bridge crane and hoist

will be erected atop the modified struc-

ture for lifting the missiles and equip-

ment into test positions.

Another missile service tower, fabri-

cated by the Noble Co., Oakland,
Calif., is under contract with ERDL
and scheduled for erection at Cape
Canaveral in July. It is a mobile struc-

ture 150.25 feet tall, composed of twin

towers mounted on a rubber tired

trailer 42V4 feet long. The tower has

a traveling crane on top and is designed

to handle Jupiter and Redstone type

missiles. When servicing of the mis-

sile is completed, the tower moves away
on its own trailer.

As missiles become more sophisti-

cated, the demand for purer fuel be-

comes more urgent. Gen. Itschner said.

The Ordnance Corps has determined

the maximum allowable hydrocarbon

count as .03 parts per million in the

liquid oxygen as it is pumped i:uo a

missile such as the Redstone, largest

field operational weapon of the Army.
There must, therefore, be frequent pur-

ity checks by the soldier missilemen of

the Engineer unit charged with supply-

ing the fuel. To meet this requirement,

ERDL is pursuing a project for develop-

ing a test instrument that can be easily

used by the engineer soldier for check-

ing the purity of LOX with a maximum
of accuracy and a minimum of danger.

Another field instrument under de-

velopment by ERDL is for checking

the dew point moisture content of

compressed air at temperatures as low
as -85 Fahrenheit.

• Storage problems—Loss of liquid
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where will we go tomorrow?

oxygen through evaporation during

storage and transfer to the missile is

another problem which plagues the

Engineers. This loss, which now varies

from 50 to 75 percent, is being re-

duced by improved equipment, espe-

cially fittings. ERDL is also developing

a new type of storage container with

unusual types of insulation. Inasmuch

as LOX must be hauled from our

mobile field generating plants to the

launching sites in nine-ton tank trucks,

the handling problem is a major one.

Even though the Engineers have de-

veloped LOX plants with capacities of

up to twenty tons per day, fantastic

amounts are required to fuel a 70-foot

missile. Heavy losses, particularly in

the event of an actual combat situa-

tion, might cripple operations.

The Corps of Engineers' research

and development work for the Army
missile systems presently constitutes

at least 25% of the research and

development effort at ERDL. This

work is being carried on both by

ERDL personnel and by contract. It

includes dozens of projects not hereto-

fore mentioned, such as special air-

transportable and mobile cranes, safety

shower bath units to decontaminate

personnel and clothing worn around

toxic fuels, night vision equipment and

special tools such as a welding machine

for use on thin gauge materials. ERDL
is even developing an unusually

effective vacuum cleaner for cleaning

the electronic and other delicate equip-

ment used in the control vans.

Recently, the Corps completed an

engineering analysis of the power re-

quirements for the Nike-Zeus, includ-

ing consideration of the remote stations

where commercial power is not avail-

able. Transportation of fuel is a costly

and often hazardous logistical effort.

It has been determined that nuclear

power plants can be designed to meet

the stringent specifications required in

operation of Nike-Zeus radar and elec-

tronic equipment. Alco Products, Inc.,

which built the first Army power re-

actor plant at Fort Belvoir, Virginia,

has completed a preliminary design and

has been selected by the Army to

complete the final plans of the pro-

posed plant.

Missiles, regardless of whether they

are Army surface-to-surface weapons

or the Air Force's intercontinental bal-

listic missile, must be aimed at the

target before they can be fired, Gen.

Itschner noted. To attain the degree

of accuracy needed to make missile

warfare pay off in victory, the man
aiming the weapon must know two

things. First, he must know precisely

where the missile is located at the time

of launching, and second, he must

know precisely where the target is in

relation to the missile.

The task of locating targets and the

guiding of the missiles to them is a

complicated one requiring close co-

ordination of the efforts of many men.

Basically, it is a mapping job. The
Engineers are responsible for provid-

ing the interconnected grids and earth

measuring information necessary to

direct longer range strategic missiles.

Said Gen. Itschner, "With the Air

Force, we are working on the use of

high altitude electronically controlled

aerial photography to speed the com-

pilation of maps, and we are using

helicopters and geodimeters to acceler-

ate field surveys. By using electronic

digital computers, the time required for

geodetic control adjustment has been

reduced by years.

• Where we are
—"Engineer teams

on Pacific islands, using tracking de-

vices, are obtaining valuable data from

the Vanguard satellite as to precise is-

land locations, which heretofore have

been mistakenly located on maps from

TWO IMPORTANT items

for Jupiter: 100 KW power

generator and vertical check-

out shelter.
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hundreds of meters to miles from theiit

actual positions. This activity is helping
J

us to get the answer to the question,

'Where in the world are we?'

"To help perfect methods of rapidly
jj

and accurately locating targets within ',!

a tactical area, which might be 200 :<

miles deep on an atomic age battlefield,

the Corps of Engineers is evaluating 1
various target location systems. Theses
involve the use of day and night aerial

photography, radarscope photography

to map the ground through clouds and

darkness, and electronic systems toil

locate the photographic aircraft with;

respect to known ground stations."

A large part of the Engineers' ^
efforts in construction are being di-'jB

rected toward the Army and Air Force

missile programs. Construction of mis-iB

sile support facilities involves types;

and methods of building undreamed'

of a few years ago. Specifications now

require construction tolerances which

were possible before only as laboratory

experiments.

"The Zeus, third generation of the

Nike family, will create greater prob-

lems," Gen. Itschner predicted. This

weapon is the Army's anti-missile,

missile designed to intercept enemy
j

ICBM's in flight. The Nike-Zeus is al

highly complicated system that brings

the scientist, manufacturer and con-i

struction man together. Missile, test, .

and launching facilities are designed,,

developed, and built simultaneously.

Flexibility will be the watchword at all

j

times for those connected with the de-|

velopment of this missile. Constructors,

designers and manufacturers will havefl

to adapt themselves to the demands!

imposed by the rapidly widening!

knowledge being acquired by missile,1

experts, for whom there seemingly are|

no limits except the horizons of theirjj

imaginations.

"Where these scientists and missile

experts will take us in the space age
J

is difficult to foresee at this point. The
j

Army's Corps of Engineers, however,!

is preparing for whatever problems|

present themselves, whether they be

on the moon or some fantastic recon-|

naissance space station on the route to

«

Mars. Our Engineer research and de-

velopment experts are conducting:

studies on space construction prob-

lems in sanitation, water supply, ther-

modynamics, electric power and ad-

vanced methods of prefabricated shel-

ter construction. One of the programs

considered important to the future in-

volves a look into new sources of en-

ergy such as thermoelectric and ther-

mionic generators and solar energy.

"The by-products of the research

which our space program has brought

about are leading us to portals of knowl-

edge which are only now beginning to

open for the benefit of mankind."
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pstrumentation Progress . . .

Fertile Field for New Applications

Microminiaturization, solid-state physics and

communications technology are promising areas

by Robert J. Jeffries

Danbury, Conn.—Whenever a new
r ientific fact is discovered, or when a

w technology gains momentum, there

; a great tendency for authors and

j blishers to rush into print with a

ijjltitude of predictions and projec-

lins as to what the future will bring.

I areas already established there are

is traditional articles on the "state

& the art" which appear periodically.

;
Both categories of exposition

—

le projections and implications of new
Ipniques, and the periodic review

<| established technologies—fill impor-

tht functions. In general, they serve

tp needs of the "lay" public, as a basic

eucational tool, and the practitioner

Lthe field, possibly as a stimulant, and
cftainly, in the minimum, as a con-

mient tabulation of the art, by means
c] which he can mentally check his

(to progress and understanding.

Progress in Space Instrumentation
.wses a particularly difficult subject on
yiich to write an article for the read-

el of Missiles and Rockets Magazine.

If be correct, the author must define

Mat he means by "Instrumentation";

t must also define what he means by
'pace"; the meaning of "Progress"

;M may take as self-evident. Also it

.ijobvious that the audience is not a
fly" audience in the sense of being

technically unsophisticated in the sub-

ject, and lastly, for reasons of secur-

ity, it is impossible to present an up-

to-date review of the state-of-the-art

in any detail.

What objective and means is there

left then which justifies an article at

all? The answer lies in perspective.

If an article can present a situation

in perspective in such a manner as

to aid the reader in a better com-
prehension of his own role and prob-

lems, if it can stimulate the reader

to a more creative synthesis of solu-

tions to his problems, if it can direct

attention to critical areas in need of

attention and potentialities as yet un-

exploited, then it serves a useful pur-

pose. In a modest way these shall be

the objectives of this article.

• What is instrumentation?—Liter-

ally hundreds of efforts have been made
over several years to define instrumen-

tation. A synthesis of these several ef-

forts, which in the least serves to de-

fine the scope of interests of this article

is as follows:

"Equipment and techniques associ-

ated with and essential to the detection,

measurement, transmission, translation

and display of information, and in-

cluding possible associated computa-

tion and utilization of the information

for control purposes."
• What is space?—For purposes of

this discussion, space may be defined

as the volume around us excluding the

earth, the oceans, and the atmosphere.

Unfortunately, this definition tells us

little, really, in that it assumes a pre-

cise definition of "atmosphere." One
can define "atmosphere" as one
chooses. For immediate purposes, let

us assume as a purely arbitrary de-

cision, that the atmosphere extends

from the surface of the earth and its

oceans to a height of 100 miles. Space

then becomes the volume around the

planet Earth, but external to a spherical

shell 100 miles thick, surrounding the

Earth. Obviously this definition is

unique to the understanding and use

of an earth-oriented creature.

• What is space instrumentation?

—

From the definitions above, it is appar-

ent that Space Instrumentation em-
braces all the instruments that guide

and control space vehicles, measure
characteristics and performance of

space vehicles and operate on and di-

gest, display, and automatically react

to the resultant information. It also

includes the hardware and techniques

of measurement of space and its con-

tents. This is to say that Space Instru-

mentation embraces virtually every

technique and piece of hardware de-

signed to gather data in space or re-

lated to the gathering of that data.

Space instrumentation is not generally

understood to include considerations

of propellants, propulsion or structures.

But what of a nose cone? In some in-

stances, a nose cone becomes, in itself,

an instrument—detecting, and measur-

ing directly and indirectly, meteoric

dust, temperature, etc. All the above
considerations demonstrate the neces-

sity for an arbitrary agreement as to

what shall be embraced by the term
space instrumentation. For purposes of

this discussion, space instrumentation

is defined to include the following:

About the Author
Robert J. Jeffries is president of Data-Control Systems

Inc., Danbury, Conn. A former assistant to the president of

Daystrom Inc., Dr. Jeffries was president of the Instrument

Society of America in 1957-58.

He has taught engineering at various universities and has

been a consultant to all three military services, the National

Bureau of Standards and numerous commercial firms. Jeffries

is a founder and trustee of the Foundation for Instrumenta-

tion Education and Research.
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small business to benefit

• Instrumentation for measuring

characteristics of space vehicles,

• Instrumentation for measuring

characteristics of space and its con-

tents,

• Instrumentation for communicat-
ing and displaying space data.

Measurements of temperature, ac-

celeration, position, flow, stress, vibra-

tion, noise, etc. are commonly made
today by means of a host of different

transducers. These measurements will

continue to be made in the years to

come. This past year has seen a con-

tinuation of the long-term trend, in

which transducers are becoming small-

er, lighter, of higher frequency re-

sponse and greater output. There is evi-

dence of a renewed interest in variable-

reluctance phenomena in transducers.

Most transducers in use today yield

analog output signals. There are com-
ing to the fore an ever-increasing num-
ber of techniques, combined with con-

ventional transducer principles, which

yield digital output signals. The number
of measurements which can be made
with sufficient accuracy to justify the

resolution of digital representation is

still small. The advantages of reduced

susceptibility to degradation of data

in subsequent handling is currently the

most important influence in the stimu-

lation of digital techniques.

• Terse messages—Space engineers

are employing techniques of prediges-

tion of data in flight, with subsequent

transmission of derived and statistical

characterizations of phenomena. Prob-

ably the greatest incentive and utility

of such techniques lie not in the in-

herent data analysis that occurs but

in a reduction of the total information

to be relayed to a remote point or

points.

Solutions to several of today's

problems will undoubtedly become op-

erational in the next few years. For ex-

ample, with the advent of transistor

circuitry we can anticipate that trans-

ducer outputs will ultimately be

adapted to current-input circuits, rather

than voltage-inputs. In the near future,

however, and before the above can

come to pass, the present 0-5 volt input

levels will begin to lose popularity.

Signal-conditioners, that is amplifiers,

and signal translators for modifying

available transducer signals to adapt

them to conventional standardized tele-

metry equipments will increase in num-
ber and complexity. Finally, the tech-

nology is forced to an entirely new
approach based on the characteristics

of solid-state circuitry. Low-level, solid-
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state computers will replace electro-

mechanical devices and multi-channel

amplifiers. Some prototypes of this

type already exist.

A prime objective will continue to

be the reduction in size of all equip-

ment. Many components, such as volt-

age-controlled oscillators, are already

approaching a situation wherein the

connectors and junction boxes are as

large as the components themselves.

Further reduction in actual size of

individual components does not appear

to offer as much margin for improve-

ment as do several other avenues. In

the near future, one can expect high-

speed, low-level commutation to reduce

the space requirements of multi-chan-

nel systems. New multiplexing concepts

will permit more efficient utilization of

available power, thus reducing space

requirements for RF components and
space and weight in the energy source.

For sustained flights, power "captured"

in flight is already being used to reduce

overall weight requirements. The pres-

ent enthusiasm for digitized data, while

justified in many instances, must be

tempered with the sobering fact that in

most applications digitization of data

increases the space and weight require-

ments of the instrumentation equip-

ment required for a given information

capability.

The most important and exciting

promise of the future for all types of

flight instrumentation lies in the evolv-

ing techniques of microminiaturization.

There can be no doubt that these tech-

niques have the potential to reduce the

size and weight of all flight instrumen-

tation circuitry. Some equipment of

this type is now in use. However, sev-

eral fundamental facts stand out at this

time: (1) Microminiaturization tech-

niques, being relatively new, have not

yet progressed to a stage, at which it

is possible to achieve accuracies and

stabilities comparable to conventional

circuit techniques in reproducible units.

(2) Microminiaturized circuits are es-

sentially custom-made, with a high rate

of failures, with complicated fabrica-

tion problems and large capital equip-

ment requirements.

The manufacturers of space instru-

mentation hardware are, in the main,

small businesses. This is so because of

the rate of technological advance, the

relatively small production runs in-

volved, and the high premium on in-

dividual initiative and adaptability. As
small businesses they are not able to

undertake the basic research inherent

to microminiaturized circuit develop-

ment. For these reasons it is not to bi
j!

anticipated that conventional mifiiafurJ

ized standard flight instrumentation wil l

be replaced in the near future, for thi(

bulk of space vehicle instrumentation J

with microminiaturized circuitry. 1

* Measuring characteristics of spaci

.

—The obvious questions asked first b'|

any explorer of a new world are;

"What is present?", and "How much i]

there?" As we initiate our manned ex!

plorations of space we begin with thesil

elementary questions. It is almost cor!

rect to say we are in the Stone Age oj

space knowledge; we must first find oufl

whether the environment of this nevj

"space world" is hostile to our beinglj

We must first detect and measure, anil

later evaluate, the effects of such thing

as radiation, meteorites, weightlessness!

etc. The fundamental problem is to de

cide what we should be looking fori!

Once the variables to be detected anil]

measured are defined, then the appro'!

priate hardware can be developed.
j

While we progress toward mannei

exploration of space, we learn mud,

from unmanned observation stations]

Missiles in trajectory, satellites in oil

bit and balloon-borne stations affoni!

us effective vantage points for view

ing space from a new angle anji

without the distractions and interfeij

ences associated with an earth-bourn ]

observatory. Obviously, most of th

measurements made on far-space front

any vehicle located in near-space mus 1

be based on electromagnetic phenom
|

ena—received, reflected, refracted, o|

absorbed. The sciences and technol

;

ogies of astronomy, optics, enemies-

analysis and photometry, working witii!

the instrument technologists are no\ I

evolving the transducer hardware

adapted to the near-space environmem
'

Balloon-borne telescopes, spectometen
{

star trackers, etc. are now familial

items for work in near-space.

* Instrumentation for communicant

ing—Telemetry is the all-inclusive wor|

used to embrace the concepts and harc|i

wares involved in remote measun

|

ments. In practice, one usually diffeilj

entiates among transducer, telemetry;

and display equipment. Telemetr i

equipment provides the communication

links between the measuring trans
y

ducers and the display equipment. I

The prime objectives of currerl

telemetry development are improve

I

accuracy, reliability, space and weiglij

reduction. Improved resolution is par

sible through pulse code technique*'

(However, improved resolution doe|

not necessarily mean improved accu:j

acy.) Pulse-coded data can be relayed

from point-to-point either by radio ({»

wire with no theoretical degradatiolj;

of quality. This represents a distind

advantage over transmission of data m
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