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A New Age Unfolds

THIS IS THE AGE OF ASTRONAUTICS. This is the be-

ginning of the unfolding of the era of space flight. This is

to be the most revealing and the most fascinating age since man

first inhabited the earth.

Shortly the first satellite vehicles will be hurtled aloft

by powerful rockets to bring back the known from the unknown.

Out of the coming conquest of space will come scientific data

that will benefit the whole world. There will be advances in the

fields of meteorology, flight safety, medicine, physics and many

others. The possibilities are without limit.

The visionaries who long ago dreamed of the conquest of

space have been succeeded by scientists and industrialists who

have transformed a fantasy into a vast and important industry

combining the needs of defense with a search for peaceful uses

of space vehicles.

Rocketry has come a long way since the time less than

twenty years ago when Adolf Hitler and his close associate

Heinrich Himmler were skeptical of the efforts being exerted

by German scientists to build huge and costly rockets for

upper air research. But the impact of the first V-ls and V-2s

which fell on London was not lost on the scientists of the

world. Today the rocket—or a rocket weapon—is being openly

discussed as perhaps the ultimate weapon for the prevention

of war. Perhaps it will be the last weapon of war.

The age of astronautics, as has been true with so many
scientific advances, leans heavily upon the military in these early

stages. But a great amount of research and development must

come from scientific institutions and industry. A prime example

of the frontal approach now being made is the Vanguard
Satellite Program utilizing an amazing combination of talent

from both military and scientific organizations.

A measure of the rapid expansion in the entire missiles

field is the increase in expenditures by the Department of

Defense alone from $21 million in fiscal 1951 to $1.3 billion in

the current fiscal year. But this is only a part of the over-all

total.

It is our purpose to serve this new and growing field of

missiles, rockets, satellites and astronautics to the best of our

ability and within the limitations of national security. Rigid

though certain security restrictions may be, there is a vast

amount of unclassified material available.

The official journal of the American Rocket Society, Jet

Propulsion, is performing an excellent technical service. It is

our purpose to supplement its valuable work with a news and
feature periodical geared to the growing industrial, govern-

ment and scientific requirements of what is today a complete

new industry.

To ensure political quality, we have support without

peer. Mr. Robert H. Wood, for eighteen years a top aviation

editor, will supervise this magazine as editorial director for the

company. Mr. Erik Bergaust, a recognized authority in the

field of astronautics, is managing editor. In the background
is an editorial board of world renowned scientists. We shall spare

no effort to make Missiles & Rockets a magazine that fulfills

the interests and needs of all who believe that they are, indeed,

embarking on another great adventure in the history of mankind.

WAYNE W. PARRISH
President and Publisher



Table of CONTENTS missiles and rockets
VOL 1 NO. 1 OCTOBER 1956

the Cover Picture FEATURES

Extensive missile research in

NACA's 4 x 4-foot supersonic

pressure tunnel at Langley
Aeronautical Laboratory has

yielded a substantial amount

of data for the industry. The
fact that NACA has been ac-

tively engaged in missile and
rocket research has not been

widely publicized; Missiles &
Rockets asked Dr. Hugh L.

Dryden to outline NACA's
role in this respect. His article

appears on page 44.

COLUMNS
Rocket Trends .... 27

Washington Spotlight .... 29

Propulsion Notes 34

World Astronautics 75

Astrionics 88

International News 90

Industry Highlights 132

DEPARTMENTS

Editorial 5

Calendar 108

People 116

New missile products .... 118

Missile literature 131

Book reviews 142

Advertiser's Index 150

6

Dr. JVernher von Braun has written a think-piece on the human
relations prohlems that our missile developers are facing .... 38

Lovell Lawrence Jr. introduces a new concept for utilizing a

series of three earth satellite vehicles for air and sea

navigation 48

Report on Martin's Titan Project and the new plant facilities

near Denver is given by Henry T. Simmons 55

Proposal for a small solid-propellant moon rocket is introduced

hy Kurt R. Stehling and Richard Foster 58

Construction of the IGY satellites in pictures 68

Tracking of the IGY satellites is discussed hy Henry P. Steier . . 76

Japanese research rocketry is presented hy Frederick C.

Durant III 92

New communications concept for missile engineers is introduced

by Arthur W. Steinfeldt 110

Report on new steel for the missile industry 136

NEWS SECTION

Will the Army launch an orbiter before the IGY satellites? ... 11

New problem at our missile ranges 16

Pentagon planning IRBM/ICBM launching sites 19

To 5,000 miles per hour in two seconds 19

From The American Rocket Society Fall Meeting 20

Curtiss-Wright new factor in missiles field 28

Special report from the International Astronautical Congress

in Rome—Russian atomic rockets underway 30

Missiles and rockets at the Farnborough Air Show 37

NACA's Deacon-Nike experiments 47

17-year-old boy builds liquid-propellant rocket 43

INDUSTRY SECTION

Industry Spotlight, By Joseph S. Murphy 100

Boom in boron propellant business 100

Industry Barometer 140

PHOTO CREDITS:

NACA, Front Cover; U.S. Navy, pp. 11, IS; McDonnell, p. 16; Northrop, p. 24;

Curtiss-Wright, p. 28; Bristol, p. 37; US. Army, pp. 39, 40, 41, 42, 43; NACA,

pp. 45, 46, 47; US. Navy, pp. 64, 68, 69, 70; Univ. of Tokyo; pp. 92, 94; Fairey,

p. 100; Harris & Ewing, p. 116; Bell, p. 116.

Missiles and Rockets



Army to Launch 'Satellite' Before Vanguard?

Defense Research Officials Disturbed

Army Ordnance rocket experts

are quietly planning to launch

what may become an Earth-circling

"satellite" of their own—long be-

fore the Navy Vanguard is ready

to go, Missiles & Rockets has

learned.

But the Army's plans for an

"accidental" satellite aren't secret

from high officials of the Office of

Research and Development in the

Defense Department. What's more,

these officials make it clear they

don't like the Army plan and that

the soldiers have no authorization

to launch a satellite.

Be that as it may, no one dis-

putes that the Army possesses the

raw capability of boosting a small

rocket up to orbital velocity. This

could be achieved with a Redstone

rocket as the first stage, a Sergeant

or some other ballistic rocket as a

second stage and a small solid-pro-

pellant rocket as the third stage

which would become an orbiter.

Thus, the potential does exist,

and the current series of Redstone

tests at Patrick AFB, Fla. may see

the feat performed. Whether it

works or not, however, it should

be observed that a satellite would
be merely incidental to the Army's
basic desire to learn more about

the staging techniques of tomor-

row's ballistic missiles.

• The three-step principle is

familiar to Redstone rocket scien-

tists, but previously it has only

been applied to small missiles. In

order to learn more about the sep-

aration of stages for larger ballis-

tic missiles the Army can well

justify the "satellite experiment."

In other words, the fact that a

small uninstrumented body might
be placed in an orbit around the

earth is quite incidental and not so

much of importance to the Army
as is the valuable information it

could obtain on separation of one
missile from another.

VANGUARD'S JOHN P. HAGEN
Army coming from behind.

Although the Army "satellite"

will be sort of appropos, if success-

fully launched, such experiments

certainly will yield terrific pres-

tige; after all, the Army was called

upon originally to handle the hard-

ware stage of the first Office of

Naval Research satellite project,

Project Orbiter, which was blended

into the later Project Vanguard.

When asked whether Army
Ordnance is planning to put up a

"satellite," an Army spokesman told

Missiles & Rockets: "No com-
ment"—but he said it with a smile.

An independent rocket propul-

sion expert was more definite:

"Certainly, the Army has got hard-

ware powerful enough to send a

substantial payload to the moon!"

Meanwhile, the Naval Research

Laboratory is struggling with the

world's first instrumented satellite

(first—provided the Russians don't

beat us to it).

• Vanguard project director

Dr. John P. Hagen claims his ven-

ture is moving along according to

schedule. Because it is basically a

crash program, many NRL scien-

tists and technicians work overtime

to meet the deadline. The magni-
tude of Project Vanguard is very

great indeed; obviously the Van-
guard engineers do not have much
time to worry about possible "com-
petition" from the Army.

Incidentally, the Army's inter-

est in actual satellites as such is

not a new thing. It will be recalled

that astronomer Clyde Tombaugh
was granted an Army Ordnance
contract some time ago to find out

whether the earth already has a

tiny, natural satellite. Tombaugh
has not yet found any satellite, but
if he does, Army thinking is that

such a small celestial body (or

bodies, possibly) might be useful

for tracking purposes.

As a matter of fact, Tombaugh
is currently planning to set up an

observation post in Peru close to

the equator, whereupon possibilities

for finding the natural satellite, if

any, will be substantially increased.

180-Mile Altitude Seen

For Rocket Aircraft

North American is developing

a manned rocket aircraft which

will be capable of reaching an alti-

tude of 180 miles, according to

NAA test pilot George Smith.

He did not identify the air-

craft, but it was believed he was

referring to North American's X-15

experimental rocket aircraft. This

machine has been said to have a

preliminary capability of 50 miles

and eventually 150 miles.

Smith is the first man known

to have survived a supersonic bail-

out. He spent six months in the

hospital after ejecting from an

F-100 just off the coast of Cali-

fornia.

October, 1956



Army Policy Statement Reveals Aim
To Acquire Control of IRBM

In a forthright bid to gain con-

trol of the intermediate-range bal-

listic missile, the Army has issued

a formal policy statement declar-

ing flatly that its tactical require-

ments include long-range surface-

to-surface weapons "capable of

supporting deep penetrations or

airheads from protected and widely

dispersed rear areas; and of de-

livering accurate fire on distant

targets."

Stated purpose of the new
Army Regulation, No. 525-30, is to

lay down the ground rules for the

integration of guided and free mis-

siles into the Army weapons sys-

tem. But most observers regarded

it as another move in the soldiers'

campaign to win jurisdiction over

the IRBM from the Air Force.

• Both the Army and the Air

Force are developing 1,500-mile

IRBM weapons. Douglas Aircraft

Co., Inc., is working on the Thor

for the USAF, while the Army's

Redstone Arsenal is tackling the

Jupiter IRBM. Defense Secretary

Charles Wilson has approved the

two separate development pro-

grams, but he has withheld a deci-

sion as to whether both services

will be allowed to use the weapon
once it is completed.

In discussing the role of artil-

lery and antiaircraft missiles with-

in the Army, the regulation stated

:

"Such missiles are not merely

specialized items of equipment;

they have broad and general appli-

cation to land warfare. All surface-

launched missiles which meet Army
operational requirements will be

developed and integrated into Army
forces, as a natural transition from

present types of conventional artil-

lery."

The Army described its short-

range requirements as including

"assault or demolition guided mis-

siles to be used against armor and

fortifications," and its medium-

range needs as including "missiles

to supplement and extend the range

or firepower of artillery cannon,

to provide close or interdictory fire

support for ground combat forces,

and to compensate for the expand-

ing dimensions of the battle area."

• In the crucial area of long-

range surface-to-surface weapons,

the Army said it needs "missiles

capable of supporting deep pene-

trations or airheads, from pro-

tected and widely dispersed rear

areas; and of delivering accurate

fire on distant targets which are

capable of affecting the execution

of the Army's combat mission."

The missile policy regulation

said the Army's requirements for

surface-to-air missiles "include

land-based antiair missiles for de-

fense against high, medium or low

altitude aircraft, drones or artil-

livery missiles." It added that such

weapons "should also have a sur-

face-to-surface role when feasible"

and suggested no limitations on

their range.

Missiles Bring Boom
To Central Florida

Guided missiles and the forth-

coming earth satellite vehicles have

brought a boom to Florida's Bre-

vard County and its three towns

Cocoa, Cocoa Beach and Rockledge.

The area's population has increased

from 10,000 to 38,000 in three years

and continues to grow.

Air Force estimates 2,000

S. GARY BENNETT, Jr.

Real estate up $1 million

families will arrive at Patrick AFB
during the next 16 months. Cur-
rently Air Force has a $4.5-million

per month payroll there.

Cocoa Mayor S. Gary Bennett,

Jr. told Missiles & Rockets the
Patrick missile and satellite ac-

tivity boosted real estate evaluation

more than $1 million last year. Real
estate people see no reason why
this trend will not continue. Cocoa
building permits increased more
than 100% from 1954 to 1955.

• But housing still is the big

problem. Furthermore, the water
supply to Patrick and the nearby
towns is at a critical point. The
city of Cocoa is building a ^-mil-
lion water supply system to meet
current and future requirements. A
42-mile long pipeline will transfer

water from a well-field west of

Cocoa. The system is expected to be

completed within the next 16

months

• In Washington, a spokesman
for the Air Force Family Housing
Office said the Patrick housing
problem is being studied inten-

sively at the present time. The Air
Force plans to start a major hous-
ing development on the base for the

R&D personnel connected with the

Patrick missile and satellite activi-

ties.

Big Construction Planned
Major construction programs

for missile facilities also are be-

ing planned for both the Patrick

and Cape Canaveral areas and the

Grand Bahamas Missile range to

meet the increased requirements of

the three services. The Corps of

Army Engineers is building the

launching site for the Vanguard
earth satellite vehicle. This site

will include the launching pad with

exhaust tunnels, a block-house con-

trol station and other facilities.

On the GBI range itself, Pan
American World Airways Guided

Missile Division continues to ex-

pand. On Grand Bahamas, the

tracking station employs more than

200 people today, but it is antici-

pated that more than 1,000 tech-

nicians and engineers will be busy

there before the first satellite ve-

hicles are ready for launching. In

all, the GBI range, which is being

expanded to include Ascension Is-

land, requires literally thousands

of personnel.

12 Missiles and Rockets



U.S. Sees Possibilities

In French Missiles

Agencies of the Department of

Defense have been studying French

coleopter missiles and have con-

cluded that such missiles may have

merit. There is still a question

whether they will prove practical in

actual operation, which will be diffi-

cult to establish without full-size

test vehicles.

The French firm Institut Tech-

nique Zborowski now has a French

government contract to build some

full-size test vehicles, and U.S.

agencies are watching closely.

Of particular interest is Zbo-

rowski's 412-01 Ogre photo-recon-

naissance vehicle, a long-range mis-

sile fitted with an annular wing

around the fuselage and a jet power-

plant. A 10,000-pound turbine will

give the Ogre a velocity of close to

600 miles per hour.

Sweden Building

Ramjet Missiles

STOCKHOLM—A spokesman

for the Swedish Robotvapenbyran,

Sweden's guided missile establish-

ment, has confirmed that great em-

phasis is placed on ramjet missiles

in this country.

While Sweden has built Nike-

type missiles, future surface-to-air

missiles will also be ramjet-powered

and have greater range. All work on

Swedish ramjets is classified.

Among leading Swedish missile

firms are Svenska Aeroplan Aktie-

bolaget (SAAJBj, Svensk Flygmotor

A/B, Svenska, Turbinaktiebolaget

Ljungstrom (STAL^i and Bofors.

SWEDEN'S AIR MATERIEL
COMMAND has asked $28 million

to procure guided missiles for air-

craft and $1,600,000 for continued

development of an interceptor mis-

sile during 1957-58. Latter item has

been in Air Force budgets for

several years and is expected to cost

about $6 million.

* * #

ACF INDUSTRIES, INC. has

set up a Missiles Group to integrate

the skills of its Erco, Avion and

American Car & Foundry Divisions

and apply them to overall weapons

systems. Chairman of the new
group is Richard F. Wehrling,

president of Avion Division.

Super-Propellants Ne<

The most critical job confront-

ing chemists in the rocket-powered

guided missile field is the develop-

ment of super-propellants capable

of higher energy release per pound

than present fuel-oxidizer combina-

tions, according to Eger V. Mur-

phree, Special Assistant for Guided

Missiles to Defense Secretary

Charles Wilson.

In a recent talk before the

American Chemical Society in

Atlantic City, N. J., he declared:

"Higher energy production per

pound of reactance is of utmost

importance from the standpoint of

range that can be obtained with

missiles."

"Cost of propellants within

limits is not nearly so important

as the energy that can be obtained

per unit weight," he added. He said

substantial advances in energy

yields will permit corresponding

weight reductions and increased

mobility in rocket missiles since

the bulk of their weight consists

of propellant.

• In the field of liquid pro-

pellants, Murphree noted that the

combination of liquid hydrogen and

Navy's Truax Guides

One of the Navy's most out-

standing missile and rocket author-

ities, Commander Robert C. Truax,

currently assigned to the Air Force

COMMANDER ROBERT C. TRUAX

. . . USAF picks the best

ded, Says Murphree
oxygen, or liquid fluorine and am-

monia, would produce "consider-

ably greater energy release" per

unit weight than the standard com-

binations of liquid oxygen or fum-

ing nitric acid and jet fuel, alcohol

or other hydrocarbons. At the same

time, he pointed out, the more
powerful propellant combinations

involve considerably more complex

handling problems.

On the solid-propellant side of

the picture, he said, "There are

very real possibilities of getting

combinations of oxidizers and or-

ganic materials which give higher

energy than present propellants,"

plus the possibility of "new types

of energy producing reactions us-

ing quite different types of ma-
terials."

Solid propellants fall into two
broad classes—double-base propel-

lants and composite propellants.

The double base variety consists of

mixtures of nitrocellulose and
nitroglycerin with suitable plasti-

cizers and stabilizers, he said,

while the composite type presently

consist of some organic material

mixed with an oxidizer.

AF Satellite Work
Western Development Division, is

likely to be in the spotlight next
month. He's a nominee for the

American Rocket Society's presi-

dency. The annual meeting and
election of the ARS will be held in

New York November 25-30.

Commander Truax was an en-

sign when he first started to work
on liquid rockets in 1941. Since

July 1953 he has been assigned to

the Bureau of Aeronautics as head
of the Ship-Launched Branch,

Guided Missiles Division.

Among his contributions to the

advancement of rocketry has been

his work on liquid rocket-assist for

naval flying boats. His missile and
rocket experience has been a great

asset to the whole missile business

and especially to the Navy, al-

though many naval officials may not

have been aware of it.

Informed sources believe Com-
mander Truax is guiding WDD's
satellite work.

October, 1956 15



New Problem at Missile Ranges:

Overcrowded Telemetering Frequencies

Crowding of the telemetering

frequency bands used in missile re-

search and development is posing

increasingly severe problems be-

tween users at launching sites and

between test ranges.

Meeting during the National

Telemetering Conference held re-

cently in Los Angeles, a panel of

experts from key installations re-

viewed the needs for better-use co-

ordination and for improved equip-

ment. They also weighed the pos-

sibilities of using the newly as-

signed 2,000-megacycle channel to

ease the crowding problem.

W. E. Miller, from Army's

White Sands Proving Ground,

called attention to the need for im-

proved liaison between contractors

using the sites. Day-to-day plans

must be made, he said, so that best

use could be made of time and fre-

quencies available.

• An example of interference

was given by E. S. Reynolds,

Sandia Corp. Stressing a need for

improved automatic tracking an-

tennas, Reynolds cited a case where

an antenna picked up a signal from

another missile center 500 miles

away and then lost track of the

missile it was supposed to track.

Better equipment with crystal con-

trol was needed, he said, for long-

range tracking. This would also

aid frequency assignment coordina-

tion.

Miller said steps toward im-

proving planning and utilization

had been taken at White Sands. A
document known as Frequency

Utilization Parameters and Cri-

teria, No. 102-56, had been produced

by a group at White Sands known
as the Interange Instrumentation

Group. It is expected the document

will aid development of equipment

and coordination methods in tele-

metering work.

Interference problems should

be attacked on three fronts, Miller

thinks. These should be: (1) con-

trol of frequency usage through

careful screening of all requests,

(2) better control of equipment fre-

quency stabilization to prevent

waste of band space and (3) better

control of radiation from closed-

loop test facilities where checkouts

take place inside of buildings.

O In the serious need for

better equipment, Nems-Clarke, Inc.

was singled out as having made a

significant contribution to fre-

quency-saving by production of its

new narrow-band receiver. The re-

ceiver permits spacing of standard

FM/FM channels only one mega-
cycle apart.

Recently the Department of De-
fense provided a new telemetering

channel in the 2,200-2,300 mc range
which was expected to lessen inter-

ference problems. However, con-

sensus of the NTC Panel was that

the new assignment offered little

aid at this time. R. T. Merriam,
Naval Ordnance Test Center, China
Lake, Calif., said the new frequency

was impractical for small missiles.

To produce and handle such short

wavelengths, microwave "plumbing"
such as waveguides are necessary.

• Such hardware takes up
much more space in a missile than
the 200-megacycle equipment now
being used. According to panel
chairman George S. Shaw, Radia-
tion, Inc., this amounts to a few
hundred cubic inches for the 2,000-

megacycle equipment in a missile.

He predicts it will be five years

before the new band can be utilized

for telemetering, except in very

large missiles at short ranges not

over 100 miles.

Nike B Has Longer

Range, Greater Speed
Army's Nike B missile, now

under test and due to be available

within two years, will have a longer

range than present Nike's 25 miles

and speed in excess of its 1,500 mph,
according to Don Belding, civilian

aide to Army Secretary Wilber N.

Brucker.

Belding told a recent Los An-
geles Town Hall meeting of reports

that a Nike B with an atomic war-
head could destroy a whole fleet of

aircraft in one hit if the planes were
bunched for attack. He stressed

that the new Nike can be launched

from existing installations with
minimum modifications—a factor

being questioned by the Air Force

in the current Talos/Nike dispute.

In disclosing first details of Los
Angeles' Nike defenses, he noted

that each of its 12 batteries has
eight officers and 100 enlisted men
—two-thirds of them specialists. It

cost. S20,000 to train each man, §2,-

300,000 for a battery, and the pay-

roll for each installation runs $25,-

000 monthly.

Missiles and Rockets

Newest 'Demon' Bolsters Navy Missile Power

McDonnell Aircraft's F3H-2M, missile-carrying version of its Demon all-weather

fighter, has passed all Navy trial and evaluation programs required for fleet

release and joined operating squadrons. New Demon carries four Sperry Sparrow
air-to-air missiles plus rapid-firing, high-velocity 20mm cannon. Powerplant is

Allison J7I jet. Both F3H-2M and F3H-2N all-weather fighters are slated for

production through March 1958.
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Pentagon Planning IRBM and ICBM
Launching Sites

Research Rocket Zooms
To 5,000 MPH in 2 Seconds

Development of a needle-nosed

research rocket that can accelerate

to speeds approaching 5,000 mph
within two seconds has been dis-

closed by the Air Force Air Re-

search and Development Command.
The rocket, called the Hypersonic

Test Vehicle (HTV), was evolved

by the ARDC and Aerophysics De-

velopment Corp. of Santa Barbara,

Calif., a new subsidiary of Cur-

tiss-Wright Corp.

Basing figures on the variation

of the speed of sound at different

altitudes, engineers calculate that

the 12-foot long HTV can reach

nearly Mach 7 just about two sec-

onds after launching. ARDC re-

vealed that a score of the test

rockets have been fired and tested

at Holloman Air Development Cen-

ter, Alamagordo, N.M.

• The HTV is a two-stage

solid-propellant rocket vehicle fired

from a portable launcher. Seven
rockets igniting simultaneously

kick off the first stage— five feet

long with a diameter of nine inches.

When this battery of rockets burns,

the first stage drops off and four

second-stage rockets boost the re-

maining section to its top velocity.

The second stage is the same
length with a six-inch diameter.

The unprecedented accelera-

tion is the rocket's major feature.

It develops a velocity rate equal

to 100 gravities, at least ten times

that of most rockets and missiles.

• Six seconds after the sec-

ond-stage burnout, a small explo-

sive charge blows off the fins, de-

stroying the rocket's stability and
it spins to earth at about 100 mph.
Hypersonic data on aerodynamic
shapes, aerodynamic heating,
rocket stability and air pressure

distribution may then be retrieved

from the 10-pound nose cone

assembly.

The HTV is the first of a

group of such high-acceleration

rockets, ARDC said. Wright Air
Development Center expects to

move on to newer research rockets

of improved velocity and perform-

ance. The first test flight was
made in November, 1954, a year or

so after work was started in 1953

under a $1,000,000 contract.

Eger V. Murphree's billion dol-

lar responsibility embraces many
new and sophisticated missile devel-

opment concepts. The enormous task

that he faced at the time he took

on the missile czar job has become
even more enormous—not money-
wise, but in scope.

First, ICBM development has

progressed more rapidly than first

anticipated. As a matter of fact,

the ICBM program already has

reached the stage where one is dis-

cussing selection of launching sites.

Obviously, hydrogen-warhead IC-

BMs cannot be launched from air

bases or localities near built-up

areas and cities. This is one of the

new missile system concepts Mur-
phree and the Defense Department
must tackle successfully. Planning
for IRBM and ICBM launching
sites is done now.

Recently, Secretary of the Air
Force, Donald A. Quarles, confirmed

that work will be pushed to comple-

tion on four main air bases in

Spain. One of these bases was called

a "double base" that might be

counted as two. Originally the Air
Force counted on nine bases in

Spain, but Quarles said it was not

quite clear whether all of these

would be completed. There has been
some talk about the possibility of

using overseas bases for launching

sites for both IRBMs and ICBMs,
but—as can be expected—no official

statement has been issued in that

respect.

It is not known whether Quarles

discussed the missile launching site

problem with Spanish authorities

during his recent trip to that coun-

try, but it is quite probable that

he did.

Quarles told a press conference

that "there is no question that we
will complete those Spanish bases

we have started and on which we
place great value."

Other U.S. overseas bases fea-

sible for intermediate-range missile

operation include those in Morocco.

In all probability, the American
bases in Saudi Arabia and Iceland

will not be considered for long-

range or intermediate-range missile

launching. Saudi Arabian King Ibn

Saud has granted the United States

only temporary permission to con-

tinue the USAF operations in that

country.

Although the United States

Government intends to negotiate

with the Saudi Arabian Government
for the purpose of obtaining per-

mission to stay on, it is not likely

that IRBM launching site negotia-

tions will be attempted. The same
applies to Iceland, where the United

States position is rather weak.
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ARS FALL MEETING:

Nose Cone Re-entry

Problem Solved?

Dr. F. Vandrey of the Martin

Co.'s aeronautics department stated

in a paper on "Upper Bounds and
Conservative Estimates for Aero-

dynamic Heating at Great Alti-

tudes," read before the American
Rocket Society's Annual Fall Meet-

ing in Buffalo recently that ma-
terials are already available which

can stand the intense aerodynamic

heating at the nose and leading

edges of an artificial satellite.

Using calculations for a mis-

sile similar to the Vanguard as his

example, Dr. Vandrey presented

simplified methods for calculating

aerodynamic heating at extreme alti-

tudes, pointing out that the 1490°F.

skin temperature is still within the

short-term stability limits of stain-

less steel and that the 2740°F. peak

nose cone temperature compares

with a platinum melting point of

3223°F. Vandrey emphasized that

there are a number of other metals,

oxides and ceramic materials with

still higher melting points.

On the problem of re-entry

Vandrey claims "a certain vehicle

with low re-entry velocity would

not burn up." Which may mean that

modification of the true free-fall

ballistic nature of the ICBM by
equipping it with forward firing

rockets to slow its re-entry ve-

locity (now estimated at over 20,-

Furnas Predicts Rocket

That Will Circle Moon
A rocket vehicle capable of

circumnavigating the moon will

probably be the next step after

Project Vanguard in the conquest

of space, according to Dr. Clifford

C. Furnas, Assistant Secretary of

Defense for Research and Devel-

opment.

The Pentagon research chief

also predicted that a nuclear pow-
erplant for a rocket "may eventu-

ally come into its own," but he

said such an engine would be

large, heavy and expensive. Such
an engine would require only a

small amount of fuel, but it would

still require a "very substantial"

amount of material to eject from
the exhaust to develop the neces-

sary drive impulse.

Missiles and Rockets



Atomic Oxygen
In Atmosphere

As Fuel Source?

At the International Astro-

nautical Federation Congress last

month Jerome Pressman of U.S.

Air Force's Air Research and
Development Command, Geophysics

Research Directorate at Cambridge
Research Center, told of recent

experiments which point to possible

use of atmospheric atomic oxygen

as an energy source to power
satelloid vehicles for reasonably

long times at altitudes of about

65 miles.

Pressman said that tests at

Holloman AFB last March using

an Aerobee X-1A rocket produced

direct evidence of the presence of

atomic oxygen at these altitudes

as well as its concentrations. Ex-

periment involved release of 18%
pounds of nitric oxide gas to free

atmosphere with the Aerobee X-1A
at an altitude of 66 miles.

• Most significant result of

the experiment, he pointed out, is

the fact that a large amount of

energy of the upper atmosphere
was released. The energy coming
into the earth in the ultraviolet

region of the solar spectrum dis-

associates molecular oxygen into

atomic oxygen, and because of the

relatively slow rate of three-body

recombination, a reservoir of

atomic oxygen exists in the upper
atmosphere. These atoms, when
they recombine, give off 5.08

electron-volts.

The AF physicist referred to

previous research which indicated

the number of photons emitted by
a sodium cloud of -2 magnitude a

value of 6.7 x 1021 photons/second.

Assuming the energy contained in

the sodium D-line as average for

the photons released by the nitric

oxide cloud, the total flux of I

photons emitted per second amount K

to about 3 hp with an additional I

3 hp dissipated in other modes of I

energy.

The problem, Pressman said,
|

lies in making use of this energy. E

Speculating on just how to do I

this, he indicated the design of a I

propulsion system suggests itself I

as a continuous flow type. Use of I

Missiles and Rockets i



a gaseous-type catalyst appears

difficult to achieve, he noted, since

it would be swept out with the

exiting gas.

• Pressman discussed two

main types of possible systems

—

one involving a heterogenous type

of recombination, the other a homo-
geneous reaction.

In the former, a direct re-

combination could occur on the

entrance throat of a cylinder, or

on a catalytic surface contained

within the cylinder. The heated gas

would subsequently expand and
accelerate outward.

In the homogeneous case, the

system would be so designed so as

to give a large increase of pressure

locally within the cylinder, a fea-

ture that might be achieved by a

pulse-jet, ramjet, or by shaping

the inner walls in the fashion of

effusors or diffusors.

The pressure increase, he

added, would have to be very large

since the partial pressure of atomic

oxygen is of the order of a micron
and the pressure at which the per-

tinent reactions of a series of re-

combinations outlined by Pressman
was placed at one millimeter.

• As an example of the energy

involved, purely for purposes of

calculation, he used a hollow

cylinder model with an entering

throat cross section of 10 square

meters and a length of 10 meters.

By moving it horizontally at Mach
1 (approximately 300 meters per

second) at an altitude of 100 km,
with a concentration of 1013 atoms
of oxygen per cubic centimeter,

there is swept out 3 x 1022 atoms
per second. Assuming 100% ef-

ficiency in extracting the energy

of recombination from these atoms,

this amounts to 15 hp. At Mach 10,

it would amount to 150 hp and at

Mach 20, 300 hp.

Without calculating drag and

lift, he noted that the thrust avail-

able at relatively low speeds would
be adequate to overcome reasonable

estimates of the drag, but not

enough to give sufficient lift to

maintain a true satellite type of

vehicle. He concluded, however,

that it would appear adequate as

an auxiliary, or possibly prime,

power source for maintaining a

satelloid vehicle for reasonably

long periods in the 65-mile high

region.

Satellites Offer Unique Platform

to Study Earth's Atmosphere
The lower hemisphere of an

earth satellite, bathed in the far-

infrared thermal radiation emitted

both by the earth and its atmos-

phere, will provide a unique plat-

form for an astronomical study of

the earth in the light of its own
emission spectrum, Jean I. F. King
of USAF's Cambridge Research

Center Geophysics Research Direc-

torate told the IAF Congress in

Rome.
No other physical parameter

accessible to the satellite contains

the wealth of data concerning the

thermal state of the atmosphere

than that inherent in the far-in-

frared emission of the earth, King
said.

The Air Force physicist

pointed out that a far-infrared,

thermal-sensing device situated on

the satellite would have an obvious

use in determining the constitu-

ents of the upper atmosphere by

a frequency scan of the spectrum.

• A less obvious, but poten-

tially fruitful possibility, said King,

arises from the variation of the ter-

restrial emission as the satellite

field of view sweeps across the

earth's apparent disk. He then pro-

ceeded to present the mathematics

whereby this variation of emission,

(or limb-darkening effect) which

is a measure of the departure of

the atmosphere from an isothermal

state, would produce data on the

vertical thermal structure of the

atmosphere.

King expressed the opinion

that power and weight considera-

tions of the satellite seem to rule

out a scanning, gear-driven, in-

frared spectrometer of conventional

design. He noted, however, that a

rugged, semi-passive, lightweight

filter photometer has recently been
developed under Air Force contract

by John Strong of Johns Hopkins
University for balloon probing of

the atmosphere. Its only power re-

quirements are for a chopper blade

and an a-c signal amplification.

Such an instrument, King said,

could be built with interference fil-

ters tuned strategically at 6, 9.6, 11

and 15 microns. The 6-micron filter

would receive water vapor radia-

tion, the 9.6 micron the ozone and
the 15-micron carbon diozide emis-

sion window would see direct to the

earth's surface.

King concluded that this would

provide a spectral scan of sorts,

while a limb-darkening scan would

be obtained by a proper distribu-

tion of sensing elements on the

satellite surface.
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Molybdenum May Solve

Hi-Temp Problems

Molybdenum, in relatively

good supply in the U.S., may prove

to be the "answer" metal to ultra-

high-temperature flight. Alloys of

molybdenum (with less than 1%
amounts of calumbium, cobalt and
vanadium) are now being re-

searched by both airframe (Con-

vair) and jet engine makers (Gen-

eral Electric).

On 100 and 1,000-hour tem-

perature rupture strengths molyb-

denum comes out on top of the

nickel-cobalt alloys, falling well in

the range of the cermets. Unlike

the cermets, molybdenum is ductile.

In order to overcome the oxidation

problem, research is being carried

out with a number of coating ma-
terials, including those of the

platinum group of metals.

The best idea of molybdenum's
strength-temperature potential is

gained by knowing its melting

point (4760°F) and modulus of

elasticity (E=50,000,000).

Other efforts now under way
to solve the high temperature ma-
terials problem includes basic re-

search into ways of making ceram-

ics ductile.

Air Products to Build

LOX Generating Plant

A convenient source of liquid

oxygen for rocket engine tests will

be available for The Martin Co.'s

Denver Division when it begins to

roll out Titan intercontinental bal-

listic missiles.

Air Products, Inc., Allentown,

Pa., announced it will start con-

struction of a $2,810,000 liquid

oxygen generating plant as soon as

possible on a three-acre, govern-

ment-owned site adjacent to Mar-

tin's new Titan plant southwest of

Denver. It will go into operation

in the first half of next year with

a daily capacity of 150 tons of

liquid oxygen.

Leonard Pool, Air Products

president, said the facility will be

sold to the Air Force when it is

completed, then leased back to Air

Products for operation. Only 20 to

25 skilled engineers will be needed

to keep the plant in operation be-

cause it features "practically com-
plete" automation, he added.
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Rocket Trends
By Erik Bergaust

The American Rocket Society probably is the fastest
growing professional society in the United States. Five thou-
sand membership mark may be reached by the end of the year.
Nineteen fifty-six has been the society's most "prosperous"
year with an average gain of 100 new members per month.
Newest section is Philadelphia, mostly made up of General
Electric SDPD personnel.

First of its kind ? Reaction Motors, Inc., Denville, N. J., is

launching a rocket museum. With several hundred items, such
as combustion chambers, propellant pump systems, valves,
fittings and control system components, the new museum
houses many historic gadgets, including early German and
American rocket engines.

Hellmuth Walter, famous German rocket engineer, now
Research Director for Worthington Pump Corporation in New
Jersey, has indicated he is interested in forming a new Ger-
man rocket company in Kiel. Informed sources seem to think
the new Walter rocket company will be registered in his wife's
name. A glass factory is currently operated in Mrs. Walter's
name, and the rocket company might become its subsidiary.

German missile and rocket comeback is indicated by the
fact that BMW (Bayerische Motoren Werke) in Munich has
established a rocket propulsion study group. BMW built sev-
eral liquid rockets during the last war, but none of the war-
time rocket engineers are currently employed by BMW.

Future design and construction of atomic-powered
rockets and space satellites may be determined by a study of

radiation damage to electronic components, according to

Admiral Corporation. Company is doing study for Air Force.

Slow-burning solid-propellant research rockets built in

Great Britain are designed to fly to 120 miles altitude. Built
by R.A.E., the rockets are 25 feet long and 17 inches in

diameter. A test program for the new rockets is currently in

the works at the Woomera range.

Water-rocket devices for catapulting carrier-based
fighters is being studied intensively by the Office of Naval
Research. If successfully developed, the water rockets prob-
ably will replace the more complex steam catapults now used
by the Navy.

A large rocket and space satellite exhibit, to be held in

conjunction with the American Rocket Society's semi-annual
meeting next spring, is being planned by ARS' National
Capital Section.

The German underground factory in the Kohnstein Hills,

near Nordhausen (Thuringia), where V-ls and V-2s were
made during the war, is reported to be a busy key facility in

Russian rocket motor development.

Chrysler Corporation, in its Redstone rocket development,
has been praised for outstanding component and system pro-
duction reliability.
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Canada Spent $24 Million

On Velvet Glove Missile
Total spending in Canada on the

recently concluded Velvet Glove air-

to-air missile project came to just

under $24 million, according to

Canadian Defense Minister R. O.

Campney.
The Velvet Glove project was

conducted in conjunction with U.S.

and British research teams and
brought practical experience to some
400 Canadian scientists and special-

ists in the air-to-air missile field.

As a result, Canadian industry

has been geared to produce such
weapons and contracts could be
awarded to build a Sperry Sparrow
type air-to-air missile.

THE AIR MATERIEL COM-
MAND at Dayton has announced
the following contracts: Avco
Manufacturing Co., Cincinnati, 0.,

$25,150,558, fire control systems,
spare parts, components and data;

Minneapolis-Honeywell Regulator
Co., Minneapolis, Minn., $600,000,

for facilities in support of guided
missile programs.

C-W New Factor in Missiles Field

Outright purchase of Aero-

physics Development Corp., form-

erly a wholly-owned Studebaker-

Packard subsidiary, has installed

Curtiss-Wright Corp. as a first-line

missile-builder.

Only days after the ADC pur-

chase, C-W won a $16,565,000 con-

tract from the Army for the Dart
anti-tank missile. It will be built by
Utica-Bend Corp., another C-W sub-

sidiary formed as an outgrowth of

the S-P deal, in a plant at Utica,

Mich.

The Dart was developed at

Aerophysics before the Santa Bar-

bara, Calif, firm joined Studebaker-

Packard. Powered by a solid-pro-

pellant rocket, the new Army mis-

sile is based on an earlier develop-

ment by France's SNCA du Nord.
It is wire-guided and has a range
of 1,000 to 2,000 yards.

• According to some industry
reports, the Dart is the "last word"
in missile design for simplicity,

low unit cost and producibility.

For example, it is said to employ
a non-electrical gyro system to

obviate the need for complex elec-

tronics devices and power supplies

in its stabilization.

As part of the Studebaker-

Packard deal, Curtiss-Wright has

taken a 12-year lease on S-P plants

at Utica, Mich, and South Bend,

Ind. and will pay for all work in

process at a cost of $25 million. It

has also arranged to supply S-P
with $15 million more, by under-

writing an extension of its credit.

Other elements of the trans-

action give C-W a three-year con-

tract to provide the auto firm with

management advice, as well as an
option to buy 5,000,000 shares of

S-P stock. Latter is subject to

approval of Studebaker-Packard

stockholders and their agreement

to reduce par value of the stock

from $10 to $1 a share.

Last phase of the deal involves

an agreement with West German
firm of Daimler-Benz A.G. which

will give S-P rights to important

German developments in the diesel

and gasoline engine field.

Curtiss-Wright's XLR-25-CW-
1 ,

liquid-propellant rocket en-

gine is rated at 15,000 lbs. thrust, uses two thrust chambers
(top). Bottom photo shows engine operating on test stand.
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Washington Spotlight

By Henry T. Simmons

Pentagon insiders regard the Talos surface-to-air mis-
sile as a "minimum" area defense weapon and take a skeptical
view of the Air Force's argument that it will be valuable
preparation for the Bomarc. Real reason the airmen want
it is to head off Army missile ambitions—specifically, the
50-mile Nike B.

A committee headed by Pentagon Missile Czar Eger
V. Murphree is looking into the technical merits of the com-
peting Talos and Nike B systems, but no decision has yet been
reached. Comments one official : "The country would be darned
well off to have both." Nevertheless, only one system is likely

to be adopted, and Nike B looks like the better bet, provided
it can be introduced without tremendous modifications to
existing Nike batteries.

Navy's air-to-air Sidewinder missile is now operational
on carriers in the Mediterranean and Far East. Formal an-
nouncement is expected shortly. It is believed to be the first

heat-seeker bird to reach operational status.

Sidewinder's homing system is sensitive enough to
lock on a smoldering cigarette at 100 yards. Navy wags claim
it unerringly picks the hottest cylinder of a piston engine
as its target. As an economy measure, drones dangle incan-

descent torches during firing tests. These are regularly lopped
off by the Philco-produced Sidewinders so the drones may be
used another day.

North American twin-ramjet Navaho probably will be
the first intercontinental missile to be produced in quantity
for the military arsenal. Northrop Snark, although ready for
volume production now, looks like it will be by-passed in

favor of the higher-performance NAA weapon. Latter still

has many months of development work ahead of it.

Diamondback is a study project for an air-to-air mis-
sile. As the name would indicate, it is a potential successor to

another member of the rattlesnake family

—

Sidewinder.

Navy Vanguard satellite scientists figure the first two
seconds of the launching operation will be at least as critical

as any other phase; the gimballed motor of the first stage
cannot be swivelled more than four degrees in the early part
of the flight because of the sloshing liquid propellants. Thus
a vagrant wind could bring disaster in the initial instant of

launching.

Air Force construction plans for intercontinental mis-
sile launching facilities provide for such tremendous disper-

sion that no more than one-third of any given battery's fire-

power would be lost in the event of a direct hit by an enemy
missile with an H-Bomb warhead.

The extent of the missile's impact on USAF weaponry
is revealed by these planning estimates: Eventually 90% of
the missions of the Air Defense Command, 50% of the
Strategic Air Command's missions and 40% of Tactical Air
Command's targets will be handled by the canny birds.
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SPECIAL REPORT:

RUSSIAN ATOMIC ROCKETS UNDERWAY
Soviets Join International Astronautical Federation,

Will Assist in Satellite Program

ROME—At least two atomic

rocket research projects are be-

lieved to be in the works in the

United States, but even so the

Russians may be ahead of us. This

was revealed here during the 7th

Congress of the International As-

tronautical Federation.

Russia's interest in satellite

science and astronautics has, fur-

thermore, been accentuated by the

fact that the Astronautics Commis-
sion of the U.S.S.R. Academy of

Science applied for and was admit-

ted to full membership in the fed-

eration at this Congress.

Just how interested the Rus-
sians are in rocket and satellite

activities during the International

Geophysical Year was expressed in

a statement by Professor I. P. Bar-

din, Russian International Geo-
physical Year Committee Chair-

man.

In his statement, given to Dr.

M. Nicolet, Secretary General of

the Comite Special de L'Annee In-

ternationale Geophysique, Prof.

Bardin made these points:

By Erik Bergaust

1) In addition to the

U.S.S.R. program already pre-

sented to the Barcelona Inter-

national Geophysical Year

Meeting, Russia's rocket-satel-

lite program will be presented

at a later time.

2) The U.S.S.R. is inter-

ested in launching a satellite

by means of which measure-

ments of atmospheric pressure

and temperature, as well as

observations of cosmic rays,

micrometeorites, the geomag-
netic field and solar radiation

will be conducted. The prepa-

rations for launching the sat-

ellite are presently being made.

3) Meteorological observa-

tions at high altitudes will be

conducted by means of rockets.

4) Since the participation

of the U.S.S.R. in the IGY
rocket-satellite observations

was decided quite recently,

the detailed program for these

investigations has not yet

been elaborated. This program

will be presented as soon as

possible to the Secretary Gen-

eral of the CSAGI.

Russian delegate to the IAF
Congress, Dr. Leonid Sedov, Mos-
cow University professor, declined

to comment when Missiles &

Rockets asked him whether the

Soviets would launch more than

one satellite.

Dr. Sedov did confirm, how-
ever, that Russian atomic rocket

research is progressing at various

nuclear research centers through-

out the Soviet Union.

• A short time ago Russian

research engineer G. Nesterenko

said that "engines performing on

nuclear fuel are of great impor-

tance in our contemporary avia-

tion and rocket engineering. Pow-
erful and highly efficient atomic

engines will enable us to build

rockets that will overcome the

gravitational pull of the earth."

Rocket engines with atomic

reactors mounted directly in the

combustion chambers have been

discussed openly in Russia. Active

U235 and U238 reactor mass and a

graphite neutron inhibitor have

been suggested. Liquid hydrogen
will flow through the porous mass,

cool the reactor and at the same
time acquire tremendous energy.

Nesterenko has calculated the ex-

haust velocity to be in the neigh-

borhood of 22,000 feet per second.

Heat, Weight Problems

Heat in this type rocket reac-

tor is controlled by movable con-

trolling shafts prepared from por-

ous cadmium, acting like "fire ex-

tinguishers" in regard to the chain

reaction. Liquid hydrogen cools

the shafts.

"The problem of heat transfer

is considerably lessened by the use

of porous materials in the reac-

tor," Nesterenko said. "Such ma-

Pope Blesses Man's Efforts to Conquer Space

Pope Pius XII has given his blessing and benediction to

mankind's efforts to conquer space.

"God has no intention of setting a limit to the efforts of

man to conquer space," he told members of the 7th International
Astronautical Federation Congress in Rome.

The 400 delegates were received by the spiritual leader of

the Roman Catholic Church at his Castel Gandolfo summer
residence.

"The more we explore into outer space, the nearer we
come to the great idea of one family under the mother-father
God," the 80-year-old Pontiff said.

"This astronautics congress has become one of great im-
portance at this time of man's exploration of outer space. It

should concern all humanity. Man has to make the effort to
put himself in new orientation with God and His Universe,"
the Pope concluded.

Newly elected vice president of the IAF, Moscow pro-
fessor Leonid Sedov, leaned forward attentively and nodded his
head in agreement when other delegates translated the Pope's
address from French into German for his benefit.
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terials offer a large surface area

for the liquid hydrogen."

• What the Russians term a

"fluido-reactive rocket," using

liquid hydrogen, must be very

heavy, they admit. But ways to de-

crease the weight of the reactor

are being sought. Nesterenko

thinks the "critical dimension" can

be decreased by the use of en-

riched uranium that contains a

large percentage U235, by install-

ing special reflectors of neutrons

and by substituting the graphite

with an improved inhibitor for the

rapidly moving electrons, etc.

"Such measures should decrease

the weight of an atomic rocket at

a ratio of 10:1. Thus the construc-

tion of an atomic rocket vehicle of

from 100 to 200 tons total weight

is possible today," he asserted.

Russian interest in atomic rocket

engines is confirmed by another

official who says that the biological

problems, i. e., radiation hazards

for passengers in atomic aircraft

—whether they are propelled by

jets or rockets—are under study.

When the subject of Russian

atomic rocket research was dis-

cussed with Dr. Leonid Sedov dur-

ing the IAF Congress, he could

not confirm whether the trend sug-

gested by Nesterenko was indica-

tive of what type reactors and ma-
terials are being considered in

Russia.

"I am not a propulsion man,"
he said. "I am an astrophysicist.

However, I can confirm that we are

very much interested in 'these

things' and that they are being

worked on."

• Dr. Sedov, who preferred

to converse in German, made a

considerable impression on IAF
members at last year's interna-

tional congress in Copenhagen,
where he held a press conference

at the Soviet consulate. At that

time he announced that Russia was
building "a satellite that might be

launched sooner than the one an-

nounced by President Eisenhower."

Because of the questionable

publicity Dr. Sedov was given after

last year's meeting with the press,

he refused to hold another press

conference this year.

One of the American scien-

tists, who carried in his briefcase

a number of small transistorized

telemeter units and cosmic-ray

counter components of the types

suitable for small satellites, was

asked by Dr. Sedov if he would

be willing to sell them. Said the

American scientist: "I will send

them to you when you send me
some samples of the components

you're putting into your satellite."

Dr. Sedov, who has a fine sense

of humor and is very popular

among American and German
scientists, expressed his gratitude

when the delegates unanimously

approved the Russian application

for membership in the IAF.

"We look forward to working

with the societies from other coun-

tries," he said.

Biggest IAF Congress
Retiring IAF president Fred-

erick C. Durant, III of Arthur D.

Little, Inc. told Missiles & Rockets

that this congress had been the

"biggest and most important" since

the world organization was founded

in 1950. More than 60 Americans

attended, including representatives

of the Air Research & Development
Command, the Naval Research

Laboratory, the Office of Naval Re-

search, the Cambridge Research

Center and other official bodies.

Some of the eminent American
scientists included Dr. Theodore

von Karman, Dr. Joseph Kaplan,

Krafft A. Ehricke, Dr. Homer
Newell, Dr. Fred L. Whipple, Dr.

Fred Singer, and others.

• Numerous scientific papers

were presented. More than a dozen

pertained to small, artificial satel-

lites, four dealt with lunar rockets

and a variety of papers discussed

rocket technology and astronau-

tical problems in general.

The Congress was held at the

beautiful Palazzo dei Congressi. A
record attendance of 450 delegates

from 22 countries convened for a

full week from Sept. 17-22. The
members were welcomed by Rome's
Mayor and later in the week were
received by Pope Pius XII at his

summer residence, Castel Gandolfo.

Although the U.S. earth

satellite program for the IGY
and the Air Force camera-

equipped reconnaissance satel-

lite have been the only two
space flight projects discussed

officially in the United States

so far, Missiles & Rockets
learned reliably that there are

actually several space flight

IAF Congress Personalities

SEDOV and FREDERICK DURANT
New East-West Vice Presidents.

KRAFFT A. EHRICKE
Solar power for travel beyond the moon.

DR. JOSEPH KAPLAN
Wanted: observers all over the world.

SAENGER & SAENGER-BREDT
Predicted: bright future for photons.
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Special Report

projects under way. Since

most of these are conducted

by military organizations, and

since much of the vehicle tech-

nology involves missile tech-

niques, none of them have

been revealed.

• Several of the most im-

portant American universities

and several scientific organiza-

tions are said to be involved

in different types of space

flight studies embracing larger

satellites, lunar rockets and

vehicles designed to circum-

navigate the moon.

Within three or four years we
are likely to go beyond this thing

of sending a small, un-controlled

shell to the moon, one scientist

said. "If you want to go for a trip

in the country and you can't afford

a Cadillac, you'll use a scooter. But

if you have a Cadillac you'll use

that one—and that's pretty much
the situation today. Our rocket in-

dustry has the Cadillac—so why
bother with the small stuff?"

"I feel convinced that we will

launch numerous larger satellites

into all kinds of orbits within the

next decade," Durant said in his

opening speech.

• The peaceful aims and ob-

jects of the IAF and of astro-

nautics as a science were em-
phasized throughout the congress.

A Cambridge Research Center

Aerobee sounding rocket at dis-

play attracted much attention.

"The slogan of this congress

could well have been 'Rockets for

Peace" and research rockets such

as the Aerobee and Vanguard
prove that this is possible," Durant
said. The announcement that the

United States and Canada will con-

duct jointly a multi-million dollar

program for rocket exploration of

the atmosphere in the Arctic region

and Russia's forthcoming meteor-
ological program, using rockets,

were among the favorite discussion

topics of the delegates.

Great Interest in Vanguard
President Eisenhower's an-

nouncement July 29, 1955, that the

United States would participate in

the IGY with an artificial satellite

program, coincided with the open-
ing of last year's IAF congress in

Copenhagen. This year technical
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Schematic view of Russian "fluid reactive" engine.

I. Tank for hydrogen. 2. Regenerative cooling pipeline

for hydrogen. 3. Pump. 4. Reactor. 5. Controlling rods.

3

4

Schematic view of Russian atomic
rocket. I . Control shaft (rod). 2. Pipe-

lines for liquid hydrogen. 3. Graph-
ite. 4. Rods of U235.

KOMttpec6op mertJiooOMeHHUK mypfiUHa

Schematic view of nuclear-fuel turbo-reactive engine
with ramjet. I. Reactor. 2. Controlling rod. 3. Exhaust
nozzle. 4. Pump. 5. Turbine. 6. Heat exchanger.

7. Compressor. 8. Air intake and diffuser.
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NUCLEAR ROCKET RACE ON
• Atomic Energy Commis-

sion Conducts Basic Research

—NACA Believed to Be

Working On Second Project

papers pertaining to the Vanguard

were presented. Interest of the

European press in the Vanguard

program was high. Italian news-

papers carried as much as a full

page of reports and pictures on

the subject.

N. E. Felt, Jr. of Martin, Balti-

more, presented a paper on the

Vanguard launching vehicle and
revealed the basic construction of

the three-stage carrier rocket. The
true significance of the project is

that we have accepted a challenge

to create something never before

seen by man, he said. "This device

is something to be used for the

advancement of mankind by ex-

tending our knowledge of our en-

vironment; we have taken the first

step in the exploration of the uni-

verse," he said.

• Dr. Whipple, in charge of the

visual observation of the American
IGY satellite, told Missiles &
Rockets that the Smithsonian

Astrophysical Observatory will

activate some of the observer

groups throughout the U.S. in

November and December. These

groups will start "training" and be

checked out for timing and co-

ordination. The experiences gath-

ered will be offered other groups
all over the world. The so-called

"Moonwatch" program now has

reached the stage at which such

a nationwide practice session is

both desirable and necessary, Dr.

Whipple stated.

"When we activate our ob-

server groups late this fall, this

will be a full-scale rehearsal, in-

cluding a communications tryout,

for the forthcoming IGY satellite

tracking," he said.

The Federation passed a reso-

lution to encourage its member
societies to offer assistance to the

IGY chairmen in their respective

countries for visual observation

and tracking of the IGY satellites.

British atom-physicist Leslie

Shepherd of Harvell University

was elected new president of the

IAF. Russian delegate Dr. Sedov
was elected vice president. Four
other vice presidents elected were

:

Durant, Gen. Paul Bergeron, Julio

Marial and Prof. Teofillo M.
Tabanera. Next year's congress

will be held in Barcelona October
7-12. The Netherlands will be host

to the 1958 congress.

In an effort to attract more
trained personnel to the project,

the Atomic Energy Commission has

announced that two of its labora-

tories are engaged in nuclear

rocket development projects. Work
has been going on for the last

year at the Livermore Branch of

the University of California's Ra-

diation Laboratory in the San
Francisco Bay area, and the Los

Alamos Scientific Laboratory in

New Mexico, operated by UCLA.

The Los Alamos phase of the

work is being conducted by the

"N Division" under the direction

of Dr. Ramer Schreiber. AEC of-

ficials declined to discuss either

possible advantages or methods of

achieving nuclear rocket propul-

sion. However, an obvious advan-
tage is low fuel weight and vir-

tually unlimited thrusts.

• Other disadvantages that

must be overcome include develop-

ment of materials or possible elec-

trical-field methods of withstand-

ing the tremendous heats of reac-

tion—even greater than the sun-

surface temperatures encountered

in the ICBM long range missile;

the heavy weight of shielding

necessary to protect personnel (if

the vehicle's to be manned) and
instrumentation from high-inten-

sity radiation; and development of

a means of controlling the reaction.

Fuel-metering can probably

best be achieved by the use of fis-

sionable materials in solution,

such as that used in homogeneous
reactors. This could be sprayed

into the reaction chamber from
the perimeter to gather in sufficient

concentration at the center to pro-

duce a "boil-up" reaction.

Another possibility is a solid

hot reactor feeding into the firing

chamber in the same way a self-

consuming electrode feeds into an

electric furnace.

Another interesting problem
will be posed in flight-testing such

a vehicle. Wherever it might crash,

it would be troublesome.

• Also in the field of nuclear

propulsion, the AEC in its latest

semi-annual report discusses the

progress of work towards con-

trolled fusion and presents some
possibilities for the far future.

It says :
"

. . . it is conceiv-

able that a controlled thermonu-

clear reactor (burning a fuel of

Helium-3, for example) might

eventually be developed which

would produce no neutrons at all,

and for which no neutron-shield-

ing would be required."

Such an engine would not rely

on mass airflow for its propulsive

medium (as will present atomic

aircraft engines now being devel-

oped), but would utilize the direct

energy of reaction as do today's

rocket engines. Thus, it would not

be limited to atmospheric opera-

tion.

And from the point of view of

safety, the AEC report says it

would be "extremely safe . . .

fuel supply itself would be stored

completely outside the machine

chamber and would be completely

incapable of participating in the

reaction without first being intro-

duced to the reactor and heated

... no fission products to escape

in case of an accident."

Basic obstacle to development

of such an engine is the high tem-

perature (hundreds of millions of

degrees) of reaction, but AEC feels

an insulating effect may be

achieved through the use of elec-

trical and/or magnetic fields. The

fusion engine would be started by

means of local particle excitement

rather than relying on an A-bomb
trigger. Power rate could be con-

trolled by metering gas admitted

to the reaction chamber.
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Propulsion Notes

By Alfred J. Zaehringer

The NRL AEROBEE-HI rocket that got up to 163
miles June 29 was the result of considerable re-design after

two successive failures. Blame was placed on motor—probably
the injection system. Meanwhile NRL denies that the new
rocket is a prototype of Stage 2 of VANGUARD satellite

vehicle.

Two plants at Niagara Falls, N. Y. are producing
new propellants (for rocket and/or for "chemical fuel" air

breathing jet engines). Stauffer Chemical is upping the pro-

duction of boron trichloride by a factor of ten. Nearby Olin-

Mathieson is producing alkyl boranes ("Zip") at a $36 mil-

lion USAF plant. The OM plant was recently battered by an
explosion of major proportions. (See "Industry Spotlight")

•

LOX-fueled REDSTONE makes extensive use of

aluminum allovs. Hints are that REDSTONE'S kissing cousin
JUPITER will also be LOX-fueled but may use lighter-

weight alloys such as magnesium. First firings of an entire

JUPITER IRBM (FBM) and ATLAS ICBM are near. Never-
theless, there has been considerable talk that the Chrysler
IRBM may also go through a parallel solid-propellant version.

•

MARS is the Missile and Rocket Section research
group of the University of Detroit's Research Institute

of Science and Engineering. Both solid and liquid propel-

lants will receive attention. Headed by Dr. Donald J. Kenney
of the U. of D. Chemistry Dept., MARS will utilize produc-
tion and test facilities of American Rocket Co. Under the
joint industry-university program engineering talent will

be shared.
•

Capabilities of heretofore classified solid-propellant

units have been revealed by Coleman Engineering, operators
of the USAF SMART track at Hurricane Mesa, Utah. HVAR
has been used for low-speed runs (acceleration and sustain-
ing) and for retro-firing (braking). Burning time is 0.86

sec. New solid-propellant booster unveiled is the 224B-1 with
a burning time of 4.6 sec. T-50 booster also used for the
zero-length launching of MATADOR has a burning time of

2.5 sec. and is used in combination with the 224B-1. LOKI
with a burning time of 0.8 sec. has also been used as a
sustainer.

•

Three solid propellant SMART sleds have been built.

The MM-1 mounts three HVARs for acceleration, three
5KS-4500s for acceleration, and six HVARs for retro-firing

braking. The 5KS sled carries twelve 5KS rockets and uses
water braking. The 224B-1 sled is designed for Mach 1.7 runs
but Mach 2 runs are being planned with a T-50 pre-boost
sled, a 224B-1 booster sled and a forward test sled. Solid-
fuel rockets give flexibility in thrust and burning time by
using the various combinations. However, Coleman claims
liquid-fuel rockets permit greater operational economy and
variability. No details have been released about the liquid
units.
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BRITISH LEAD IN LIQUID RATO AIRCRAFT
FARNBOROUGH—B r i t i s h

rocket engine progress was demon-

strated here during the Society of

British Aircraft Constructors' show
last month. Missiles & Rockets
correspondent was particulai'ly im-

pressed by the colorful and dramatic

rocket-assisted takeoff of the Vickers

Valiant giant bomber. The British

are undoubtedly ahead of the United

States in the field of liquid-rocket-

assist aircraft.

The mighty Valiant, forced to

demonstrate its performance under

poor weather conditions, with rain

and low-hanging storm clouds, lum-

bered across the field to the end of

the runway. The four jets reached

their penultimate scream, the pilot

released the brakes, and in a matter

of seconds the big bird began its

climb into the dark clouds.

Then came the rockets with

their spine-chilling roar. Tilting up-

ward at an incredible angle, the

huge bomber zoomed aloft, the two
auxiliary rockets mounted under-

neath each wing sputtering charac-

teristic shock diamonds.

While the Valiant Super Sprite

rocket engine only yields 4,200

pounds of thrust, Armstrong Sid-

deley has produced the Screamer,

with a thrust rating of 9,500

pounds; this and similar engines

are scheduled to be produced for

several British aircraft, both
fighters and bombers.

The following is an alphabetic

run-down of the main missile ex-

hibits at the SBAC Farnborough
show.

• Avro introduced its Weapons
Research Division with a simulator,

a computor and a display of shock-

resistant, resin-potted, transistor-

ized circuits—a DC to DC converter

stepping up 12 volts to 150 volts

with a capacity of 15/20 watts at

75% efficiency: a half-cycle mag-

netic amplifier with a gain of 2,000

:

a snap-action magnetic amplifier

shown operating a lamp on 0.1 volt,

claimed as a gain of ten million.

• Bristol showed its produc-

tion missile ramjet, the Thor, and

its compact hydraulic turbo-power

pack and a turbine fuel pump. Bris-

tol revealed two coaster vehicles

with cruciform low aspect ratio

wings and cruciform tail blades at

45°, used for aerodynamic data

gathering during a 10-sec. decelera-

tion from an initial rocket-boosted

1,360 mph. Launching takes 2 sees.,

with a peak of 35g's. Bristol's ex-

tensive work on welded high-alloy

steel rocket cases and pressure ves-

sels was extensively displayed.

• English Electric was se-

curity-bound to a model of last

year's missile, plus a very similar

Declassified photo of one of early

types of control test vehicle built by
Bristol Aircraft Ltd. Maximum velocity

exceeds 2,000 ft./sec. Peak accelera-

tion is 35 g's. Triplex tandem boost

burning time is two seconds.

parachute-recoverable coaster used

for training on a normal artillery

range. A triple-rocket tail-booster

gives an initial speed of 1,360 mph.

The company's Mark VI tempera-

ture-controlled gyro achieves the re-

markably low drift rate of lVhour

by virtue of being immersed in a

viscous fluid to resist shock and

maneuvering loads. A compact ex-

haust-operated power pack consists

of two cylindrical accumulators re-

circulating fluid, one to the other,

through a sealed turbine under

pressure from internal gas bags.

Both low and high pressure filters

of sintered bronze ensure continu-

ous functioning.

9 Fairey had its Fireflash,

the RAF's first production (train-

ing) missile on the Vickers Super-

marine Swift F7, the Hunter F4
and on an assembly/loading trolley

and on a "yes/no" pre-launching

test table. The Fireflash is a beam-
riding coaster launched from an
underwing position by twin cordite

boosters which jettison automatic-

ally at burnout.

• Ferranti's connection with

the Bristol missile program was
emphasized by the presence of

printed wiring and transistorized

circuits on the latter's stand.

• Napier showed its produc-

tion 2,000-lbs.-plus production mis-

sile rocket motors, the NRE 11 and
NRE 17, the ramjet combustion
test vehicle NRJ 1 and the fuel

supply pack operated by ram pres-

sure. This latter inducts air from
two one-inch-diameter pitot heads,

then diffuses it into a turbo-pump.

Altitude and air speed regulation

of the fuel supply are provided

from dynamic/static pressure

measurement.

• Royal Aircraft Establish-

ment (Wescott )had the last word

with its 50,000-lbs. thrust rocket-

chamber/nozzle. This is a spherical

chamber with divergent nozzle

built from 32 identical individual

"leaves" of argon-arc welded 18/8

stainless steel. Each "leaf" is of

two skins, hydraulically inflated to

provide cooling passages and

molded to form. Kerosene at 800

Ibs./sq. is fed through the passages

to give regenerative cooling before

spraying into the chamber to mix

with the LOX for combustion. In-

stead of entering through nozzles,

both propellants are injected

through perforations in the inner

skin of the chamber. Combustion

pressure is 500 lbs./sq. in.
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TEAMWORK:

Key To Success in

Guided Missiles

By Dr. Wernher von Braun

Guided missile development is

a young art. Certainly this makes it

a rather fascinating art. Here is a

fertile operating ground for crea-

tive minds and the younger genera-

tion is well aware of this. I receive

many letters from young people

asking advice on how to become a

guided missile expert. I usually ad-

vise these inquirers that there are

no such animals, for a successful

guided missile system is the result

of human teamwork rather than a

specific idea or achievement on be-

half of an individual expert.

The missile field, extending as

it does into technical areas as far

apart as fuel chemistry and ultra-

high frequency radio, stress analy-

sis and supersonic aerodynamics,

materials research and gyroscopes,

pure mathematics and shop man-
agement, cannot possibly be en-

compassed by a single brain. As in

baseball, good players are needed

but it is the quality of the team-
work among these players that de-
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cides whether they are big league

or bush league.

As long as a new guided mis-

sile project is still earthbound

—

that is, in the stages of planning,

design, manufacture, laboratory

work and ground testing—we are

relatively safe from serious set-

backs. The acid test comes when
we begin the flight testing. There

are a number of reasons for this.

Intricate Relationships

• In the first place, there is an

intricate functional cross-relation-

ship between construction elements

emerging from those vastly differ-

ent scientific and engineering fields

which make up the art of building

guided missiles. A "bug" in a

guided missile does not care how
the development agency has been

organized, and who was responsible

for what.

Take for example : There is a

vibration in a missile caused by the

rocket engine. The vibration is

picked up by a sensing element be-

longing to the guidance system, is

amplified by the control circuits,

and causes a hunting of the control

organs which, in turn, breaks up

the structure of the missile in mid-

flight. Whose fault was it? Who is

to be blamed? What is to be done

about the bug? Only men working

together as a team and familiar

with the scientific and the hard-

ware angles of the missile, can

The Author . . .

is recognized as the icorld's

greatest authority on ballistic

missiles. Missiles & Rockets is

honored to publish this arti-

cle, ivhich is the first he has
written on human relations and
missile developments. Dr. von
Braun is a member of Missiles

& Rockets' Editorial Board.
He is presently Director of De-
velopment Operations Division,

V. S. Army Ballistics Missiles

Agency, Huntsville, Ala.

successfully remedy such a situa-

tion.

But before one can even sit

down and analyze, one first must
have the facts of what actually

happened. The missile may have
broken up above the clouds and the

debris may have fallen irretriev-

ably into the ocean. Nor is there a

pilot to return to the base to report

about discrepancies he may have

observed prior to the break-up.

To observe the behavior of

missiles in flight, we depend en-

tirely on telemetry and tracking,

both of which involve complicated

electronic techniques. Telemetry

radios to the ground pieces of in-

formation collected by a variety of

eyes and ears, called "endorgans,"

which we have previously endeav-

ored to place in strategic or critical

locations throughout the missile.

Alas, it is quite difficult to know in

advance what will turn out to be a

"critical location."

9 Management of a successful

missile program depends to a large

degree on its capability of correctly

and rapidly analyzing causes of

malfunctions observed in test
flights. It is easy to see that this

task is the more difficult the more
geographically and organization-

ally decentralized the project is

handled. For more decentralization

means more room for misunder-
standings, less opportunity for

people to grow together as a team,

and less opportunity to familiarize

a sufficient number of people inti-

mately with the entire missile sys-

tem, every part of which is a po-

tential source of trouble.

It is an undisputed fact that a

substantial number of test missiles

must be fired before a new type

missile emerges from the research

and development phase. Thus, as

we And it necessary today to

modify the design as a result of

yesterday's firing, we have to in-

corporate this modification into a

number of missiles which, in vari-

ous stages of completion, are being

readied in our shops for future

firings.

The period of time required

for this process of analyzing flight

tests, designing, building and test-

ing the modified parts, and finally

incorporating the modifications in-

to missiles in the assembly shop

is the best yardstick for any sue-



cessful, speedy missile system

development.

Facts and Theory

All this, of course, means that

production of guided missiles must

begin before we know our own end

product. Most production men will

tell you that this is just plain non-

sense and that every branch of in-

dustry will confirm that orderly

documentation, meaning a complete

set of drawings and specifications,

is an absolute must for any suc-

cessful production.

All we can say is that such

production men had better learn a

few things or stay out of the

guided missile business. Unlike a

tank, a gun or an airplane, a

guided missile is a one-shot af-

fair. You put a lot of work into it

and at the end someone pushes a

button and the thing is irretriev-

ably gone. You need anywhere be-

tween 50 and 100 missiles for the

development and another 50 to 100

for the field testing phase of a new
guided missile system. So you have

to provide not just a pilot line but

a good-sized production before the

design may be reasonably frozen.

Experience shows that a typical

large guided missile system in-

volves approximately 60 to 80

thousand engineering change
orders on the missile alone between

the first successful flight and the

release as an operational weapon
system. It may be a good guess to

assume a similar figure for the

ancillary ground support equip-

ment.

If there were plenty of time,

all this still wouldn't be too bad.

We could move along cautiously

and speed up this intricate process

of analyzing, modifying and pro-

ducing as our organization learns

to function as a team.

The trouble is that we never

have this time. Unless we can get a

new missile system into the hands

of the troops inside of five years

after the development was started,

the system is likely to be obsolete

before it is ready for operational

use. There is a saying in the Stra-

tegic Air Command to the effect

that SAC has no up-to-date air-

planes, that all of SAC's airplanes

are either experimental or obsolete.

The same can be said about guided

missiles.

And yet, even if we are ready

to accept the fact that only obsolete

guided missile systems will ever

attain operational readiness, we
must still bear in mind that de-

velopment costs for major guided

missile projects amount to several

hundreds of millions of dollars per

system. To justify such expenses

the weapons systems must have at

least five to ten useful years.

Crash Program Needed

• The conclusion is obvious.

We simply cannot afford to develop

a major new guided missile system

on any other but a crash basis—nor

may we assume that a potential

enemy could not afford it. It is clear

that the need for "crash" further

greatly enhances the difficulties for

the developing agency. Any develop-

ment organization artificially pieced

together by management decree does

not have a Chinaman's chance to

succeed in the race for superior

guided missile systems. The job can

only be done by a smoothly working

team. What then makes a good team
tick?

Any good team, no matter

whether baseball or guided missile,

is distinguished by certain qualities

that are hard to appraise in sober

scientific terms. In a good team

there is a sense of belonging, of

pride, of group achievement. There

is an element of spontaneity in it.

A good team must grow slowly and

organically like a tree or a flower.

All that management can provide

to make a good team grow and

blossom is a healthy working

climate. Like a gardener, manage-

ment can see to it that the flower

has good soil, sunshine, water and

fertilizer. Nature must do the rest.

Building a team is a slow pro-

cess and there is trouble when one

tries to speed it up too much. Just

as one can burn a flower with too

much fertilizer, one can badly hurt

the growth of a healthy team by not

providing sufficient time for new



team members to get acquainted

with each other. Whether they are

scientists, engineers or mechanics,

they must be given an opportunity

to learn to appreciate the capabili-

ties and accomplishments of their

fellow team members. In guided

missile development this is particu-

larly important because there simply

cannot be an argument as to what
professional group is more impor-

tant.

Once a group of scientists and
engineers has learned to work to-

gether as a team they will laugh at

such debates because they realize

that they are dependent upon each

other.

The picture of the gardener

may appear a bit lyrical at a time

when for sheer national survival we
are faced with an urgent need for

long-range ballistic missiles. And
yet at this point I am tempted to

quote a distinguished New England

scientist who, when I asked him how
long he thought he would need to

complete a certain development pro-

gram, replied, "Two years. But if

you rush me it may take three."

The following factors are in my
mind most essential and, in fact,

indispensable to a successful guid-

ed missile team:

• Maximum delegation of au-

thority. In a field as many-faceted

as guided missiles, many, far too

many, experts from various fields

are needed. Men to whom leading

position in a guided missile pro-

gram have been entrusted should be

modest enough to realize that they

themselves depend on the successful

and smooth functioning of the team
as a whole just as much as any
teammate in a lower echelon. It is

impossible to run a successful

guided missile program in a high-

handed fashion.

• An efficient and continuous

system of communications from top

to bottom and from bottom to top.

Here again the responsible team
leaders must be modest and humble
enough to admit to themselves that

more good ideas usually originate in

the working level of a technical

team rather than in the management
level, which is almost continuously

tied up with planning, budgeting,

personnel, contractual and similar

problems. Therefore, if good ideas

originated in the working level of a

large development organization do

not find their way to the top, the

team will go to seed.

• Loyalty, honesty and justice.

I am not using these well-worn

terms just because you can't lose by
stating that you are opposed to sin.

There is a very practical aspect to

these words in connection with a

successful guided missile team.

One of our early Redstone

missiles developed trouble in mid-

flight. The telemeter records indi-

cated that the flight had been flaw-

less up to that instant, and permit-

ted us to localize the probable

source of trouble. However, the

suspected area had been very care-

fully checked in numerous labora-

tory tests so that all explanations

sounded highly artificial.

Several theories were advanced.

Finally one theory was accepted as

most likely and remedial action

based on it was initiated. At this

point an engineer who was a mem-
ber of the firing group called and
said he wanted to see me. He came
up to my office and told me that

during pre-launching preparation

he had tightened a certain connec-

tion just to make sure that there

would be good contact.

While so doing, he had touched

a contact with a screwdriver and

drawn a spark. Since the system

checked out well after this inci-

dent, he hadn't paid any attention

to the matter. But now that every-

body was talking about a possible

failure in that particular appa-

ratus, he just wanted to tell me
the story for whatever it was
worth. A quick study indicated that

here was the answer. Needless to

say, the "remedial action" was
called off and no changes were made.

I sent the engineer a bottle of

champagne because I wanted every-

body to know that honesty pays off,

even if someone may run the risk

of incriminating himself. Absolute

honesty is something you simply

cannot dispense with in a team effort

as difficult as that of missile devel-

opment.



Indispensable Requirements

Loyalty and justice are just as

indispensable. We must realize that

every new development involves risk

and the bigger the project, the

greater are these risks. It would be

conceited for the top management
of a large development organization

to believe (You sometimes hear

statements to this effect ! I that the

man in the laboratory or behind the

drawing board need not worry about

the risk because the management
alone is strong and brave enough to

shoulder the responsibility.

Nobody can relieve a member
of a team from his responsibility in

his particular area. Moreover, the

team member is usually quite proud

of this responsibility and is only too

ready to take it. But in a risky oper-

ation like a multi-million dollar

guided missile project he wants to

know that the management will

back him up if he sticks his neck
out and something does go wrong.

• Finally a good team needs
a healthy rate of metabolism. In

a dynamic team there must be

chances for fair advancement for

everybody. Without this chance the

team will become stagnant and
sterile.

The only way to maintain ad-

vancement chances is by provid-

ing a continuous influx of young
people. This continuous influx of

new blood makes the team less

vulnerable to losses of key person-

nel, which may not only occur as a

result of old age or death, but are

unavoidable in a free economy. A
healthy rate of metabolism should

not be confused with personnel turn-

over, however. While the former is

an indication of a healthy team, a

high personnel turnover is a very
definite indication that something is

wrong.

There are only a very few ex-

perienced guided missile teams in

existence in this country—exper-

ienced in the sense that they had an
opportunity to see a complete guided

missile system through from its

early conception to operational read-

iness. These few coherent teams
represent the greatest single asset

this country possesses in the con-

tinuous struggle for international

leadership in the guided missile

field. Government agencies and cor-

porations should spare no effort to

protect the integrity of these teams

and prevent them from disintegra-

tion and decay. This is a difficult

task at a time when both the de-

mands for better guided missiles

and the willingness of industry to

get into this new buisness is in-

creasing at a much faster rate than

organical growth of teams permit.

Temptations Are Great

Today the situation is such that

anyone with a few years of expe-

rience in the missile business is con-

tinuously tempted to desert his team

and accept a position of allegedly

much greater responsibility (and,

of course, much higher pay!) with

one of the many companies that are

desperately trying to establish them-

selves in the guided missile busi-

ness.

I do not know of a greater

single threat to this country's

guided missile superiority than the

danger of disintegration of the few

experienced development teams un-

der the onslaught of the gold-plated

temptations offered by the fast-

growing guided missile industry

itself.

This is a free country. Unlike

some of our competitors overseas

we cannot, in peacetime, assign

scientists and engineers to high

priority projects and keep them
there even if they don't like their

jobs. It is the task of our guided

missile project managements to

make them like it.

But there is also an ethical

obligation on the scientist and en-

gineer himself. He should realize

that every penny spent on guided

missile development comes out of

the taxpayer's wallet. In the re-

search and development phase most
guided missiles are not completely

successful—but the missile itself

will never learn what was wrong
with it!

It is the development team
that learns and widens its expe-

rience through failures in early mis-

sile testing. Consequently, any

guided missile scientist and engi-

neer playing with the thought of

leaving his team should remember
that he represents a public invest-

ment— not only as an individual

and guided missile man—but as a

member of his team. His value to

the taxpayer may drop substanti-

ally if he changes his team allegi-

ance. END.



A BOY AND HIS ROCKET
Charlotte, N. C.—America's

youngest rocket designer, ingenious

17-year-old Jimmy Blackmon, whose
6-foot gasoline rocket was "rejected"

by Redstone scientists, is going to

build another one.

"I won't build a whole missile

as such," he told Missiles &
Rockets, "just the motor—with

valve systems and injector head.

Then I'll test the thing statically

under 1,200 psi pressure with water

and carbon dioxide to find out how
I can mix propellants and control

the flow into the injector head.

I'll take some movies of the pro-

pellant flow and study the pattern."

Jimmy Blackmon's first rocket

was rejected by the Army because

high back pressure in the combus-

tion chamber probably would have

caused it to blow up.

• The significance of Jimmy's

rocket experiments does not lie in

the fact that this sort of thing can

be experimented with on an ama-
teur basis—and that our rocket-

minded youngsters should be en-

couraged to convert a corner in the

basement into a rocket lab—rather,

the Blackmon case serves to focus

attention on a problem that agi-

tates the minds of many young

American would-be rocket engi-

neers.

Jimmy—and thousands of

ROCKETEER VON BRAUN & JIMMY
. . . Too much back pressure

other youngsters—don't know what
kind of prep-education is required

for full-fledged missiles engineer-

ing studies later.

There Are Problems

Where do they start? What
schools should they attend? What
books should they read?

"I don't understand it," says

Jimmy, "nobody can tell me exactly

how I should go about becoming a

missile engineer. Certainly, later

on I should probably go to M. I. T.

or Cal Tech or some similar uni-

versity, but apparently I'm too

young to even think about rocket

hardware, or something. There are

no books available; there is really

no literature on actual design or

construction of missiles and
rockets."

He says there is no missile

science or rocketry included in any
high-school or college course.

• "That's the reason why I

decided to start from scratch," he
says. "It has taken me two and a

half years to build this first rocket.

The only available background in-

formation has been some basic dope

on some early, unclassified rockets.

I have read a lot of books on

rockets, but either they don't tell

you anything, or they are so tech-

nical you don't understand them.

So it is quite obvious that there

is no "in between" literature, some-

thing of an ABC or an introduc-

tion to "how to design a rocket."

Jimmy's enthusiasm is admir-

able. One probably could not con-

vince him that the art of rocket

construction was never meant to

be conducted in basements, even if

the early pioneers did start out

that way.

The fact remains that our

high-schools and colleges might

want to look into the vocational

aspects for this new and continu-

ally growing technological area. In

view of the tremendous recruitment

programs of the industry, youth is

becoming aware of the possibilities

in the missile field, Jimmy thinks.

They should get some guidance, he

suggests. There should be some offi-

cial or semi-official institution that

could inform this country's would-

be rocket engineers on how to plan

for the future.

• "I am sure a lot of us teen-

agers waste a lot of time because

we don't get any guidance with
respect to what courses we should

choose and what schools we should

attend," Jimmy says.

"Furthermore, if the missile

industry needs engineers so badly,

why don't they let us start while

we're young? I'm sure a lot of

teachers would go ahead and sug-

gest to us that we have to study

the fundamentals of different sci-

ences, and that's fine. But beyond
that, I think many young boys

already have so much missile and
rocket know-how these days, if

they're interested, that they could

actually begin their applied studies

much sooner."

Of course, most of our young
would-be rocket engineers are not

as realistic in their enthusiasm as

Jimmy Blackmon. But they are

still in the same position; they

do not know where to go for guid-

ance. Dr. Wernher von Braun, in his

article in this issue of Missiles &
Rockets, points out that he re-

ceives many letters from young

boys asking him "how to become a

rocket expert." But it is too much of

a job for one man to handle all

these inquiries.

GENERAL H. N. TOFTOY
. . . Free advice to an amateur
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WACA what it's doing

and where it's going

By Dr. Hugh L. Dryden

The National Advisory Com-
mittee for Aeronautics has ex-

tended its interests beyond the

atmosphere to new types of vehicles

in the search for ever-increasing

speed and altitude. Performance
goals have been boosted by an
order of magnitude through the

development of rocket propulsion.

Increasing altitude made possible

by rocket propulsion permits

greatly increased speed, of course;

and the attainment of the velocity

required to escape from the earth's

gravitational field is not too far

away.

Rockets first appeared in the

NACA in 1945 as a tool for re-

search on transonic and supersonic

aerodynamic problems. Available

solid-propellant rockets developed

during the war as ordnance weap-
ons were used to propel models at

high speed. Aerodynamic charac-

teristics were measured by radio

telemetry and radar techniques.

Research on rocket engine prob-

lems began shortly thereafter at

NACA's Lewis Flight Propulsion
Laboratory.

• The National Advisory Com-
mittee for Aeronautics is appointed

by the President. A 17-man Com-
mittee serves as a board of direc-
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tors, establishing policies and pro-

grams for its paid staff of nearly

8,000 Civil Service scientists, engi-

neers, technicians and other em-
ployees. Ever since its establish-

ment by Congress in 1915, with the

assigned responsibility "to super-

vise and direct the scientific study

of the problems of flight with a view

to their practical solution," the

agency has been keenly conscious

that it is financed by Congressional

appropriation, and that it is operat-

ing for the benefit of the taxpaying

public.

Using both theoretical and ex-

perimental techniques, NACA works
always towards the goal of discover-

ing how to make better aircraft.

With the advancing goals of flight

performance, NACA has proceeded

from subsonic to supersonic piloted

aircraft, to pilotless aircraft,

guided missiles, and ballistic mis-

siles. Congress has placed no re-

strictions of distance, or speed or

altitude.

Some of the research effort is

basic and long-range. Here the

scientist is seeking discovery and
understanding. Often the worker

himself cannot foresee the possible

applications of his studies, or evalu-

ate their true worth. The path be-

tween basic or long-range research

and the finally-developed product is

NACA Research Centers

Missiles and Rockets



seldom direct. This kind of research

activity may continue to result in

improvements in many products. It

is, of course, possible to guide even

this long-range kind of research

into areas which bring productive

results to a given technological

field.

At the other end of the spec-

trum is what might be called applied

research of shorter time scale. Very
specific goals are set for groups of

scientists and engineers conducting

research directed towards early ap-

plication. In performing this kind

of work, it is necessary to draw

upon all the existing knowledge

which has been obtained by basic

research.

• During its first 25 years

—

until World War II—most of the

NACA's research was concentrated

on aerodynamic problems. By taking

bold action to provide its scientists

and engineers with the novel, often

complicated, and usually expensive

research equipment necessary to

press forward the frontiers of aero-

nautical science, the NACA pro-

duced a wealth of information that

was used to good advantage by

America's aircraft industry. This

was a course of action that paid

handsome dividends, in directly use-

ful information, on the taxpayers'

investment.

The Author . .

.

is the ivell-known Director of

the National Advisory Com-
mittee for Aeronautics. He has

been the responsible head of

this agency since 1947. Dr.

Dryden majored in physics at

Johns Hopkins University,

where he ivas graduated ivith

honors in 1918. The following

year he earned his Ph.D. from
the same university. He holds

seven honorary degrees from
as many institutions of higher

learning.

We were living in a peaceful,

subsonic world. Supersonic speeds

were of interest only to ballistic ex-

perts and to the few enthusiasts

who wanted to travel faster than

would be possible in propeller-

driven aircraft.

Dreams Come True

But almost imperceptibly, tech-

nological advances were made that

in their sum transformed such un-

attainable dreams as rocket engines

into practicable ideas. These tech-

nological gains were in many areas

—metallurgy, fuels, chemistry,

combustion, electronics, aerody-

namics.

The NACA's effort in World

War II was devoted largely to ap-

plied research, the business of find-

ing "quick fixes" to improve the

performance of existing airplanes

and to make production engines

more powerful. Fortunately, years

of research had produced a sizeable

backlog of readily usable design

data on low-drag wings, high-speed

propellers, stability and control, im-

proved systems for cowling and

cooling engines, and the like. Dur-

ing the war years, the NACA
worked on more than a hundred

airplane types.

By the close of World War II,

the end had come for development

of the airplane as conceived by the

Wright brothers. Now, it was pos-

sible to build useful rocket engines,

and with this development came the

possibility of flight at velocities ex-

ceeding the speed of sound and to

altitudes higher than the earth's

atmosphere.

• The problems implicit in the

speeds now within man's grasp cov-

ered the usual, accepted aspects of

aeronautics—aerodynamics, struc-

tures and loads, powerplants—plus

new ones, thermo-dynamics, aero-

thermo-chemistry.

Instead of thinking of speed in

terms of hundreds of miles an hour,

it became necessary to stretch one's

imagination to encompass the prob-

-

•



Forward section of a research missile

viewed through the 26" diameter

Schlieren window in NACA 8 x 6-foot

supersonic wind tunnel test section. A
technician is calibrating remotely con-

trolled surface of missile.

lems growing from flight measured

in thousands of miles an hour. For

such speeds the rocket engine is

peculiarly fitted and indeed neces-

sary.

The earliest NACA research

on rockets deal with liquid-propel-

Iants, exploring the possibilities of

known compounds and of new chem-

icals synthesized for the purpose to

give much higher performance than

the alcohol-liquid oxygen of the V-2

rocket. The first work was that of

theoretical computations of per-

formance, soon followed in 1947 by

experimental work in small rockets

of 100-lb. thrust.

Expanding Research
Within a year experiments were

in progress on rocket starting at

low temperatures and pressures cor-

responding to high altitudes, on film

cooling of the combustion chamber

walls, and on photographic studies

of combustion in a transparent

rocket chamber. Today, research

continues in propellants, materials,

combustion, and cooling in facil-

ities permitting the use of engines

of larger thrust and in other fields

which promise to contribute to the

improved performance and utility of

rocket propulsion.

The tremendous increases in

speed and altitude made possible by

rocket propulsion can be realized

only by the simultaneous solution of

many difficult aerodynamic and

structural problems of the vehicle,

whether aircraft or missile. High

speed through the air generates

heat which raises the temperature

of the aircraft or missile, producing

thermal stresses and loss of strength

or even melting of the materials of

which the structure is made. Aero-

dynamic heating can be avoided by

going above the atmosphere—except

that always we have to re-enter the

atmosphere to reach our destination

or target.

The re-entry of the nose cone

of a ballistic missile is confronted

with the most severe conditions.

Dissociation of air molecules into_

atoms and the recombination of

atoms, ionization of the atoms and

recombination of electrons and ions,

and the formation of new chemical

compounds from constituents of the

air—these are areas where our un-

derstanding is sadly incomplete.

• What makes research on

such "out-of-this-world" problems so

difficult is that we have had to learn

how to duplicate in the laboratory

the extremely high temperatures

and the other conditions of future

flight. Only recently have we be-

gun to see how to design and build

small, pilot models with which to

prove the practicability of con-

structing the radical new research

tools so necessary for rapid ex-

pansion of the limits of our funda-

mental knowledge. Much work re-

mains to be done in this stage, the

providing of tools with which to

study the basic problems.

Research and development have

proceeded simultaneously from the

days by the design and construction

of practical devices, enabling us to

focus research on the important

problems of applied research which

lead to advances in the technology.

Along with this applied research we

do basic research in hypersonic aero-

dynamics, new fuels, combustion,

and heat transfer under the extreme

environmental conditions which lie

in the future.

This even now, while so much
remains to be done toward providing

the tools required for research at

the limits of technology, very large

effort is being devoted to the de-

velopment of prototypes of actual

long-range rocket missiles. Next

year, according to present commit-

ments, we are scheduled to fire a

satellite vehicle hundreds of miles

into the sky. With this event, we
shall open the gates to the vistas

of space. END.

Conical inlet being tested in 18 x 18-inch NACA supersonic tunnel.



NACA's DAN EXPERIMENT
National Advisory Committee

for Aeronautics has disclosed first

details of successful flight tests

using a combination of a Nike mis-

sile booster and an Allegheny Bal-

listics Laboratory Deacon sustainer

as a two-stage, solid-propellant

rocket for meteorological sounding
at extreme altitudes.

Two test firings of Deacon-Nike
(called Dan) rockets indicate that

altitudes between 385,000 and 487,-

000 ft. (73 to 92 miles) may be

reached with payloads ranging

from 60 to 10 pounds, NACA says.

Project was conducted for the

U.S. Air Force's Cambridge Re-

search Center by NACA's Langley
Aeronautical Laboratory. Actual

firings took place at its Wallops
Island, Va. Pilotless Aircraft Re-

search Center late last year.

In the NACA tests, the first

Deacon-Nike was launched at a 75°

angle of elevation and reached a

peak altitude of 356,000 ft. some
161 seconds after launching Second
Dan rocket, launched at the same
angle, attained a slightly lower

altitude of 350,000 ft. in 156

seconds. But NACA scientists esti-

mate the higher altitudes can be

reached by launching the Dan ver-

tically.

• Design of the sounding
rocket was worked out by NACA in

conjunction with University of

Michigan's Engineering Research
Institute. In final form, it consisted

of a first-stage Nike booster with
a second-stage ABL Deacon sus-

tainer, the latter having been used
previously by NACA as an aerody-

namic research vehicle.

Test results showed that on

each flight this combination oper-

ated entirely satisfactorily with
respect to both propulsion and

aerodynamics.

Ultimate purpose of the ve-

hicle is to carry free-fall aecel-

erometer sphere apparatus devel-

oped by the University of Michigan

for measuring densities at heights

between 250,000 and 375,000 ft.

Dan rocket ready for launching.

Test details, reported in Tech-
nical Note 3739 by NACA's R. H.

Heitkotter of Langley Aeronautical

Laboratory, show these weight
specifications for the Dan rockets:

Weight
Component (lbs.)

Loaded Nike booster 1,170

Booster adapter 45

Booster fins 109

Complete booster 1,324

Loaded Deacon 151.5

Deacon fins, shroud

& fairing 25.5

Nozzle extension 5

Nose cone and
instrumentation 34

Complete Deacon 216

Nose cone of the Deacon housed

AN/DPN-19 radar beacon instru-

mentation protected from aerody-

namic heating by a 3/16-in. thick

magnesium shell. The beacon sig-

nal was tracked by an NACA modi-

fied SCR-584 CW Doppler radar to

obtain data on variation of speed

with time for computing Mach
number.

Procedure used in both tests

was to allow the second-stage rock-

ets to decelerate after Nike booster

separation in order to reduce nose

cone and rocket case wall tempera-

tures by traversing the lower,

denser atmosphere at relatively low

speeds.

First Dan rocket was carried

by Nike booster to 4,900 ft. before

first-stage separation. It coasted

13.7 seconds before the Deacon

sustainer rocket was fired and ac-

celerated to a maximum velocity of

5,150 feet per second (approx.

Mach 5) at an altitude of 47,060 ft.

After burnout, the Deacon
coasted in free flight until the nose

cone and sphere were released

about 52 seconds after launching.

Peak altitude of 356,000 ft. was
determined from the radar beacon

equipment in the nose cone 161

seconds after launching.

Second vehicle was boosted to

5,200 ft., coasted 9.45 seconds and
was accelerated to a top speed of

5,289 fps at an altitude of 39,339 ft.

DEACON-NIKE rocket. Accelerome+er sphere is located at bulge in Deacon immediately aft of nose cone (left).
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Navigation

by Satellites
By Lovell Lawrence Jr.

An Artificial Satellite Time and

Radio Orbit celestial navigation

system that is simple, yet reliable,

may be feasible in the near future.

To accomplish this, however, a very

high degree of accuracy must be

maintained in the electronic com-
ponents. Methods for observing this

high-velocity body by other than

optical means will be necessary, and
accurate time signals must be gen-

erated.

To utilize a stable celestial body
for navigation purposes, it is neces-

sary to know the co-ordinates of its

sub-astral position at any given

time, and to be able to accurately

associate it to geographical loca-

tions on the earth. The orbits se-

lected for artificial satellite around
the earth, to be used as a navigation

reference, should be permanent and
circular (or near-circular) with an
altitude that will allow visibility

over the greatest area at all times.

Some perturbation of the satellites

and precession of the orbits due to

the earth's oblateness can be toler-

ated, provided that these changes
are slow and predictable.

Considering a 24-hour equa-
torial orbit, the satellite would ro-

tate at the same rate as the earth
and appear to remain motionless
over one spot at all times. A proper

number of these artificial bodies

placed in such orbits would permit
continuous navigation over the

earth's surface and would greatly

reduce complexity in the prepara-

tion of almanac records. However,
the 24-hour orbit can be disre-

garded at the present time since the

advancement in the art will not

develop rapidly enough to permit the

launching of such a satellite in the

near future.

• The fact that very delicate

and complicated instruments will

be necessary to maintain accurate

contact with the satellite makes the

venture difficult. Also, the require-

ment for increased power to main-

tain high visibility, and the diffi-

culty that would be encountered in

order to correct for large refraction

errors caused by atmospheric and
ionospheric disturbances would make
its use untenable. Therefore, a

lower-altitude orbit seems more
feasible right now.

The placement of a 105-minute

orbit seems possible in the predict-

able future, and this 600-mile alti-

tude vehicle will establish a horizon

that will allow the satellite to be

visible to an observer for periods of

from 6 to 16 minutes at any point

Figure 2—Estimated satellite specifications.

Non-Directional Spin
Satellite diameter maximum 3.5 ft. 3.5 ft.

Sphere weight 25 lbs. 25 lbs.

Transmitter 100 watt-10 lbs. 15 watt-5 lbs.

Power generator 12.5 watt-15 lbs. 2 watt-5 lbs.

Antenna 8—8 lbs. 1--1 lb.

Gyro None 5 lbs.

Jet system None 10 lbs.

Total weight 58 lbs. 51 lbs.
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on the earth's surface. Three of

these orbits, symmetrically placed

over the poles, will permit a naviga-

tion fix at intervals of not more
than 105 minutes decreasing gen-

erally toward the poles. Also, at

this altitude, a satellite velocity in

the order of 4.V2 miles per second

would be expected, thus permitting

the use of the Doppler frequency

shift of a carrier on the satellite as

a means for determining its relative

velocity and by correlation, the posi-

tion of the navigating vehicle.

• Figure 1 shows a Mercator

projection of the world, with the

three Astro units in their period

positions eight hours apart. The
time lines of Astro-3 are plotted,

showing the co-ordinates of its sub-

astral position, 21 hours after

launching. The other two Astros are

shown in their positions at the same
hour. However, their time lines have

been omitted to maintain clarity in

the chart. Astro-3 will be used later

when the aircraft flight plot is dis-

cussed.

To be assured of a good polar

orbit, the satellite should be

launched from the North Pole on
the proper trajectory so that it is

injected into its predetermined

orbit.

It should be noted that the

Astro system could readily be com-
bined with satellites used for col-

lecting geophysical data. However,
for the purposes of this article, only

the navigational application will be
considered.

The general dimensions of the

satellite shown in Figure 2 are more
or less determined by the minimum
surface area required to dissipate

the 200 watts of heat from the

thermoelectric generator. It is be-

lieved that the volume of the two-

foot sphere will be of sufficient

magnitude for housing the neces-

sary equipment.

• It is conceived that the re-

orientated satellite would be

launched with its spin axis directed

into the flight path of its trajectory,

in the same manner that an artil-

lery shell is fired, Figure 3. After a

predetermined time in the orbit, the

gyro would signal the jet to force

the sphere around until its spin axis

was perpendicular to the plane of

the orbit and it coincided with the

gyro spin axis.

Such momentum as may be

created by the gyro running down
would then be absorbed into the

satellite spin axis as an increase in

its spin rate. To establish a proper

wave pattern for broad coverage

over the earth, two folded dipole

antennas would be placed at a

proper angle to the axis of spin,

and the resulting pattern would

laterally sweep the earth, back and

forth, as the satellite moved along.

Satellite Designs

Two satellite designs are con-

sidered, both spherical in shape.

One to be oriented, by gyroscopic

means, into the plane of its orbit

after being launched, spinning at

the time of cutoff. The other design

would be placed in its orbit without
any attempt to control its altitude.

The Author . . .

is a recognized authority on
rocket poiverplants and mis-
sile design. He founded Re-
action Motors, Inc. and served
as its president and chairman
of the board until 1951. A
former president of the Amer-
ican Rocket Society, he joined
Chrysler Corp. Missile Opera-
tions in 1954, where he is

now Assistant Chief Engineer.
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FOLDED
DIPOLE

ANTENNA
(EIGHT-EQUALLY SPACED)

NUCLEAR THERMOPILE
POWER GENERATOR

HEAT DISTRIBUTING
PAD (THREE)

TRANSMITTER

Figure A—Non-directional satellite with eight antennas.
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COPPER CASE FOR

THERMOCOUPLE YTTRIUM ISOTOPES

Figure 5—Thermopile satellite power package.

The folded half-wave dipole

allows the use of metal sphere con-

struction in order to contain the

transmitter, gyro, power pack and

high-pressure gas supply for the re-

orientation jet. This sphere then

becomes the common ground for

both antennas. Although each an-

tenna will establish its own wave
pattern, for all intents and purposes

all patterns will appear to the earth

as if they emanate from a single

dipole.

• Figure 4 shows the satellite

with an antenna system for pro-

ducing an all-directional wave pat-

tern, using eight symmetrically-

place folded dinoles arranged to

permit good earth contact, irrespec-

tive of orientation or spin. The same

arrangement exists except for a

slightly larger powerpack and trans-

mitter, excluding the gyro-jet re-

orientation system. The bracket

used to attach these items to the

inside of the satellite's sphere would

be made of material with high con-

ductivity so that heat may be rapid-

ly removed from the powerpack

through radiation into the void from

the blackened outer shell of the

sphere.

In addition to the heat-conduct-

ing frame and pads, the sphere will

be charged with a liberal supply of

mixed nitrogen and hydrogen gas.

This mixture will materially assist

in damping extreme temperature

variations when the plane of the

satellite's orbit was perpendicular

to the sun's rays.

The nondirectional radiating

satellite will require approximately

12V2 watts of electrical energy to

produce 15 watts of power in each

of the eight antennas at 100 mc.

This ratio of low-power input for

high-power output is accomplished

by utilizing a radar-type pulse, with
a fixed width of around ten micro-

seconds. The pulse-spacing will then

be varied by an accurate and peri-

odically-corrected timing oscillator,

and used to indicate the lapsed time

of each orbit period. To produce
this 12 V2 watts of power for the

transmitter, a nuclear thermopile

could be used.

• The isotope to be used for

the thermopile heat source calls for

four pounds of strontium 90 that

produces 200 watts of heat. Its half

life is 20 years. This power source

would also be suitable for heating

the oven containing the transmitter,

which maintains the high degree of

accuracy required of the master os-

cillator crystal and timing circuits.

In view of the complexity of

any other type of power package,

such as a sun generator requiring

controls to maintain its proper

orientation with respect to the sun,

the use of a thermopile seems feas-

ible. Figure 5. Present thermocoupls

of antimony-bismuth alloys and con-

stantan will produce about one-

tenth volt, with a 400-degree centi-

grade temperature differential be-

tween the hot and cold junctions,

and reach an efficiency of about five

percent.

Navigating with Astro

To give some idea of the Astro

system of navigation, Figure 6

depicts, graphically, a sphereo-

graphic technique for determining

the position of a location on the

earth with reference to the oi'bit at

some given time. Since this form of

celestial navigation is in common
use today, with standard almanac

tables of the stars prepared in ad-

vance, it will not be necessary to

discuss its technique in detail.

For the sake of clarity, it is

assumed that Astro-2 was recently

launched from the North Pole and
aimed along the Greenwich Meri-

dian. If 5% hours have elapsed, the

satellite has then made 3.14 revolu-

120" 105" 90° 75° 60° 45° 30° 15°
W.LONS. W.LONG. W.LONG W. LONG W.LONG. W. L0N6 W.LONG. W.LONG.

Figue 6—Sphereographic technique for positioning a location.
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tions. Since the 105-minute orbit

makes approximately .57 revolutions

per hour, this means that at ap-

proximately 5:15h it would be di-

rectly over the North Pole.

• For example: If a ship,

moored in the Philadelphia Harbor,

were equipped with an electronic

sextant (consisting of an accurate

and highly-directional antenna
coupled with a pendulum for defin-

ing the horizon), it would be able

to determine the satellite's altitude

angle as it came into range. By re-

ferring to the almanac (to deter-

mine the satellite's sub-as tral

point), a line of position could then

be worked out for the ship. The
circle of equal altitude, established

from this position, would show that

the ship must be somewhere on this

circle.

If another observation were

made some minutes later, a second

circle of equal altitude could be

similarly determined. After observ-

ing the azimuth roughly, the inter-

section of these two circles would

determine the ship's actual position,

or fix.

The difficulty with the sphereo-

graphical navigation technique ap-

plied to the Astro system is that an

accuracy of five places is required of

the tracking mechanism in the elec-

tronic sextant. To develop reliability

in such a mechanism would be diffi-

cult indeed—especially since serious

errors will be introduced when the

ship is pitching and rolling—result-

ing in poor correlation between the

horizon reference and the observed

angle of elevation. It is clear that a

different method of navigation will

be necessary to eliminate this com-

plicated and expensive approach.

Doppler Shift

Since the velocity of a 105-min-

ute Astro is in the order of 16,500

mph, it may be measured by observ-

ing the doppler frequency deviation

of the 100 mc carrier. It is this

Doppler shift phenomenon that

makes the sound of a train whistle

appear to change its pitch as it

passes by. This same phenomenon is

also applicable to radio waves. If

the difference in frequency devia-

tion can be detected between a satel-

lite on an orbit passing directly

overhead and an orbit observed at a

distance, the relative velocity thus

derived is a measure of the position

October, 1956

distance with respect to the ob-

server. A direct correlation can then

be made between the frequency

measured from the line of closest

approach (or null) for each incre-

ment of lapsed time, and the re-

quired position distance in degrees

of longitude or in nautical miles.

• Figure 7 shows a plot of the

observed frequency deviation, versus

position distance, for a number of

minutes of lapsed time after the

satellite has passed the sub-astral

latitude position. Above this graph

are shown three of the family of

orbits, graphically portrayed in in-

crements of longitude by placing

them over lines that are tangent to

the earth's surface. The intersec-

tions of the arcs at the tangent

lines determine the Astro's visible

horizon to an observer who is at the

tangent position on the zero longi-

tude line. The orbit directly over-

head will remain in view 16 min-

utes, the most distant orbit for 6

minutes.

The line drawn perpendicular

to the tangents of the horizon on

these three orbits passes through

the position of closest approach

where both the satellite's apparent

velocity and the Doppler shift will

reach zero. Then, to obtain the accu-

rate time of the zero beat (or null)

and the correct position distance of

the observer from the satellite, it

will be necessary to have a computer
capable of rapidly making a series

of approximations. As each approxi-

mation is made, the computer cor-

rects for the known velocity com-

OISTANCE FROM SATELLITE PLANE

Figure 7—Plot of observed Doppler frequency.
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ALMANAC
1956 APRIL 18 (wed)

STANDARD TIME
LATITUDE TABLE

ELAPSE TIME F80M
SOUTHBOUND

EQUATORIAL CROSSING
LATITUDE

LONG.
COR-

RECTION

f » KC

50.OO-- i
0°

1 i

|5445~ 89

;

46°44~ 24"3l'

S4.S0" 90 | 43° 19 - 24"46

54.55 « 91 l 39*54 " 2S"OI

54 60" 9Z ,
36'29 ~ 2516

54.65- '93 1 33'04- 2V3I

74*30' 74'

LONGITUDE
72*30'

Figure 8—Depicting a flight from the Azores to Philadelphia on a Mercator

position-plotting sheet.

ponent of the earth's rotation, as

well as air speed, course heading

and altitude; thus shrinking the

error.

If the computer is allowed to

function for a reasonable time after

the apparent null is detected, then

the corrected null and position dis-

tance are obtained, and the observer

can establish a fix with a fairly high

degree of accui'acy. If the phase

shift of the beat frequency (as it

reverses at null) is detected by a

phase discriminator, it is estimated

that the geographical position of an

observer can be determined within

an accuracy of one mile by holding

the satellite carrier frequency to ten

cycles in 100 million.

• As an example: If an ob-

server were to neglect all motion

and attitude other than that of the

satellite, and a frequency shift of

.53kc was indicated one minute

after null, then (according to the

graph) he would be at longitude

15°, or 900 nautical miles from the

satellite. If another observation was
made at the end of the second min-

ute, the same reading would be

obtained.

Figure 8 depicts an aircraft

flight from the Azores to Philadel-

phia on a Mercator position plotting

sheet. Since it is probable that no

Astro will fall exactly into its pre-

determined orbital altitude and, be-

cause each one is launched at differ-

ent intervals, all these orbits must
be recorded for each day of the

year. The almanac page shows the

Greenwich Mean Time and longi-

tude of their sub-astral position as

the satellites pass over the equator.

There will be approximately four-

teen 105-minute periods of revolu-

tion to be listed for each day of the

year.

The column at the right of the

double line is the Standard Time
latitude table for each minute which

is always predictable for any per-

manent orbit period of revolution.

This table could be placed on the

inside cover of the almanac; but, to

make for simpler reference during

this discussion, both tables are

placed side-by-side. Since it is also

necessary to establish Astro-3's

longitude coordinate for each incre-

ment of time from its last south-

bound equatorial crossing, this last

column on the right gives the cor-

rection to be applied.

• The A s t r o ' s transmitter

sends a time reference signal by
varying the pulse spacinb, indicat-

ing the lapse of time for each rota-

tional period.

An oscillator, modulated by an
accurate timer and corrected every

105 minutes as the satellite passes

over the North Pole, will vary be-

tween 50 to 55 kc as each minute
has elapsed. This variation, when
properly interpreted once the Astro
has been calibrated, will produce di-

rectly the latitude coordinate as well

as the correction for the longitude

coordinate. It would then be possible

to introduce this signal into the

computer as a function, without
further reference to a table.

The Mercator position plotting

sheet shows aircraft has been in

flight in dense fog for a number of

hours, and a dead reckoning plot

was made at 14:45 hours. The
course has been continued until

05:05 hours, when the Astro-3 sig-

nal was detected. After listening to

the drop in pitch of the beat fre-

quency between the satellite's trans-

mitter and the receiver's oscillator,

(while properly determining the

azimuth), the apparent null occurs

at 05:31 hours.

After the computer is allowed

to operate for one minute, the re-

ceiver tells us that 91 minutes have

elapsed since the satellite's last

equatorial crossing, and the cor-

rected position distance is 10°37'.

Now, upon referring to the stand-

ard table, the satellite's sub-astral

latitude coordinate is 39°54'N. If

the longitude correction of 25°01' is

added to the longitude figure of

60°W (derived from the almanac

table after determining the Green-

wich time of the satellite's passage

over the equator), then the sub-

astral coordinates of the satellite

are established.

By drawing an Earth Parallel

from the satellite's sub-astral point

on Mercator position plotting sheet,

the observer can define his line of

position. By subtracting the cor-

rected position distance of 10°37'

from the satellite's sub-astral longi-

tude coordinate, an accurate fix is

made at longitude 74°24'W on the

latitude 34°54'N line of position.

The navigator can now correct his

course. END.
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Martin's

TITAN
project

Denver residents will be hearing a new sound not so many
months from now. It will resemble the low rumble of a freight train

in the far distance.

But it won't be a freight train. It will be the shattering ex-

haust of a rocket engine doing its stuff on a test stand tucked away
in a Rocky Mountain canyon many miles to the southwest of the
city.

Though distance and the natural acoustical effects of the
mountains will soften the engine's blast to a gentle murmur, the
sound ivill nonetheless signify a neiv era for the military potential

of the United States as well as the economy of the Colorado capital.

With construction of its new
plant near Denver racing to com-

pletion, the Martin Co., Baltimore,

Md., may begin preliminary manu-
facturing operations before the end

of this year on the airframe of the

Titan intercontinental ballistic mis-

sile.

Titan is Martin's entry in Uncle

Sam's forced-draft program to

achieve a ballistic vehicle capable

of transporting a thermonuclear
warhead at least 5,000 miles. Its

chief competitor is the Atlas ICBM
vehicle which Convair Division of

General Dynamics Corp., is build-

ing.

The Baltimore aircraft com-
pany and Convair are two of 16

major contractors engaged in the

Air Force drive to develop and in-

troduce the so-called "ultimate

weapon" ahead of Soviet Russia.

I The other companies are working

;

on complex guidance techniques,

i immensely powerful rocket engines
and nose cones which must with-
stand terrific temperatures in bring-

I ing the thermonuclear payloads
back through the atmosphere after

their brief journey in space.

• As expected, details of the

I
Titan are shrouded in military

secrecy. But Dr. Walter Dornberger,

|

formerly commander of the Ger-
man V-2 rocket center at Peene-
munde and now a missile consultant

ji for Bell Aircraft Corp., has given

By Henry T. Simmons

this rough description of the ICBM

:

It will be more than 100 feet long,

some feet in diameter and will weigh

several hundred thousand pounds

when fueled.

Though only an approximation,

this description does suggest some-

thing of the magnitude of the job

facing Martin's new Denver Divi-

sion, set up early this year to de-

velop and produce the Titan air-

frame. Work on its new facilities

is running well ahead of schedule,

according to local reports. All build-

ings are scheduled to be ready by

January 1, less than one year after

the start of construction, and some

portions of the plant may be avail-

able as early as November 1.

Martin Investing $10 Million

Martin is putting $10 million

of its own funds into the Titan

project, which will occupy a 4,400-

acre site in the "front range" of

the Rocky Mountains in the vicinity

of Waterton, Colo., about 20 miles

southwest of Denver. A total of

408,300 square feet of plant space is

now under construction, including

a complete and modern factory of

306,700 square feet, an administra-

tion and engineering building of

88,400 square feet and a cafeteria of

13,200 square feet.

Supporting facilities include a

steam plant with a capacity of

84,000 pounds of steam an hour,

a 300,000-gallon water tank, an in-

cinerator and plants for garbage

disposal and sewage treatment. A
parking lot with space for 750 cars

is also planned, but this will un-

doubtedly have to be expanded as

the plant builds up to its anticipated

maximum of 5,000 employees by

October, 1956 5S



Martin's New Denver Facility for Titan ICBM Development.

1960.

• Martin is also building a

number of test stands for checking

out engines and other systems of

the completed ICBM weapons prior

to their shipment for test firing or

to storage in regular launching

sites. The Titan test facilities will

be located in canyons surrounded

by high mountains so that the ear-

splitting noise of the engine tests,

according to the Denver University

Research Institute, will be largely

dissipated in the immediate area.

Construction Work Under Way
Meantime, construction work

on access roads and bridges by
State and County authorities is

keeping pace with work on the

Martin project itself. Ultimately,

this work will have a most impor-

tant bearing on the Titan operation

since transportation of the huge, un-

wieldy missiles will be an acute

problem. Barring accidents, it is un-

likely that a Titan will ever leave

the factory under its own power.

General Manager of the Titan

project is Albert L. Varrieur. 39, a

veteran Martin engineer and opera-

tions manager for a number of im-

portant company projects, including

the B-26 bomber of World War II.

the 404 commercial airliner and the

P6M-1 jet flying boat.

Chief Engineer of the Denver
Division is William G. "Mister
Viking" Purdy, 38. He joined Mar-
tin in 1941 and became project en-

gineer for the company's Viking

research rocket program in 1947.

He held that post until his promo-
tion to the Denver position.

Varrieur and Purdy were amonK

a nucleus of 249 Martin personnel

who moved to Denver early this year

to make ready for the day when the

division's new facilities would be

ready for use. Until that time, the

Martin people are occupying four

interim facilities in Denver: the

Shell Building, the Keith Building,

a manufacturing facility and a lab-

oratory located in the suburb of

Englewood.

• Other key personnel of

Martin's Denver Division include

Roy G. Andrews, Manager of Indus-

trial Relations ; Robern N. Blakey,

Manager of Manufacturing; Dan L.

Burford, Division Counsel; Hugh P.

Campbell, Manager of Quality Con-
trol; Don P. Herron, Supervisor for

Information Services: Ross B.

Hooker, Director for Procurement
and Facilities; Thomas P. Hudock.

Division Controller; William C.

Ruckert, Manager for Customer Re-

lations; Robert G. Swope, Manager
for Master Planning; Charles H.

Williams, Jr., Director for Service

and Test; James L. Burridge, As-

sistant Chief Engineer, and George
Derr, Engineering Administrator.

Principal engineers include Wil-

liam E. Brown, Guidance and Con-

trol: John D. Goodlette, Airframe:
Walter O. Lowrie, Flight Mechan-
ics; Marvin Pitkin, Operational En-
gineering; Beal M. Teague, Ground
Support; Harrison C. Wroton, Test

and Reliability, and John R. Young-
quist. Propulsion.

Why Denver Was Picked
Martin selected Denver as the

location for its new division after a

study of 94 cities in 33 states. It

gives no less than 10 reasons for its

choice

:

1. Denver is a metropolis in a

remote area.

2. The Rocky Mountain terrain

is conducive to the testing of pow-
erful engines.

3. Labor situation is good.

4. The climate is such that

many people—including engineers

—

are willing to work in Denver on a

permanent basis.

5. Colleges and universities in

the area are exceptionally good.

6. Adequate rail, motor and air-

line transportation.

7. Sufficient fuel, gas, electric-

ity and w-ater supplies.

8. Highly cooperative attitude

of the State and County highway

departments.

9. Cooperation of the Chamber
of Commerce and other civic or-

ganizations.

10. The area affords the high

degree of security essential to the

job of developing and producing

ICBM weapons.

Martin is not the only aircraft-

missile company in recent years to

fall under the spell of Denver and
the surrounding area as a desirable

site for industrial operations.

Four other companies are al-

ready at work or building facilities

there. They are Stanley Aviation

Corp., Sundstrand Aviation Divi-

sion of Sundstrand Machine Tool

Co., Beech Aircraft Corp. and Ramo-
Wooldridge Corp. The last company,
incidentally, is technical monitor for

the ICBM program for the Air
Force, but it is prohibited under the

terms of its contract from supplying

any of the hardware for the weapon.
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we can build

a moon rocket

NOW

By Kurt R. Stehling and Richard Foster

As a result of recent openly discussed progress in rocket

research, it is now feasible from an engineering standpoint to

send a solid-propellant rocket vehicle with a small payload to the

moon.
Lunar rockets have been diseussed openly for many years.

But the usual schemes have involved large multistage vehicles

beyond contemporary engineering feasibility.

It is quite probable that an attempt will be made to launch
a moon rocket—or a circumlunar orbiter—when ICBM hardware
is operational and available. Some scientists are inclined to think

that such ventures may be realized in 1959-60. However, a smaller

experimental vehicle can be built now.
In this article, which is based on a paper presented at the

International Astronautical Federation Congress in Rome last

month, Kurt R. Stehling and Richard Foster explain how a loiv-

cost small lunar rocket program could be launched. The authors'

plan is certain to arouse world-wide interest.

When carried aloft to 70,000

feet by a huge four-million-cubic-

foot Skyhook balloon, a solid-propel-

lant step-rocket will be capable of

bringing a four-pound payload to

the moon.

The booster vehicle needed for

this task consists of a cluster of

three large solid-propellant units

with a total impulse of 472 x 104

lbs./sec. On top of this first-stage

unit is mounted a second-stage

solid-propellant rocket with a total

impulse of 28 x 10* lbs./sec. A third

stage consists of a solid-propellant

rocket with a 1.1 x 10* lbs./sec.

total impulse. This rocket carries a

four-pound payload.

• Such a combination of
rockets should reach a final burn-

out velocity of 37,500 feet per sec-

ond, which is sufficient to propel

the final stage and the payload to

the earth-lunar gravitational neu-

tral point. From this point the

moon's own gravity will attract the

last stage to the lunar surface at a

terminal velocity of 7,920 feet per

second.

Skyhook balloons of 3 x 10°

cubic feet volume have been built

and launched already. As a matter

mm

Cross section—vehicle is

mately 35 feet in length,

shown with high drag nose section

approxi-

Roclcets
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of fact, small solid-propellant rock-

ets have been carried aloft and

launched from Skyhook balloons

many times.

In the case of the lunar rocket,

as proposed here, it might be neces-

sary to employ a cluster of smaller

balloons, rather than one big one.

Of course, numerous launching dif-

ficulties must be encountered,

whether one uses one big or several

smaller balloons. Among the launch-

ing difficulties are such problems as

keeping the vehicle stabilized under

conditions of high winds. Ship-

board-launching at a relative zero

wind velocity may reduce such dif-

ficulties.

Wind loads on the balloon and

suspended payload during ascent

must also be considered.

At launching, the rocket boost-

ers must point vertically, i.e. on the

radius from the earth's center. To
achieve this a suspension platform

stabilized by gyro flywheels or small

pitch and yaw rocket jets probably

will be required. Engineering-wise

The Authors . . .

are introducing their private

proposal for an extension of the

plan presented in 1955 by Kurt
R. Stehling and Raymond Mis-

serf for a balloon-launched or-

bital vehicle. Stehling, form-
erly with Bell Aircraft Corpora-
tion, is now Propulsion Head,
Naval Research Laboratory.
Richard Foster, ARS student-

award winner, is a member of

the NRL propulsion staff. The
opinions are those of the
authors and are not to be con-
strued as official or as reflecting

the views of the Navy Depart-
ment.

this is no great task, since such sta-

bilization platforms already are

familiar to guided-missile engi-

neers.

Rocket Zooms Through Balloon

An interesting aspect of this

rocket configuration is that the

whole vehicle, when launched by re-

mote control from the surface, will

zoom straight through the Skyhook

balloon. The takeoff velocity is so

great that the direction of firing

will not be affected by the balloon.

This method has been successfully

demonstrated by the University of

Iowa Rockoon experiments.

• The three boosters in the
next stage will be manifolded to-

gether to minimize the initial over-

turning movement which normally

results from unstable or non-simul-

taneous ignition, with subsequent

uneven thrust development.

To stabilize the second and

third stages of the launching ve-

hicle, these rockets could be made
to spin at some predetermined rate.

This spinning creates so-called pro-

jectile stability. This principle is

employed in the Vanyuard satellite

vehicle.

The coupling and release of

large solid rockets is a formidable

task. Since a high-altitude launch

is presumed in this case, elaborate

streamlining skirts and shields may
not be necessary. As a matter of

60

Possible payload. Suspension view.
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burnout of each respective carrier

stage. A back-up system of long-

burning fuses could also be used.

No provision is made for flight-

path control of the last two stages.

Other than the gyro stability of the

spinning rockets, no electronic or

other guidance is involved.

It is estimated that with a per-

fect launching and vertical flight

path and a burnout velocity of

37,500 feet per second, the third

stage—with its small payload—will

hurtle toward the moon with suf-

ficient accuracy to reach the neutral

gravitational point.

• The flight path is influenced
by the translational and rotational

velocities of the earth. These are

imparted to the radial velocity of

the launching vehicle. The path is

further influenced by the rather

weak attraction of the sun and the

stronger attraction of the moon.

If the velocity of the moon
rocket's last stage at the gravita-

tional neutral point between the

earth and the moon is slightly

greater than zero, the vehicle will

actually reach a point of no return.

A deficit or excess velocity at that

point should result in either an

earth or lunar orbit, a parabolic

path around the moon and back to

earth, or an impact upon the moon.

If the last stage returns to

earth, it is possible that it will

break up in the denser layers of the

earth's atmosphere because of the

great aerodynamic heating.

Mis-orientation of the vehicle

at launching, thrust misalignment,

unequal thrust levels and other in-

Solid-Propellant Moon Rocket Specifications

Stage I Stage II Stage m
Gross Weight 26574 lbs. 1574 lbs. 64 lbs.

Structure Weight 200 lbs. 10 lbs. lbs.

Payload Weight .1574 lbs. 64 lbs. 4 lbs.

Specific Impulse _ _ 245 sec. 245 sec. 245 sec.

Stage Mass Ratio _. _ 0.81 0.82 0.81

Firing Time _ ...20 sec. 20 sec. 10 sec.

Peak Acceleration 42 g 40 g 91 g
Burnout Velocity 12,964 fps 13,474 fps 13,066 fps

Burnout Altitude* „ 180,000 ft. 280,000 ft. 352,000 ft.

Drag Velocity Loss 400 fps fps fps
Gravity Velocity Loss 644 fps 644 fps 322 fps

Thrust 236,000 lbs. 14,000 lbs. 1,100 lbs.

* Assumes 70,000-ft. launching altitude

Velocity Available 39,504 fps
Escape Requirement -36,700 fps
Gravity Velocity Loss - 1,610 fps

Drag Velocity Loss - 400 fps

Excess _ 794 fps

62

Optimum impact trajectory.

fact, the second stage could nestle

within or on top of the first-stage

cluster, held only by the slip-joint

of two concentric skirts. The ex-

haust jet of the second stage couid

issue through the triangular hollow

column between the three first-stage

boosters.

Similarly, the third stage could

be ejected by gas pressure gener-

ated in the support structure which

will provide rotational "hold," but

no longitudinal "hold." This method

would allow the third stage to spin

with the second and yet permit sep-

aration at second-stage burnout.

The gas pressure could be generated

by a pyrotechnic squib in series

with the third-stage igniter.

Ground command or a balloon-

based timer could send the ignition

signal for the first stage. Accelera-

tion-sensitive switches could ignite

the second and third stages on

stability factors will all determine

dispersion and trajectory.

Landing on the Moon
It is difficult, within the limi-

tations of this brief article, to

specify the proper time and place

for launching of this type of lunar

rocket. It may be said, however,
that time and place would have to

be determined by the juxtaposition

of the moon and the sun and the
possible requirement of observation

of the landing by stations on the
earth.

If one assumes that the payload

consists of nothing but a charge of

metallic dust—such as magnesium

—

or a fluorescent powder, the impact

or "landing" on the moon's surface

may be observed as a large bright

flash. It is assumed that the land-

ing takes place on the darkened

Takeoff—vehicle shoots straight

through balloon.

s VLWBm
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surface of a segment of the "new"

moon.

• In all probability, once a

moon rocket with a four-pound pay-

load capacity is available, the in-

genuity of interested physicists and

others will result in different kinds

of "useful" payloads. Although

metallic or a fluorescent powder

would permit observation of the

time and point of impact, which is

important enough in itself, it is also

feasible to design a more complex

unit with a small one-function tele-

metering transmitter powered by

solar "generators" or "batteries."

In the beginning such a trans-

mitter could be active as a tracking

and telemetering unit during the

flight. It is, of course, questionable

whether the reduced radiation effi-

ciency of an antenna buried in or

on the moon's surface would permit

the reception of a readable signal

on earth. Larger rockets employing

a retro-thrust braking system dur-

ing the descent to the moon prob-

ably could reduce the impact suffi-

ciently to land a transmitter un-

damaged on the lunar surface.

Although the proposed lunar

vehicle described here is rather

simple in design and concept—and

although the vehicle employs hard-

ware, material and propellants

which, considering unclassified in-

formation, may be readily available

at a low cost—one should expect

some "misfirings," or several

launchings, to achieve one success-

ful mission. First of all, the be-

havior of the rocket boosters is in-

determinate because of intrinsic

mechanical misalignment of the

booster cases and their nozzles and

the boosters with respect to them-

selves.

Furthermore, intricate design

and split-second operational preci-

sion are requirements for the small

retro-rockets that would be needed

to retard the first stage and permit

the spinning second stage to con-

tinue under its own momentum
until this rocket unit is free and
clear of the parent stage. However,
the difficulties involved may not be

greater than anticipated for many
of today's missiles.

The success of a lunar rocket

experiment, as outlined here, is a

challenge to our engineers. It might
well open up new vistas for science

and help clear the path for further

advancement in astronautics. END
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First Interplanetary body to be contacted from earth?
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Flow chart of full firing sequence. Simplicity is apparent.
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Hours of tedious work go into manufacture of hemispheres which

are joined to form 20-inch Vanguard satellite. Sidney H. Braddy,

NRL machinist, presses piece of sheet aluminum against large dome
revolving in a fast-moving lathe. Metal is gradually worked closer

to domed form to produce hemisphere.

First Pictures

BUILDING
FIRST

What might well become the

most significant scientific venture of

our century, Project Vanguard, is

reported to be progressing accord-

ing to schedule.

The significance of the Van-

guard satellite program is, of

course, that our military agencies

under the Department of Defense

are working hand-in-hand with

scientific organizations—and that

Robert H. Baumann, mechanical engineer, examines supporting structure and inner framework that will go into the

satellite. The 29-year-old engineer has had many years' experience with rockets, having worked on^ Vikings, V-2s,

Aerobees and others. He is currently Satellite Group Head under the Engineering Consultant for Project Vanguard.
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THE
SATELLITE

the scientific data obtained from

the satellites will be made available

to all countries.

Missiles & Rockets will keep

abreast of the Vanguard program
as it progresses and keep its readers

posted in every forthcoming issue.

Much of the work pertaining to the

launching vehicle is considered

classified information, since many
of the techniques employed are in

Joseph Y. Yuen, left, showing Vanguard Minitrack Transmitter to

Erik Bergaust, Managing Editor of MISSILES & ROCKETS. Yuen,

one of the developers of the tiny transmitter, points to circuitry.

Robert H. Peterson, 34, instrument maker, is shown putting in final screws to fasten together two hemispheres of

test model satellite. Peterson started to work at the laboratory in 1945 and has had many years experience in field

of guided missiles and rockets.
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the area of missile technology. But

the satellite itself and the experi-

ments that will be attempted with

it are unclassified. Missiles &
Rockets will publish as much in-

formation about these as possible.

It is too early to say when the

first instrumented satellite will be

launched.

N. Elliot Felt, operations man-

ager of Project Vanguard for The
Martin Co,, disclosed that first fir-

ings in connection with the satellite

program will take place at the Air

Force Missile Test Center at Patrick

AFB, Cocoa, Fla., this fall. His

announcement was made at the re-

cent International Astronautical

Federation Congress in Rome. The
first propulsion unit to be tested

will be the third-stage solid rocket,

which will be carried in a modified

Martin Viking rocket.

E. T. Byram, NRL scientist, holds model of Lyman-Alpha equipment which is

likely to form one of the experiments with the satellite. Byram compares com-

ponents of Lyman-Alpha gear with assembly on the lucite wafer.

Project Vanguard scientists discuss design and performance of tiny trans-

mitter which will send signal to ground from earth satellite. Joseph Y. Yuen and
Martin J. Votaw discuss the relative merits of the various circuits and different

components being tested for use in the Minitrack oscillator. At least 12 dif-

ferent experiments will be attempted with Vanguard satellites.
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World Astronautics
By Heyward E. Canney, Jr.

The U.S. Air Force has officially stated it could use $39

million for earth satellite research. However, no money has
been allocated for the next fiscal year.

Research at the Armour Foundation with heat and dust

erosion suggests that much thicker meteor shields may be

required for space vehicles. Copper and aluminum plates

have been penetrated or badly pitted by particles travelling

at 4,000 fps.

Last March 14 an Air Force Aerobee rocket discharged

20 pounds of compressed nitric oxide 60 miles above Holloman
AFB. Catalytic action caused monatomic oxygen to recombine
into conventional molecules. This action, which produced a
disk four times the diameter of the moon, and at least half

its brilliance, was confirmation of earlier laboratory experi-

ments which lead to the suspicion that enough energy may
be picked up in the ionosphere to power a rocket. If possible,

this could lead to satelloids of indefinite duration.

This brings to mind the analagous proposition of a cosmic
ramjet of the distant future whose main powerplant was re-

plenished from cosmic dust taken in at enormous speeds.

These, together with solar batteries, breeder reactors, and
other devices, seem to be generating for the layman the optical

illusion that science is on the verge of finding how to get

something from nothing.

Pondering the globe-girdling aspect of the artificial satel-

lite, the International Civil Aviation Organization, meeting in

Caracas last June, decided that the matter of sovereignty of

outer space above the several nations was within its com-
petence. The term "outer space" may disturb the fastidious

astronaut, who recalls the immensity of the universe. In the
cosmic view, true "outer space" may be that between the
galaxies, "middle space" that between stars of a galaxy, and
"inner space" the realm within a system of planets, such as
the Solar System.

A similar discrimination may be called for in the matter
of man-made "moons." In this connection, accurate termin-
ology may require some such distinction as the following:
"artificial satellite"—any artifact in Keplerian orbit, "satel-

lite vehicle"—any artificial satellite which carries a useful
load (i.e. instruments), and "space station"— any artificial

satellite offering a service on which other space vehicles
(such as space ships) operationally depend.

Transistorized helmet radios designed for combat GIs
by the Signal Corps have a one-mile range and are presum-
ably hard for the enemy to intercept. Space suit designers
may find this a convenience, and one less external compo-
nent to upset balance, impede movement in cramped quar-
ters, or to invite damage by bumping. RCA's new 19-lb. TV
transmitter, which also has a one-mile range, may eventually
find a place in the space man's practical equipment after a size

reduction of one further order of magnitude.
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Tracking

the IGY Satellites

By Henry P. Steier

A very small and very simple

assembly of electronics compo-

nents will probably be history's

reference point to mark the begin-

ning of astrionics technology as a

vital aid to man in his conquest of

outer space.

Key to knowing whether the

tremendous efforts of Vanguard
rocket engineers have paid off will

be wrapped up inside a little cylin-

drical, gold-plated aluminum can

containing the circuit of a transis-

torized radio transmitter.

Minitrack transmitter. Circuit assembly in foreground. Batteries at right.
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The sub-miniature transmitter

is called the Minitrack. Designed

by the Naval Research Laboratory,

Minitrack will be the first elec-

tronics system to penetrate outer

space and stay there for any ap-

preciable time.

From inside its approximately

five-inch-long by three-inch diame-

ter cylinder housing, carried in-

side the magnesium shell satellite,

Minitrack will emit a continuous

108-megacycle signal.

• After nearly one orbit is

completed the world will begin to

know if the satellite is in truth

orbiting or whether something
went wrong at the first Vanguard
launching. After a few orbits, of

course, the world will better know
how well the satellite is orbiting.

Before the orbiting is finished

and the magnesium shell is con-

sumed by heat during its plunge

to earth, scientists will have added
a fund of important information

to the limited store of information

about the physics of outer space,

as well as of the earth itself.

Use of radio in the satellite

has two purposes. Once on its own,
the shiny 21-inch sphere could get

lost. Finding it has been compared
to the problem of finding a golf

ball traveling at Mach 1 at an
altitude of 60,000 feet.

• The first problem is to ac-

quire information on the satellite's

location. After this is done, the

next problem is to determine its

Missiles and Rockets



Details of prototype Minitrack ground station antenna
arrays. Left: folded dipole array. Right: driven lot array.

ephemerides. By definition empheme-

rides are the assigned places of a

celestial body for regular intervals.

These are needed since two

tracking methods will be employed

to get the most accurate physical

data from the satellite's perform-

ance. These are radio and optical

tracking. The optical system, oddly

enough, will be the most accurate.

However, its use is feasible only

when the sun position, satellite po-

sition and ground optical tracking

system are in favorable relation-

ship.

Under other conditions Mini-

track ground stations will keep

track of the satellite's whereabouts.

During night, cloudy weather and

under clear weather conditions, for

a period of about three weeks, the

signal will be available.

• Despite all conjectures on

what the satellite will carry and

how many different scientific read-

ings it will take of conditions in

its orbital path, there are still

many uncertainties. What the first

satellite will carry, will probably

be a letdown to many. However,

subsequent satellites undoubtedly

will carry more and more instru-

ments.
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Dr. Paul Herget, Vanguard computation expert, says a cathode ray tube is

planned for satellite data display. IBM's 704 Output Recorder was designed

for use with a computer. Theoretical path of a bouncing ball is shown.

Although the possibility is still

open for a zero-payload satellite,

the probability that the first one

will carry a Minitrack transmitter

is good. At the present state of the

electronics art, the transmitter

weighs only 13 ounces. Carriage

of this small payload seems feas-

ible to rocket engineers.

Minitrack System

At this time Minitrack is a

one-stage crystal-controlled oscilla-

tor designed to use one transistor

and to be powered by seven 1.2-

volt mercury batteries built by

Mallory and Co., Inc. Power output

would be 15 milliwatts. Transis-

tors built by Western Electric Co.

and the Philco Corp. are being

considered.

A frequency of 108 mc was

chosen as a compromise between

transmitter weight and efficiency,

and effects of the ionosphere on

tracking accuracy. Although the

ionized layer of gases at the pro-

posed 300-mile altitude is essen-

tially a "window" for radio energy

at 108 mc, a certain amount of

refraction is expected, just as with

light through a glass window pane.

• During the International

Geophysical Year the sun-spot

cycle is expected to be at or near

maximum. This means ionosphere

activity will be at maximum and
high electron densities are ex-

pected during daytime observa-

tions. This would cause an appar-

ent shift in the angular position of

the satellite when the signal is

picked up by the ground stations.

Measurements on ionosphere

errors to be expected have been

made this year in Rockoon and

Rockaire studies and will continue.

More and more data will be col-

lected pertaining to predictable

and variable factors that would in-

fluence tracking errors. These

could be used to correct readings

from ground stations.

A lower frequency than 108

mc would mean more refraction

and higher frequencies would

mean less power from the trans-

mitter for a given weight. The

antenna system on the satellite is

planned as a four-element array

arranged in 90-degree steps around

the sphere. The four 1/4-wave an-

tennas would be folded and, upon

release of the satellite, would

spring into place.

The diminutive size of the

Minitrack transmitter belies the

vast and complex information ac-

quiring, transmitting and data pro-

cessing facilities it will set into

operation.

To acquire the Minitrack sig-

nal a complex of ten prime Mini-

track ground stations is under con-

struction in the U.S. and South

America. They are located over

an area that stretches from Blos-

som Point, Md. to Santiago, Chile

in a north-south direction and from
San Diego, Calif, to Antigua Is-

land, B.W.I, in a west-east direc-

tion.

Vanguard will be launched at

an angle of 35 to 45 degrees to

the equator in a southeasterly di-

rection. During each orbit of the

satellite the earth will have moved
about 1600 equatorial miles to the

east if the orbit requires an hour

and a half.

• The effect of the earth

movement means that the satellite's

path will scan the areas where the

stations are located. Stations are

located at: Blossom Point, Md.;

Fort Stewart, Ga.; Batista Field,

Havana; Rio Hata, Panama; Mt.

Cotopaxi, Quito, Ecuador; Ancon,

Lima, Peru; Antofagasta, Chile;

Peldehue Military Reservation,

Santiago, Chile; Coolidge Field,

Antigua; Naval Electronics Lab-

oratory, San Diego, Calif.

Eight Antennas
Located at each station will be

an array of eight antennas de-

signed to measure the north-south

and east-west angular position of

the satellite as its signal illumi-

nates them. They are arranged in

the shape of a cross.

The antennas are multi-ele-

ment arrays. Two types are being

tested at the Blossom Point loca-

tion. Prototypes have been devel-

oped by the Technical Appliance

Corp. and the D. S. Kennedy Co.

One uses a 12-element dipole ar-

ray and the other an eight-element

driven lot array.

Measurement of the satellite's

angular position will be made by

comparing the electrical phase of

the signal arriving at one antenna

of a pair compared to the phase

at the second antenna of the pair.

• Located at each station site

will be a complete Minitrack Elec-

tronic Unit mounted in an air con-

ditioned trailer. Contractor for

these units and other station units
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is the Bendix Radio Division, Ben-
dix Aviation Corp. It includes com-
munication and telemetering equip-

ment together with the Minitrack

Electronic Unit phase comparison
equipment.

The communication set in-

cludes 15-kw transmitters, receiv-

ing and transmitting rhombic an-

tennas plus a telemetering antenna

system and ground stations. Com-
munication and telemetering units

will be housed in a building which
also contains office, parts, storage

and sleeping facilities. Living ar-

rangements for personnel will be

obtained locally.

Telemetering equipment is be-

ing provided since although the

first satellite may not include tele-

metering gear, subsequent satel-

lites will.

Data Handling
At the "Fire!" signal for

launching the Vanguard vehicle

two auxiliary stations will go into

operation. Located at the Air

Force Missile Test Range on the

islands of Mayaguana and Grand
Turk in the Caribbean, these sta-

tions will receive signals from tele-

metering equipment in the vehicle

and, after burnout, will receive

signals from the satellite.

From these down-range sta-

tions will come the first informa-

tion that tells of success or failure.

The information will be radioed to

a central Vanguard computing fa-

cility. Probably this will be located

in Washington, D. C. From then

on until the satellite falls to earth

the computer and the Minitrack

ground stations will operate on an
around-the-clock basis.

Three bits of information from

the Minitrack stations will be re-

peatedly sent to the computation

center by radio and teletype. Two
angular measurements and the pre-

cise time of passage over the zen-

ith of the stations will be sent.

• The computer "brains" will

NRL Planning Plug-in Satellite Instruments
During an interview with Missiles & Rockets, Dr. Herbert Friedman,

who heads the Naval Research Laboratory's scientific instrumentation group
for the IGY satellites, said the plan is to modularize astrionics according
to a definite pattern.

In this way, by using the Minitrack transmitter as the radio frequency
generator, various plug-in devices could be placed in different satellites

to read different information scientists need. With appropriate coding and
modulating techniques, the information could be relayed to earth through
the Minitrack transmitter.

Many groups in the IGY endeavor want to "get on board" the satellite.

Who will get on board and when is not definitely known. Advances must be
made in micro-miniaturization, power sources, data storage and telemetering.
Weight is extremely critical.

Who gets in first depends on the state of the instrument and electronics
art, and many programs are under way in industry and at NRL to speed
up this development.

Typical devices suggested are:

1. Meteoric Collision Amplifier

—

Signal from microphone detects

collision with micrometeorites
and provides input to meteoritic

storage.

2. Meteoritic Storage— Magnetic
cores form collision memory,
store number of counts from
collisions and transmit signals

representing four decimal digits

on four telemetering channels.

3. Telemetry Coding System—Suc-
cessively samples various signal
input channels and modulates
the Minitrack for transmission
of scientific data to earth.

4. Lyman-alpha Storage — Peak
memory unit using cores to store
and code the telemetering sys-
tem with a signal representing
maximum input value reached
during one satellite orbit for

subsequent read-out when pass-
ing over recording stations.

5. Lyman-alpha Current Ampli-
fier—For measuring ionization

produced by ultra-violet solar

flare radiation.

6. Ion Chamber-Narrowband—For
ultra-violet detection by hav-
ing peak sensitivity at the hydro-
gen Lyman-alpha line.

7. Thermistors—A mixture of me-
tallic oxides used for tempera-
ture measurements. Resistance
changes with temperature.

8. Erosion Gauge—Nichrome ribbon
evaporated on glass. Measures
surface erosion caused by im-
pact from micrometeorites. Re-
sistance of ribbon increases as
film is pitted.

9. Solar Cell—Peak memory reset
for storage unit Causes reset
once each orbit on transition
from light to darkness

do what men could not do)—keep
ahead of the satellite so that in-

formation on where the satellite

was can be transformed into infor-

mation on where it will be. This
is needed to alert both the optical

tracking stations and the Minitrack
stations as to where the satellite

is going to be at a specific time.

Optical stations, using 20-inch

Schmidt photo-optical telescopes

and equipped with automatic track-

ing gear, must know exactly where
to look since the satellite will pass
from west to east in two or three

minutes. The stations will be

operated under the direction of the

Smithsonian Institute and will be

located throughout the world
where the satellite can be seen.

Dr. Paul Herget, consultant to

the Naval Research Laboratory,
will head the Vanguard computa-
tion facility. Back and forth, be-

tween it and between optical track-

ing stations and Minitrack sta-

tions, information will flow.

It will go from the center to

the stations for alerting them as

to satellite arrival time; from
stations to the center to keep the

computer up-to-date on changes in

speed, altitude or direction.

• Two classes of computa-
tions are planned: in-flight calcu-

lations to aid and insure obser-

vations by optical means, and
those from which scientific conclu-

sions will be drawn.

Equations will be juggled to

fit new conditions constantly occur-

ring. More and more refined data
will be accumulated, calculated and
stored in the memory of the com-
puter. When the end of the Mini-

track transmitter battery life

comes, the calculated data will still

be available for alerting the opti-

cal stations for the next satellite

passage and for the public to try

to view the satellite.

Persons favorably located geo-

graphically during twilight and
sunrise periods in good weather
will be able to see the shiny ball

with the aid of binoculars as it

goes overhead.

Even if the satellite stays up
much longer than the few weeks
predicted, the available data, more
refined after each satellite orbit,

may be of a high enough order of

accuracy to insure optical tracking
for the entire satellite life. END.
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Government Holds 10%
Of Electronics Patents

The Federal Government held

more than 10% of the total of 3,130

electronics patents issued in 1955,

according to an analysis by Infor-

mation for Industry, Inc. The anal-

ysis shows that in the first six

months of 1956, 3,084 U.S. elec-

tronic patents were issued, with a

slight increase shown in the per-

centage assigned to the government.

Of the 321 government-held
patents issued in 1955, 150 were
issued to the Secretary of the

Navy, 80 to the Atomic Energy
Commission, 46 to the Secretary of

the Army, 22 to the Secretary of

War, 10 to the Secretary of the

Air Force, 8 to the Secretary of

Commerce, 2 to the Secretary of

Interior, and one each to the Sec-

retary of Agriculture, Reconstruc-

tion Finance Corp. and United

States of America.

The largest number of patents

have been issued to companies

whose major endeavor is in the

entertainment and appliance fields.

These total 674, compared to 264

in wire communication, 220 in

atomic energy, 151 in aircraft and

guided missiles, 92 in petroleum,

and 72 in business and office

machines. The remainder were
general patents.

Navy Seeks to Block

Long Island Building

The Navy has asked the Senate

and House Armed Services Com-
mittee for authorization to spend

funds in buying land to discourage

real estate development around the

Navy-owned Grumman Aircraft En-
gineering Corp. plant and its ad-

joining airfield near Riverhead,

L. I., N. Y.

To block residential construc-

tion, the Navy proposes to buy a

small amount of land outright, and
in other cases to pay landowners

for two types of restrictions on the

deeds to their property: restrictive

convenants under which owners
would agree to keep their land in

its present agricultural use, and
flight clearance easements that

would limit the height of any build-

ings erected in landing and takeoff

paths. Several thousand acres

would be affected.
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New 11,000 MPH
ARDC Windtunnel

The Air Research and Develop-

ment Command of the Air Force i

has disclosed that a blowdown
windtunnel at Arnold Engineering

and Development Center, Tulla-

homa, Tenn., has achieved simu-

lated velocities up to 11,000 mph
and temperatures up to 15,000°F

j

on more than 100 successful test
'

runs.
i

Known as "Hotshot," the hy-

personic tunnel is capable of simu-

lating the fantastic temperatures

and velocities in store for the war-

head of an intercontinental ballis-

tic missile upon its re-entry into

the atmosphere.

• So great is the heat pro-

duced by the tunnel, a part of

ARDC's Gas Dynamics Facility,

that portions of the tunnel ducting
|

melt away during test runs, strik-

ing the models and interfering

with test results. "However," the
|

Air Force said, "this contamination I

develops later than it normally does

in shock-tube tunnels, and is pre-

ceded by a longer, more uniform

flow in which valid test data may
be recorded."

Here is how Hotshot works :

Air is pumped into a storage

chamber and sealed off from the

downstream portion of the tunnel
j

by a light plastic diaphragm. The

downstream section is then pumped
j

down to one-millionth of an atmos-
j

phere to accelerate the airflow
|

when the seal is ruptured. At this
|

point, a powerful electric charge
j

of more than one million amperes
]

is triggered into the air storage

chamber, boosting the air tempera-

ture to 15,000°F and the air pres-

sure to 20,000 psi.

The heated air immediately
breaks through the plastic seal and
flashes down the tunnel, accelerat-

ing as it moves through a conical

nozzle in front of the model
mounted in the test section. Instru-

ments measure temperature, air

flow and other details during the

test, and photographs may be taken
of the model in the luminous glow
created by the super-heated, pres-

surized air blast.
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Astrionks
By Henry P. Steier

ICBM tests will force astrionics engineers to brand-
new concepts of telemetering accuracy. Dr. H. L. Rauch,
University of Michigan missile telemetering scientist, points
out that a 1 ft./sec. velocity error in a missile sent to a
point one-quarter way around the earth would cause a target
miss of about one mile. To measure such a slight velocity

error, telemetering would need better than l/100th of one
percent accuracy, Rauch says. Accuracies of one to five per-

cent are normal now.
•

Lest anyone doubt what can happen in three years
when scientists take over promotion and management and
invade the field of big R&D business, a movie made by Ramo-
Wooldridge Corp. and narrated by Dean E. Wooldridge, presi-

dent and treasurer of R-W, shows the company offices in

1953. It is now a barbershop. In June 1956, R-W had 2,000
employees. By the end of 1956, it will have 600,000 square
feet of R&D building space in Los Angeles on a 40-acre site.

Under construction also is a manufacturing building facility

in Denver, Colo, that will initially have 150,000 square feet

on a 640-acre site.

•

The same phenomenon may occur soon again. Aero-
nutronics Systems, Inc. was organized in 1956 as Systems
Research Corp. Headed by scientists Dr. Ernest H. Krause,
vice president, Dr. Montgomery H. Johnson, director of re-

search, and Gerald J. Lynch, director of Ford Motor Co.'s

office of defense products, Aeronutronics is now a subsidiary
of the Ford Motor Co. From its present store-front head-
quarters in Van Nuys, Calif., the company is expanding to

take over the former Glendale Airport terminal, which will

house laboratories and offices for its work in aeronautics-
nucleonics-electronics.

•

Heat generated by astrionics equipment in satellites will

be a major problem. With no means of transferring heat to
the atmosphere under near vacuum conditions at satellite

altitudes, heat would build up inside the satellites. Bendix
Pacific Division, Bendix Aviation Corp. has taken a first

step toward a solution with development of a water-evapora-
tive heat dissipator. Heat from astrionics gear in a missile

test vehicle raises temperature and pressure of water vapor
in a sealed telemetering system. Water vapor is dumped
overboard at 5 lbs./sq. in. absolute pressure.

•

Latest approach to the problem of reducing friction in

gyros to obtain more accuracy in inertial platforms is work to-

ward a means of suspending the gyro in a vacuum by means
of a magnetic field. Except for electrical contacts that might
be required, such a gyro would have nearly infinite accuracy.
At the same time, non-electrical gyros are being designed
which are spun by pneumatic, spring-wound, or pyrotechnic
means in a missile prior to firing. Ideal for small missiles

since power supplies are not needed, and since they come up
to speed in milliseconds, "self-energized" gyros are coming
into the forefront. Electrical gyros sometimes take a full

minute to come up to speed in the order of 10,000-20,000 rpm.
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! International News
By Anthony Vandyk

J

Four SNCA du Nord missiles are in operational serv-

ice with the French forces—the 5201 (surface-to-surface),
5210 (air-to-surface), 5103 (air-to-air) and CT-10 (formerly
designated 5501). The CT-10 is used as an anti-aircraft target.

The Royal Air Force will soon be equipped with its

first missile—the Fairey Fireflash. It will be fitted to fighter
aircraft within the next few months. Fairey is also working
on a longer-range version of the Fireflash.

Bristol's Thor ramjet makes use of the cheapest and
simplest methods of manufacture. It is strictly a missile

unit with Mach 2 to 2.5 capabilities but it could easily be
refined to give it a long life and thus make it suitable for
powering aircraft. One Bristol official claims it would be more
economical than a turbojet at Mach 3.

Napier's ramjet test vehicle, the NRJ.l, is not a
missile but a plain "flying engine" for fuel control research,
designed and built for Britain's National Gas Turbine Estab-
lishment. It is unique in having a diametric airfoil in the in-

take to generate its compression shock pattern. The NRJ.l
is about 20 ft. long and 18 in. in diameter.

British government's decision to declassify the Arm-
strong-Siddeley Screamer rocket engine indicates that the
United Kingdom has abandoned LOX as an oxidant in favor
of HTP—as used in De Haviland rocket motors. The current
model of the Screamer delivers 9,500 lbs. thrust at 40,000 ft.

It is a compactly-grouped motor 78 in. long, 28 in. in diameter
and weighing 470 lbs.

For those who can read German the papers of the
Deutsche Versuchsanstalt fur Luftfahrt are available once
again. The technical reports by the 44-year-old research
establishment are now appearing regularly. They are pub-
lished by Westdeutscher Verlag, Ophovenerstrasse 1, Opladen,
West Germany.

How much does a missile cost? Colonel Franco Fiorio,

formerly assistant Italian air attache in Washington, reckons
about $150 per lb. for surface-to-air vehicles or $200 for
air-to-air missiles. Fiorio is one of the foremost Italian Air
Force experts on guided weapons.

Svenska Aeroplan (SAAB) is working hard in the
missile field. The Swedish government's 1957-58 air budget
includes $1,600,000 "for continued development of an inter-

ceptor missile." It is expected that the total cost of this proj-

ect will be some $6 million. The major missile item in the
budget is $28 million for the procurement of guided missiles
for aircraft.

Russia has tested a 900-mile range ballistic weapon
which was developed from Germany's V-2. Reliable sources
indicate that between 1945 and 1950 the Russians built at
least 2,000 V-2s.

France's SNECMA is the only manufacturer specializ-
ing in pulsejets. Its Ecrevisse series includes units ranging
in thrust from 22 to 330 lbs. It is possible that the Ecrevisse
will be built under license in Holland to power the Aviolanda
target missile if the latter is ordered into production.
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research
By Frederick C. Durant, III

rocket

Two years ago there was no

rocket research in Japan. Today,

sounding rockets are being devel-

oped in an intensive, well coordi-

nated program. Remarkable prog-

ress has been achieved in all phases

on budgets which are miniscule by

U.S. standards.

The program stemmed from the

decision last year of the National

Science Council of Japan to par-

ticipate in upper atmosphere ob-

servations during the International

Geophysical Year. In keeping with

Baby rocket in launching rack.

92

the times, the Japanese did not

want their observations limited to

research balloon altitudes. They de-

cided to use sounding rockets. It

was an ambitious decision since

there had been no Japanese rocket

development since World War II.

6 Even during the war the

Japanese had not made significant

progress in rocketry. Developments

were limited mainly to rocket artil-

lery, solid-propellant JATO units

and the Kamikaze BAKA bomb. The
BAKA was a human-guided rocket-

Kappa rocket series.

propelled flying bomb. Air-launched

from Betty-type bombers at 25,000-

27,000 feet, these suicidal attacks

on U.S. Naval vessels were quite

effective until adequate counter-

measures were achieved. Liquid-

propellant rocket development was
apparently limited to development

of a rocket powerplant for the

Shusui airplane in the design stage

in 1944-1945.

At the close of the war, of

course, all rocket development

stopped. None was permitted dur-

Telemetering unit -for Baby rocket.

Missiles and Rockets



Launching of Baby rocket.

ing the period of U.S. occupation.

Therefore nearly ten years elapsed

before the opportunity arose for

renewed effort on rockets, this time

for purposes of scientific research.

Throughout the post war period,

however, Japanese physical scien-

tists and engineers kept abreast of

rocket developments in the rest of

the world. Scientific journals and
professional society reports re-

ported significant data and test

results as rocketry advanced to its

present state of relative complex-

ity. How well these advancements
were absorbed, however, can be ap-

preciated in the remarkable rate of

development of the Japanese rocket

program since last year.

A Special Committee for the

Sounding Rocket Program was or-

ganized in January 1955. Research
began in February. Budgeted funds
were $140,000 for 1955 and $250,000

for 1956. Chief Scientist of this

Special Committee was Dr. Hideo
Itokawa, Professor of the Institute

of Industrial Science, University of

Tokyo.

• Dr. Itokawa was an ideal

choice for this post. Forty-four

years old, he received his aeronau-

tical engineering degree from the

University of Tokyo, and during the

period 1935-1945 designed fighters

at the Nakajima Aircraft Co. After

the war Itokawa joined the staff of

the University of Tokyo, received

his Ph.D. at its Institute of Aero-
nautical Science and conducted
theoretical research on aerody-

Tracking and reception antennas.

namics, guided missile systems and
target aircraft. His interests were
far-ranging, carrying him into such

ancillary fields as acoustics and
medical engineering. Then the Nat-

ional Science Council tapped him
to direct its sounding rocket pro-

gram.

Supporting the development of

rocket vehicles for the program
was the Institute of Industrial

Science, University of Tokyo. Aid-

ing in related phases were:

1) Institute of Astronomy, Uni-

versity of Tokyo: Solar Radiation.

2) Kagaku-Kenkyusho Corp.

:

Cosmic Rays.

3) Department of Geophysics,

University of Tokyo: Pressure.

4) Institute of Radio Wave,

Department of Communication:
Ionosphere.

5) Department of Electronics,

University of Kyoto: Temperature

and Winds.

A four-to-five-year plan was
mapped out. Two preliminary pro-

The Author . . .

is a staff member of Arthur D.

Little, Inc. Cambridge, Mass.

He holds a degree in chemical
engineering from Lehigh Uni-

versity. He is a past president

of the American Rocket So-

ciety and of the International

Astronautical Federation. He
will be contributing a series

of articles on international

developments in forthcoming
issue of M/R.

Photo-theodolite tracking rockets.

grams, PENCIL and BABY, have

been completed. During these tests,

basic rocket design criteria evolved

and telemetering range systems

were developed. KAPPA, SIGMA
and OMEGA projects will be the

programs to obtain scientific data

at high altitudes.

PENCIL Rocket Program
The PENCIL program was de-

vised to obtain basic test data on

rocket design elements. A minia-

ture model was developed measur-

ing 9 inches long, 0.7 inches diame-

ter, weighing only half a pound,

including the solid-propellant mo-
tor. Aerodynamic configuration, in-

ternal and external ballistic char-

acteristics, motor and nozzle design

were studied in a horizontal track

test range 30-160 feet long. Com-
pletely but simply instrumented, in-

flight photos were made by Fastax

cameras. Velocity and dispersion

data was obtained as the rocket

passed through a series of six

wired paper targets. Booster rocket

length, tail-fin configuration, ma-
terial of construction and other

factors were studied to determine

their effects upon center of gravity

location and in-flight shift.

Of particular interest were bal-

listic characteristics of booster

stages after separation. Because of

the lack of deserted land for future

large rocket tests, these data were

necessary for range safety.

More than 150 PENCIL rockets

(Continued on Page 98)
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(Continued From Page 94)

were made and fired. The average

cost of manufacture and test of a

PENCIL rocket was $15.

BABY Rocket Program
With the basic design data ob-

tained and experience gained in

measuring techniques and test fir-

ings a larger rocket series was de-

signed. Four to five feet long, not

including a short booster rocket,

this series weighed about 20

pounds. There were three major
types: BABY-S (Simple), BABY-T
(Telemetering) and the BABY-R
(Recovery).

Now the program moved out

of the research laboratory into de-

velopment phase. A launching site

was selected in the north facing

the Sea of Japan.

Six BABY-S rockets were fired

in August 1955, only seven months
after the initiation of the basic

studies. These firings checked the

launching stability and dispersion

of this larger test design. In addi-

tion, equipment was developed for

optical and DOVAP tracking, a

launching tower constructed and

range crews trained.

In September, six BABY-Ts
were fired to study the fundamen-

tals of rocket telemetering systems.

Rocket-borne instrumentation was
designed and tested. Four channels

were commutated—velocity, accele-

ration, pressure and temperature

—

on 415 MC frequency.

During the next two months
the BABY-Rs were launched. Since

no land-firing ranges exist in Japan,

it was recognized that recovery of

non-telemetered flight data would
have to be made from the sea. An
ingenious but simple parachute and
self-inflating buoy system was
packed into the nose to be explo-

sive-separated after maximum alti-

tude was reached. A dye type sea

marker completed the recovery

unit. A 16mm camera and film was
used as payload in these early

shoots. Range firing trajectory data

was radioed to the aircraft, heli-

copter and coast guard ship recov-

ery unit. Two out of the three pay-

loads were successfully located.

• The Kappa Project phase of

the sounding rocket program is

currently under development. De-

signed for the IGY program upper

atmosphere measurements, this

series of rockets will be three-

staged, ground-launched and pow-

ered by solid-propellant motors.

Length, less two booster stages, is

6.5 feet; diameter, 5 inches;

weight, 80 pounds. It is designed to

carry 11 pounds of payload to an

altitude of 70-95 miles. Only one

measurement will be made with

each firing.

• The SIGMA Project, a

rockoon system, utilizes a balloon

for altitude launch. Basic studies

and test data of Dr. James A. Van
Allen of the University of Iowa

are used in this project. Either the

KAPPA main stage or a two-staged

BABY rocket will be used. Design

altitude: 50-65 miles.

• Still in the study stage, the

OMEGA Project is aimed at alti-

tudes over 150 miles. It probably

will not be completed in time for

the IGY.

To anyone familiar with the

cost of overall sounding rocket pro-

grams in the U.S. the success of this

program will be impressive. True,

the Japanese had the benefit of

much published data on the test

programs of other countries. How-
ever, their work was not imitative.

They have shown that they under-

stand the basic factors involved as

well as laboratory and field tech-

niques. Further, they have recog-

nized the present and future capa-

bilities of solid-propellant rocket

systems. END.

Initial test firing of
Japan's first military rocket,

the "TMAO-AC" took place

a few iceeks ago at Ojoji

proving grounds in northeast

Japan. The rocket is a mili-

tary version of one con-

structed for the Institute of
Industrial Science by the Fuji

Precision Machinery Co.

Officials of the Japanese
Defense Agency who watched
the rocket zoom to an altitude

of 13,000 ft. termed the ex-

periments successful. Other
details were not immediately
available, our correspondent
in Japan said, but data

gleaned from the trials is ex-

pected to pave the way for
Japanese-built guided mis-

siles.

Missiles and Rockets



INDUSTRY SPOTLIGHT
By Joseph S. Murphy
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BORON BUSINESS BOOM
In screen-testing today's array

of miracle chemicals and wonder

metals for roles in the billion-dol-

lar guided missiles program, one

old, but current big-time, performer

should command much attention on

the part of the investor. This can-

didate is boron—an element which,

along with sodium and oxygen,

gives us borax, the long-time clean-

ing companion of housekeepers

everywhere.

Last year boron production hit

a peak of nearly one million tons

—

three times the 1945 output—and

recent estimates placed domestic

and export sales in excess of $30

million annually. Broken down

among end uses, boron consump-

tion is as follows:
Estimated

Industry Type of Use % of Total

Glass Borosilicate Glass
& Glass Fibers 30

Ceramics Ceramic Glazes &
Porcelain Enamel 25

Agricultural
Chemicals Fertilizers and

Herbicides 15

Soap Soaps & Clean-
ing Compounds 10

All Other Flameproofing
Agents, Adhe-
sives, Gasoline
Additives, etc. 20

100

Swift Carries Fireflash

Viekers-SupermarineSftu7fMK7

supersonic fighter, fitted here with

two Fairey Fireflash air-to-air

guided missiles, was unveiled at re-

cent SBAC Farnborough exhibition.

It is the second British fighter to

mount Fireflash, the other being

the Hawker Hunter.

Fireflash is a supersonic air-to-

air missile measuring 90 inches in

length with cruciform wings of 28-

inch span. It is powered by solid-pro-

pellant rockets and warhead is prox-

imity-fused to explode when missile

is within lethal range of target.

Guidance for the missile is a

beam-rider type system. Electronic

equipment was developed by E. K.

Cole, Ltd.

First production order for the

Fireflash was awarded to Fairey

early this year and deliveries to

Royal Air Force Fighter Command
are due within the next five months.

Fairey is one of the forerunners of

some 150 British firms engaged in

missile work, with most activity in

the air-to-air and surface-to-air

categories.

As these products (glass fibers,

for instance) find new applications,

they in turn will provide a still

greater base for boron demand.

New Uses
Remarkable hardness and re-

sistance to heat and corrosion

places boron steel and other boron
alloys in demand for jet engines

and rockets. The fact that $100
million has been allotted for pro-

curement, research and develop-

ment of non-ferrous metals and al-

loys during 1957 gives an impres-

sive indication of what is in store

for metals that meet the desired

specifications.

In addition, the 1957 defense

budget for guided missiles ear-

marks another $70 million to the

development of high energy pro-

pellants. Research indicates that

since 1952 experiments involving

boron compounds have progressed

from the laboratory, through pilot-

plant stage and are now in the

tonnage-plant stage.

Although information on these

projects is classified, there have

been some significant and fore-

telling developments. For instance,

the Navy recently announced the

awarding of a $38-million contract

for a plant at Muskogee, Okla.;

Olin-Mathieson Chemical revealed

a contract to build a $36-million

plant near Niagara Falls; Stauffer

Chemical recently embarked on a

proposed ten-fold expansion of its

Niagara Falls boron trichloride

plant; and it is rumored that

American Potash is starting up a

semi-commercial plant in Los An-

geles to make boron trichloride.

Informed opinion is satisfied

all these operations embrace boron

compounds to make high-energy

fuels. And it is already known that

Cont. on Page 102
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Army Rocket Sled Attains 1,300-MPH

This new rocket sled, built

under Army direction by Aircraft

Armaments, Inc. reached speed of

1,300 mph during recent tests at

Naval Ordnance Test Station, In-

yokern, Calif. The 7,000-pound sled,

powered by three solid-propellant

rockets, reached this velocity in less

than 2.5 seconds. This particular

test vehicle was designed for the

Army for testing operation of air-

craft and missile components, at

high speed. Aircraft Armaments, a

Baltimore firm, is understood to be

planning to better the 1,300-mph

mark, presumably with an advanced

sled design, as part of an overall

rocket test vehicle development pro-

gram.

(BORON cont. from p. 100)
boron polymers, such as penta-

borane and decaborane, have a high
energy content and desirable phy-
sical properties.

Another amazing discovery is

the fact that boron hydrides and
boron hydride derivatives react

violently with water, and offer pos-

sibilities as fuels for underwater
rockets.

Investment Possibilities

It seems almost certain that

the boron industry offers inter-

mediate and long-term possibilities

for extraordinary capital apprecia-

tion. Buttressed by currently ex-

panding uses, boron's potential

seems virtually unbounded in the

added area of jet-rocket require-

ments.

About 90% of the world's

boron production is in the United

States. Not too many companies

participate in this output; how-
ever, the following companies are

available for consideration by the

investor:

*
CO •a

01

Soil
.S2
In

•a
rt
M
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So a
Z ti
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V

K
s
s:

Operating- Co.

U.S. Borax
& Chemical 66 48 O/C
American
Potash &
Chemical 26 49 NYSE
Stauffer 8 75 NYSE
Holding Co.
Borax Hold-
ings, Ltd. t 39 LSE

* O/C—Over the Counter.
NYSE—New York Stock Ex-

change.
LSE—London Stock Exchange,

t Owns 74% of U.S. Borax plus
more than 15% of the remaining
world supply of boron.

U.S. Borax & Chemical—the

amalgamation of Pacific Coast

Borax and U.S. Potash produces

two-thirds of our domestic output

and owns approximately 60% of

the world's boron supply. It is said

to have more than a 200-year sup-

ply of reserves.

$4.2 Million Contract

To Douglas
DOUGLAS AIRCRAFT CO.

Santa Monica, Div. has received a

$4,279,692 Air Force contract for

air-to-air rockets, presumably in

Sparrow series.
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Minneapolis-Honeywell

To Build Fla. Plant

A new $4-milIion aeronautical

plant for development and produc-

tion of highly advanced aerial navi-

gation equipment will be built by

Minneapolis-Honeywell Regulator

Co. near St. Petersburg, Fla. The

new plant will provide 207,500 sq.

ft. of floor space on a 95-acre site.

About 1,500 engineers and

skilled workers will be employed

when full-scale production of the

inertial guidance systems begins,

probably by the middle of 1957.

Construction of the firm's first

Florida facility will be started im-

mediately.

Paul B. Wishart, president, said

the company's decision to build a

major new plant was prompted by

extra government contracts and

Honeywell's plans for expanded

activity in the inertial guidance

field.

Convair Awards Contract

For $40-Million Plant

Convair Division of General

Dynamics has awarded a general

contract to McNeil Construction Co.

of Los Angeles to build its new
$40-million Astronautics facility for

Atlas intercontinental ballistic mis-

sile development.

Plant site is a 252-acre plot

northeast of San Diego. Partial oc-

cupancy is expected by next spring.

The Astronautics facility will

provide nearly 1,000,000 sq. ft. of

floor space. It will consist of a one-

story, high-bay manufacturing plant

of about 500,000 sq. ft., two six-

story office buildings for adminis-

trative and engineering staffs, a

147,000-sq. ft. engineering labora-

tory, a cafeteria-auditorium, an in-

strument and computing center,

plus other special-purpose buildings.

Raymond Rosen Firm

Now Tele-Dynamics, Inc.

Raymond Rosen Engineering

Products, Inc., producer of tele-

metering equipment for such mis-

siles as the Nike, Terrier, Matador
and Firebee, has changed its cor-

porate name to Tele-Dynamics, Inc.

with headquarters in Philadelphia.

The new firm remains a wholly-

owned subsidiary of Raymond Rosen
and Co., Inc. and will retain a west

coast office in Sherman Oaks, Calif.
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Industry Well Represented

At Venice AGARD Meeting

U.S. companies were heavily

represented at the four-day Guided
Missiles Conference which ended
last Thursday in Venice, Italy. Of
the 23 papers presented at the

meeting, about half came from
American engineers and scientists.

The unclassified meeting was
sponsored by the Advisory Group
for Aeronautical Research and De-
velopment (AGARD) of NATO. Its

principal theme was missile guid-

ance, and the papers covered virtu-

ally the entire field of guidance
problems.

Weapons system philosophy

and guidance techniques were the

principal subjects covered on the

first day of the meeting, Monday,
Sept. 24. Papers presented on Tues-
day discussed use of digital com-
puters, problems of gyro-stabilized

servo platforms, inertial guidance
and linear homing navigation. Mis-

sile instrumentation, field testing

and reliability were covered on

Wednesday, while Thursday was
devoted to papers on the pitfalls of

missile control, effects of airframe
characteristics on guidance, flight

evaluation of guidance components
and new principles of missile guid-

ance.

Reeves Instrument Has

Five Major Projects

Recent disclosure of the $10-

million development and production

by Reeves Instrument Corp. of the

world's largest chain radar tracking

system at USAF's Patrick AFB
missile range brings to five the

number of major projects tackled by

the Dynamics Corp. of America sub-

sidiary.

Earlier it contracted to build a

million-dollar electronic test and
flight simulation laboratory at the

AF's Wright Air Development Cen-
ter for research on aircraft and
missile design problems.

In its own project "Cyclone"

computer, built for Navy Bureau of

Aeronautics in 1946, it reportedly

has solved for as little as $50,000
a design problem that would have
cost $100 million in a comparable
flight test program.
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New NACA Employment Program

For Military Scientific Personnel
National Advisory Committee

for Aeronautics, h a r d-p r e s s e d

earlier this year by the threat of a

mass loss of scientists to private

industry, has found a new answer

to its employment problem.

Under a cooperative NACA-
Pentagon venture, Defense Depart-

ment is making available to NACA
qualified military personnel for as-

signment to scientific research

projects. About fifty officers from
the Army, Navy and Air Force are

expected to enter the program by

early next year.

The move has two-fold bene-

fits, NACA says. It not only sup-

plies it with hard-to-get technical

and scientific talent, but also pro-

vides active-duty scientific train-

ing for a select group of military

personnel.

As a result, various military

departments are supplying NACA
with volunteer lists of volunteer

eligible officers from which it may
select candidates. They are ex-

pected to be assigned to NACA re-

search activities dealing with mili-

tary's long-range plans for air-

craft, missiles and rockets.

Here's how individual services

are handling the program:
Army—Provides NACA with names
of ROTC graduates who will be

offered 18 months active duty with

NACA after completing six-month

duty in Army training.

Navy—Will submit list of qualified

officers with aeronautical engineer-

ing degrees who have two years ad-

ditional obligated service, or who
indicate desire to extend their tour

of duty to accept NACA assign-

ment.

Air Force—Provides NACA with

list of officers who volunteer for

two-year NACA duty.

In each instance, officers as-

signed to the program will, for all

purposes, be NACA employes. Pay,

allowances and other costs will be

reimbursed to the particular serv-

ice.

The Defense step is the most
recent of a number of moves aimed
at relieving NACA's scientific per-

sonnel problem.

Earlier, in a session-ending

measure, Congress authorized NA-
CA 20 additional "Public Law 313"

jobs. Although NACA had asked
for 50 such positions, the 20 voted

by Congress gives it 30 jobs in the

$12,500 to $19,000 a year category.

Added to this, most wide-

spread improvement throughout
NACA's organization stemmed from
action by the Civil Service Com-
mission in late August. This au-

thorized NACA to pay top-of-grade

salaries to some 1,625 NACA re-

search scientists effective Septem-
ber 25.

As a result of this last meas-
ure, here's how the new grades

now pay within NACA: GS-9

—

$6,250; GS-11—$7,465; GS-12—$8,-

645; GS-13—$10,065; GS-14—$11,-

395; GS-15—$12,690; GS-16—$13,-

760; and, GS-17—$14,835.

CALENDAR
OCTOBER

1-3— National Electronics Conference and Ex-

hibition, sponsored by AIEE, IRE, Illinois

Institute of Technology, Northwestern

University and University of Illinois, Hotel

Sherman, Chicago.

1-3—Canadian IRE Convention and Exposition,

Automotive Building, Exhibition Park,

Toronto.

2-6— National Aeronautical Meeting, Aircraft

Production Forum and Engineering Display,

sponsored by SAE, Hotel Statler, Los

Angeles.

8-10—Second Annual Symposium on Aeronautical

Communications, sponsored by IRE, Hotel

Utica, Utica, N. Y.

10-12— National Transportation Meeting, spon-

sored by SAE, Hotel New Yorker, New York

City.

10-12-16—NACA triennial inspection of Langley

Aeronautical Laboratory, Langley, Va.

15-19—Second annual world-wide conference of

USAF Flying Safety Officers, Keesler AFB,
Biloxi, Miss.

15-17— Fall radio meeting of Radio-Electronics-

Television Manufacturers Assn., Hotel

Syracuse, Syracuse, N. Y.

16-19—Conference on Magnetism and Magnetic

Materials, sponsored by IRE, AIEE, APS and

AIMMEE, Hotel Statler, Boston.

22-23—Radio Technical Commission for Aero

nautics fall meeting, Hotel Marrott and

CAA Technical Development Center, Indian

apolis.

25-26—Aircraft Electrical Society annual dis

play of electrical equipment, Pan-Pacific

Auditorium, Los Angeles.

29-30—Third Annual East Coast Conference on

Aeronautical and Navigational Electronics,

sponsored by IRE, 5th Regiment Armory,

Baltimore, Md.

NOVEMBER
8-9— National Fuels and Lubricants Meeting,

sponsored by SAE, Mayo Hotel, Tulsa, Okla.

25-30—American Rocket Society annual meeting,

Henry Hudson Hotel, New York City.

28-30—First International Congress on Ozone,

sponsored by Armour Research Foundation,

Sheraton Hotel, Chicago.

JANUARY
28-31—Eighth Annual Plant Maintenance Show,

Public Auditorium, Cleveland.
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New

Communications
Concept

for exchange of

information amoung

missile engineers

By Arthur W. Steinfeldt

In the midst of an explosive growth, communications within the
missile industry have not been able to keep pace with the rapid
technical advances and specialization. Due to the interdependence
of missile technologies, progress in one area must be quickly com-
municated and integrated into the programs of other technologies.
However, the missile industry is finding it increasingly difficult to
digest and assimilate the specialized knowledge pouring forth from
scientists and engineers drawn from diverse and esoteric fields.

Sources of basic, unclassified information are widely scattered
geographically and the dissemination of material is often in a
random, haphazard fashion. This is further complicated by the fact
that most of the established periodicals, scientific journals and
societies are directed either toward one small segment of missile
technology, or are so general as to include the entire aviation
industry.

The establishment of the Missiles & Rockets magazine by
American Aviation Publications is further recognition and response
to the need for better means of communication in this rapidly ma-
turing industry, and I am pleased to write for this first issue of
the magazine concerning the initiation of an experiment in technical
communications undertaken by the Special Defense Projects De-
partment of the General Electric Company.—A. W. S.

It is apparent that engineers

and scientists in the missile indus-

try must know not only their own
field but should be aware of the

knowledge, contributions and prob-

lems of other related technologies

in order to make a maximum con-

tribution themselves. This is es-

pecially true in an industry where
technology is expanding rapidly.

Long-standing demarcation bound-
aries between sciences are being

rapidly changed and modified and
entire new sciences are being born.

It has been obvious that there

is a need for a program (1) to facil-

itate the flow of current informa-

tion among engineers and scientists

in the missile industry, (2) to pro-

vide knowledge as to where related

technical work is being conducted,

(3) to show how diverse technical

fields are related and integrated in

the missile industry, and (4) to

stimulate engineers and scientists

into thinking more about the rela-

tionship of their effort to other

technical fields and common mis-

sile problems.

General Electric's Special De-
fense Projects Department decided

to attack these problems on a mod-
est basis by undertaking a series

of technical forums. Four forums

were planned as a series, each one
in a different city with new speak-

ers and a new program. The forums
were announced in newspapers and
tickets sent to qualified engineers

and scientists. Over 1,000 attended

the series.

• There were a number of

practical considerations which led

us to organize the forums as out-

lined above. GE wished to make
attendance at the forum as con-

venient as possible and appeal to a

wide range of engineers and scien-

tists. To do this, it was necessary

to bring the forum to them in the

localities where they worked and
lived. GE felt this approach would
enable many persons to attend who
would not have the opportunity

otherwise. This required that the

forums be unclassified and, of

course, this brought the question

of security to the forefront.

How often when discussing

the national security aspects of

missile work has one heard phrases

such as, "Everything interesting in

the missile field is classified," or

"I wish the security people would
declassify some of my work so I

could prepare it for publication."

I believe this sentiment is quite

common and deserves more thought.

Scores of worthwhile articles re-

lated to missile work are being

published each month in unclassi-

fied journals. Many more would be

available but are not because of
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individual inertia rather than se-

curity limitations.

Security Problem

Security people are fully aware

of the necessity for exchanging

scientific and technical information

where no classified material is in-

volved. GE found them most help-

ful and cooperative in clearing

talks for presentation and publica-

tion. It takes time and effort to

accomplish this, but our experi-

ence has shown that it can be done

and that most of the effort need

not consume the time of our pro-

fessional technical people.

• To meet our objectives, it

was necessary that the presenta-

tions be of high caliber and of in-

terest to an audience differing

widely in background. It was de-

cided that rather than have our

speakers deliver a highly special-

ized talk, each would attempt a

technical presentation of interest

to the entire audience. This was
not entirely possible but most of

each presentation was understood

by the audience generally. Suffici-

ent time was scheduled to permit

detailed discussion of the subjects

for those who wanted to explore

them in depth.

In order to overcome some of

the barriers between various sci-

ences, the technical forums were
organized to present a number of

papers from diverse fields. This

diversification can best be illus-

trated by the subjects that were
treated at the various technical

forums by the speakers who were
selected from the Special Defense
Projects Department.

At the first forum held in New
York City, Systems Engineering,

Hypersonic Experimentation and
Mass Accelerators and Aerophysics

were discussed. At the second
forum in Buffalo, our speakers

treated the subjects of Missile Sys-

tem Testing, Aerophysics and
Stress Analysis. The third forum in

Washington. D. C, covered Struc-

tures, Aerophysics, and Recording
and Recovery of Missile Data. The
fourth and last forum of the series

in Boston discussed Missile Reli-

ability, Instrumentation and Hyper-
sonic Experimentation.

Numerous visual aids, includ-

ing colored slides, models and
mock-ups, were used to further in-
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terest the audience and stimulate

discussion. Each presentation was
limited to 30 minutes in length and

a discussion period was allowed

after each talk. A general discus-

sion period followed the last

speaker.

• Each person attending the

forum was asked to fill out a brief

questionnaire. This was done to

measure the effectiveness of the

forum and to obtain suggestions

for improving future forums. A
very high return, approximately

65% of the questionnaires per

forum, was obtained.

Here are the conclusions based

upon the reaction of the engineers

and scientists who attended our

first series of forums:

1) There was almost unanim-

ity of agreement (97%) that

the forums were worthwhile

and that those attending would
attend future forums if they

were offered the opportunity.

2) Those in attendance felt

that the information offered

was current and of interest to

them.

3) A substantial portion of the

audience was quite amazed
how closely seemingly diverse

fields were related and inte-

grated. They felt they obtained

valuable information from
presentations made by special-

ists in fields they normally

considered outside of their

particular sphere of activity.

4) They obtained considerable

information from both the

speakers and others in attend-

ance about where technical

work was being conducted of

which they had no prior

knowledge.

5) In indicating what fields

should be discussed at future

forums, the audience indi-

cated that they would like to

continue to have covered more
than just their own technical

field if they continued to be

handled properly.

Tremendous Potential

As part of the forum program,
our marketing organization sched-

uled press conferences where our

participants matched wits with
both the technical and non-techni-

cal press. This they found especi-
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Nationwide closed circuit television would permit scientists to be
"present" at important events and thus get firsthand information.

ally stimulating. In two cities they

were asked to appear on television.

Several of the presentations have
already been published in technical

journals and others are slated for

future publication. Our marketing
people were also pleased with the

favorable publicity that was ob-

tained in the daily newspapers and
in non-technical and technical

magazines.

• GE has come to realize that

industry-sponsored efforts in tech-

nical communications have tre-

mendous potential and it is a func-

tion which can no longer be left to

chance. The missile industry has a

direct interest and responsibility

for doing its part in filling the

communications' void resulting

from ever increasing specialization

and rapid technological advances.

A number of techniques could

be employed. I would like to offer

one for consideration. A series of

technical forums could be planned

on an industry-wide basis. Each
industrial organization involved

would schedule technical forums of

its own in the local area. Engineers
and scientists in the surrounding
area who are interested in missiles,

or already engaged in the field

would be invited to attend. Then,

to tie the entire effort together, a

closed-circuit television program
could be developed. Each company
would select one or two subjects

for presentation on the industry

hook-up. The TV broadcast would
originate from laboratories or mis-

sile proving grounds throughout
the country. In a matter of min-
utes, each person attending would
be tuned in on the latest scientific

developments.

Imagine the inspiration and
clash of ideas that could result

from researchers all over the coun-

try actually watching—in a sense

participating—while the nation's

leading scientists demonstrate a

problem or experiment. Exposing
ideas to the fierce glare of the tele-

vision camera and to hundreds of

scientists in the field would be the

quickest way I know of to separate

out good ideas from the bad.

The forum idea could also be

expanded to help the missile in-

dustry in the tremendous training

job that has to be done. Each year

thousands of engineers and scien-

tists are brought into the industry

and must be quickly integrated.

Much of the orientation and train-

ing they receive is of an unclassi-

fied nature. Why not use closed

circuit television to bring the best

speakers from industry, govern-

ment and universities to conduct

appropriate sessions with a nation-

wide audience?

I have mentioned only a few

applications of the use of industry

forums and closed circuit television

to improve communications. Actu-

ally the possibilities seem almost

limicless. . . . END.

NAA Employs 500
In Summer Program

More than 500 students and
faculty members from colleges and
universities throughout the country

have been on North American
Aviation's summer payroll this year

as part of the manufacturer's new
long-range recruiting program.

Breakdown of this temporary em-
ployment is as follows: Los

Angeles division, 249; Rocketdyne,

115; Autonetics, 69; Missile De-

velopment, 66; Atomics Interna-

tional, 17.

Mac Wright, coordinator for

the program at Los Angeles, said

the wide-scale summer work pro-

gram was helpful to NAA in vari-

ous fields and at the same time

gave potential employes a chance

to get to know the company. Hir-

ing of faculty personnel, he said,

is good for both teachers and the

company in giving teachers prac-

tical experience in the application

of their academic courses.

Technical Employee
Increase

LOCKHEED AIRCRAFT
CORP. estimates that one person

in every eight it now employs is a

technical employee. In 1943 only

about one in every 100 was a tech-

nician or engineer.

114 Missiles and Rockets



PEOPLE
Lawrence D. Bell, president of

Bell Aircraft Corp. since he formed
the company in 1935, has resigned for
reasons of health. He has been elected

Lawrence D. Bell

chairman of the board. One of the
few surviving pioneers of the in-
dustry era prior to World War I, 45
of his 62 years have been spent in
aviation. Leston P. Faneuf will suc-
ceed him as president and will con-
tinue as general manager of the
company.

Alexander Satin, well-known
research engineer, has been ap-
pointed Senior Scientific Advisor to
Lockheed Aircraft Corp., Burbank,
Calif.

Formerly Chief Engineer of the
Air Branch, Office of Naval Re-
search in Washington, D. C, Satin

Alexander Safin

was recently presented with the

Meritorious Civilian Service Award
for his "outstanding leadership in

initiating and coordinating a compre-
hensive research program in aero-
dynamics, structures, powerplants,
instruments, experimental airplane,

helicopters and other techniques and
equipment used in naval air war-
fare."

Satin has been credited with the
initiation of several scientific Navy
and Army research projects, includ-
ing rocket devices, short-takeoff-and-
landing aircraft experiments, jet-lift

and ducted fan propulsion and satel-

lite research.
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Marvin B. Ruffin, vice president-

customer relations since April 1955,

has been promoted to vice presi-

dent and gen. mgr. of Summers Gyro-
scope Co.

Republic Aviation Corp. has
named Robert W. Boesel chief pro-
ject engineer for its guided missiles

division.

Boesel Kuttin

Daniel A. McBride and Eugene
L. Olcott have joined the Chemistry
Division of Atlantic Research Corp.,

Alexandria, Va., McBride as project

coordinator and Olcott as metallurgi-

cal engineer. Dr. Joseph B. Levy will

conduct research on the kinetics of

solid-propellant combustion and of

high-temperature gaseous reactions.

Clare W. Harris has been ap-

pointed a project engineer for Lock-
heed Missile Systems Division, while
continuing to serve as asst. to the di-

rector of engineering; Harry W.
Kohl was named division engineer
for the newly created Bay area proj-

ect at San Jose. Dr. Samuel B. Bat-
dorf, formerly with Westinghouse
Electric Co., has joined the division

as consulting staff scientist.

Dr. Daniel T. Sitrley, formerly
chairman of the Guided Missile
Steering Committee and associate

director of the General Engineering
Laboratories for the American Ma-
chine & Foundry Co., has been ap-
pointed chief engineer for the Guided
Missiles Division of Firestone Tire
& Rubbtr Co. of California.

Sigley Steinhardt

Lawrence R. Steinhardt has been
appointed president of Narmco Metl-
bond Co., which makes "Multiwave,"
a sandwich core material used in air-

craft and missile structures.

William C. Foster is the first for-

mally-elected Chairman of the Board
of Directors of Reaction Motors, Inc.

William M. Duke, former vice
president of the Cornell Aeronauti-
cal Research Laboratory, has been
named program director for the
"Titan" Intercontinental Ballistic

Missile program of the Ramo-Wool-
dridge Corp.'s guided missile research
division.

October, 1956



NEW MISSILE PRODUCTS

A substantial number of these mobile pneumatic and electrical test stands

(right) have been produced by Lear Aircraft Engineering Div., Santa Monica
for North American Aviation's Rocketdyne Division to check out rocket engines

without firing. Complexity and high-performance requirements of their opera-

tion led to design of another auxiliary test stand (left) to check them out.

POWER PACKAGES
Vickers, Inc. has unveiled a

series of hydraulic-powered elec-

trical power packages for use in

aircraft and missile systems. Al-

though originally designed in the

0.5 to 3.0 kv output range, a larger

unit of 10-kva capacity has been

adopted for a specific missile in-

stallation.

Basic system consists of a

permanent magnet, 400-cycle gen-

erator directly driven by a flange-

mounted Vickers constant-speed

hydraulic motor. Speed control re-

portedly is within -j- or —2 1/2%
regardless of load and special

adaptations will maintain 400-cycle

frequency within -j- or —0.1 per-

cent.

Weight of a 0.5 kva power

package is seven pounds whereas

\ a 3.0 kva unit weighs 19 pounds.

The larger missile installation in

use weighs 40 pounds. Write

:

Vickers, Inc., Dept. M/R, Box 302,

Detroit 32, Mich.

MISSILE CABLE

A new cable especially de-

signed for guided missile motors

and electronic controls is avail-

able. Designated as Type SP-132,

the cable is a four-conductor type

with tinned copper conductors,

tinned copper braid, polyethylene

insulation and a polyvinylchloride

jacket. The cable has a minimum
outside diameter of 0.275". Write:

Federal Telephone and Radio Co.

Dept. M/R 100, Kingsland Road,

Clifton, N. J.

MISSILE CONNECTORS
Scintilla Division of Bendix

Aviation Corp. has introduced two

new series of electrical connectors

for application in missile ground

and airborne systems.

Scintilla's QWL type (illus-

trated) is designed for heavy-duty

use with multi-conductor cables in

missile ground launching equip-

ment and ground radar. Tests have

indicated absence of thread wear
after being subjected to 2,500

coupling and uncoupling cycles.

Other Scintilla series is the

"Pygmy" connector intended for

miniaturized missile electronic

equipment. These are available in

"A" and "E" styles, in a series for

potting, with jam nut receptacles,

and with hermetically sealed re-

ceptacles. Write: Scintilla Division,

Bendix Aviation Corp., Dept. M/R,
Sidney, N.Y.

PRESSURE TRANSDUCERS
New series of Swiss-made

miniature SLM pressure trans-

ducers available from Kistler In-

strument Co. covers a range of

pressures from .01 to 100,000 psi.

Models are classed as blast gauge,

shock-tube gauge, ballistics gauge
and hyper-ballistics gauge.

The SLM series is said to be

rugged enough to withstand ex-

plosions, yet sensitive enough to

measure pressure variations in

sound waves generated in rocket

motors. Units are designed to op-

erate at temperatures up to 600 °F
and to measure variations as low

as 0.1 psi in fuel systems and com-

bustion chambers at any pressure

level to 3,000 psi.

Write: Kistler Instrument Co.,

Dept. M/R, 15 Webster St., No.

Tonawanda, N.Y.

HITEMP DECALS
New series of heat and solvent

resistant decals designed to with-

stand higher temperatures of jet

aircraft, rockets and missiles have

been announced by The Meyercord

Co. Applications include engine

housings and hot parts, electronic

equipment and a variety of situa-

tions involving extreme heat.

Three available types of

Meyercord decals include: HR

—

Suitable for most surfaces which

will withstand temperatures in
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400°F range. SHR—Designates sus-

tained heat resistance. For smooth

l-igid surfaces under constant

operation in 500° to 600°F range.

HHR—For high heat resistance.

Withstands temperatures up to

1,000°F intermittently. Suitable for

rigid surfaces.

Write: The Meyercord Co.,

Dept., MR, 5323 W. Lake St.,

Chicago 44.

MISSILE FLOWMETER

An ultrasonic flowmeter

marketed by Maxson Instruments

Div., The W. L. Maxson Corp., pro-

vides simultaneous readout of mass
flow rate, mass totalization, volu-

metric flow rate, volumetric total-

ization and fluid density in a direct

reading instrument for missile fuel

gauging systems.

The unit uses ultrasonic en-

ergy to determine volume or mass
of fluid passing through a smooth-

bore sensor. It is said to handle

up to 720,000 lbs. or 90,000 gals, of

jet fuel per hour at an accuracy of

1%. Weight is 10 lbs.

Write : Maxson Instruments
Div., The W. L. Maxson Corp.,

Dept. MR, 47-37 Austell Place,

Long Island City 1, N. Y.

LOX STRAINER
A new in-line type stainless

steel strainer designed primarily

to filter liquid oxygen at extremely

low temperatures is marketed by
Harman Equipment Co. The
Harmeco Model 33008 strainer, said

to have application in the ICBM
program, is also usable for han-

dling petroleum-type fuels.

New strainer features flanged

ends constructed of extremely

dense, close-grained stainless steel

castings welded to a body of stain-
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less steel pipe. Unit is said to be

leak-free at temperatures of
—350 3F and below.

Four available types having

optional flange and strainer as-

semblies all measure four inches in

diameter. Weights range from 112

to 135 pounds. Literature available.

Write: Harman Equipment Co.,

Dept. MR, 3605 E. Olympic Blvd.,

Los Angeles 23.

GEAR TRAIN
Sinite D-10-S bearings are a

feature of a new minute gear train

announced by Booker-Cooper, Inc.

The Sinite material, used by major

missile producers in liquid oxygen

applications, is a compaction of

50% bronze and 50% lubricative

pigments.

Sinite used in bearing applica-

tions is said to operate over a wide

temperature range at speeds in ex-

cess of 3,000 rpm without addi-

tional lubrication. Temperatures

range from —300°F to +500°F. The
material is available in bar stock or

is machined to specifications.

Write: Booker-Cooper, Inc., Dept.

MR, 6940 Farmdale Ave., No. Holly-

wood, Calif.

THERMOCOUPLE JUNCTION
A miniature, multi-channel

"hot" thermocouple reference junc-

tion which the manufacturer says

is rugged enough for missile use

operates from ac or dc and is stable

to 1.5°F.

The unit can be provided for

any type junction such as iron-con-

stantan, ehromel-alumel, copper
constantan and others. The unit

replaces ice bottles and tempera-
ture compensators. Write: Arnoux
Corp., Dept. M/R Box 34628, Los
Angeles, Calif.

INSULATED CABLE
New series of single and multi-

conductor Teflon-insulated cables

for missiles and radar applications,

high temperature instrumentation
and telemetering devices is market-
ed by Tensolite Insulated Wire Co.,

Inc. Standard and custom-de-
signed constructions varying from
one through 37 conductor assem-
blies are available.

New cable features parallel-

wrapped Teflon, but spiral-wrapped

or extruded Teflon primary insu-

lation may be specified. Write:

Tensolite Insulated Wire Co., Inc.,

Dept. MR, 198 Main St., Tarrytown,
N. Y.

MISSILE TUBES
A new line of seven subminia-

ture tubes for guided missile appli-

cations has been announced by Syl-

vania Electric Products Co. The
line includes rf pentodes, beam

(More New Products, Page 125)
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power pentode, audio amplifier,

medium and high a single and
double triodes.

Design features include a

shorter mount for rigidity, wide
element spacings and vibrational

noise control over a wide frequency

spectrum, Although developed for

guided missile application, the

tubes are expected also to find ap-

plication in telemetering and ve-

hicular use. Write: Sylvania Elec-

tric Products Co., Dept. M/R, 1740

Broadway, N. Y. 19, N. Y.

EXPLOSIVE VALVE
A new normally-closed ex-

plosive valve announced by Conax
Corp. is designed to provide a dead-

tight, shut-off valve for long or

short-term storage of gas or liquid

under high pressure. When fired

by a small integral squib, it opens

the equivalent of a 9/32-inch diam-

eter orifice in .002 seconds. Only

1/2 ampere is needed to fire the

squib.

Smallest Conax valve weighs
five ounces and is a 1-inch hexagon
measuring 3 1/2 inches long. Max-
imum operating pressure is 5,000
psi and proof pressure is 10,000

psi. Literature available. Write:
Conax Corp., Explosive Products
Div., Dept. M/R, 7811 Sheridan
Drive, Buffalo 21, N.Y.

FUEL PUMP
Lear, Inc., Lear-Romec Divi-

sion has developed a nine-pound
rotary vane-type pump designed to

supply smoke fuel for guided mis-
sile tracking systems. An electric-

motor-driven type, it cycles on and
off at two-second intervals to create
a vapor trail from the tail end of a
missile.

Unit is designated Model RG-
15800. It has a rated capacity of 4.1

gpm at 27 volts d-c and 13.5 amps
pumping Corvus Oil and JP-4 fuel
at a two-to-one volume mixture.
Displacement is 0.386 cu. in. per
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revolution, and a relief valve by-

passes full flow at 120 ± 5 psi.

Explosion-proof motor for the

RG-15800 is rated at 0.34 hp at

3,000 rpm and 27 volts d-c. Litera-

ture available. Write: Lear, Inc.,

Lear-Romec Div., Dept. MR, Ely-

ria, O.

SWIVEL JOINTS
Barco Manufacturing Co. has

introduced a new series of aircraft-

type swivel assemblies said to pro-

vide unlimited flexibility in piping

or tubing lines of airborne equip-

ment and track vehicles.

Two basic types provide AN
flared or Ermetto fittings in alumi-

num, steel and stainless steel for

pressures up to 4,000 psi. Units are

available for handling hydraulic,

air oxygen, fuel -and acid applica-

tions and for temperatures ranging

from —300°F to +700°F. Write:

Barco Manufacturing Co., Dept.

MR. Barrington, 111.

VACUUM PUMP
A new rotary-vane type vacuum

pump developed by Beach-Russ Co.

for aircraft and missile applica-

tions weighs 7 lbs., complete with

28-volt d-c motor. Overall dimen-

sions are 7" x 4" x 6". Write : Beach-

Russ Co., Dept. M/R, 50 Church
St., New York 7, N.Y.

MISSILE CHECKOUT SYSTEM
An automatic system for

checking dc and ac voltages and
frequency values, together with
go/no-go checks has been de-

veloped by Electro Instruments, Inc.

Both printed and indicator readings

are provided. Three groups of de-

vices are used for checkout. These
are program, control, and measure-
ment. Programming is done by a

punched tape memory.
According to the manufac-

turer, the system provides dc volt-

age checks to an accuracy of

0.01% and ac checks to 0.1%. Fre-
quency deviation in percent from

400 cycles is provided with 1 digit

accuracy. One hundred channels

may be checked. Testing is done

automatically and prints identifica-

tion of tests showing either values

or go/no-go indication. Write:

Electro Instruments, Inc., Dept.

M/R, 3794 Rosecrans St., San Diego

10, Calif.

MISSILE FIRE CONTROL
An intervalometer developed by

Abrams Instrument Corp. provides

automatic programming for missile

launching. Opening of rocket pods,

rocket-launcher extensions and

other functions in sequence are

controlled to millisecond accura-

cies, according to the manufac-

turer.

No special shock mounts are
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required for the unit design to meet

MIL-E-5272, Procedure L. Timing

is done by a "Chronopulse" time

generator. This is a high accuracy

dc time base developed by Abrams.
Write: Abrams Instrument Corp.,

Dept. M/R 606 E. Shiawassee St.,

Lansing 1, Mich.

VIBRATION PICKUP
A vibration pickup preamplifier

manufactured by Bruel & Kjaer is

being marketed by Brush Electron-

ics Co. for use as a link between

accelerometers or any type of vi-

bration pickup. The Model BL-1606

is a two-stage unit with high input

impedance and allows vibration

pickup to be carried out to very

low frequencies at extended dis-

tances from the measuring instru-

ment.

A built-in calibration unit, con-

sisting of a vibrating disc sus-

pended on a metal strip brought

into resonance at the line fre-

quency gives direct calibration of

the combined accelerometer, accele-

rometer, preamplifier and measur-

ing instrument before the measure-

ments are carried out. Write:

Brush Electronics Co., Dept. M/R,
3405 Perkins Ave., Cleveland 14,

Ohio.

BREAKOUT CABLES
Pacific Automation Products,

Inc. is producing a neoprene-

sheathed, water-tight "breakout"
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cable for missile wiring that con-

tains 141 conductors. It is designed

to withstand short-term exposure

to oils, acids, alcohol, ozone and

water as well as long-term exposure

to sunlight.

The multi-branch, multi-con-

ductor cable is layed by a specially

constructed planetary strander. It

is said to retain flexibility from
—65°F to +175°F. Write: Pacific

Automation Products, Inc. Dept.

M/R, 1000 Air Way, Glendale,

Calif.

• KADIO RECEPTOR CO.,

INC. has developed a 2.5-pound air-

borne miniature radar beacon AN/
DPN-43 for ground-crew tracking

of missiles in flight. Fully tran-

sistorized, it contains more than

120 components in a 6-in. high,

2.5-in. diameter package. Write:

Radio Receptor Co., Inc. Dept. M/R,
Brooklyn, N.Y.

• High "g" event recorder in-

troduced by PHOTRON INSTRU-
MENT CO. weighs less than 6 lbs.

and is said to have recorded thru-

shocks in excess of 3,000 g's in

actual tests. Unit records up to 21

channels on electro-sensitive paper.

Write: Photron Instrument Co.,

Dept. M/R, 6516 Detroit Ave.,

Cleveland 2, O.

• Specialized line of explosive

igniters for initiating solid pro-

pellants and liquid fuels are avail-

able from McCORMICK SELPH
ASSOCIATES. Where igniter re-

quires less than five grams of ex-

plosive, squib is integral. For
larger sizes, provision is made for

thread-in squib. Write: McCormick
Selph Associates, Dept. M/R, 15

Hollister Airport, Hollister, Calif.
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TEST CHAMBERS. Four-page bul-

letin describes test chambers built

by Inland Testing Laboratories to

satisfy virtually any combination

of environmental conditions. Refer

to Newsletter 3-556. Write: Inland

Testing Laboratories, Dept. MR,
1457 Diversey Blvd., Chicago 14.

SERVO MOTORS. A 16-page book-

let outlines specifications and de-

sign details of a line of servo

motors and generators. Write: G-M
Laboratories, Inc., Dept. MR, 4300

No. Knox Ave., Chicago 41.

COMPUTERS. Bulletin illustrates

computers, recorders, servos and

integrated systems. Write : Mid-

Century Instrumatic Corp., Dept.

MR, 611 Broadway, New York 12,

N. Y.

HI-TEMP ALLOY. Alloy R-235, a

wrought, nickel-base aluminum and
titanium bearing precipitation-

hardening alloy for temperatures

through 1,750°F is described in

new 12-page booklet. Write : Haynes
Stellite Co., Dept. MR, 30-20 Thom-
son Ave., Long Island City 1, N. Y.

MISSILE SUPPORT EQUIPMENT
and airborne electronic equipment
manufactured by Hallamore Elec-

tronics Co. is illustrated in new 20-

page brochure. Write: Hallamore
Electronics Co., Dept. MR, 2001 E.

Artesia St., Long Beach 5, Calif.

RECORDING SYSTEM, Project Di-

gest PD-21 published by Cook Re-
search Laboratories, Inc. describes

newly developed three-channel and
six channel magnetic tape record-

ing units for missile instrumenta-
tion where space limits are severe.

Write : Cook Research Laboratories,

Inc., Dept. MR, 2700 N. Southport
Ave., Chicago 14.

PRECISION SEALING RINGS.
Eight-page brochure available from
Precision Piston Rings, Inc. gives

specifications on eight types of

wrought-alloy rings including
Haynes Stellite, rated for tempera-
tures of 2,000°F. Write: Precision
Piston Rings, Inc., Dept. M/R,
1417-1423 Commerce Ave., Indian-
apolis 1, Ind.
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4jP Industry Highlights

^ By Fred S. Hunter

The Santa Susanna hills on the fringe of Los Angeles

used to be a favorite location of the movie makers. You've

seen them on the screen of your neighborhood theater—or

on your television screen—many times; you just thought

that was Montana or Wyoming you were viewing. But now
the pop of the cowboy's trusty six-gun has been silenced by

the shattering blasts of rocket engines echoing over the hills.

For this one-time scene of the old west is today a symbol

of the new west. Here is the biggest rocket engine test center

in the Western Hemisphere—Rocketdyne's field test labora-

tory. Here, power for the so-called ultimate weapon, the

ballistic missile, is being developed
•

Out to catch up with North American's Rocketdyne

in the development of big liquid rocket engines for the bal-

listic missile program is Aerojet-General, whose test facility

is in the old gold-mining country east of Sacramento. When
complete, these huge rocket engine test installations will

provide Aerojet's Sacramento plant with 24 test positions,

the largest of which can handle engines up to 1,000,000

pounds thrust. Like North American, Aerojet has production

contracts for rocket engines for the Air Force's long-range

ballistic missiles, including the ICBM Atlas and Titan and
the IRBM Thor.

•

A new $13,000,000 manufacturing plant to be com-
pleted in the spring of 1957 will boost the total investment

in facilities at Aerojet's Sacramento location to $50,000,000.

Originally Aerojet was to have operated a similar $13,000,000

plant at Neosho, Mo., but after construction was started the

Air Force decided to divert this one to North American, which

is already turning out production type engines, and let Aero-

jet build another plant in conjunction with the facility it

already had at Sacramento.
•

Turbo division of American Machine & Foundry is

planning a superenvironmental test chamber capable of simu-

lating the rapid temperature, atmospheric pressure and rela-

tive humidity changes encountered by a ground-to-air missile

flashing from sea level to 110,000 feet altitude in 100 seconds

for its new plant at Pacoima, Calif. AMF's Turbo division is

moving up fast. Three years ago at this time, it was a depart-

ment of the company comprised of 17 people. Now it is head-

ing toward a payroll of 500. It attained division status in the

AMF organization last spring and dedicated its new plant in

August. Turbo makes accessory power drives for the Nike and

has a development contract for units for the ballistic missile

program.
•

Horning-Cooper's ASP (Atmospheric Sounding Pro-

jectile) developed for the Navy to gather meteorological in-

formation and study upper atmosphere cosmic ray
_
and

geomagnetic phenomena, also is expected to find additional

uses in the hypersonic testing field because of its high

velocity. Powered by a high-performance solid propellant

developed by Grand Central Rocket Co., the ASP will reach

speeds of Mach 5 and better within a few seconds after

launching.

Missiles and Rockets



NEW STEEL
FOR

TEST STAND, LAUNCHER AND

GANTRY TOWER CONSTRUCTION

Heat No.

Plate

Thickness,

inches

Hardness,

RC

Ductility-Transition

Temperature, °F

35P489 23.5 -195

29S144 20.3 -170

35S463 V2 22.0 -152

35S463 % 24.4 -162

36S462 '/4 25.0 -210

37S532 K 28.5 -175

29S515 % 27.9 -235

37S525 '/2 27.1 -208

34S477 3
/4 27.0 -195

41S463 3
/4 25.5 -220

47S464 3
/4 25.0 -175

41S451 % 22.5 -205

35S476 3
/4 24.1 -245

36S462 % 20.2 -255

29S515 3
/4 22.9 -225

29S144 21.0 -195

34S267 24.0 -248

34S477 22.9 -190

35S476 27.0 -L95

27S564 26.5 -252

37S532 23.6 -242

32U029 24.0 -230

73U115 25.9 -175

31U033 24.8 -210

29S144 l
3
/4 24.4 -212

Ductility-Transition Temperatures and Hardness of T-l Steel Plates

Increased activity throughout

the United States in construction of

missile- and rocket-launching sites,

exceptionally large test stands, gan-

try equipment, heavy ship launchers

and related components will grad-

Need for new materials

for the missile and rocket in-

dustry is consistent. High tem-

perature and great stresses,

fine tolerances and extreme
precision are typical require-

ments. These parameters are

indicative of the challenge that

materials manufacturers are

faced with, and they involve

problems of design, material

selection, application and fab-

rication techniques.

MISSILES & ROCKETS'
editors, as a special service to

its readers, will introduce the

many new materials applic-

able to the M & R industry on
these pages in forthcoming
issues. Metals/alloys, synthet-

ics and chemicals all will re-

ceive attention.
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ually yield more business to the

steel industry.

In this connection Missiles &
Rockets' survey of available new
constructional steels focused on T-l,

a low-carbon, quenched and tem-

pered alloy that is finding wide use

in special construction. The prop-

erties of T-l seem to suit it espe-

cially to application in pressure ves-

sels, test stands, cranes, gantry tow-

ers, liquid gas tanks and general

industrial equipment.

This new, all purpose steel was
developed to meet the need for a

steel, primarily in plate form, pos-

sessing a very high yield strength

(90,000 psi or more) and yet tough
enough to withstand unusual impact

or abrasion abuse or pressures at

either low or high temperatures.

• In equipment fabrication, the

use of T-l steel makes possible

lighter weight equipment because of

the unusual yield strength of the

steel, which permits reduced plate

thicknesses in comparison to the

thicker and therefore heavier plates

of carbon steel ordinarily used. This

can result in substantial over-all

savings in material, fabrication,

construction and maintenance.

T-l has a yield strength three

times that of ordinary carbon steel

according to the manufacturers.

Fabrication is no problem to the

equipment builder, because T-l steel

is readily welded without preheat-

ing or stress-relieving. Its tough-

ness and resistance to the combina-

tion of wear and impact abuse cut

maintenance and replacement costs,

lengthen equipment life.

In the construction industry,

where field work is an extremely im-

portant facet on nearly every opera-

tion, T-l steel seems to offer many
advantages. With no pre- or post-

heating required in most cases,

equipment can be easily fabricated

right on the job site or in the weld

shop—whichever is more convenient

and less costly.

When the high strength of T-l

steel is used to reduce the thickness

of welded sections, welding time
and the amount of welding rod

needed are reduced.

Lighter weight construction

with T-l steel reduces shipping,

handling and material costs, and, in

addition, reduces the cost and
weight of any foundations and sup-

Time to

Temperature Stress, Rupture,

°f psi hours

"T-i" ;

"T-r 1

"T-r i,(

"T-l" 1,

ports that might be needed. Static

test stands, for example, are a good
example of how T-l steel can be

used to advantage. Parts of large

towers and test stands, particularly

tension members, subject to high

working stresses, as well as parts

where resistance to atmospheric cor-

rosion is important or where weld-

ing is involved, are suitable for the

substitution of T-l steel.

• In wind tunnels, too, T-l

steel apparently can pay off in long-

term economy through lengthened

service life.

One major advantage that T-l

steel has over ordinary carbon steel

is in its resistance to atmospheric

corrosion. Designed to include this

cost-saving characteristic among its

Kearny, N. J.

Location of

Test Rack .5 yrs. 1.5 yrs.

"T-l" Steel 5.0 8.2

Str. Copper Steel 7.9 17.0

Cor-Ten Steel 5.1 7.5

Elongation Reduction Minimum Rate

in 1 inch, of Area, of Extension,

per cent per cent per cent per hour

.0 94.0*

.5 44.0

.0 1 3.8

.0 5.8

many unusual properties, T-l steel

is suitable material for test stands

and equipment used outdoors year-

round.

The results of recent short time

exposure tests by Lukens Steel Corp.

are shown here. In these tests, this

new steel was compared with struc-

tural copper steel, as well as with

Cor-Ten steel. Structural copper

steel is assumed to have twice the

atmospheric corrosion resistance of

carbon steel. Cor-Ten has four to

six times the atmospheric corrosion

resistance of ordinary carbon steel.

Based on the following test

data, it is conservatively estimated

that T-l steel has at least four times

the atmospheric corrosion resist-

ance of ordinary carbon steel.

Kure Beach, N. C.
South Bend, Pa.

.5 yrs. 1.5 yrs. 1.5 yrs

2.8 5.9 7.1

3.9 10.2 9.8

2.7 5.6 6.3

Loss of Weight, Grams per 4-x-6-inch Specimen

900 80,000 2.95 18.0 63.4 0.9333
900 77,500 49.8 15.8 47.2 0.0351

900 75,000 108 8.0 28.2 0.0231

900 70,000 252 5.2 1 1.1 0.0100

900 60,000 818 1.2 1.2 0.0022
1000 75,000 0i27 18.2 63.0 7.6

1000 60,000 13.4 6.2 1 1.8 *

1000 50,000 35.6 3.8 3.3 0.572

1000 35,000 1 90 2 2 8 0089
1000 24,500 797 2.8 0.41 0.0023

1 100 60,000 0.1 18.4 59.6 32.0

1 100 40,000 3.2 5.8 6.9 1.04

1 100 30,000 12.9 4.9 4.9 0.1530

1 100 20.000 66.6 4.2 3.7 0.039

1 100 10,250 963 11.8 8.3 0.0062

Results of Creep-Rupture Tests

Stress, 1 ,000 psi for

_ Rupture in
Test 1% Creep in

H

Steel Temperature, °F 10,000 Hr. 1,000 Hr. 10,000 Hr.

700

900

000
100

96.0

44.0

10.5

2.3

98

59

23

10

Creep and Creep-Rupture Data
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How is the Government spend-

ing our money for guided missiles?

This is a question that has been

agitating the minds of engineers

and management personnel as well

—ever since the overall missile

budget exceeded the billion-dollar

mark.

Missiles & Rockets has taken

a close look at the total picture and
has compiled the facts and figures

graphically. Since electronics and
communications equipment are

closely allied to missile develop-

ment and production, Department

of Defense expenditures and obli-

gations for this industry have also

been summarized.

A comparison of programmed
R&D obligations by fiscal year for

missiles and aircraft is shown.

These figures are presented as a

guidepost to total activity in mis-

sile R&D. Recent testimony before

Congress indicates that additional

obligation funds can be and have

been transferred from other budget

categories to meet extraordinary

missile R&D demands. The De-

partment of Defense does not re-

lease expenditure data on missile

R&D.
The minus $456,000 expendi-

ture by the Army for 1954 repre-

sents a gain in funds rather than

an expenditure figure. In January,

February, May and June of 1954

the Army received substantial re-

imbursements for work performed

for the Navy and the Air Force.

More than one missile program was

involved in these reimbursements.

The electronics and communica-

tions expenditures account includes

money spent for radar, electronic

and electromechanical computers,

radiation aids to aircraft and navi-

gation, radiation aids to fire con-

trol and bombing, radiation coun-

termeasures, meteorological equip-

ment, etc. It is apparent that large

electronics purchases by the Army

are likely to take place during the

next few months.

* Estimated
** Includes—$456,000 Army expenditures

Army deobligated $15 million in May '56

(See graph titled "Guided Missile Obliga-

tions Incurred.")
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Book Reviews

ROCKETS AND MISSILES.
By John Humphries, 229 pp. $6.00,

Ernest Benn Ltd., London. Dis-

tributed by The MacMillan Com-
pany, New York.

This book is a rather simple

introduction to the subject matter.

The publisher says it is written

mainly for engineers and techni-

cians, but the material actually is

handled in a semi-technical manner.
Of particular value are the numer-
ous cutaway drawings of rockets;

an extensive bibliography is of con-

siderable interest. The photographs

are not too significant, but many
of the graphs are good.

The first half of the book

covers propellants, motors and com-
ponents, the second the applications

of these to missiles and aircraft.

The chapter on testing of

motors and liquid propellants is

quite interesting. In general, the

book may merit consideration for

vocational purposes, since it covers

many outstanding basic phases of

the missile and rocket industry of

importance to the engineer who is

about to enter the field or to the

student who plans to do so.

THE MEN BEHIND THE
SPACE ROCKETS. By Heinz Gart-

mann, 185 pp. $3.95, David McKay
Company, Inc., Neiv York.

Although this edition of Gart-

mann's original Traumer, Forscher,

Konstrukteure is somewhat con-

densed, the translators have done a

good job.

The book is excellent. It gives a

concise, interesting biography of

some of the most eminent rocket re-

searchers of our time. Gartmann
describes the work and lives of the

scientists with whom he has worked
and who have devoted themselves to

the great ideal of the conquest of

space.

The biographies include those

of Hermann Ganswindt, Konstantin

Eduardovich Tsiolkovski, Robert H.

Goddard, Hermann Oberth, Max
Valier, Eugen Saenger, Helmut
Philip von Zborowski and Wernher
von Braun and give an interesting

rundown on early German rocketry.

The chapters on Dr. Saenger and
Helmut von Zborowski are of partic-

ular interest in view of their cur-

rent work on advanced missile and
rocket projects.

The exploration of
MARS. By Willy Ley and Wernher
von Braun. Paintings by Chesley

Bonestell. 176 pp. $i.95, The Viking

Press, New York.

This book belongs in every

rocket and astronautics enthusiast's

library. Ley and von Braun have

succeeded in introducing a down-to-

earth approach to the long-awaited

Landing on Mars

trip to Mars. Sticking strictly to en-

gineering knowledge available today,

the authors have outlined a master

blueprint for man's first voyage to

Mars.

The text is supplemented by a

Mars bibliography of great value,

tables, diagrams, historical and

modern maps, and five black and

white and 16 full-color reproduc-

tions of paintings by Chesley Bon-

estell of usual superb quality.

CONTROL OF NUCLEAR RE-
ACTORS AND POWER PLANTS.
By M. A. Shultz, 313 pp, $640, Mc-
Graw-Hill Book Co., Inc., New York.

Number tivo of a series in Nuclear

Engineering.

Based upon recognition that the

nuclear-power business is in the

transition stage from physicists to

the engineers, the book gives an ele-

mentary picture of control systems.

The approach is: Given the reactor,

how to control it?

Control problems described are

handled through conventional and

elementary servo forms and lan-

guage. This is done despite the fact

that synthesis and design of reac-

tors is steeped in mathematics and

clothed in security.

Because of this, certain assump-

tions and simplifications about the

reactors are made in regard to de-

sign of the control systems for them.

The book is an excellent exercise in

the philosophy of designing for the

new field. A chapter is devoted to an

exercise in design of electronic sim-

ulation techniques for study of con-

trol problems. For use in teaching, a

section is given to question prob-

lems related to each chapter.
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