


MODEL 24
4-DIGIT VOLT-OHMETER

Measures DC Volts, Voltage Ratio, and Ohms

The first digital voltmeters designed spe-

cifically for missile and weapons system

check-out . . . the first compact, single-

unit instruments to automatically and

continuously measure and display DC
voltages, voltage ratio, and resistance . . .

the first digital voltmeters to attain the

high standards of performance listed to

the right! With their many exclusive fea-

tures, NLS Model 24 instruments provide

greater reliability and far more flexibility

than have ever been offered before in

digital voltmeters. See these new ultra-

reliable, high-speed instruments in ac-

tion! Wire or phone collect to arrange

for an on-the-spot demonstration of the

NLS Model 24 Digital Voltmeters.

Transistorized

Digital Voltmeters for

Missile Check-out Systems

ACCURACY
Scale factor and linearity accurate to 0.01%, approaching accuracy of

standards laboratory equipment. 10 megohm input impedance.

RELIABILITY
Utilizes transistors and mercury-wetted relays. Provides highest degree of

reliability ever attained in any digital voltmeter.

SPEED
Five times faster than conventional digital voltmeters. Displays a mini-

mum of three measurements per second.

CONVENIENCE
Easiest to operate, easiest to read. Only NLS provides all of these features

in one compact instrument: automatic range changing, automatic decimal

placement, automatic polarity indication . . . exclusive snap-in readout

with no-glare hood . . . plug-in component modules throughout.

VERSATILITY
Plug-in connectors allow for simple attachment of such accessories as

AC/ DC converter, low-level amplifiers, remote readouts, and serial con-

verters to permit driving of automatic typewriters, flexowriters, and tape

or card punching units.

INSTRUMENTS TO MEET EVERY APPLICATION

NLS manufactures the most complete line of

three, four, five, and six digit instruments for

automatically measuring and displaying DC
and AC voltages, voltage ratio, and resistance.

Originators of the Digital Voltmeter

non- linear systems,
SAN DIEGO COUNTY AIRPORT,

IllCe DEL MAR. CALIFORNIA

Circle No. 1 on Subscriber Service Card.
II



CASE H/STOR/ES

Two precision ball

bearings, one con-

centric within the

other, are periodi-

cally rotated in

alternating directions

during operation—

Photo: courtesy Sperry Gyroscope Co.

1200% Ga/n /n Gyro Accuracy
Wrth />' Ba//Bearings

CUSTOMER PROBLEM:
Get new, advanced gyro bearing design "off
the board" and into production. Sperry Gyro-
scope Company, in developing its new Rotorace
(TM) gyro, designed a special bearing capable
of "averaging out" error-producing effects of
friction on sensitive gyro gimbals. New manu-
facturing techniques would be required to
achieve high degree of precision required by
Sperry design.

SOLUTION:
N/D Engineering, when approached by Sperry,
created special manufacturing techniques for

the high precision production of these unique

piggy -back gimbal ball bearings. Used in the

Rotorace design, the bearings helped achieve

reduction of the gyro's random drift rate. The
2 or 3 deg. per hour drift, recently considered

very good, is now cut to as little as 0.25 deg.

per hour, with still lower rates in sight. Another
example of New Departure's ability to meet
exacting instrument bearing requirements
through broad engineering experience and pre-

cision manufacturing techniques.

For immediate engineering analysis of your

current high precision instrument and miniature

ball bearing problems, write New Departure,
Department K-ll.A

NEW
DIVISION OF GENERAL / M OTORS, BRISTOL, CONN

f NOTM/MG KOLt-S LtK£ A BALL.
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HIGH-STRENGTH

ALUMINUM
CASTINGS

NOW! SPECIFY

MIL-C-21180(Aer)

Now you can specify MIL-C-21180(Aer) for

high-strength aluminum castings, and eliminate

approval delays.

High-strength aluminum castings meeting the

specifications of MIL-C-21180(Aer) are pro-

duced by American Brake Shoe Company in

Ductaluminum 356T and Ductaluminum 356S.
These castings provide guaranteed* mechanical
properties in highly stressed areas specified by
the design engineer. Greater design freedom, im-
proved production economy, and complete
service reliability result.

Brake Shoe produces sand, permanent mold,
and plaster mold castings—from a few ounces to

TO GUARANTEE 42,000 psi

500 pounds—in both high-strength and stand-

ard alloys. Government certified heat treat,

Zyglo, and X-ray. Send drawings of your prob-

lem parts and let our engineers show how critical,

hard-to-make designs can be produced as high-

strength aluminum castings. Delivery from our

plant at Mahwah, New Jersey, or our Gaines

Works at Rivera, Calif.

Guaranteed Properties in highly stressed areas.

T.S., psi Y.S., psi

Ductaluminum 356T 38,000 28,000

Ductaluminum 356S 42,000 35,000.

Other grades available to all military specifications.

%EI.

...6

...3

AMERICAN

Brake Shoe
COMPANY

LIGHT METALS DEPARTMENT
MAHWAH, NEW JERSEY
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COVER: The planet Mars is ready and waiting

for scientific exploration. First exploration will

be by ONR's Strato-Lab IV balloon (page 14), but

the "red" planet will be in favorable position for

a rocket probe in November, 1960, which prob-

ably will be undertaken by NASA.
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Krushchev-Mao Bargain Included Missiles
Talks between two leaders, according to intelligence reports,

resulted in Red China getting missiles for use against

Formosa
i i

Pioneer III Readied for November 7
Air Force is taking steps to insure full burning time for

second stage 1 }

Explorer VI Had Problem
Balloon satellite had to buck heavy odds in achieving critical

orbit plan 12

Major Research for Solids
ARPA authorizes services to start negotiations for an inte-

grated solid propellant program 12

ASTRONAUTICS ENGINEERING

ONR Ready for Telescope Study of Mars
Strato-Lab IV Balloon scheduled for launch from South

Dakota

LOX Ground Handling Still Problem
Principal oxidizer continues to provide troubles that can be

solved only by new methods and equipment

14
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Auxiliary Power Systems Challenge Chemicals
Expanding "Power for Space" business is discussed in special

report by Editors Peer Fossen and Alfred J. Zaehringer . . . 30
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Sixth sense for Republic's F-105
Advanced versions of Republic's F-105 will be able to

nail targets on the head, night or day, cloudy or clear— even

if the targets are hidden deep in rugged mountains. This

remarkable capability stems from nasarr—the F-105's mon-

opulse radar system— developed and manufactured by

Autonetics for the an/asg-19 armament control system.

Lightweight, compact nasarr is the only system in

production that provides these radar functions for both low-

level and high-level missions... air search, automatic track-

ing, ground mapping, and terrain avoidance.

Like Autonetics' other advanced guidance and control

systems, nasarr is reliable and available. Years of R & D . .

.

of working ahead of the field... have made it so.

Please write for more detailed information.

Autonetics
A Division of Norlh American Aviolion, Inc. • Downey, California

2, "'• ' '

mSKm
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Washington countdown
Battlefield mobility . . .

concept of Army has industry buzzing

with proposals with prospects that the serv-

ice will spend a reported $5 billion an-

nually for three years. There are three

missile systems—A, B, C. Mauler, sur-

face-to-air infra-red against low-flying air-

craft, which Martin and Convair reportedly

have study contracts for is one. Another

system involves Chance Vought, Douglas,

Minneapolis-Honeywell, General Electric,

Armour Research, and Cornell. C-V calls

its small diameter, swiveled rocket, Project

Firepower, and may test fire it in January.

C-V reportedly has invested $6 million of

own money in developing 70-mile range

missile. Other system may involve missile

called Little Jim.

First independent ... ,

action of NASA may be an equatorial test

range—long advocated for satellite launch-

ings. U.S.-owned Howland, Christmas and

Baker Islands in South Pacific may be good

guesses.

New Red China sell . . .

is the lethal Sidewinder, displayed for

propaganda to 50,000 persons recently in

Peiping. Missile took precedence over a

display alleging U.S. "germ warfare" in

Korean war.

Space leadership . . .

can be obtained by U.S. only if there is

high priority in erecting a manned labora-

tory in space, according to Dr. Arthur

Kantrowitz, director of Avco Research Lab.

He said last week the U.S. could do it at

a cost of $1,000 a pound with the lightest

capsule proposal weighing about 1,400

pounds.

USSR ballistic missile . . .

production is about 2,000 per month,

with intelligence sources estimating goal of

20,000. About 30% will be IRBM's with

remainder being medium and short range.

Soviet rocket bases . . .

in Czechoslovakia are at Joachimsthal,

Karlsbad, southwest of Reichenberg, north-

east of Olmutz, near Bohmen-Budweis, and

Javorina. Hungarian bases are near

Tapolca, Papa, and Hajmasker. East Ger-

man bases are Kolberg, Libau, Memel, and

Reval.

Rickover's promotion . . .

to vice-admiral is getting a luke-warm

reception in large segments of top Navy

brass. Personal feelings and jealousy have

little to do with it. Reason: by creating

billet, another vice-admiral slot will have

to go. Number is specifically limited by law.

House space committee . . .

plans to look into future propulsion sys-

tem and fuels; will review national space

program, accomplishments of IGY, and

probably will lay ground rules for inter-

national space cooperation.

Soviet espionage . . .

has been unusually successful in British

missile program. Secret performance figures

on Black Knight have fallen into Red

hands.

American missiles . . .

will not be manufactured in Britain, says

Assistant Defense Secretary Quarles. How-

ever, Britain will manufacture U.S. rocket

engines under license.

Competitive bidding . . .

has a basic flaw, according to one top

defense official, and it's statistically inter-

esting. A number of bids on a statistical

scale will show a grouping around the

middle with a few scattered on top and

bottom. Statistically, middle bidders know

more about the subject than the other two,

but the bottom one usually gets the con-

tract. Officials complain that the bottom

man will usually come back for more

money, bringing total cost back up to what

the middle bidders thought it should be.

Look for appointment . . .

of Dr. Joseph V. Charyk, director of

missile technology of Aeronutronic Systems,

Inc., to replace Dr. George E. Valley, Jr.,

as Air Force chief scientists.

NASA-ABMA compromise . . .

was in the works as m/r went to press.

And the compromise reportedly was ac-

ceptable to both. One proposal reportedly

was that JPL would be transferred to

NASA while the Huntsville scientific team

would remain with the Army, but would do

work for NASA on a project basis (same

as it now does for ARPA). Subject prob-

ably held a high place on Wednesday

agenda of President's Space Council.



Newest

HONEYWELL MINIATURE RATE GYROS

Rugged enough to withstand lOO G shock

Typical M Series Gyro undergoes 20 G Linear Vibra-

tion Test with no deterioration of performance.

Sensitive enough to detect 0.005° per second

Model M-l

shown actual sire

DESCRIPTIVE DATA

FULL SCALE RANGE: to 400 degrees per second

THRESHOLD-RESOLUTION: 0.005 degrees per second

LINEARITY: 0.1 % to 2 % depending on range

DAMPING: 2 to 1 lor betterl

TEMPERATURE RANGE: ~65 to +200 and +250"F

SHOCK AND ACCELERATION: 100 G

VIBRATION: 20 G to 2,000 cps

PICKOFF: Variable Reluctance type providing infinite

resolution and high signal-to-noise ratio

MOTOR EXCITATION: 26 volts, 400 cps (standard)

2 phase and 3 phase

SIZE: l" diameter, 2%" long

WEIGHT: 4.5 ounces

Honeywell's newest miniature rate gyros, Type M Series,

are rugged enough to withstand repeated shocks and linear ac-

celerations up to 100 G yet sensitive enough to detect turn rates

of only 0.005 degrees per second. A damping ratio variation of

2 to 1 or better is maintained without heaters by a unique fluid

damped, temperature compensated system that assures reliable

operation over the entire operating temperature range.

Type M Series Gyros are specifically designed for autopilot

damping, radar antenna stabilization and fire control applications.

Their small size, high performance and ruggedness suit them

particularly for high performance military aircraft and guided

missile applications. Write for Bulletin M to Minneapolis-Honey-

well, Boston Division, Dept. 45, 40 Life Street, Boston 35, Mass.

Honeywell
H
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industry countdown

First tests for nuclear rocket . . .

reactor will be started with in the next few
weeks. The reactor, dubbed Kiwi-a, is the re-

sult of three years of secret, low-level research
and development activity in the Air Force-
Atomic Energy Commission Project Rover
program. The AEC is charged with reactor

development and the Air Force with non-
nuclear components.

Rocketdyne and Aerojet-General . . .

are working on the reactor and nuclear

fuel materials furnishing valves, pumps, and
other system components. ACF Industries has

built the reactor vessel for Kiwi-a with instru-

mentation for the tests the responsibility of

Edgerton, Germeshausen & Grier, Inc. Some
12 other firms have subcontracts.

Large Tracts of land . . .

have been picked up by Rocketdyne in the

Nevada area for anticipated facilities expan-

sion connected with Project Rover. With some
$25 million spent on Rover to date and ap-

proximately $35 million anticipated for the

next fiscal year, a steadily increasing budget

is looked for on Rover and Pluto (nuclear

ramjet). Air Force predicts that billions will

be spent on the projects before a successful

rocket or missile is a reality.

Bumblebee program . . .

has received a much needed boost with

the Navy award of $17 million for continued

research and development on surface-to-air

missiles at the Johns Hopkins Applied Physics

Laboratory. Bumblebee is a pioneer project

with such accomplishments as Terrier, Tartar,

and Talos.

New propellant battle . . .

has developed, this time storable package

liquids versus storable package liquids. Pack-

age liquids proponents say the battle in the

near future will overshadow the present solid

vs. liquid hassle and solid long range missiles

such as Minuteman and Polaris will fight for

existence. All that's needed by the package

people is the same old bugaboo—money for

development. Top competitors at the moment
are Aerojet and Thiokol-Reaction with Re-

action making the strongest bid. Production

heads say it is only a matter of scale-up to

any size unit needed. To date scale-up has

been meager (Sparrow and Bullpup) but

ample enough to confirm feasibility.

Communication with space-vehicles . . .

or other planets may soon require the
serious attention of the Federal Communica-
tion Commission. Press Wireless has requested
confirmation of FCC's understanding that its

present license would permit communication
with outer space. Press Wireless stated it wants
to provide an informational communications
service with manned satellites, space platforms,

or space expeditions.

Major Minuteman subcontractors . . .

to assist Bseing in the assembly and test-

ing research and development program are:

American Telephone & Telegraph Co., for

communications; Bechtel Corp., for sites; and
Four Wheel Drive Truck Co., for ground
handling equipment.

Bornore weapon support equipment . . .

at Eglin AFB, Fla., first installation of the

Air Force surface-to-air weapon system, is re-

ceiving finishing touches. Palu Hardeman, Inc.,

is responsible for installation, calibration, and
check-out of the equipment for the first four

or seven launching shelters. Bomarc will be
test fired from Eglin. Construction on the

Bomarc base at Riverhead, Long Island has

progressed and contractors have been given

approval to open the base to public view on
November 20.

Army has spent $564 million . . .

for construction of air defense sites i* the

continental U.S. in the six-year period from
fiscal years 1953 through 1959. The same
amount reportedly will be spent in fiscal year

1960 for Nike Hercules and Hawk.

AFMTC expects to spend . . .

an all-time high of about $306 million dur-

ing fiscal year 1959. This includes payrolls,

new construction, maintenance, and supplies

and services incurred by the Center and missile

contractors at Patrick AFB, the Cape Cana-
veral Missile Test annex, and downrange
activities.

We are accustomed to look upon
rocketry . . .

as a relatively unpracticed art. However,
an Air Force researcher discovered that more
than 72,000 ground-to-air rockets have been
fired in this country in the last 15 years.

9



Shaker" rolling

"Shaker"- Loewy's giant rocking horse —

paves way for ballistic missile firing at sea

The giant ship motion simulator called "Shaker" has come to life. Designed and built

by Loewy-Hydropress under prime contract with the U.S. Navy for its Fleet Ballistic

Missile Program, the 40-ft.-tall rocking horse moves up and down, fore, aft and athwart

under the electronic fingertips ofa distant operator in a thick-walled concrete blockhouse.

"Berthed" at Cape Canaveral not more than 800 feet from the beach and nested

in a 47-ft.-deep pit, "Shaker" performs all the important movements of a seagoing

vessel. Sliding up and down, she imitates the vertical heave motion. Tilting port and

starboard, she acts out rolling. Rocking forward and backward, she duplicates pitching.

An intricate mechanism of giant gyrating joints makes these rock 'n' roll moves and

their innumerable combinations possible. By proper setting, the typical behavior of an

oceangoing vessel in seas ranging from calm to stormy can be recreated precisely

by "Shaker."

Polaris, the Navy's Fleet Ballistic Missile, will soon be tested on "Shaker."

For creative engineering and design, research and development in your defense and

industrial contracts, direct your inquiries to us at Dept. S-ll.

Loewy-HycLropress Division
BALDWIN

111 FIFTH AVENUE, NEW YORK 3, N.Y.

J-.TTS/LA. HAMILiTON
Rolling mills • Hydraulic machinery • Industrial engineering
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Krushchev-Mao Bargain Known
Intelligence Reports Show That Talks Between
Leaders Resulted in Missiles for Red China Use

by Alfred J. Zaehringer

Washington—Through recent in-

telligence reports from the Far East,

m/r has learned that the same Krush-
chev-Mao bargain which brought about

the bombardment of the off-shore

islands also gave Red China the capa-

bility of being able to bombard not

only these islands but Formosa as well

with short and medium range ballistic

missiles.

Just before the present off-shore

islands crisis, Nikita Krushchev visited

Red China's Mao Tse-tung. Some high-

level missile, satellite and nuclear

weapons decisions were made. It is be-

lieved that Krushchev sought permis-

sion to make ICBM and 1RBM tests

over China territory. In exchange, the

Soviets were to make available to the

ChiComms

:

1. Short range ballistic missiles. The
T-5, T-5B, and T-5C, plus the T-7A
solid artillery missiles (ranges of 25-

100 miles) have been operational with

the Soviets for several years. Old
stocks, plus new models, would make
it advantageous to use these missiles in

the China conflict. Immediate uses:

bombardment of the Quemoy and

Matsu Islands which are in the hands

of Chang. Thus, the Reds could place

missile batteries well inland.

2. Medium range ballistic missiles.

The Soviet T-l (range of about 500

miles) has become obsolete with the

advent of the T-2 IRBM and the T-3

ICBM. Placing the T-l in Mao's hands

would

:

(a) allow the direct bombard-
ment of Formosa, and

(b) allow the establishment of a

Red China satellite.

Mao has said that Communist
China will establish a satellite. A satel-

lite of Vanguard or Explorer equivalent

could be established with the T-l plus

other stages of the T-series of short

range artillery rockets. Which will

come first is hard to say. By establish-

ing a satellite, Red China will imme-
diately display to the world the capa-

bility of hitting Formosa.

3. Nuclear technology. Though it

is probable that Russia has not given

Red China nuclear weapons, it is clear

missiles and rockets, November 3, 1958

that Soviets are rendering technical as-

sistance in setting up research reactors.

At the present time, all technical help

and supplies are accompanied by Rus-
sian technicians. In the near future,

however, nuclear weapons will have to

be furnished to the ChiComms. Ini-

tially, such weapons will be under the

control of the Soviets.

Krushchev may also have made a

deal to set up Soviet missile bases in

China.

Red China's Theory
By using rockets, the ChiComms

can bombard the off-shore islands from

bases well out of range of Chiang's

artillery on Matsu and Quemoy. The
U.S. is reluctant, or has been, to give

the Chinese Nationalists missiles to fire

back.

The only missile available is the

Matador, now stationed on Formosa in

limited numbers. The Matador is a sub-

sonic air-breathing missile and greatly

effective only when equipped with an

atomic warhead. Army says it has no

ground to ground missiles there.

The U.S. Air Force or Navy will

not attack the ChiComms shore bat-

teries unless Formosa itself is attacked.

But the pressure will eventually force

the U.S. to give up the off-shore islands

as gracefully as possible, giving into

ballistic blackmail.

The situation of Formosa, already

under the bomb sights of hundreds of

Thule in Range
The Air Force's Thule SAC base

is under range of Soviet ballistic

missiles. The Reds have set up bal-

listic missile bases on Franz Josef

Land.
During the IGY tests this year,

some 25 launchings have taken place

from this base. IRBM's and ICBlVrs

reportedly equipped with nuclear

warheads, have been launched from

the base and were included in the

current Soviet Arctic atomic tests.

The U.S. made high altitude tests

reportedly with a Redstone in the

South Pacific this summer.

ChiComms jet bombers based on the

mainland within easy range, will be
even more critical. The Formosa de-

fense set up is oriented to protect

Formosa from conventional attacks.

Sidewinder equipped aircraft, Nike-
Hercules and conventional antiaircraft

batteries are useless against ballistic

missiles. Thus the same ballistic black-

mail will eventually force a bargained

solution to Formosa, the ChiComms
believe. "

About Pioneer

Air Force Changing
Guidance Cutoff

In the third Air Force try with the

lunar probe, the guidance system on
the second stage will be changed from
accelerometer cutoff to doppler cutoff,

m/r has learned. The firing will be in

the early morning hours of Nov. 7 from
Cape Canaveral.

In the second attempt last month
the accelerometer was set to cutoff

at a certain initial velocity based on a

precalculated flight path. Due to an
over-performance of the first stage, the

missile lofted in flight. Thus when the

second stage cut off as programmed,
the initial velocity was not the true

velocity due to the error in the flight

angle.

With some 4 or 5 seconds of burn-

ing left in this second stage, the maxi-

mum velocity reached by the missile

was only 34,750 feet per second at

burnout.

Due to the error angle the missile

reached out only some 68,000 nautical

miles. At the correct angle, 35,200 feet

per second speed at burnout is neces-

sary to carry it to the exact 162,897

apogee for orbit.

The following table shows how
great a variation in velocity and height

at apogee only a slight differential in

burnout velocity produces:

Burnout Apogee Earth Radius,

Velocity Velocity Apogee Height

33,000 ft/sec

34.000

34,500

34,750

35,000

35,200

35,250

35,300

35.500

35,570

50 1 ft/sec

3045
2070
1600

1 120

750
640
540
170

000

22.862

58,61 I

79,344

95,946

108,466

162,897

1 9 1 , 1 66
222,760
689,252

infinity

II
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. . . Pioneer

First stage of the lunar probe is a

Thor with about 160,000 pounds of

thrust. Second stage is a second stage

Vanguard with about 20,000 pounds

of thrust. The third stage, a solid pro-

pellant rocket has approximately 8,000

pounds thrust, plus eight small verniers

which can be fired for either added

boost or correction of flight path.

Fourth stage has one "retro" rocket.

As this fourth stage cuts loose from the

third, it will be travelling at right angles

to its longitudinal axis. The "retro"

thrust is not designed to slow down the

rocket but to give it a thrust parallel to

the moon's surface and at right angles

to the direction of payload travel.

This fourth stage or payload will

again contain radiation measurement

equipment, and possibly different scan-

ning equipment, it has been learned.

Scientists on the project estimate

that if the final stage approaches with-

in 50,000 miles of the moon it can be

placed in orbit. This means, however,

as a glance at the table shows, that

the burnout velocity still must be con-

trolled between 35,200 and 35,250 feet

per second.

If there is to be an error in burn-

ing time of the second stage on next

firing, an AF spokesman said, it will

tend to be on the liberal side. He ex-

plained:

"It is a little like rolling a ball up-

hill and balancing it exactly on the

crest. Last time it didn't quite get there

and rolled back. This time we are go-

ing to give the ball enough 'oomph' to

get it to the crest. It can roll over and

still go into orbit on the other side—if

it doesn't roll too far." Even should that

happen AF and NASA, which controls

the project, feel that it may scan some

part of the dark side of the moon as it

goes by.

And, there are many other things

to be learned. Astronomers have theo-

rized, for instance, that beyond the

moon lies a belt of micro-meteorites.

Data from a far-flying Pioneer III

could measure the width and density

of such a belt, or probe whatever else

might be there.

Critical Orbit Plan

for Explorer

by Norman L. Baker

The National Aeronautics and

Space Administration's latest scientific

satellite attempt, Explorer VI, although

a noteworthy endeavor, was bucking

heavy odds attempting to achieve an

extremely critical orbit plan.

Even had the Jupiter-C rocket

vehicle performed perfectly, the need

12

for an almost unheard of satellite at-

titude stability at the apogee of its or-

bit, reduced the chances of success con-

siderably. For this reason many scien-

tists feel that an attainment of a near

circular orbit would have been as great

an achievement as the successful orbit

of the Beacon inflatable satellite.

Explorer VI's orbit path was cal-

culated to give the payload an apogee

of 400 miles, where, at the slowest

position of the orbit, the fifth-stage

rocket in the nose of the payload sec-

tion would have boosted the velocity

enough to hold the satellite at that

altitude.

This final stage rocket, traveling

nozzle forward at the perigee (burn-

out of the fourth stage) would, be-

cause of its 750 rpm spin-stabilized

condition, be in a position at the

apogee to add its thrust to the momen-
tum of the package.

Of course any variation in the

longitudinal axis of the satellite pack-

age at the time of firing of the fifth

stage would have sent the payload into

either a more pronounced elliptical

orbit or sent it back to earth in less

than one earth revolution.

The total mass of satellite material

that would have been sent into orbit

with the Explorer IV shot was the

heaviest to date. The weight of the

payload case before separation of the

fourth stage was 42.77 pounds, or

about 10 pounds more than earlier

Explorer satellites. This is probably the

major reason for the reduced apogee

altitude. The empty fourth stage rocket

would have separated from the pay-

load case at burnout but would have

continued to follow the payload until

the fifth stage rocket was fired. In the

earlier Explorers the fourth stage re-

mained attached to the instrument

package.

About 60% of the payload case

is occupied by the folded Beacon satel-

lite and its auxiliary equipment. The
deflated balloon is packed into the aft

end of the case at the junction of the

fourth stage rocket and the case.

At one revolution from the point of

launch (location of new apogee) a

nitrogen inflation bottle (opened by a

timer) would extend an ejection bel-

lows forcing the balloon out of the

case. Simultaneously, gas from the bel-

lows would overflow into the balloon

inflating it to its 12-foot diameter.

After balloon separation, the gas

would escape into space to prevent de-

compression destruction in case of

meteorite impact. The balloon remains

inflated after expulsion of the gas due
to lack of atmospheric pressure and the

induced balloon rigidity from the lami-

nated aluminum foil.

Remainder of payload consists of

a 24 milliwatt telemetering transmitter

operating on 108.03 megacycles and
the small high-fifth stage rocket.

Shortly before the final apogee rocket

is fired the nose cap is ejected.

With an estimated lifetime of one
week, Beacon once in orbit, will enable

trackers to make precise analysis of

the atmosphere layer and confirm

density data obtained from preceding

satellites.

ARPA Awards
Solid Contracts

Washington—The first step to-

wards setting up a solid propellant

supply from the nations' rocket en-

gine industry was taken last week
with major research contracts going

to four chemical companies.

In making the announcement,

Roy W. Johnson, Director of the

Advanced Research Projects Agency
said the characteristics of solids put

them out front.

"Their efficiency, speed of opera-

tion, safety and ease of handling

making solid propellants a forerun-

ning answer to missile propulsion of

the future," Johnson said, and "the

long range importance of these re-

search contracts to our ballistic mis-

siles program for all ranges and to

our AICBM program cannot be

overstated."

Johnson said solid propellants

are becoming increasingly important

in the nation's space programs and
that the search is for more energetic

solids to extend present capabilities.

"The use in upper stage rockets

is well recognized," Johnson noted,

"however, we have just begun to tap

their effectiveness for space applica-

tions."

The four companies were chosen

from among 30 who participated in

the bidding. Eight finalists were

selected by the three services. ARPA
chose the four companies for

negotiation of contracts leading to

an integrated solid propellant pro-

gram. They were: American C\ ana-
mid, Dow Chemical, Esso Research

& Engineering, and Minnesota Min-
ing and Manufacture.

The contracts, worth between

one and two million dollars each,

are unusual because detailed specifi-

cations are not given but rather, end
objectives. Talent and facilities

available were major criteria in

making the selection, ARPA said.

The contracts are a result of

studies made early in 1958 and a

$20 million appropriation to ARPA
to step up advanced research in

solids in fiscal year 1959.
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The almost instantaneous return to normal of the new low-silhou- Low-silhouette Cat power unit with close voltage regulation is

ette Cat power unit under conditions of full-load application, and now being used in connection with ground support for jet starting

load rejection (117.4 volts), is shown in the above graph. and firing. The 400-cycle phase is specifically adapted to missilry.

Caterpillar power fires Shark . . . first U. S. intercontinental missile

The U S. Air Force Snark SM-62, the first U. S.

intercontinental guided missile, is fired with power

from an electric set, developed by Caterpillar and

now being supplied to the military.

The full designation of this specialized power

unit is Caterpillar 60 KW 400-cycle 120-208 voltage

low-silhouette portable ground support unit with

precision voltage regulation.

The secret of this unit is the almost instantaneous

recovery to both applied and rejected loads.

Other advantages found in all Caterpillar En-

gines include: trouble-free operation over a wide

range of loads; dependability and long life; economy

of operation; maintenance and operation by un-

skilled personnel; world-wide parts and service, and

the ability to operate on any fuel from JP-4 through

No. 2 furnace oil.

Creative engineering and quality of manufacture

have made Caterpillar the diesel leader for more

than 25 years. For detailed information on the Cat

60 KW 400-cycle portable power unit with close

voltage regulation, send in the coupon below.

Engine Division, Caterpillar Tractor Co., Peoria,

111., U. S. A. Caterpillar and Cat are Registered Trademarks ot Caterpillar Tractor Co.

CAT E F*

Dept. Ml 1 1, Engine Division

Special Governmental Projects

CATERPILLAR TRACTOR CO., Peoria, Illinois, U. S. A.

Please send me additional detailed information on Ground
Support Electric Sets.

Name

Base (or Firm)

Address

City -Zone -State-



DR. JOHN STRONG, professor at Johns
Hopkins University, will be first scientist

to bring instruments to edge of space.

ONR
by Peer Fossen

As m/r goes to press, members of

the Office of Naval Research and The
Johns Hopkins University's Laboratory

of Astrophysics and Physical Meteor-

ology are jointly engaged in final prepa-

rations for the launching of a balloon

at the Stratobowl near Rapid City, S.D.

Many balloons have left the Strato-

bowl before, but this huge plastic

sphere will probably be considered one
of the most significant in the history

of balloon flight, since it will enable

man, for the first time, to closer inves-

tigate conditions on Mars.

The project—sponsored by ONR
and known as Strato-Lab IV—calls for

Dr. John Strong, director of the Lab-

oratory of Astrophysics and Physical

Meteorology at Johns Hopkins, to make
an ascent to an altitude of 80,000 feet

or more in a pressurized gondola to

determine the water vapor content in

the Martian atmosphere. This is the

first time a scientist has gone to the

edge of space with his instruments.

Second member of the two-man

gondola team is Cmdr. Malcolm D.

Ross, veteran Navy balloonist and

ONR physicist, who will serve as pilot.

The feasibility of using balloons

for research flights into the stratosphere

ROCKETDYNE'S single-stage nuclear

rocket theoretically capable of carrying

large interplanetary payloads.

MODEL OF STRATO-LAB IV which
Cmdr. M. D. Ross will pilot during ascent
to obtain data on Mars' atmosphere.

Readies Strsi

-was demonstrated by Cnadr. Ross this

summer when he and Lt. Cmdr. M.
Lee Lewi*, USN (Ret.) went to 82,000
feet in a record breaking 34-hour bal-
loon ascent.

Project operation—Strato-Lab IV
is scheduled to be launched before the
middle of the month. The flight will

start in mid-afternoon, so the balloon
can reach its 15-mile altitude prior to
sunset and remain there until mid-
morning the following day. The flight,

scheduled at a time when Mars will

be in the most favorable position for

astronomical observations—at a dis-

tance of some 45 million miles—is

expected to last approximately 24
hours.

Dr. Strong plans to conduct his

Mars observations during the night.

Soon after sunrise he will focus his

attention and instruments on the sun
for calibration of its spectrum. The
optical system of the observatory will

consist of a Schmidt telescope with a

16-inch primary mirror, specially de-

signed by Dr. Strong, for mounting on
top of the gondola; a special spectro-

graph and an automatic star tracker.

In addition, manual controls will be
provided for orientation and leveling

of the gondola.

At the ceiling altitude of about 80,-

000 feet, the balloon will have left

behind it more than 95% of the earth's

atmosphere. The little remaining at-

mosphere between the observatory and

missiles and rockets, November 3, 1958



CMDR. ROSS and M. L. Lewis ready to PRINCETON UNIVERSITY astronomers Dr. Martin Schwarzschild (left) and Dr.

enter Strato-Lab gondola prior to 34-hour Lyman Spitzer, Jr. discussing plans for Project Stratoscope. In foreground is model of

record-breaking ascent this summer. proposed 36-inch balloon-borne telescope to be flown by unmanned balloon in 1961.

b IV Balloon for Mars Study

Mars will be insignificant in terms of

hindering the scheduled observations.

A substantial improvement in the sci-

entific results expected from Strato-Lab

IV could only be achieved if the ob-

servatory were taken outside the strat-

osphere to an altitude of more than

100,000 feet.

A study for extension of the Strato-

Lab research program, initiated in

1954, is under way. Under an ONR
contract, Vitro Laboratories, Silver

Spring, Md., is researching a manned
stratosphere laboratory that will be a

platform for scientific and technologi-

cal studies from 100,000 to 120,000

feet above the earth's surface.

Until such a platform becomes a

reality, however, observations will have

to be limited to the 15-mile altitude

level. The team of Strong and Ross has

planned a second "Mars-flight" to take

place in January next year. The ob-

jective of the second flight will be to

investigate the oxygen content of Mars.

Future exploration—Balloon as-

tronomy will undoubtedly be replaced

to a major degree by satellite-explora-

tion and observations from manned
space ships, but prior to that it will

have played an important role in pav-

ing the way for actual travel in outer

space, both through present and future

programs.

In a speech before the American
Astronautical Society, Cmdr. Ross

stated: "Plastic balloon astronomy is

not only a stepping stone to satellite

and/ or true space observatories; it is

destined to make its own very positive

and important contributions over the

next decade or so to a more complete

understanding of the universe."

The following studies appear to be

the ones made in the near future with

Strato-Lab and Stratoscope (see m/r
June 1958, p. 73, and October 20,

1958, p. 77): a) observations of the

center of the Andromeda galaxy; b)

investigations of the gaseous nebula of

Orion; c) photography of the aurorae

I

Plastic Balloon Requires No Ballast.

WASHINGTON—An Office of

Naval Research balloon of improved
plastic design, capable of maintaining

constant altitude despite temperature

differentials, has completed its first

test flight from Stanton, Minn.

Conventional balloons are partially

inflated at launch, and as altitude is

gained and the sun's rays heat and
expand the helium, excess gas must
be valved off. At sunset when the

helium contracts and the balloon loses

buoyancy, ballast is dropped to main-

tain altitude.

The new balloon design eliminates

the need for ballast, since the .002

inch plastic skin is strong enough to

withstand daytime expansion without

bursting. At predetermined altitude, the

gas expands sufficiently to completely

fill the balloon and cause some super-

pressure which prevents further expan-

sion and precludes contraction at sun-

set. Because of the constant cubic dis-

placement, the balloon seeks a con-

stant level.

The G. T. Schjeldahl Co. of North-
field, Minn, developed the balloon for

the Navy.
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I
THOR TITAN ATLAS BOMARC POLARIS TALOS

THERE IS A REASON...why CHRISTIE

was selected as the principal source of

D-C Power Supplies for ajj the above

projects . . . RELIABILITY

CHRISTIE'S rigid Quality Control is approved by the A. E. C.

and leading Aircraft and Missile Manufacturers.

CHRISTIE ELECTRIC CORP.
3410 W. 67th St., Los Angeles 43, Calif., Dept. MR

Precisely regulated Power Supplies of permanent stability. Ratings up to 1500
amperes. Bulletin on Standard Militarized units available on request.

. . . mars study

CMDR. MALCOLM D. ROSS being fitted

with pressure suit prior to last summer's

record-breaking Strato-Lab ascent

on Venus; d) measurement of the

planet diameters; e) photography of

Mercury; f) photography of the infra-

red spectra of all the planets; and g)

stellar spectroscopy.

While the balloon astronomers are

paving the road for further space ex-

ploration, scientists over the world are

heavily engaged in research which

eventually will lead to satellite and

exploratory vehicles for probing Mars.

Venus and other bodies. U.S. space

scientists have already come up with

several proposals for such vehicles,

both manned and unmanned.

Boeing proposal—One of the more
recent proposals for a Mars recon-

naissance vehicle came from Boeing

Airplane Company. The vehicle, which

would measure about 40 feet across

and weigh about 600 pounds including

payload, could be launched from an

earth-bound satellite orbiting 400 miles

above Earth. Powered by an ion accele-

rator, it would escape at low continu-

ous thrust to an Earth-Mars transfer

orbit and then descend slowly into an

orbit around Mars and scan the planet

from an altitude of eight to 9,000

miles.

Payload could include a cosmic-

ray counter, meteroid measuring equip-

ment, radio altimeter, radio-noise-scan-

ner, instruments to explore Mars' at-

mosphere, and a large tracking tele-

scope. The image picked up by the

telescope would be scanned by TV
equipment on board the reconnaissance

vehicle and transferred to earth by an

optical system.
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Problem: Provide insulation against fantastic

extremes of temperature

Solution: R/M PYROTEX

REINFORCED PLASTICS

Insulator cap, blast tube and grain seat for modern rocket

The suggested probe would be con-

structed of beryllium for all major
compression members, piano wire for

tension wires, Invar honeycomb core

sandwich for the large reflectors, and
quartz for the lenses in the naviga-

tional system.

The total time elapsed from launch-

ing of the vehicle until recovery would
be about three years for a reconnais-

sance trip to Mars. A vehicle of this

type could also be used for recon-

naissance of other planets.

Neither the National Aeronautics

and Space Administration nor the Ad-
vanced Research Projects Agency are

known to be backing any definite proj-

ect involving Mars or Venus probes at

the present time. However, two months
ago, ARPA's Roy Johnson directed the

Air Force to make available two addi-

tional Thor-Abies for scientific use.

With Venus in favorable astronomical

position relative to Earth in June of

next year and Mars coming within

'reachable" distance in November.
I960, attempts undoubtedly will be

made.

ARTISTS CONCEPT of Rocketdyne's

Snooper, an ion-propelled interplanetary

vehicle for exploration of Mars.

BOEING'S Richard D. White and Henry
K. Hebeler with 1/20 scale model of ve-

hicle for close-up Mars studies.

missiles and rockets, November 3, 1958

When you are designing to meet the fantastic

requirements of modern missiles and rockets

with their tremendous forces and astounding

temperatures, your problems are difficult

ones. But you have an excellent solution:

R/M Pyrotex—a complete line of asbestos-

base reinforced plastic materials.

The Pyrotex products shown here demon-
strate what these important new R/M mate-

rials can do for you. They provide excep-

tionally high strength-to-weight ratios, take a

smooth finish, and can be mass produced to

precision standards. Other missile parts for

which R/M Pyrotex has been selected : rocket

exhaust throats, nose and exhaust cones, fins,

combustion chamber liners, and high speed

turbine wheels. It will pay you to get more
details on R/M Pyrotex.

THE COMPLETE LINE OF R/M REINFORCED PLASTICS

If your design demands all of the following

features, find ou! more about R/M Pyrotex

(felts, mats, papers and molding compounds)}

• Heat and flame resistance up to

10,000°F or more

• Chemical and water resistance

• Relatively isotropic

• High modulus of elasticity' from low to high

temperatures (6 x 106 psi)

• High strength from low to high temperatures

(60,000 psi)

• Improved surface of end items

• Exceptionally good dimensional stability

• Little or no surface crazing

• Good insulation and thermal properties

• Low cost

• High strength-to-weight ratio

For further information, write for technical bulletin

RAYBESTOS-MANHATTAN, INC.

REINFORCED PLASTICS DEPARTMENT, Manheim, Pa.

FACTORIES: Manheim, Pa.; Bridgeport, Conn.; Paramount, Calif.; No. Charleston, S.C.;

Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.: Peterborough, Ontario, Canada

RAYBESTOS-MANHATTAN, INC., Asbestos Textiles • Laundry Pads and Covers • Engineered Plastics • Mechanical

Packings • Sintered Metal[Products • Industrial Rubber • Rubber Covered Equipment • Brake Linings • Brake

Blocks • Abrasive and Diamond Wheels • Clutch Facings • Industrial Adhesives • Bowling Balls

Circle No. 2 on Subscriber Service Card. 17



FLAMEMASTIC
INSULATION COATING

PROTECTS
ORDINARY METALS TO

4500° F!
Grueling torture in combustion chambers of high

production missiles over the past several years

has proved the ability of FLAMEMASTIC Spray Coat-

ing to resist high heat, fire, gases, chemicals and

corrosion. This remarkable coating offers depend-

able protection for instrumentation, launching and

ground support equipment as well as many indus-

trial applications. FLAMEMASTIC could well be the

practical answer to your insulation or protective

coating problem. Write for certified test data.

Effective from

-100° F to 4500° F.

Fire resistant and

retardent.

Excellent insulator,

high or low temp.

Resists gas-erosion,

acids, alkalis,

bleaches, oxidizing

agents.

Fast, economical to

apply by spraying,

rolling or troweling.

Excellent adhesion.

Use on all ferrous or

non-ferrous metals.

High abrasion and

impact resistance.

Inhibits corrosion.

Minimizes conden-

sation.

Weatherproof.

Lightweight.

Flexible.

EMAS

photos in the news . .

.

President Views TITAN-

W

DYNA-THERM CHEMICAL. CORP. (formerly Ideal Chemical Products, Inc.)

3813 Hoke Avenue, Culver City, California • TExas 0-4T51
18

FIRST OFFICIAL photograph of the

Titan ICBM, had President as onlooker.

Moon Structure-

MOON BUILDING design by Wonder
Building Corp. for permanent lunar base.

Banana Split?-

Circle No. 3 on Subscriber Service Card.

THIS DEVICE folds up to give enclosure

for personnel working on Jupiter.
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SYSTEMS OR PLUG-IN SYST
COM PON E BY HAl_l_AMORE

Successful performance of systems contracts for all branches of the United States Armed Forces provides the

background for the Hallamore ' Building-Block" principle... making possible the quick supply of reliable

systems and system components so urgently required in the accelerated missile and satellite programs. Choose

from these typical Hallamore "Building-Blocks" for adaptation in your current project. 1. DC Amplifier

(drift less than ±2 Microvolts) 2. Phase-lock Discriminator (applying a concept new to telemetry) 3, FM
Subcarrier Oscillator (linear . . . stable . . . internal bias) 4. Channel Calibrator (0.1% absolute accuracy) 5. Band-

switched Discriminator (compact . . .single control switching) 6. Summing Amplifier (18 channels plus internal

reference oscillator) 7. Closed circuit T.V. monitoring systems. 8. Complete Missile Telemetry Systems.

Write Dept. 20J, 8352 Brookhurst Avenue. Anaheim, California/TWX Code: AH-9079

3 the

ELECTRONIC
tnginon ... for ideal working condition with
a dynamic, creative oraonliatlon addreu rmwmm to
CMol fnalneer.

a division of The Siegler Corporation

'/, <* w
mm

JL
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EXCELCO
Builders of more large, thin wall,

high strength solid propellant

rocket engine cases and nozzles

for development purposes than

any other company in America.

RV-A-IO SERGEANT
NIKE-HERCULES JUPITER JR.

JUPITER SR. POLARIS O
POLARIS A POLARIS A-1

AIR FORCE - RE-ENTRY - X-17

POLARIS - RE-ENTRY - X-36
MINUTEMAN PERSHING

AND MANY OTHER CLASSIFIED PROJECTS

A small experienced organization geared to handle

your development and prototype requirements for

static and flight tests in the shortest possible time.

Call or write

EXCELCO DEVELOPMENTS
MILL STREET • PHONE 1 01

20

SILVER CREEK, NEW YORK
Circle No. 41 on Subscriber Service Cord. missiles and rockets, November 3, 1958



LOX Systems: Still Problem Area
This principal oxidizer continues to pro-

vide troubles that can be solved only by

new methods and equipment

By Ernest Edward Lindros*

Before LOX is finally taken aboard

a missile at a launching site, as many
as four different transfer functions must

be completed: from manufacturing

facility to mobile trailers, and from the

trailers to storage tanks and other

points on the launching site itself. Fre-

quency in transfer has made it manda-
tory that reliable, safe and efficient

techniques be developed in handling

and transferring large quantities of

LOX in the equipment design and stor-

age facilities. An additional problem is

the necessity of handling LOX in an'

extremely short span of time.

LOX becomes dangerous only if

incorrectly handled or if exposed to

conditions that are unreasonable with

any compressed gas or liquid. Under
normal circumstances, it is safe and
predictable and creates no corrosive or

toxic dangers.

• Transfer Methods:—Two basic

methods have evolved in the transfer

of LOX from one container to another.

In the first, gaseous oxygen (GOX), or

another inert gas pressurizes the first

storage tank, forcing the LOX into the

second. In the second method, pumps
transfer LOX from one container to

another.

Both of these methods have obvi-

ous advantages, as well as disadvan-

tages, and LOX users are still in the

process of determining the best system

for each specific application. Neither

the military nor liquid oxygen users

can yet make generalized recommenda-
tions since the quantities handled in

the past have always been minute com-
pared to today's requirements.

It now seems certain, however, that

with the huge missile firing sites now
being planned, proper and adequate

''Storage and handling of liquid oxygen
for the nation's large ballistic missiles

has long been a serious problem. While
much has been done, more research is

still needed before the missile systems

achieve a reliable readiness capability.

This article by Ernest Edward Lindros.

chief hydraulic engineer, Pump Prod-

ucts Division, Byron Jackson Division

of Borg-Warner Corp., is particularly

timely.

ground support facilities will soon be

standardized. U.S. Government ap^

propriations of almost $2 billion for

launching sites and equipment will

necessitate a decision in the optimum
methods of LOX transfer and fueling.

The tank pressurization technique

for missiles dates back to the German
V-2 sites. Before that the basic tech-

nique was successfully used in chem-
ical and medical fields. Probably the

main reason for its early adaption in

missile fueling was that reliable pump-
ing equipment for LOX service had not

been developed. Such pumps were not

required when quantities handled were

relatively small and applications few.

However, in the missile era, large quan-

tities must be handled quickly and fre-

quently under field or mobile condi-

tions, and positive-action systems based

on pumps are felt to be the most re-

liable answer.

• Gas Pressurized Systems—Ideally,

the most suitable gas to pressurize a

LOX tank would naturally be oxygen
itself. There are several drawbacks to

this approach. In order to boil off LOX
to produce gaseous oxygen, the LOX

itself must be allowed to boil off within

a container, therefore, pressure within

the tank can be obtained only at the

cost of allowing the temperature of the

entire liquid mass to rise.

This problem has been alleviated

to a certain extent by the transfer of a

small quantity of LOX to a heat ex-

changer where it is boiled and con-

verted to GOX. This gaseous oxygen is

then re-introduced into the LOX stor-

age chamber without increasing the

over-all temperature of LOX. This

technique, however, has the inherent

disadvantage that it requires exchangers

and associated plumbing. Also, this

sort of pressurization increases the per-

centage of GOX bubbles trapped in the

LOX. This "aerated" LOX is highly

unacceptable and undesirable for mis-

sile applications.

Some attempts have been made to

get around the gaseous and liquid oxy-

gen mixing problems by pressurizing

storage containers with compressed

helium or nitrogen. This operation re-

quires separate storage and additional

equipment and handling for the com-
pressed gases. However, since nitro-

gen gas also dissolves quite readily in

TECHNICIANS TRANSFER LOX with pumps from truck to storage tanks at Rocket-

dyne's Neosho plant.
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. . . LOX systems

LOX and a small percentage dissolved

in LOX will render it useless for pro-

pulsion purposes, the combination is

very unsatisfactory.

As storage tanks increase in size

and scope, the pressurizing system re-

quired becomes more complex. Gas
must be introduced at the same rate

that LOX is being withdrawn because

of the increase in gas volume and the

decrease in LOX. Thus, the main-

tenance of a steady flow rate in empty-

ing tanks by pressurizing with gas pre-

sents control problems of complexity.

An additional disadvantage to the

gas pressurization system is the tre-

mendous increased cost of the storage

facilities. Storage vessels must be capa-

ble of withstanding pressures of 100

psi or more. Therefore, both the liquid

and the gas storage facilities must be

fabricated of thicker metal than re-

quired for the pumping system.

• Pumping system—LOX users

have encouraged a number of engineer-

ing groups to devise pumping tech-

niques and equipment that would sat-

isfy rocket launching site needs.

Centrifugal pumps have proven a

satisfactory and reliable method for

moving cryogenic liquids. One im-

portant advantage of this type of unit

is that any number of pumps with

proper characteristics can be mani-
folded for reliable parallel operation.

The capacity of a parallel system may
be controlled by throttling the main
discharge line. This causes all units to

operate at an equal pumping load at

a constant speed. The pumps can be
operated over the entire performance
range, even back to almost zero ca-

pacity, without damage when proper
design is provided for internal radial

and axial hydraulic force balance.

Experience has shown that standard

process pumps, when constructed of

metals with the proper impact strengths

and sealed by a low temperature seal,

are reliable and practical. New seals

have been developed making possible

the adaptation of process pumps to

cryogenic service. To effect the re-

quired modifications on process pumps,
the equipment manufacturers have had
to solve four basic problems:

1 ) method of pumping low viscosi-

ty fluids.

2) large temperature variations.

3) material selection.

4) adequate shaft sealing tech-

niques.

The precise reaction of the low vis-

cosity cryogenic liquids is of prime

importance to the pump designer since

he must know how to shape and en-

gineer fluid passages within the pump.
However, the years of experience

gained by the process pump manufac-
turers in pumping low viscosity fluids

such as methane and ethane have pro-

vided a wide and useful background of

knowledge.

• Temperature parameters—Any
changes from ambient-temperature to

the range of -300°F require that some
provisions be made for dimensional

changes of mechanical components.

When a LOX pump is first filled, it

will be at the ambient temperature, but

after a certain time in operation some
portions of the pump will drop in tem-

perature to that of the LOX itself.

On the other hand, when the pump
is shut down, the reverse holds true in

that operating parts in contact with

LOX will change in temperature to that

of the ambient. Therefore, definite pro-

visions must be made in the design

to allow for the shrinkage and expan-

sion of operating components.

For example, design engineers have

long agreed that when temperature dif-

ferentials between ambient and fluids

being handled exceed 250°F, certain

definite provisions in the design must

Secrets of the universe continue to unfold

before the searching eyes of CROSLEY
engineers. The drama being enacted on the

stage of space is one of constant excitement

and challenging situations. CROSLEY engineers

are participating in many programs that offer

opportunities for personal growth and advancement.

HERE ARE FIELDS OF CURRENT ACTIVITY:

1. GROUND RADAR
2. AIRBORNE DEFENSE

SYSTEMS
3. ANTENNA AND MICRO-
WAVE EQUIPMENT

4. COMPUTER AND
ANALYTICAL
SERVICES
(DESIGN AND
DEVELOPMENT)
(PROGRAMMING AND
APPLICATION)

5. COMMUNICATIONS
(AIRBORNE
TRANSMITTERS AND
RECEIVERS)

6. AIRBORNE FIRE

CONTROL
7. SERVO-

MECHANISMS
8. TRANSISTORIZED

EQUIPMENT
9. GUIDED MISSILES

10. INFRARED RESEARCH

Write us for complete details. We'll send you literature and
we'll tell you about the advantages of family living in

Cincinnati — "Queen City of the West, Closest to the Heart

of America". There are numerous company benefits and you
will be paid generous relocation expenses.

Send your resume to: _

Frank Plasha, Personnel Mgr., ^^U-
Division Headquarters B3eUia

____ AVCO MANUFACTURING CORPORATION
UQmm CROSLEY DIVISION

1329 ARLINGTON STREET CINCINNATI 25, OHIO
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General Electric Announces for Missile Use

New Lectrofilm ' -B Capacitors for

44,000 Hours of Reliable Life
New G-E Lectrofilm-B capacitors offer you maximum
reliability at lowest possible cost . . . results of over

3,000,000 unit-hours of life test data (per G-E Spec.

MTC-3) indicate a probability of survival in excess of

0.99 for 44,000 hour life under rated voltage at 85C.

Under rated voltage at 125C, the indicated probability of

survival is in excess of 0.98 for 44,000 hour life.

LOW FAILURE RATE AND LONG LIFE of these in-

expensive G-E capacitors result from using only the

highest quality materials and the closest of process

controls . . . units are tightly wound with high-purity

aluminum foil and 'capacitor-grade Mylarf film dielectric.

No solder is used, and introduction of contaminants

through impregnation is eliminated.

SMALL, LIGHTWEIGHT ENCLOSURE consists of tape

wrapped around the compact roll and sealed with epoxy

resin, forming a rugged case which resists humidity,

vibration and shock.

missiles and rockets, November 3, 1958

TO MEET YOUR APPLICATION REQUIREMENTS, 14

case sizes are available in five ratings—100-, 200-, 300-,

400-, and 600-voIts. Capacitance range within each rating

is: 0.015 to 0.68 uf in 100 volts; 0.010 to 0.47 uf in 200

volts; 0.0047 to 0.22 uf in 300 volts; 0.0033 to 0.15 uf in

400 volts; and 0.0010 to 0.10 uf in 600 volts.

GET A QUOTATION TODAY ON NEW LECTROFILM-B

CAPACITORS by contacting your General Electric rep-

resentative. Ask for your copy of life-test data and G-E

Specification MTC-3. Or, write to Section 447-4, General

Electric Co., Schenectady, N. Y.

*Trade-mark of General Electric Co. ffteg. trade-mark of DuPont Co.

Tbogress Is Our Most important Product

GENERAL® ELECTRIC

23
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Hyge shock tester takes about 60 seconds to complete acceleration-shock test with up
to 40,000 Ibf. thrust. Hughes Products Memoscope® oscilloscope retains wave pat-

tern as long as you like for careful study and comparison with master pattern.

High-g thrusts you can trust

for controlled shock tests

You can produce predictable,

repeatable acceleration -shock

thrusts to 40,000 Ibf. with Hyge

Hyge gives you an amazingly simple way
to simulate actual service conditions for

shock testing small and large assemblies.

Hyge gives you complete control over

all variables. It ends the guesswork in-

herent in such devices as air cannons,

impact hammers, and drop towers.

With Hyge you can accelerate a speci-

men to several hundred g's in just milli-

seconds with exact reproduction of pre-

set half-sine, square, and sawtooth

patterns.

How it works

Hyge is a piston in a cylinder which is

divided by an orifice plate. Using nitro-

gen, you build up a small pressure against

the top of the piston, sealing it to the

orifice plate. You can then build up a

very large pressure against the bottom of

the piston, since you are working against

only the small area exposed by the orifice.

As soon as the pressure against the bot-

tom overbalances the top pressure, the

seal breaks and the whole piston bottom

is exposed to the larger pressure. The

piston is then thrust upwards at a tre-

mendous speed.

Hyge transmits this thrust directly

through a column to a test platform

which rides on deceleration rails. Pre-

selected metering pins control the thrust

pattern, make it infinitely repeatable.

Free bulletin

Bulletin 4-70 gives you much more

information on the theory and applica-

tion of Hyge, including specifications and

accessories for the HY-6000 Hyge and

the smaller, 10,000 Ibf. Hy-3000.

be made to cope with thermal expan-

sion problems.

Indirectly, the solving of the tem-

perature problems indicated that ma-
terial selection was not as critical as

had initially appeared. The solution

centered on the selection of materials

.
• that did not become brittle when in

contact with ultra-low temperature

gases and liquids. Thus, it was decided

that conventional metals such as aus-

tenitic stainless steels (Type 304), cer-

tain aluminum alloys and bronzes were
quite acceptable.

While stainless steel offers a distinct

advantage in strength over either

bronze or aluminum, its added weight

makes it less acceptable for mobile in-

stallations. Aluminum offers an addi-

tional advantage in that there is less

boil-off during the start up period. A
combination of a relatively low specific

heat and density requires that less

heat be transferred to aluminum than

other metals to cool it down to the

temperature of the cryogenic liquid.

• Seal Design—Shaft sealing has

presented one of the most difficult

problems in completing pump designs

for cryogenic liquids. The several

methods used for sealing cryogenic

pump shafts can be divided into the

following four categories:

1 ) packing against gas.

2) packing against cryogenic liquid.

3) mechanical seal against gas.

4) mechanical seal against cryo-

genic liquid.

The first LOX pumps used the

packing-against-gas technique since it

was the only effective type of seal that

would work at that stage of develop-

ment. However, it operated satisfac-

torily only when stuffing box pressures

were low. With pressures above 10 psi,

packing became ineffective and ex-

cessive stuffing box leakage occurred.

Packing cannot be used to seal

directly against LOX because it loses

all of its resiliency and becomes rock

hard in the range of -300°F. Pumps
using packing must, therefore, provide

some method of converting liquid to

gas at the points where the packing is to

be employed. Byron Jackson pumps
have an isolation chamber for this con-

version.

Liquid oxygen under suction pres-

sure enters the pump, and some of it

goes through the shaft sleeve into the

nozzle head. Since the nozzle head is

considerably warmer than the boiling

point of LOX, due to the friction of

the seal, a good portion of the LOX
vaporizes. Therefore, only a small

amount of LOX is contained in the

isolation chamber above the pump.

missiles and rockets, November 3, 1958

Consolidated Electrodynamics
Rochester Division, Rochester 3, N. Y.

SALES AND SERVICE OFFICES IN PRINCIPAL CITIES
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"ECLIPSE" a recent painting by Simpson-Middleman, gifted artistic

interpreters of the physical sciences. About this new expression they
write : '"Eclipse was painted as a result of watching an actual eclipse

of the sun. We were particularly etruck with the curious light that

was both dim and glowing and the unusual pattern of the shadows
on the leaves of the trees around us. We had never seen any-
thing like it before." Painting courtesy of John Heller Gallery. Inc.

Space projects at Boeing

Engineers and scientists at Boeing are at work

on advanced projects that include a space
weapon system based on a manned orbital vehicle

capable of re-entry into the atmosphere and
normal landing. This major contract-supported

program is a result of recognition of Boeing's

space-age orientation, its tremendous technical and

research capability and its extensive weapon system

management experience.

Among other space efforts at Boeing is a study for

an unmanned Martian reconnaissance vehicle pow-

ered by an ion accelerator. The vehicle would escape

at low continuous thrust to an Earth-Mars transfer

orbit, then descend to a Martian orbit where it would

optically observe the surface of the planet. The
controllable-thrust capabilities of ion propulsion

would permit correction of flight-path deviations

from a "memory" electronically pre-programmed

into the vehicle. Fine corrections would be made
possible by an optical star-tracking system.

These and other rapidly expanding space flight pro-

grams have created exceptional career opportunities

at Boeing for scientists and engineers of all cate-

gories. For complete details, drop a note now to Mr.

Stanley M. Little, Department R-81, Boeing Airplane

Company, Seattle 24, Washington.
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TEST EQUIPMENT ENGINEER John W. Lloyd tells why his

work on the B-70 Weapon System at IBM Owego affords him
the creative engineering career he always wanted.

WHAT IT'S LIKE TO BE A CREATIVE ENGINEER ATIBM
"Test equipment engineering," says John Lloyd, "is particu-

larly stimulating when it's part of a project as new and

important as the B-70, sometimes described as 'a huge flying

computer.' Right now I'm coordinating the design of engineer-

ing support equipment for an advanced digital airborne com-

puter, part of the B-70's bombing-navigational and missile

guidance system. There's a minimum of routine. In order to

design test equipment you must know — or learn — about the

equipment to be tested; among these are radar, servo sys-

tems, digital and analog computers, inertia! guidance. I see

my professional growth assured as IBM continues to develop

computers for airborne applications."

Challenging assignments now open

• Airborne digital & analog computers

• Inertial guidance & missile systems

» Information & network theory

« Magnetic engineering

• Maintainability engineering

• Optics

• Radar electronics & systems

• Servomechanism design & analysis

• Theoretical physics

• Transistor circuits

• Units & systems test equipment

There are other openings in related fields to broaden your

skills and knowledge.

Qualifications: v

B.S., M.S. or Ph.D. in Electrical or Mechanical Engineering,

Physics, or Mathematics, and proven ability to assume a high

degree of technical responsibility in your sphere of interest.

FOR DETAILS, just write, outlining background and interests,

to:
Mr. P. E. Strohm, Dept. 604Y

International Business Machines Corp.

Owego, New York

IBM is a recognized leader in the rapidly expanding electronic

computer field. Its products are used for both commercial and

military applications. Continuous growth affords excellent ad-

vancement opportunities. The "small-group" approach assures

recognition of individual merit. Company benefits set stand-

ards for industry, and salaries are commensurate with your

abilities and experience.

IBM MILITARY
PRODUCTS

Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie,

;

Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif.



. . . LOX systems

The liquid level is controlled by stuffing

box leakage. Proper design keeps the

liquid level well below the packing so

that the packing seals only against the

gas.

Packings suffer from a number of

other disadvantages, including the

amount of maintenance required. The
packing fit on the shaft must be pre-

cise. If the packing is too tight, it will

seize, overheat, and possibly damage
the shaft or packing sleeve. If it is too

loose, it will allow excessive leakage.

• Mechanical seals—Because of

these packing deficiencies, it was
quickly recognized that a mechanical

seal would prove the most efficient and
reliable method. A dry mechanical seal

for gas could only be installed in a
vertical position and for this reason

all early LOX installations featured

vertical pumps.

While the liquid seal development
was being carried on, another program
was in progress for the development
of a vertical LOX pump for 1000 gpm
at 100 psi. The pump was originally

designed with an isolation chamber and
packing to seal against gas.

During the manufacture of the

pump, the liquid mechanical seal was
perfected. The Air Force was so im-

pressed with the test performance of

this seal that they requested that the

liquid mechanical seal be utilized in

place of packing. This was accom-
plished by using external piping to

carry the LOX up to the seal.

Mechanical sealing against LOX is

undoubtedly the most satisfactory

method at this time and is preferred

because it offers all the advantages of

reliability and economy. The design

has been proven by many months of

successful field operation.

• Vertical Vs. Horizontal pumps

—

Due to the non-availability of satis-

factory seals in the early stages of de-

velopment for LOX applications, most
centrifugal pumps were vertical units.

These incorporated an isolation cham-
ber where LOX could be converted to

its gaseous form.

Vertical units are better adapted
to effective insulation, and with the

j

added reliability afforded by the liquid

mechanical seal, they are more desir-

able for certain critical or continuous
operations. A distinct advantage of the

vertical unit is its ability to operate at

extremely low net positive suction

heads (NPSH), eliminating the need
for pressurization and assuring relia-

bility of starting.

One of the basic criteria used in

determining the pump type is the

missiles and rockets, November 3, 1958

This is one of a series ofprofessionally informative messages on

RCA Moorestown and the Ballistic Missile Early Warning System.

RCA MOORESTOWN
ANDBMEWS

At its Moorestown Engineering Plant, RCA has

centered the responsibility for direction of the

BMEWS Project. As Weapon System Manager,

RCA has the task of "turnkey" delivery of a fully

integrated system for early detection of missile

attack on this continent, bmews involves establish-

ment of a discriminating and alert line for detection

of aerial objects, coordinated with an intelligence

center for interpretation and initiation of counter-

weapon action.

There are unique technical problems in high radar

power; long range; scanning and tracking tech-

niques; interference from aurora and space objects

and discrimination between such objects and missiles

;

advanced computer, multifunction data processing

and display techniques. The bmews program also

requires complicated coordinative assignments in

supervising the large segment of the electronics

industry cooperating in this effort. The complete

scope and defense significance of bmews assign-

ments are creating stimulating challenges in systems,

projects, and development engineering.

Engineers and scientists interested in contributing to

this program—and to other vital national defense proj-

ects—at the technical or management

level are invited to address inquiries

to Mr. W. J. Henry, Dept. V-13L.

RADIO CORPORATION of AMERICA
MISSILE AND SURFACE RADAR DEPARTMENT

MOORESTOWN, N. J.

3MI i'jMHlS fi.

Circle No. 5 en Subscriber Service Card.
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Special non-standard

fittings furnished to

order . . . One source

for all your stainless

fitting requirements.

Also available— 1 50 lb. screwed fittings

and all schedules of buttweld fittings.

CAMCO FITTINGS, INC., 301 State Street

North Haven, Conn. M4R
Catalog Extra Heavy 657.

Q Catalogs covering complete line.

Furnish address of area distributor.

LdAl.s' s) No Have||/ Co||||

FITTINGS, INC.

WEST COAST AGENT
AND WAREHOUSE

/ J J

/ 828:

/ Oaklo

GATELEY CO.
8283 Baldwin Street

Oakland 21, California

. . . LOX systems
|

amount of NPSH available. The avail-

able NPSH is the height of liquid above !

the center/line of the pump impeller

that exceeds the vapor pressure of the

liquid.

Horizontal pumps incorporating the

liquid mechanical seal have now been

proven practical for cryogenic fluid

service. Due to weight and space ad-

vantages, a horizontal unit is more de-

sirable for mobile installations, and in

addition offers a substantial first-cost

saving plus lower maintenance.

However, horizontal units require

more available NPSH than equivalent

vertical units. If a horizontal pump is

used where tank pressurization is not

available, it must be located sufficiently

below the tank, either by raising the

tank or lowering the pump in a recess

to provide the necessary NPSH.

• Lubricant limitations—Hydrocar-

bon-base bearing lubricants are not'

desirable due to the possibility of ex-

plosion in the presence of LOX or

GOX. In general, non-hydrocarbon

lubricants compatible with the cryo-

,

genie liquid being handled' are preferred.

However, some of these lubricants

liberate acids when coming into con-

tact with moisture, resulting in corro-

sion of bearing surfaces.

Two things have been done to elim-

inate this corrosion problem. A heating

element with thermostatic control is

provided around the bearing housing to

prevent expansion of air into the hous-

tog due to temperature changes. In]

addition, dry nitrogen gas is injected"

into the housing to purge out all the

moisture-laden air.

In general, design selection of any

specific type of pump should depend

on its ultimate application and1 opera-

tional considerations. As stated, both

types have distinct advantages, and]

since these are of a complex nature,

pump buyers would do well to discuss

a pump's selection and performance

requirements with pump manufacturer's

engineers.

USSR to Produce

400 Science Films

The Soviet Union has announced

plans for the production of more than

400 popular science films.

The film titles planned include

"Explorers of the Universe" dealing

with Soviet rocket techniques; "Tele-

vision from Earth Satellites"; "Auto-

matons in the Cosmos," on the use of

high altitude rockets; "Cosmic Medi-

cine"; and "Four-Footed Astronauts,"

ort the training of animals for flights.]

28
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Drawing courtesy De Havilland Aircraft of Canada, ltd.

Design of Airborne large special actuator
proved in rugged bush-line service

First installed on Otter aircraft some

five years ago, the Airborne R-652

special design actuator has been sub-

ject to almost every conceivable ex-

treme of bush-line operating conditions.

Yet despite bitter cold, intense heat,

wrenching, pounding and shock, it has

proved as rugged and reliable as the

Otter itself. Says De Havilland, "We

have used this actuator in aircraft all

over the world, from the Arctic to the

tropics, with very little service trouble."

The R-652 typifies Airborne's capa-

bilities in the design and development

of large special electromechanical ac-

tuators—rotary and linear. And where

requirements are not unique, we also

offer a line of modular-type actuators,

originated by Airborne to simplify

design and specification. Write or

phone for further information.

LINEATOR® • ROTORAC® • TRIM TROL® rotoretteCi ANGLgear® ROTOLOK

AIRBORNE ACCESSORIES CORPORATION
HILLSIDE 5, NEW JERSEY

Describes Airborne special
actuators and motors. Write
for a copy today.

Represented in Canada by: WINNETT BOYD LIMITED • 745 Mt. Pleasant Rd., Toronto 12, Ont.

missiles and rockets, November 3, 1 958 circle No
-
45 on **">*•' *•"•«• *«* 29



missile electronics

Auxiliary Power Systems Challenge Chemicals

APS Business Should Have Sales of $100 Million by

1970, With Chemical Systems Still Needed for Earth Use

1. SOLID

Motor Case

Combustion Gases

Propellont

2. LIQUID MONOPROPEllANT moBeprope„ant Tank

Pressure Bottle
vCo*rol Valves Combustor

3. LIQUID BIPROPELLANT
Fuel Tank

Pressure Bottle
'

Oxidant Tank

EXAMPLES OF propellant auxiliary power systems.

EXAMPLES

Composites

Double - Base

Ethylene Oxide

Alkyl Nitrates

Hydrogen Peroxide

Hydrogen Peroxide

Permanganate or Fuel

1. CAD Direct conversion

into linear motion

c

Combustion Gases |S

Nozzle

Turbine Wlttk UU #

- o
<b 2. TURBINE Direct conversion

gleed »~ into rotary motion

ĵ h— Cont rol Valves

illiquid

3. HYDRAULIC Direct conversion into

pressurized liquid

UTILIZATION of propellant power.

30

by Alfred J. Zaehringer

Large earth satellites, lunar probes,

and other long-duration space missions

are forcing a serious look at advanced
auxiliary sources of power. Steadily

increasing power demands for instru-

mentation, electronics, and even for

propulsion systems will see chemical

propellants seriously challenged by
nuclear, solar, and other non-chemical

systems.

Chemical propellants will continue

to grow for terrestrial applications such
as recoverable satellites, long range

rocket aircraft, and high performance
ballistic missiles.

Thus, by 1970, the auxiliary power
business, chemical or non-chemical,

will have hit the $100 million per year

sales level. What chemicals will lose in

space auxiliary power systems (APS),
they will gain for earth use.

•What they are—Chemical APs are

illustrated in an accompanying figure.

Sketch, left, shows the simplest, and

theoretically the most powerful from a

weight or volume basis—the solid pro-

pellant system. With no moving parts,

combustion is "pre-programmed" by
choice of chemical and ballistic

properties of the propellant.

Reliability is 99% or better. One
cartridge-actuated device (CAD)—the

solid propellant trigger for nuclear

weapons—has established a record for

only three misfires in ten million runs.

Present problems are concerned with

improving gas generating efficiency

while reducing the flame temperature.

Typical flame temperatures now run

from 2,000° to 5,000°F.

Another concern is obtaining de-

composition gases that can be utilized

for direct pressurization of liquids

(viz., liquid rocket propellants).

RMI, Frankford Arsenal and the

French Vernon Labs are working in

this vital area. Solution of this problem
would allow simple, storable, and highly

reliable small liquid propellant rockets.

It is interesting to note that solids will

missiles and rockets, November 3, 1958



WHEN YOU MUST HAVE UNCOMPROMISING QUALITY

SPECIFY
STEEL

The relentless supersonic speeds of high-

altitude missiles, Jatos and rockets demand
unfailing performance in every element

of their manufacture. As a regular supplier

to this vital industry, Acme-Newport con-

sistently exceeds the most critical speci-

fications of prime and subcontractors for

aircraft quality plate, sheet and strip in

alloy and carbon grades. For utmost ac-

curacy and attention to detail, talk to

Acme-Newport, whose modern facilities,

conscientious personnel and 73 years'

steelmaking experience can deliver ex-

actly what you want . . . when you want

it, by fast Red Circle Service.

"7- \7

/pi*

EXPEDITES YOUR RUSH ORDERS

COMPANY
NEWPORT, KENTUCKY

A SUBSIDIARY OF
gyjgj

COMPANY
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thus help liquids to "compete" with

them for small rockets—heretofore an

almost exclusive domain of solids.

An accompanying drawing outlines

the typical liquid monopropellant APU:
Gas from a pressure bottle forces the

liquid monopropellatlt into the com-
bustion chamber. Most liquid mono-

propellants that are safe enough to

handle do not have the performance or

reliability exhibited by solids. A good

monopropellant APU is being used in

the Sundstrand ethylene oxide system

for Atlas.

An accompanying illustration is an

example of the bipropellant system. A
miniature rocket motor, the hydrogen

peroxide-permanganate unit used on

Table I

Glossary of Auxiliary Power Terminology

APS Auxiliary Power System. Any non-propulsive system, usually self-

contained, used to provide mechanical, hydraulic, or electrical

power for missiles, rockets, spacecraft, aircraft. Includes power
generator, controls, and all operating parts & components.

APU Auxiliary Power Unit. Same as above.

CAD Cartridge Actuated Device. Usually a rechargeable APS using a

solid propellant or propellant explosive.

GG Gas Generator. Used to provide a source of gas, usually resulting

from the combustion of a solid or liquid propellant.

Hot Gas Systems Motors, valves, turbines, pistons, servos, etc. which can operate

directly from power of hot combustion gases.

Propellant A self contained combustion system—solid or liquid— [monopro-
pellant or bipropellant). Used to furnish hot gases suitable for

work. The term propellant includes both oxidant and fuel. Pro-

pellants furnish power at rates lower than propellant explosives.

Propellant Usually a solid explosive that can detonate or explode and deliver

Explosive energy at a very high rate.

Squib A heat sensitive device, initiated usually by electrical energy,

which furnishes hot gases or hot solids which can ignite other

propellants.

PRECISION STENCILS
Speed yotit opettfions

Inexperienced workers can

quickly mark complete parts

in a matter of seconds. They
will give you more units per

hour, with fewer rejects. Av-
erage worker can assemble

even difficult jobs easily,

surely and quickly once they

are legibly and accurately

marked.

Metal stencils made to fit

any size or shape of part.

Interchangeable, too, if you
desire.

MARKING INKS
Skillfully blended inks in vari-

eties of colors for both perma-
nent and temporary marking.

JAS. H. MATTHEWS & CO.
3926 Forbes Ave., Pittsburgh 13, Pa.

the V-2 and current US ballistics mis-

siles, has achieved a good deal of sue-

cess for powering turbo-pumps.

Tables 2 and 3 give a line-up for

US groups working in the auxiliary

power area. Table 1 is a glossary of

current terminology.

•How they work—Once we get

energy from the propellant (viz., hot,

high-pressure, high velocity gases), it

must be converted into satisfactory

form for work.

Small amounts of energy can be

transformed directly into linear motion
by the rapid detonation of explosives

in cartridge-actuated' devices (page 30).

This system offers extremely high

power-to-weight ratios and appears

attractive for operation of landing

skids, flaps, etc. in manned rocket air-

craft. Other rocket applications in-

clude staging and warhead separa-

tion in ballistic missiles.

One of the most popular methods
of converting the linear motion of

exhaust gases into rotary motion is

through the use of a hot gas turbine.

Though present units are capable

of operating at high turbine speeds, a

limiting factor is that of temperature.

Most hot gas turbines experience

serious difficulties with operation above
1,600°F. There are "cool-burning"

solid and liquids below 2,000° F. High
performing solids and liquids, how-
ever, operating at 3,000° to 5,000°F.

pose serious engineering difficulties in

hardware development. Clearly, a ma-
terials and/or propellant breakthrough

is needed here.

A method of converting propellant

energy into hydraulic power would be

extremely useful for pressurizing liquid

rocket propellants or elimination of

present accumulator systems. Of
course, once rotary motion has been

produced, electrical power (through

the use of an alternator or DC gen-

erator) or hydraulic power (through

the use of a pump) is available.

Problems are compromised—Some
of the problems that face designers of

APU's are things like the compromise
with performance, structural limitations

and reliability that must be considered

for proper turbine diameter and shaft

speed. Shaft speed is generally limited

to somewhere around 60,000 rpm to

attain proper bearing life and unit

reliability.

Missile turbine power unit per-

formance is roughly proportional to

turbine peripheral speed so the largest

possible turbine diameter for any given

shaft speed is the most desirable. In

actual practice, peripheral velocities

are limited by structural considerations

to 1000 to 1200 feet per second. Wind-
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Power Supply Unit-

THIS AMF hydraulic power supply

weighs 69 pounds including propellant

and fluid. The accumulator power supply

it replaces weighed 175 pounds. Dimen-

sions are 14 in. long, 12 in. wide, and 26

in. deep.

age losses and package size also impose

restrictions.

If you consider the gas generator

of a propellant gas turbine as a small

rocket motor in which the exhaust jet

is directed at the blading of a turbine

wheel (which supplies torque to the

turbine shaft), the selection of a proper

type is clearer.

For times of 60 seconds or less,

solid propellant generators are simpler

and more compact. Of course, all solids

have the disadvantage of no control

over stopping and starting if an irregu-

lar duty cycle is required. Grain size

also can become a problem where space

restrictions exist.

Gas generators better—Liquid

monopropellant gas generators are bet-

ter. They allow considerable flexibility

in packaging since the fuel container

does not have to adhere to a fixed size.

Operation is as simple as turning the

fuel supply on or off. There are dis-

advantages such as high weight in rela-

tion to burning time and complexity of

the system, but these are generally easy

to live with when the application calls

for a system of this type.

Looking into the future, some of

the areas which need (and are getting)

investigation are the research of elas-

tomers for seal and fuel-expulsion sys-

tems with commonly used mono-propel-
lants, the evaluation of mono-propellant
characteristics and the research of ultra-

high speed rotating machinery for bear-

ings and lubrication at extreme tern-

CUOTISSWRIGHT B
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At Sikorsky, as at most other leading manufacturers of aircraft

and missiles, laminated Shims of laminum insure assembly of

components with no margin for error. Shims of laminum, which

peel for a thousandth fit right at the job, always deliver a

3-fold advantage: they save time, improve quality and cut costs.

IAMINUM
the solid Shim that p-e-e-l-s for adjustment

Laminum looks, acts like solid metal—yet

quickly p-e-e-l-s to precision fit right at the

job. In Brass, Mild Steel, Type 302 Stainless

with .002" or .003" laminations. In Alumi-

num with .003" laminations. Custom-made,

Laminum Shims eliminate extra operations:

no machining, no grinding, no stacking, no

miking. And no grit between layers—ever!

O LAMINATED o

O COMPANY, INC. O

Shim Headquarters since 1913

9311 UNION STREET, GLENBROOK, CONN.
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Specialists

wanted for

Nuclear
Powerplants
1. Senior Engineer Research or
Engineering : Nuclear physicist,

PhD. (or equivalent experience)
for basic studies in the application
of nuclear power to air vehicles.

2. Senior Engineer Research

:

Nuclear Engineer, M.S. degree or
equivalent, with a background in

unconventional powerplant design.

3. Research Engineer : B.S. degree
in nuclear engineering. College
work in general powerplant design.

4. Engineering Specialist or Sen-
ior Engineer Research : M.S. or
equivalent, with a strong back-
ground in hydrodynamics and
fluid mechanics to study basic re-

lationships of propulsion equip-
ment for air vehicles.

5. Senior Engineer Research or
Engineering Specialist: PhD. de-
sired with a background in nuclear
energy, servo mechanism, controls
or instrumentation. Should have
preferably 4 years' additional
experience.

6. Senior Engineer Research:
PhD. or M.S. degree with a back-
ground in heat transfer relating
to gas or liquid cooled nuclear
power plants, preferably of air-

craft type.

7. Senior Structural Engineer or
Stress Analyst: Several years' ex-
perience in mechanical stress and
structural analysis. M.S. or B.S.
degree or equivalent.

Write: Mr. D. L. Jamieson,
Rocketdyne Engineering

Personnel Dept.

6633 Canoga Ave., Canoga Park,
California

ROCKETDYNE I*
A DIVISION OF NORTH AMERICAN AVIATION, INC.

BUILDERS OF POWER FOR OUTER SPACE

. . . missile electronics

peratures.

Another item is the development of

high-speed hydraulic pumping machin-

ery so that it is not necessary to use

a gear box for driving a pump with a

high speed turbine. Considering all the

problems the missile program has had
with gearboxes in the past year, this

last development would probably be

welcomed more than any other.

In the selection of an auxiliary

power unit for a missile, few "rule of

thumb" criteria can be applied. In

almost every instance, the power unit

is so completely integrated into the mis-

sile system, physically and functionally,

each power unit is "tailor-made" for

the particular application. Similar prob-

lems are true for other phases of the

electronics-missile industries, whether it

be for ground support equipment, or

hardware itself. The problem will still

carry over into manned space flight,

which means that standardization will

be virtually unachievable in these vital

components.

Companies Involved in APS

Table 2

Auxiliaries for the Auxiliaries

Firm & Location Products

Atlas Powder Co., Wilmington, Del. Squibs, explosives

Bermite Powder Co., Saugus, Calif. Black powder, igniters

E. 1. duPont de Nemours & Co., Wilmington, Del. Squibs, explosives

Hercules Powder Co., Wilmington, Del. Squibs, explosives

Remington Arms Co., Bridgeport, Conn. Propellant explosives

Picatinny Arsenal, Dover, N.J. Propellant explosives

Table 3

The APS Scene in the United States

Firm & Location Type Products

ABMA, Huntsville, Ala. L

Aerojet-General Corp., Azusa, Calif. S&L

Allegany Ballistics Lab. S

American Rocket Co., Wyandotte, Mich. S&L
Amoco Chemicals, Seymour, Ind. S

Armour Res. Found., Chicago, III. S&L
Astrodyne, Inc., McGregor, Tex. S

Atlantic Research Corp., Alexandria, Va. S&L
Buffalo Electrochemical, Buffalo, N.Y. L

Experiment, Inc., Richmond, Va. S

Garrett Corp., Los Angeles, Calif. S&L
General Electric Co., Schenectady, N.Y. S&L
Grand Central Rocket Co., Redlands, Calif. S

Frankford Arsenal, Philadelphia, Pa. S

McCormick-Selph Associates, Hollister, Cal. S

National Northern Co., West Hanover, Mass. S

Olin Mathieson Chemical, E. Alton, III. S&L

Phillips Petroleum Co., Bartlesville, Okla. S&L
Propellex Chemical Corp., Edwardsville, III. S

Rocketdyne, Canoga Park, Calif. S&L
Rohm & Haas, Redstone Arsenal, Ala. S

Reaction Motors, Inc., Denville, N.J. S&L
Southwest Research Inst., San Antonio, Tex. S

Standard Oil Co. (Ind.), Whiting, Ind. S

Stauffer Chemical, Buffalo, N.Y. L

Sundstrand, Pacoima, Calif. S&L
Thiokol Chemical Corp., Trenton, N.J. S

Thompson Products, Cleveland, Ohio S&L
Universal Match, St. Louis, Mo. S

USNARTS, Dover, N.J. L

USNOTS, China Lake, Calif. S&L
US Naval Propellant Plant S

Vickers, Inc., Detroit, Mich. S&L
Wyandotte Chemical, Wyandotte, Mich. S&L

APS, hydrogen peroxide
APS, composites, double base,

liq. monoprop., CAD
APS, CAD, double base
APS, CAD, composites, liquids

APS, solids (composites)
APS, CAD
APS, composites
APS, CAD, composites, gels

APS, hydrogen peroxide
APS
APS, APS
APS
APS, CAD, composites
APS, CAD
APS, CAD
APS, CAD
APS, CAD, composites, double

base liquid fuels

APS, CAD, liq. monoprop.
APS, CAD, composites, double-

base

APS, turbopumps, etc.

solid propellants

APS, composites & liquids

APS
APS, composites
monopropellants
APS
APS, composites
APS, solids, gels

APS, CAD
monopropellants
double base, comp., monoprop.
propellants

APS, hot gas systems
solids & liquid monoprops.

GROWTH OF THE auxiliary power systems is reflected heavily in these tables of

companies active in this promising field. The large, the small and the medium-sized

companies are involved. The table is not conclusive, but is merely representative of the

scope of activity in auxiliary power systems field.
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SANBORN
Transducers

FOR LINEAR MEASUREMENTS.

DISPLACEMENT
LINEARSYN Differential Transformers

Six series of Sanborn Linearsyns— three
of the shielded type, three unshielded —
are available, with five models in each
series. Linearity is better than 1 % of full

scale output in all models. Temperature
range is from —50° to 205°F.
Special design features include coil assem-
blies hermetically sealed in epoxy, lami-
nated phenolic jackets (unshielded types)
or heavy plated steel jackets (shielded
types), improved lead wire strain relief,

high permeability alloy cores. Models with
axial leads are also available on special
order. Within each series all models have
identical diameters, tap sizes, lead wires

;

only the lengths of coil assemblies and
cores vary.

VELOCITY
LVsyn Velocity Transducers

LVsyn pickups may be used to measure
linear velocity directly, displacement with a
simple integrating circuit, or acceleration
with a differentiating circuit. There are
twenty-four models, all self-generating
with shielded cylindrical coil assemblies
and high coercive force permanent mag-
nets. Twelve models use regular magnet
cores; twelve have non-breakable magnet
cores. Characteristics of the two groups
are the same except for output sensitivity,

core length and weight. Features include
high sensitivity, single-ended or push-pull
output, accurate and stable calibration,
unlimited resolution, wide range of sensi-
tivities and sizes, temperature range of
— 50° to 200°F. They can be immersed in

hydraulic fluid. No mechanical connec-
tion between coil and core permits low
friction level. End stops or displacement
limits not needed; undamaged if limits
are extended.

"Probe"
u^ fS o-P-' f.°'

section to
S-nbotn ±0 .

70 ,

„w sensitivity.
"nea

'
s t w as 1U

I
t^oo. contact P- tod

°, eafb,de

Stainless * . j hearings*
arams. Sta,n . jeweled *>ew =>

T*o models- 580 P.
n

. aVurei inte gral

mounting;
5»i

cable.

for MULTI-CHANNEL RECORDING

Sanborn direct writing systems now include 1- to 8-channel "150" Series, with a choice of

12 plug-in Preamplifiers; new single-cabinet, compact 6- and 8-channel "350" and "850"

Series with interchangeable Preamplifiers, flush-front recorder with electrical pushbutton

chart speed control and transistorized Power Amplifiers, and numerous features for high

reliability and operating convenience.

For complete facts, call your local Sanborn Industrial Sales-Engineering Representative or

write the Industrial Division in Waltham.
(AM data subject to change without notice)

SANBORN COMPANY
Industrial Division

175 Wyman Street, Waltham 54, Mass.
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missile electronics

Power In Space:

New Developments

Seen Promising

by Peer Fossen

With the missile and space era came
demands for new and better electrical

batteries, both for ground use and for

auxiliary power applications in missiles

and satellites. Stimulated by this de-

mand, scientists set out to come up

with what was asked for—long-life

small units with high efficiency—and

an enormous amount of money to-

gether with tens of thousands of man-
hours was poured into improvement of

existing batteries and research and de-

velopment of new devices. However,

although there has been a steady prog-

ress along these lines, much remains

before the ultimate in the field is

attained.

Power systems for missile, rocket,

satellite and space craft electronics can

be divided in three main groups ac-

cording to the mode in which they

derive their energy:

( 1 ) Electrochemical

(2) Solar

(3) Nuclear

This article will review some of the

more important within each category

over the past few years, and discuss

what can be expected in the future.

Electrochemical Conversion—One
of the oldest members of the electro-

chemical battery family, the dry cell,

is still widely used for missile and re-

search rocket applications, since these

vehicles normally are intended for a

one-shot deal, and require power for

short periods only.

The electrochemical field, however,

has seen two important developments

during the past few years, viz; the zinc-

silver oxide cells and the hydrox fuel

cells, both types suitable for missile

applications.

Zinc-silver batteries are widely used

as airborne electrical sources because

of their high energy output, excellent

voltage regulation and relative small

size and weight. To gain maximum
power at the time of activation these

batteries are stored in a dry-charged

FINAL
]
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EXAMPLES of proposed systems to obtain larger amounts of solar energy.
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KEY OPENINGS
IN FLIGHT TEST

Chance Vought is adding several men
with strong flight test backgrounds
to help man accelerated programs.
Assignments involve Dyna-Soar, Regains
missiles, F8U Crusader fighter series,

ASW studies and sophisticated elec-

tronics developments. Following are

priority openings:

Thermodynamicist. M.S.A.E., with 5 to

6 years experience in heat transfer, hyper-

sonic flow, jet or rocket engines, extreme

altitude air data instrumentation. To guide

R & D in aerodynamics, thermodynamics,

or propulsion.

Electro-Mechanisms Engineer. M.S.E.E.,

or B.S.E.E., with 5 to 8 years experience

in servomechanisms, gyros, applied elec-

tronic design, instrumentation circuit

design, semi-conductor circuitry, computer
circuitry. To help direct R & D in electro-

mechanisms.

Telemetry Engineer. B.S.E.E., or

M.S.E.E., with 5 to 6 years experience in

the electronics of telemetering. To guide

R & D in the design and application of

electronic data.

Applied Mechanics Engineer. M.S.A.E.,

or M.S.M.E., with 5 to 6 years experience

in structural load analysis, dynamic analy-

sis, vibraticn stress analysis, applied math,

or inertial instruments. To conduct R&D
in instrumentation dealing with applied

mechanics.

Qualified engineers and scientists who
would like to join Vought's projects in

flight test are invited to inquire.

C. A. Besio

Supervisor, Engineering Personnel

Dept. P-7

CHANCE
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ac cu-ra-cy:

Vought Vocabulary

guided all the way, this long-range missile

pinpoints distant, hard-to-hit targets

This nuclear-armed "bird" is the supersonic missile

with which the U.S. can retaliate against the toughest

of enemy targets — distant, hard-to-hit military

fortifications.

Chance Vought's Regulus II provides the extra margin
of accuracy that enables the Navy to zero in on such

"small" — and deadly — strongholds as H-bomb store-

houses, submarine pens, ballistic missile bases.

The instant Regulus II launches, its advanced
guidance system takes control . . . constantly compen-
sating, correcting . . . keeping this Mach 2 missile on

target to the instant of impact.

In production now, Regulus II provides double
deterrence: the power to help forestall nuclear war —
pinpoint accuracy to deter localized trouble.

Scientists and engineers: pioneer with Vought in new
missile, manned aircraft, and electronics programs. For
details on select openings write to: C. A. Besio, Supervisor,

Engineering Personnel, Dept. P-7.

C HA N C E

INCORPORA DALLAS, TEXAS
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Major Southern California

missile operation has

for qualified graduate

engineers with experience in

Instrumentation Systems
with general knowledge of missile systems, including

propulsion, guidance, structures and electrical systems.

Guidance Systems
Experienced in research and testing of practical hardware, and

with mathematical background for systems analysis.

Flight Test
Background should qualify for planning and formulating

entire flight test programs.

Aerodynamics
Must be able to analyze missile configuration to determine

aerodynamic performance and stability and control

characteristics.

For information on these and other engineering positions, write:

Mr. H. B. Richards, Dept. 451

Missile Division

North American Aviation, Inc.

12214 Lakewood Blvd., Downey, California

MISSILE DIVISION -A
NORTH AMERICAN AVIATION, INC.

missile electronics
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EXPLORER SOLAR ring could deliver

as much as one watt of power if all cells

were illuminated at the same time.

condition and liquid electrolyte is

added just before the battery is used.

The theoretical maximum perform-
ance of the zinc-silver battery is 176
watt-hours per lb. At the present time,

on the order of 50% of this per-

formance is available.

Originally, electrolyte was manually
added to the individual cells. To over-

come the disadvantages of hand filling,

automatically activated Zinc-silver bat-

teries have been developed.

Automatically activated silver-zinc

batteries consist of a dry-charged bat-

tery pack and an activator containing

the electrolyte and a device for moving
the electrolyte from a reservoir into the

pack. Some method of heating the bat-

tery is also needed to permit effective

operation at low temperatures.

The hydrox cells—also known as

fuel cells—work on a principle which is

basically a reversal of the process of

electrolysis of water. That is, the hydro-

gen used as the fuel is oxidized to

water, and electrical energy is pro-

duced. The hydrox battery has a sub-

stantially higher theoretical maximum
performance than the zinc-silver device

—on the order of 1700 watt-hrs per lb.

The currently available perform-

ance is approximately 300 watt-hours

per lb. and 3 watt-hours per cubic in.,

including the weight and volume of the

containers for the feed-gases needed to

operate the system. Work is being car-

ried out to develop containers of ma-
terials with high strength-to-weight

ratio.

The 300 watt hour per lb. per-

formance was achieved with liquid

oxygen stored at 600 psi and hydro-

gen at 6000 psi. With light weight con-

tainers the watt-hours per lb. figure

would have been considerably higher,

maybe as much as 150%.
The zinc-silver and hydrox cells

missiles and rockets, November 3, 1958



Solution

To align radar antennas with extreme accuracy.

Kollmorgen 30X Collimator.

Measures wilhin a pencil's width at a mile.

Kollmorgen instruments

like these are bridges between

the eye and the invisible.

The various instruments on this page all have

one purpose in common—they allow the observa-

tion and measurement of objects which it would

otherwise be impossible to see in detail. In

bunkers, under water, in the absence of light,

in the presence of radioactivity and under many
other adverse conditions, Kollmorgen remote

viewing instruments have brought the eye of

the observer to the heart of his problem.

A letter to us with a simple sketch illustrating

your remote viewing problem will place one of

America's most respected and versatile de-

signers and manufacturers of optical instru-

ments at your service. For more information

write Department ION.

optical corporation
347 KING STREET. NORTHAMPTON, MASS.

Problem

Solution

Remote viewing in the presence of

harmful radiation, heat, pressure, water

or toxic gases.

KoHmorgen Wall Periscopes with non-

browning optics, corrosion-resistant ma-

terials, 180° scanning.

Prnblem

Solution

Detailed, long-range observation at sea

under varying weather conditions.

Kollmorgen 20X, 120 Ship Binocular.

Wide, bright field. Hermetically sealed,

super lightweight.

P.":': -a

Solution

Internal inspection of inaccessible areas

of tubing, long bores, machinery, en-

gines, aircraft structures. .

Zeiss-Kollmorgen Self-illuminating Bore-

scopes. Diameters from .100", lengths

to 45 feet. Bright, clear field.
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Fluoroflex-T (Teflon) hose for high pressure systems

now tested to the new Resistoflex standard of

250,000
impulses

instead of industry-recognized 100,000 cycles

dept. 162 RESISTOFLEX Corporation, Rose/and, i N. J.

Circle No. 1 1 on Subscriber Service Card.

America's Best Commercial and

Industrial Reference Directory

A
a MONUMENTAL work, magnificently
bound, absolutely UP TO DATE and com-
pletely different, is the SEARCHLIGHT
for all Export and Import Merchants,
Commission Agents Manufacturers' Rep-
resentatives, Buying Agents and Makers
or Producers of the 21 AMERICAN, 19
EUROPEAN and 30 Countries of AFRI-
CA, AUSTRALASIA, includes Cities in

AUSTRALIA, INDIA, FEDERATION OF
MALAYA, NEW ZEALAND, likewise the
SOUTHWEST PACIFIC, and other Coun-
tries in the MIDDLE and FAR EAST.

CIRCULATION: 30,000 copies

These 70 countries where M. G. G. has

had wide circulation for fourteen years,

constitutes the BEST and SELECT market
for the U. S. A., due to the fact that im-
ports from the U. S. A. are 63 times

GREATER than the remainder of the

countries of the world.

This will be a wonderful opportunity
for you to present your products to

the most outstanding and selective IM-
PORTERS of the Universe, and assures

to you a prompt and widespread pro-
motion if you advertise in «MAYER'S
GRAND GUIDE.. Our N.° 9 issue

for the year 1959 is in process of ad-

vanced preparation and printing will

soon commence.
This highly recommended Guide is

printed on first class paper, and is

written in two languages: English and
Spanish.

. . . missile electronics

are only two of many developments

within the electrochemical field impor-

tant to missile and satellite power re-

quirements. Other projects currently

in the research stage include lead-silver

oxide, iron-silver oxide, zinc-nickel di-

oxide, and cadium-mercuric oxide bat-

teries.

Solar Conversion—On October 17,

the Vanguard I satellite had been in

space for seven months. That in itself

is a milestone since no other man-made
satellite has been orbiting that long,

but of equal significance is the fact

that one of its radio transmitters is still

in operation, and that the power used

to operate this transmitter is generated

in outer space.

The satellite utilizes six solar clus-

ters, each containing 18 cells, dis-

tributed over the surface of the sphere

in such a manner that the equivalent

of one cluster is always turned toward

the sun. The solar cells, developed and

produced by Hoffman Electronics and

made into clusters at the U.S. Army
Signal and Development Laboratory,

work on the photo-voltaic principle by

which light energy is converted directly

into electrical power, without the inter-

mediary of rotating equipment.

The second transmitter in Vanguard
I, as well as the transmitters in our

Explorers and Soviet Sputniks, with

the exception of Sputnik III, were sup-

plied with power from conventional

batteries and ceased operation after

only a few weeks in space. Sputnik HI,

which was launched on May -15 this

year, and which is reported to be

equipped with solar devices for genera-

tion of power, is also transmitting at

the present.

• Vanguard is first—The Vanguard
solar energy converter undoubtedly

will be remembered as a "first" in

the history of science, but it and other

photo-voltaic systems are far from the

ultimate in solar conversion in their

present state for satellite and space-

craft application. The main drawbacks

are fairly low efficiency and sizeable

weights. The units being produced at

the present operate at an efficiency on

the order of 10 to 11%. Another prob-

lem is the high cost of materials used

in the manufacture.

There are many research projects

underway to explore new materials to

overcome the inefficiency in present

solar cells and to develop new and

improved methods for clustering these

cells to obtain more electrical energy.

This article shows two possible

methods for drawing more of the

power the sun has to offer.

For example, there is a satellite,

missiles and rockets, November 3, 1958
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AMPEX INSTRUMENTATION TAPE
Some significant differences will sh

It's like buying premium gasoline to get the most
out of a new 10-to-l-compression automobile engine
— (except that this is the deadly serious business of

collecting elusive facts). After you've acquired the

best instrumentation tape recorder you can buy, you
will get the most out of it by using the best tape that

knowledge and skill can produce. In instrumenting a

jet engine, programming a computer or firing a mis-

sile, great sums are expended solely for the data they

produce.

By comparison, a small extra price you pay for

Ampex's premium-quality tape shrinks to insignifi-

cance. Highly tangible differences in Ampex Instru-

mentation Tape are a smoothness of surface, square-

ness of hysteresis curve, and precision of reel. The
latter is optional — usually well worth its price.

EXTRA SIGNAL-TO-NOISE RATIO
In direct recording the tape generally determines

signal-to-noise ratio. This is of particular importance

on frequency-multiplexed data where combined
peaks can result in high signal levels. Unless the tape

has exceptional qualities, the consequent intermodu-

lation distortion gives severe interchannel interfer-

ence and signal degradation. Ampex attacks the

problem on both ends, extending the linear portion

of the tape's recording curve and reducing noise

components.

The hysteresis curve of a magnetic tape is the key

to this extended linearity. Call it the tape's personal-

ity. It can sluff over in a lazy curve, or like Ampex
tape it can sit up straight

and square. The effect is

easy to measure and com-
pare. Set your recorder for

optimum bias for each tape.

Then record increasing sig-

nal levels until 1% third har-

monic distortion is meas-
ured. One of our published

papers gives full details.

And about the noise. Amplitude modulation is an
important source that we can reduce. On sine waves
it looks like whiskers on the peaks. It is due to incre-

mental variations in effective magnetic characteris-

tics — whether caused by changes in coating thick-

ness and composition, or by surface roughness that

lifts the tape slightly away from the heads. Ampex
pays special attention to oxide preparation and coat-

ing techniques. And the exclusive Ferrosheen proc-

ess gives a smooth polished surface. For a test com-
parison, saturate sample tapes in one direction. Then
measure the comparative noise levels on playback.

FM-carrier recording and NRZ digital are also im-

proved by tape-surface smoothness and Ampex's
squareness figure of merit— (subjects for future num-
bers in this series). In the meantime if you like your

facts in depth and want to make your own tape tests,

we would be pleased to send our recently published

technical papers on tape. A technique for setting op-

timum bias is included and will be particularly use-

ful. Write Dept. B-17.

AMPEX INSTRUMENTATION DIVISION
Phone your Ampex data specialist for personal attention to your tape
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together with a folded, solar-cell cov-

ered collector contained within the

nose cone of a missile. The satellite

and collector are ejected at the same
time and the collector is expanded,

exposing the large solar cell surfaces to

the sun. A design such as this can be
developed to deliver up to several hun-

dred watts.

The second method, involves con-

centrating light on a small number of

solar cells. This would result in a

major increase in electrical output. The
system consists of a supporting con-

tainer—expanded by gas pressure after

ejection—which holds simple reflectors

that focus the incident solar rays on
the active solar converter surface. The
effect would be the same as having

the reflecting surface covered with

solar cells.

There are several projects in the

research stage which would completely

abolish the solar cell for power con-

version. One of the most interesting is

the photoelectric generator being de-

veloped by the Astronautics Institute

of the Westinghouse Air Arm Division.

(The basic principles of this generator

NEW...
MISSILES &
SPACE SYSTEMS
DIVISIOI
• • has unusx

positions for outstanding

andSCsilriSTS

! UNITED AIRCRAFT CORPORATION

fy attractive

Recently a new division was created at
United Aircraft Corporation . . . the Missiles
& Space Systems Division. It has joined Pratt
& Whitney Aircraft, Sikorsky Aircraft,
Hamilton Standard and Norden as a member
of the corporate family.

Outstanding scientists and engineers who
were currently working on missiles and space
problems in these divisions have been brought
together in this new organization. They are
working as a closely interlocked team to focus
their combined skills on advanced air-space
concepts and systems.

Only months old, this new division is al-

ready in an explosive period of growth.
Already there is an immediate need for more
. . . many more . . . scientists and engineers
who want to specialize in the newest aero-
nautical sciences.

The advantages are obvious. This is a new,
fast-growing division in an area of science with
a fabulous potential. Yet it has the inherent
stability of a corporate giant noted for brain-
power, aeronautical "know-how" and great
financial strength.

If you are a scientist or engineer who wants
an opportunity to demonstrate ability . . . and
win the recognition and rewards of ability . . .

we suggest you contact us immediately.

Positions are available

at all levels in . . .

Radar

Guidance

Electromagnetics

Space Technology

Missile Systems

Airborne Accessories

Advanced Technical

Military Planning

Systems Integration

Aeronautics

Military Requirements

Reliability

Astronautics

Countermeasures

Other openings for Senior
Sales Area Representatives
and Senior Systems Sales
Engineers. A thorough
knowledge of military pro-
grams on major missile and
space systems is required
with at least 10-15 years of
applicable experience.

Please send your complete resume, including salary requirements, to Mr. John B. North.

MISSILES & SPACE SYSTEMS DIVISION
UNITED AIRCRAFT CORPORATION . EAST HARTFORD 8. CONN.
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were described in m/r, Sept. 22, 1958,

p. 15).

• Design is flexible—The design of
this device is extremely flexible, and
the generator can be made in any size

and power category—within practical

engineering limits.

For satellite and space-craft ap-

plications, the sun-ray collecting sur-

face of the generator apparently will

be some inflatable device of round
shape trailing the vehicle, with dioxide

used for inflation. By using the round
shape, the problem of proper orienta-

tion is eliminated.

The maximum theoretical conver-

sion efficiency for the photoelectric

converter appears to be about 25%,
which would mean power yields of

about 375 watts per square meter. A
crude working model in the Westing-

house Laboratories has performed at

efficiencies of about 1/10 of one per-

cent. Efficiencies of a few percent are

expected before long, and a 10%
efficiency will perhaps be attained

within one year.

• Nuclear conversion—The interest

in finding methods to convert nuclear

energy into electrical energy for

auxiliary power application in space
j

has grown tremendously over the past
;

few years. The interest is shared equally
I

by industry, research organizations,
j

universities, branches of government

'

and the military services. Much good
work has been accomplished in the

nuclear field, and according to Con-
gressional testimony earlier this year,

|

the project of providing nuclear aux-j

iliary power for space vehicles (RoverA
Pluto and Snap) looks promising.

Several types of nuclear batteries

have been developed and are available,

but their use is limited to applications

with extremely low power demands,

since they supply only a few micro-

watts. Some of the conversion methods
in these batteries are:

a) direct charging (high impedance
]

and low current); b) contact potential
I

difference (very low efficiency); c)

semiconductor junction (higher current

and lower impedance than the direct
j

charging type, but having short life);]

d) thermo junction (low efficiency and

short life); or e) photovoltaic (con-J

stant voltage).

In spite of the fact that many prob-

1

lems have been solved in connection!

with nuclear conversion, there is still
j

much work to be done, especially fori

devices to answer high power demands.

High on the list of unsolved prob-

lems is that of shielding, which pre-]

sents an obvious drawback, particularly

to small space vehicles. Much effort

is being put into projects tending to

rectify this situation, and hopes are

that the weight problem will be re-

missiles and rockets, November 3, 1958
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An invitation

to

senior scientists

and

engineers
J

A $14,000,000 R&D Center,

housing 9 new laboratories, was

revealed as core of Republic's

$35,000,000 Research and

Development Program at recent

announcement by Mundy I. Peale,

President, and Alexander Kartveli,

Vice-President for Research

and Development.

.•..To join Republic Aviation's new
$35 million Research and Development Program

for spacecraft, missiles and advanced aircraft

In announcing Republic's $35 million research and development program, designed to arrive

at major breakthroughs in the aviation industry's transition to astronautics, Mundy I. Peale,

President, set the following objectives:

".
. . ACCELERATION OF PROJECTS ALREADY UNDER WAY AT REPUBLIC

ON LUNAR PROGRAM FOR MANNED SPACE VEHICLES, AND MISSILES

TO DESTROY ORBITING WEAPONS, AND INITIATION OF INVESTIGATIONS
LEADING TO NEW CONCEPTS FOR INTERPLANETARY TRAVEL."

"...RADICAL NEW FAMILIES OF LONG-RANGE AIR-TO-AIR MISSILES AND
AIR-TO-SURFACE BALLISTIC MISSILES FOR STRATEGIC AND TACTICAL
AIRCRAFT."

"...VERTICAL TAKE-OFF FIGHTER-BOMBERS, HIGH-MACH FIGHTER-
BOMBERS, AND SUPERSONIC TRANSPORTS."

Alexander Kartveli, Vice-President for Research and Development, emphasized that Republic's

program "will not duplicate in any way investigatory work currently in progress elsewhere,

but will stress novel concepts and new approaches to basic problems of missiles and space
technology."

The program includes construction of a $14 million R&D center to house 9 new laboratories,

and anticipates doubling the present research staff.

Senior men interested in the new possibilities created by a simultaneous exploration of all

aspects of Flight Technology are invited to study the functions of the new laboratories for

more detailed information:

SPACE ENVIRONMENTAL DEVELOPMENT LABORATORY

To simulate space flight conditions and test missile, satellite

and spacecraft systems and components; investigate human
engineering problems.

RE-ENTRY SIMULATION & AERODYNAMIC LABORATORY
To study hypersonic shock dynamics, real gas effects, heat

transfer phenomena and magnetohydrodynamics.

MATERIALS DEVELOPMENT LABORATORY
Study effects of high velocity, temperature, and space environ-

ment on materials for spacecraft, missiles and advanced weapons.

GUIDANCE & CONTROL SYSTEM DEVELOPMENT LABORATORY

To develop and test guidance and control systems for space-

craft, missiles and aircraft.

ELECTRONICS DEVELOPMENT LABORATORY

Study and explore all problems connected with highly special-

ized, complex electronic systems required for advanced forms

of spacecraft, missiles and aircraft.

ADVANCED FLUID SYSTEMS DEVELOPMENT LABORATORY

To develop and test fluid power systems for spacecraft and

missiles capable of operation under extremely high tempera-

ture, high pressure conditions.

MANUFACTURING RESEARCH & DEVELOPMENT LABORATORIES

To develop advanced manufacturing processes and techniques

for materials used in missiles and spacecraft. Laboratories for

each of the following areas : Non-Metallics, Metallics, Welding.

Qualified men are invited to write directly to:

A. Kartveli, Vice President, Research and Development

7 /ii/#/ir#o/v
Farmtngdale, Long Island, New York
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AERO-THERMODYNAMICISTS
EXPLORE HIGH-SPEED RE-ENTRY

A report to Engineers

and Scientists from

Lockheed Missile Systems—
where expanding missile

programs insure more

promising careers

Advanced weapon system technology has brought to the forefront problem areas

requiring attention to interaction between aerodynamic and thermodynamic
phenomena. Typical of these is the problem of high-speed atmospheric re-entry.

Expanding research and development activities have coincided with acceleration

on top priority programs like our Polaris IRBM. At the same time, positions

for qualified engineers and scientists have opened up that are unequalled in

responsibility or in opportunities for moving ahead.

Positions in aero-thermodynamics include such areas as: aerodynamic
characteristics of missiles at high Mach numbers; missile and weapon system

design analysis; boundary layer and heat transfer analyses in hypersonic flow

fields; and calculation of transient structural and equipment temperatures

resulting from aerodynamic heating and radiation.

In addition, openings exist at all levels in Gas Dynamics, Structures, Propulsion,

Test Planning and Analysis, Test Operations, Information Processing, Electronics,

and Systems Integration. For these and other positions, qualified engineers

and scientists are invited to write Research and Development Staff,

Dept. 291 1, 962 W. El Camino Real, Sunnyvale, California.

Lockheed MISSILE SYSTEMS DIVISION
SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, VANDENBERG AFB, CALIFORNIA

CAPE CANAVERAL, FLORIDA • ALAMOGORDO, NEW MEXICO

Maurice Tucker, Aero-Thermodynamics Department Manager, right,

discusses combined aero-thermodynamic re-entry body tests being >

conducted in Division's new "hot-shot" wind tunnel. Others are

Dr. Jerome L. Fox, Assistant Department Manager, Thermodynamics, left,

and Robert L. Nelson, Assistant Department Manager, Aerodynamics,
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THEORETICAL maximum performance

of zinc-silver batteries like this is about

176 watt-hours per pound.

duced to a considerable degree before

long.

A second problem in the develop-

ment of nuclear devices is the high

expense and low availability of pure

isotopes. Also on the list is the de-

velopment of power conversion equip-

ment for systems not using direct con-

version of nuclear energy.

Telemetering
Bureau of Standards

Tests Transducers
Because telemetering of flight data

is often limited by lack of informa-

tion on the performance of the tele-

metering transducers, the National

Bureau of Standards (NBS) is exten-

sively investigating these important

measuring links.

The program, carried on by NBS
for all services calls for development

of test methods which can be applied

to the selection, application, and im-

provement of transducers.

Several important findings, includ-

ing data on the inherent characteristics

of the principal types of transducers

and a clearer understanding of the re-

quirements for various applications,

have already resulted from the pro-

gram.

Main elements of the program so

far have been studies to predict trans-

ducer performance under the environ-

mental conditions encountered in flight

and the calibration of transducers in

terms of their dynamic response. The
environmental conditions imposed on
the units under study are the usual
ones of temperature, shock, pressure,

vibration, acceleration; extremes of
humidity, pressure shock, or acoustic

vibration.

In the studies of dynamic response,
the Bureau is especially interested in

pressure and acceleration measurements
since, in missile testing, more measure-

missiles and rockets, November 3, 1958

from research, design/ development and manufacturing

A NEW
SOURCE OF
FLIGHT TESTED
COMPONENTS

from PROPELLEX

solid propellant rocket motors

Whatever you need in the way of

propellants, explosives and cartridge

actuated devices, Propellex can

deliver in a minimum of time at a

minimum of cost.

! T

g&j? CHEMICAL CORPORATION^ P. O. BOX 167 • EDWARDSVILLE. ILLINOIS
PHONE: EDWARDSVILLE 340O

serving as prime contractor to tne

U. S. Government and to the nation's

aircraft and missile manufacturers.

Engineers and scientists with vision and ability

are invited to investigate the opportunities at
Propellex.

explosive bolts, frangible studs

Write today for

I free booklet

describing our
^ facilities, "This

| is Propellex".

Circle No. 13 on Subscriber Service Card.

23 NORTH ELM STREET,

WATERBUBY 10,CONNECTICUT

Otitgn and Manufacture el

EttclrcfMechanlcal Timing Device*

Circle No. 14 on Subscriber Service Card.
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Sylphon Seals for HOT SPOTS

Many of the newest fuel controls and fuel

pumps are using Sylphon Vee-Face Seals to

successfully overcome elevated temperature

and pressure problems. These all-metal seals

provide positive static sealing at tempera-

tures from —65°F. to +800°F. and pressures

up to 1000 psi. Sylphon Seals are corrosion

resistant and maintain their resiliency in

both storage and service.
WRITE TODAY FOR
BULLETIN VO-827

BELLOWS TYPE

ROTARY SEALS

for leakproofing rotating

shafts against fluids or

gases. ..handle shuff speeds

up to 20,000 R.P.M.
Mr. Contorts

CONTROLS COMPANY

FULTON SYLPHON DIVISION . Knoxville 1, Tennessee

46 Circle No. 15 on Subscriber Service Card.
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ments are made of pressure than of

any other quantity. One serious limita-

tion on the use of transducers in this

area has been lack of information of

the dynamic performance of trans-

ducers.

In the work at NBS, a shock tube

—designed and built for this purpose
by R. O. Smith and P. S. Lederer—
is being used. The tube provides a

pressure step-function of known value,

which can be applied to the trans-

ducer pressure gage under study. Gage
response is then displayed on an oscil-

loscope and photographed for futher

analysis.

The shock tube is used because it

is most effective in generating step-

function pressure changes of known
amplitude. It is constructed of flanged

steel sections, has a cross-sectional area

of 3 sq. in., a variable length compres-
sion chamber (from 3.4 to 12 feet)

and an expansion chamber 8 feet long.

The tube has three pairs of optical

glass windows, each pair provided with

a schlieren system and photomultiplier

tube to give a pulse when the shock

wave passes. Possible pressure steps

last 4 to 5 msec with a step rise time

of less than 10"8 sec.

Pressures in the compression cham-
ber range up to 1000 psi and expan-

sion chamber pressures reach 350 psi.

By using air on both sides of the

diaphragm, shock step heights up to

600 psi are generated. The use of

helium instead of air in the compres-

sion chamber allows the shock step

heights to reach 1000 psi. Amplitude

of the step is determined from the

measured value of the initial expansion

chamber pressure and the shock wave
velocity.

In the studies of transducers used

as accelerometers, one method is to

rotate the accelerometer in the earth's

gravitational field and another uses a

specially designed dual centrifuge. Cali-

bration of acceleration transducers

does not present problems at frequen-

cies from 10 to several hundred cps,

but when the frequency of interest lies

below this, satisfactory test equipment

has not been available.

In the dual centrifuge, a known
frequency is introduced to the accel-

erometer under test and the resulting

response curve presents a convenient

way to read the dynamic characteristics

of the unit. The dual centrifuge is a

rotating table carrying a second smaller

spinning table which the accelerometer

is fastened.

The tables are rotated in a horizon-

tal plane at a speed where the trans-

ducer under test is carried around a

circular path without rotation.

missiles and rockets, November 3, 1958



TO

-hot
WITH

SOLID C02

LIQUID CO?

unexcelled as a refrigerant, as an inerting agent

Pureco C02 in liquid or solid form is a convenient,

low cost, maintenance-free refrigerant of unlimited

capacity,which can be accuratelycontrolled for use

in low temperature testing and field conditioning.

Also, Pureco Carbon Dioxide is finding in-

creased use in providing an inert atmosphere in

test chambers and cells following or preceding

the testing, handling or storage of explosive or

combustible materials.

Pureco's Technical Sales Service is qualified

to assist you in adapting CO, to any particular

refrigeration or inerting application. Call your

Pure Carbonic representative. There are more
than 100 Pureco locations from coast to coast.

Pure Carbonic Company
A DIVISION OF AIR REDUCTION CO., INC.

150 EAST 42ND STREET, NEW YORK 17, NEW YORK

AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT • Products of (he divisions of Air Reduction Company, Incorporated,

include: AIRCO — Industrial gases, welding and cutting equipment • AIRCO CHEMICAL — vinyl acetate monomer, vinyl stearate, methyl butynol, methyl

pentynol, and other acetylenic chemicals • PURECO-carbon dioxide-gaseous, welding grade CO2, liquid, solid ("DRY-ICE") • OHIO-medical gases
and hospital equipment • NATIONAL CARBIDE— pipeline acetylene and calcium carbide • COLTON— polyvinyl acetate, alcohols, and other synthetic resins.
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HELP
/for engineers

!

I STANPAT—the remarkable tri-ace-

I tate that is pre-printed with your
' standard and repetitive blueprint

items, easily transferred to your trac-

fings by an adhesive back or front.

Relieves time-consuming and tedious

r detail of re-drawing and re-lettering

specification and revision boxes,

standard symbols, sub-assemblies,

components and cross-sections. Saves
1

hundreds of expensive hours of

( drafting time and money, frees the

' engineer for concentration on more

I

creative work.

so simple to use:

©PfEl e tri-acetate adhesive

from its backing.

(2) PLACE the tri-acetate in posi-

tion on the tracing.

©PRESS
into position, will not

wrinkle or come off.

STANPAT CO., Whltestone 57, N. Y., U.S.A.

Phone: FLushing 9-IA93-I4I I Dept. 16 I

B Please quote on enclosed samples.'

Kindly send me STANPAT literature and
|

samples.

Name —
Title .

Company —
Address I

48
Circle No. 16 on Subscriber Service Card.

space age

by Norman L. Baker

First Sentry shot near—Preparations for what may be the first

reconnaissance satellite launching attempt are now being finalized. The

first launch may be undertaken at Cape Canaveral in December or

January, instead of Vandenberg AFB as originally planned, using an

Atlas booster instead of a Thor. One of the Atlas gantrys at Cape

Canaveral is being modified and extended to facilitate working space

for the added upper stages.

Satellite's payload is reported to be a 250-lb. test prototype of

the large (1000 to 1500-lb.) version to be launched later. Direction

of launch is expected to follow the northeast flight path of the last

two Explorers in order to sweep a near-maximum area of the earth's

surface.

Bell leading Dynasoar contender?—The Space Flight and Missiles

Division of Bell Aircraft is favored to win a large slice of the Dyna-

soar space system whatever the outcome on prime contractor selec-

tion. The Bell and Boeing designs for the piloted final stage of the

system are similar in configuration and power output. For example,

early designs of both systems called for a flat underside for optimum

glide characteristics and heat dissipation.

Although all vehicle designs are far from the selection stage, two

boost systems are under consideration. One would use an extensively

modified Navaho-type system and the other would use the first stage

of the Titan ICBM. Bell early pioneered the rocket glide bomber con-

cept in this country through the efforts of Dr. Walter Dornberger,

military leader of the A-9/A-10 project for bombing New York City

during World War II. Dornberger tried to sell the concept then

known as BOMI, to the Air Force some five years ago. Another notable

boost-glide study was General Electric's C-3 program, a joint opera-

tion with Republic, which is now all but forgotten.

Rocketdyne to be dropped from X-15?—An upswing in develop-

ment progress of the XLR-99 Pioneer rocket engine at Reaction

apparently has convinced the Air Force that Rocketdyne, the back-

up engine contractor for the X-15, could be dropped from the

program. Reaction, bogged down earlier in the year for lack of

hardware support, has been able to regain a lot of lost ground with

delivery expected in time for first powered flight.

The National Aeronautics and Space Administration's budget is

expected to jump considerably during the next fiscal year as more

money is needed to carry for the "exploration of science and space at

high priority." NASA currently has about $301 million available for

fiscal year 1959, with close to $250 million of this being devoted

to space activity and facilities construction. Many observers feel that

$1 billion will be made available to the space administration as

annual working capital by 1960.
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What's new in I TITANIUM
j

pricing:

Recent price reductions in titanium metal—the

seventh initiated by Titanium Metals Corporation

of America since 1954—have provoked renewed

interest in the design properties of the material.

With prices down 45 percent from levels four

years ago, and weight, heat, and corrosion problems

severely increased in aircraft and missiles now
being devised, titanium metal's role is growing

ever more important.

The purchasing of titanium can sometimes be a

complex task. TMCA hopes it can help you in that

task by passing along some reminders on methods

to save money on the "price extras" that apply to

all orders of titanium metal. Of course, design con-

siderations are paramount, but sometimes slight

changes that can be tolerated by engineering can

mean large cash savings.

$ QUANTITY
Production costs decrease as the amount of

material being processed increases. Therefore,

quantity schedules have been established to pass

along economies to the purchaser. A customer

can often benefit by careful consideration of the

amount of material he is ordering, compared to

the quantity schedule as outlined in TMCA's
Buyer's Guide. In many cases, because of ap-

plicable quantity extras, upwards of 1,000 pounds
of titanium metal are available at no charge to

the purchaser. For example, a 10,000 pound ship-

ment of heat-treatable forging billet can cost

exactly the same as a 9,074 pound order; a 5,000

pound shipment of plate can cost exactly the

amount of a 4,802 pound order. TMCA's district

sales managers are always willing to help you
take advantage of the price breaks.

* PATTERN SIZES
Although ordering by pattern sizes is an estab-

lished procedure with more common engineering

materials, it isn't always the most economical

method with titanium. For example, when small

parts are to be cut from sheet, ordering "random
size" will save you 75 cents per pound of material.

The price allowance is applicable when specific

sheet sizes are ordered, but shipment is permitted

in. widths ranging from - 6" to +2" and lengths

ranging from -18" to +12". Weight of random

size sheets and exact size sheets of the same gage

can be combined when computing quantity prices

for a given order.

* TOLERANCE
Here important weight saving advantages are

accorded designers and cost savings accrue to pur-

chasing. Material specified Vi AISI tolerance

weighs 10% less than standard-tolerance material.

TMCA's district sales manager will be happy to

provide you information on grades and products

where this tolerance schedule applies.

* WIDTH
If you determine the end use of metal before

ordering, you will sometimes realize important

cash savings. For example, titanium metal 24"

wide is classified as "sheet," and sheet prices apply.

However, by ordering material Me" less in width,

strip prices apply at a savings of 50 cents to $ 1 .00

per pound.

* THICKNESS
A more substantial saving is possible in specify-

ing plate rather than sheet where the substitution

meets design requirements. Metal 0.187" thick is

priced as sheet. However, metal 0.1875" is priced

as plate at a savings of $2.10 per pound.

* SIZE
A size extra of 20 cents per pound applies to

billets 8" or less in diameter. However, billets

8%b" in diameter are supplied at base price. If the

additional W can be tolerated by design, the

financial savings on material can be realized.

These are just a few examples of the money
savings possible through careful study of the

"price extra" sections of your Buyer's Guide.

Fixed, published schedules are vital in guaran-

teeing standard quotations to all customers in

highly competitive work. By the same token,

TMCA customers will receive every pricing benefit

possible under these schedules.

If you are placing an order for titanium, or con-

sidering purchase of titanium, contact the TMCA
sales manager in your district. He can help save

you money and time.

TIMET

TITANIUM METALS

233 Broadway, New York 7, N. Y. [_

Clip out and mail coupon

for helpful Engineering

Data on TITANIUM

Bulletin 1 Properties of Ti-6A1-4V

Bulletin 2Heat-Treatability of Ti-6A1-4V|

Bulletin 3 Analytical Chemistry of i

Titanium '

Bulletin 4 Mechanical Testing of I

Titanium
j

Bulletins Properties of TM55A
Bulletin 6 Titanium Welding Techniques I

1 NAME

j

COMPANY

| STREET STATE CITY ZONE STATE
,

L J
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engineering
opportunities

with the TAPCO GROUP
of Thompson Products, Inc.

Rewarding Research Opportunities for engineering

specialists now exist in the Advanced Engineering Depart-

ment of the Tapco Group at Thompson Products. This is

a continuing and expanding program. The Tapco Group,

made up of five major Thompson divisions, is serving the

Aero-Space, Electronics, Nuclear and General Industrial

fields with fully integrated facilities for research, develop-

ment and production of structures, propulsion systems,

electro-pneumatic-mechanical auxiliary and accessory

power systems, electronic controls and check out equip-

ment, and fuel systems involving solid-state, liquid and

nuclear fuel studies.

If you would like to join the personnel of the Advanced

Engineering Department in satisfying work at the frontiers

of knowledge in these areas, there are opportunities for men
with the following experience

:

GAS DYNAMICS— Internal and external flow, single and two phase

flows, transonic and rarified gas flows.

HYDRODYNAMICS — Experience in boundary layer cavitation

and sound.

APPLIED MECHANICS SPECIALIST- Experience in trajectories,

system stability, system analysis and simulation techniques.

PROPULSION SPECIALIST-Familiar with gas dynamics and thermo-

dynamics of nozzle flows and combustion of solid and liquid

propellants.

INFORMATION THEORY ANALYST - Experienced in mathematical
analysis of mechanical and electromagnetic transmission
of information.

PHYSICIST—Familiar with the physics of gases and liquids, mechani-
cal and electromagnetic wave propagation within these media.

SOLID STATE PHYSICIST-To work on electronic elements.

MAGNETO HYDRODYNAMICIST—To work on advanced propul-

sion systems.

APPLIED MATHEMATICIAN—Experience in logical programming of
systems and interest in communication and probability theory.

Your complete resume should contain personal, educa-

tional, experience data, and salary requirements. Send to

Director of Placement. All replies will be held in

strict confidence.

Thompson Products, fnc.
23555 EUCLID AVE. • CLEVELAND 17, OHIO

Phone: IVanhoe 1-7500, Extension 402, 703

Founded in 1901 Plants in 19 Cities

Nineteen Research and Development Centers

Circle No. 17 on Subscriber Service Card.

Axial Flow Ram Jet

Has Rocket Application
An axial flow ram jet development

by Strato-Missiles, Inc., New York,
may mean a technological advance in

missile propulsion.

The patent application for the sys-

tem is classified. However, the jet re-

portedly can be adapted for use as an

anti-missile missile, a surface-to-air

missile, or short range surface-to-sur-

face missile. The basic elements, ac-

cording to the company, can be in-

corporated in any diameter or length

of missile configuration. The company
calculates that a 15-inch diameter mis-

sile will have an initial acceleration of

2,300 feet per second, or 1,800 miles

per hour.

Strato-Missiles said the system is

much cheaper to manufacture than the

conventional type of airplane jet en-

gine. Peak variations in the combustion
chamber reportedly amount to only

5% of the minimum combustion
chamber pressure.

The system centers around the de-

velopment of a differently designed

turbine. The turbine is bladeless, there-

fore there are no buckets to lose nor
a need for stator blades. Because of the

absence of any blades, the inlet gas

temperature can be very high without

the fear of blade cracking or aging.

There is no creep or interference, and
the speed of the turbine is limitless.

If used in a missile, launching

could be accomplished with almost no
preparation and in a very short time,

the company said.

Operational data has been accumu-
lated involving tests conducted with

various sized turbines. An 18" diameter

turbine, 3 !/i" wide, spinning at 9,000

RPM, has produced 300 horsepower

with an inlet pressure of 135 psi (steam)

freely exhausting to atmosphere. With

a vacuum exhaust, the horsepower

could almost be doubled. A 9%"
diameter turbine, 2" wide, spinning at

16,000 RPM, has produced 110 horse-

power.

Strato-Missiles is completing a pro-

totype test turbine.

Top Scientists To Meet
On Space-Medical Topics

Many of the nation's top space

scientists are scheduled to speak at the

three-day meeting of the second Inter-

national Symposium on the Physics and
Medicine of the Atmosphere and

Space.

The San Antonio meeting, which

will run from November 10-12, will be

attended by more than 600 scientists

and physicians working in the space

field. Chairing the opening session will

be Dr. Hugh L. Dryden of NASA.
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Truck installations supply pneumatic power for main

engine starting, cooling and heating, electrical power

for commercial jet powered airliners.

Dual carts for main

engine starting, air con-

ditioning and electrical

powerfor military aircraft.

AiResearch MA-1A
trailer for starting

military aircraft.

Nearly 2,500 in

the field.

ground
support

Air transportable pod for engine starting, cooling of

electronic equipment and pre-flight checkout for military aircraft.

Lightweight Freon system,

usually installed in a van or

trailer, for cooling electronic

equipment in support of missiles.

THE

AiResearch Aviation Service
Company ground support equip-
ment is tailored to meet turbine
powered aircraft and tactical mis-
sile requirements. Lightweight,
compact units can be designed to

specific configurations or
installed on standard vehicles.
Heart of the lightweight ground

support systems are AiResearch gas

turbine compressor power units. Capa-

ble of delivering both electrical and
pneumatic power, nearly 8,000 of these

units are operating successfully and
dependably in the field.

Support services can include : main
engine starting, pressurization and air

conditioning of cabins and compart-

ments, missile pre-flight check-out,

removal of snow and ice from aircraft

and equipment, supply of DC or AC
electrical power at any required fre-

quency, and low pressure, high flow

air for operation of a variety of actua-

tion systems. The units have push

button starting and operate without

delay under all weather conditions.

The Garrett Corporation, through its

AiResearch divisions, is the world s

largest producer of lightweight turbo-

machinery. The AiResearch Aviation

Service Company can package both

AiResearch equipment as well as that

of other manufacturers to meet your

individual ground support require-

ments. Your inquiries are invited.

AiResearch Aviation Service Division

International Airport, Los Angeles, Calif. * Telephone: ORegon 1-6161

Ground Support * Conversion and Modification * Custom Interiors • Electrical and Instrument • Radio and Electronics * Turn-Around Service
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For the rocket and missile speed up programs ahead.

.

.

Lebanon Steel's Special

Products Division offers

cast steel component parts

from 3 ounces to 300 pounds

TlME& c0 —

'

THIS (AST NOZZLE RING for a rocket engine illustrates how Lebanon Steel

Foundry can become indispensable to your missile or rocket program. Here
Lebanon's unique experience and facilities enabled production of a vital

component to proceed from drawing to finished part at minimum time

and at great savings in tooling and production costs.

This casting achieves all the advantages of precision methods. Tolerance

control demands absolute accuracy of core placement and smooth metal
surfaces cast precisely to drawing in order to reproduce the curved con-

tours of the internal passages, which would be virtually impossible to

machine. Cast holes are round on one side , rectangular on the other.

This casting was produced by Lebanon's CERAMICAST ® Process. No
other known method offers production of such an intricate stainless steel

component at anything approaching Lebanon's time and cost factors.

This experience is available to you now. To take the fullest advantage of

the assistance we can render in your rocket and missile prototype work,

consult us at the earliest stage of your design project.

|
Special facilities have been created at Lebanon to get all available

I foundry engineering help to you when you want it. For immediate

t^sss^ action on your inquiry, phone or write DEPARTMENT AM.

•Produced under licensing agreement with Shaw Processes, Ltd.

LEBANON STEEL FOUNDRY
AIRCRAFT AND MISSILES PRODUCTS SECTION

171 LEHMAN STREET LEBANON, PENNA.

Soviets Cite Progress

In Controlled Satellites

The Soviet Union has claimed the

solution of various problems in the task

of establishing oriented satellites and

automatic satellites. According to Ra-

dio Moscow, Prof. Dobronravov, a

Soviet astrophysicist, has stated that:

"Technical and industrial possibilities

for the construction of an automa-

tically-controlled satellite capable of

speeds of 6.85 miles per second now
exist in the USSR." Indications were

that this vehicle would be in a moon-
earth orbit.

Dobronravov also stated that the

necessary equipment for one or two

men to take a cosmic trip for ten days

could be placed in a vehicle with a

weight equal to Sputnik III. The Soviet

scientist noted that "the achievements

of Soviet science, technology, and in-

dustry allow the prediction that the

trip to the moon will be possible in the

near future."

There were no details given with

the statements.

There was also strong indication in

the Soviet press that work is well un-

derway on a fully-oriented satellite. An
automatically-oriented magnetometer

was installed in Sputnik III, as well as

two other measuring transducers which

made it possible to determine the satel-

lite's position relative to the Earth's

magnetic field and the speed of the

satellite's rotation about its own axis.

There was evidence that the Soviet

stabilizing system will combine gyro-

scopes and vernier jets.

SBA Wants Liaison

At Contractor's Plants

The Small Business Administration

has recommended to the Senate Small

Business Committee that SBA liaison

officials supplement military represen-

tatives at defense plants.

The recommendation was carried in

an SBA report to the Senate group and

termed the Defense Department system

"ineffective." The report was sharply

critical of DOD efforts to get small

business a larger share of the budget

dollar.

Under a Pentagon directive (ASPR
1-707.4), a military representative is

supposed to be assigned to plants to

determine the "adequacy of the sub-

contracting program as well as its de-

ficiencies and direct the necessary steps

for improvement to be taken." The

SBA report said this surveillance was

found ineffective and in some instances

wholly missing.
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LOW-NOISE
CHOPPERS

Close Tolerance

GEARS
T'p.D.to36"P-D.

GROUND FROM

HARDENED BLANKS

Gears ground on gear grinding machines de-

signed, made and used only by Vinco, have an
accuracy of tooth form, tooth space and a high

quality of finish seldom equaled. These fine

gears have been meeting the exacting require-

ments for jet engines, radar equipment, guided
missiles and instruments for many years. This

proven performance and experience is your as-

surance that Vinco ground gears will equal or

better specified tolerances and fulfill perform-

ance requirements.

These highly accurate gears can be produced
in pitches ranging from the coarsest to 240 and
in quantities from one to multiple thousands.

Master Gears
Vinco master gears provide

the most accurate means for

checking the rolling action of

production gears. Vinco pro-

duces extremely accurate
master helical (spiral), spur

gears and master worms.

VINCO CORP.
9111 Schaefer Highway
Detroit 28, Michigan

Circle No. 19 on Subscriber Service Card.
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ARE NOT
I

Proven reliability: for years

Bristol's external coil syncroverter®

choppers have exhibited their

extremely low noise and long life

characteristics in the most stringent

of applications.

For complete specifications, write

The Bristol Company, 150 Bristol Road,

Waterbury 20, Connecticut. B .43

BRISTOL
FINE PRECISION INSTRUMENTS FOR OVER 68 YEARS

Circle No. 20 on Subscriber Service Card.



NEW!
BENDIX CANISTERED INVERTERS
Withstand the Effects of Temperature, Vibration

and Acceleration at Blast-off and Will Function

Perfectly at Any Altitude, Including Outer Space

Bendix Canistered Inverters, envi-

ronment-free and completely
sealed, are now in production for

the Atlas and Thor missiles.

Designed for dependable and effi-

cient operation, Bendix Canistered

Inverters are completely sealed

against the effects of altitude and
can withstand conditions from
sea level to outer space.

Cooling techniques employed
enable these units to provide

full-rated output throughout the

flight without external cooling.

Both voltage and frequency regu-

lation are accomplished by static,

magnetic amplifier-type regula-

tors. Since these regulators have

no moving parts, output voltage

and frequency are not affected by

vibration and shock. The total

harmonic content of the output

voltage per phase is less than 5%.

Bendix Canistered Inverters are

the product of years of develop-

ment and experience in manufac-

turing electrical power equipment
for aircraft and missiles. They are

engineered to meet the strenuous

requirements in performance and
reliability called for in today's

(and tomorrow's) missiles. For
more detailed information write

tO RED BANK DIVISION OF BENDIX
AVIATION CORPORATION, EATON-
TOWN, NEW JERSEY.

West Coast Sales and Service: 117 E. Providencia

Ave., Burbank, Calif. Canadian Distributor: Aviation

Electric, Ltd., P. O. Box 6102, Montreal, P. Q. Export

Sales and Service: Bendix International Division, 205
E. 42nd St., New York 17, N. Y.

Red Bank Division
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astrionics

by Raymond M. Nolan

Despite all the furore about BMEWS and other long-range radar, don't

discount other means of missile detection. Many companies are using their

own funds in a gamble that effective missile detection will only come from

geomagnetic phenomema. One company spokesman said that the frequencies

employed will be high audio—which brings the electronics picture full

'round from the currently employed KMC frequencies. The method will

reportedly sense disturbances in the ionosphere and will have the dual

advantage of being passive and will operate over the horizon at the speed

of light.

Soviet activity around the South Pole has caused some concern to a

firm retained by the Army to look ahead in the ECM field. Main reason

for the disturbance—think how easy it would be to traverse a sensor

from Cape Canaveral to Vandenberg Air Force Base if you were sitting

on the bottom of the world and distance was no problem.

At the recent Association of the U.S. Army meet in Washington, AC
Spark Plug had a color picture (but not the hardware) of its miniaturized

Achiever stable platform. Used in conjunction with transistorized electronics

components, the system will probably weigh about half the present one
(estimated at 600 pounds). AC spokesmen said that the miniature units

were developed "mostly" with their own money. No buyer has been found

yet, but AC people are confident that the lightweight set will provide the

answer to "at least" one of the upcoming second generation missiles.

One Iitde-noted fact about the recent lunar probe was that it relayed

radio signals between Hawaii and England. Gen. Schreiver reportedly sur-

prised W. W. Kellog, head of the U.S. technical panel for IGY satellites,

with his announcement that signals from a transmitter in Hawaii were
picked up by the doppler command receiver in the lunar probe, altered

somewhat and rebroadcast by the small transmitter in the probe. The
signals were then picked up by receivers in Manchester, England and at

Cape Canaveral. Signals from Canaveral were also detected at Manchester
and Hawaii. Although this was only a test, it was the first time a signal

was relayed for such a distance, and it clearly indicates that the many
proposals for TV and communications relay satellites are feasible.

A "sun" computer, designed by the Sandia Corporation, is being used
for missile tracking. It is said to lessen the loss of projectiles against the

bright sun. To operate, trackers set the small computer on a scale map of
range, and then position the instrument's base on the specific camera station.

If the computer reading shows that the missile will pass between sun and
tracking camera at time of shoot, the firing time is changed to one where
the condition will not prevail (also shown on the computer).

Another item shown at the AUSA meeting was a "device" recovered
with the Jupiter nose cone. The so-called "device" was actually the fuzing
and arming system for operational nose cones. The unit, developed by Ford
Instrument Company and Picatinny Arsenal, is said to operate on inertial

principles.

Latest version of the Falcon being developed is the GAR 11. Using the
Hughes formula of even-numbered GAR's being radar-guided and odd-
numbered ones infra-red guided, this means that the latest one is an IR
bird. The GAR 11 reportedly has a nuclear warhead. Hughes people are
enthused about their latest missile and feel that it will provide the all-

weather capability that USAF wants.

missiles and rockets, November 3, 1958

NOW. . .A NEW SOURCE FOR

RAPE
:

'
'

GLASS

Hayward Scientific Glass Corpora-

tion, Whittier, California, has com-

pleted its new research laboratory for

melting special glasses in platinum

crucibles. The primary purpose of the

laboratory will be to develop and pro-

duce three types of glasses; those for

special and strategic application,

such as the rare element types;

those seldom manufactured, solely

because of normal lack of demand;

and glasses normally produced in

the United States but momentarily

not available in the size and quality

of pieces needed or in the rigid

refractive index tolerances required.

New formulas may be developed in

small melts, yielding 5 to 10 pounds

of glass; then large melts can be made

to provide production quantities.

Hayward
manufacturers of optical glass made

to the highest military standards

glass for massive optics • rare ele-

ment glass • lead glass • prototype

glass • slab glass pressings • custom

annealing • and research

Write today for technical data and

literature

Ha
SCIENTIFIC
GLASS

CORPORATION

217 MAGNOLIA AVENUE
WHITTIER, CALIFORNIA

Circle No, 21 on Subscriber Service Card.
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New Humphrey
do the work

dual-rate gyros
of two units

Now important reductions in the space required for instru-

ment and control packages can be made with the introduction

of a new Humphrey rate gyro that replaces two ordinary gyros.

The new design utilizes a single motor to drive two separate

wheels in one unit. With this new development, it is possible

to measure rates about two different axes with an RG-18
Series Gyro or cover two different rate ranges about the same

axis with a single RG-20 Series instrument.

RG-18 gyros should find widespread use for applications

now requiring two instruments. For example, one unit could

be used to measure both pitch and yaw. The RG-20 Series,

with its two different rate ranges, may be applied to instru-

mentation systems where greater accuracy is required. For

example, a single unit can be furnished to cover the rate

ranges from 0—20 degrees/second and from 0—200 de-

grees/second. In effect, you expand the dynamic range of

your instrumentation system from 100 to 1 to 500 to 1. This

expanded scale gives you far greater accuracy.

The new rate gyros are built with two independent pick-

offs — one for each axis or one for each range. They meet

tough environmental conditions, such as temperature from

—65°F to 180°F while operating, relative humidity 100%,
unlimited altitude and excellent resistance to acceleration, vibra-

tion and shock. Phone or write today and let the kind of engi-

neering that developed these new dual-rate gyros go to work

for you.

Humphreq inc.

Br ELECTRO -MECHANICAL INSTRUMENTS

DEPT.M-118, 2805 CANON STREET
SAN DIEGO, CALIFORNIA

FOR COMPLETE SYSTEMS, SPECIFY HUMPHREY
GYROSCOPES, ACCELEROMETERS, POTENTIOMETERS
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new missile products

Rotating Mirror, Camera Study Speed Events
Two standard laboratory instru-

ments—rotating mirror and rotating

drum cameras—have been developed by
Avco Manufacturing Co. for studies of

radiation, explosive compound de-

velopment, solid fuel ignition and other

applications in the missile field.

Displayed for the first time at

the recent ISA instrumentation-auto-

mation conference in Philadelphia, the

cameras were developed and in use

for two years in connection with com-
pany research in high-temperature gas

dynamics and atmospheric reentry

problems involved in the Air Force
Titan ICBM program.

The rotating mirror camera, says

the manufacturer, records position vs

time relationships, sweeping the image
from a hypersonic object source onto
fast emulsion film strips.

Transducer System Checks

Lox or Fuel Levels

An airborne servo transducer sys-

tem has been designed for continuous

measurement of LOX or fuel head in

missiles, and is now on the market.

Wallace O. Leonard, Inc. claims

that the unit is based on a unique

force-balance servo system that makes
it possible to measure the height of a

column of liquid within very close

tolerances. Typical values for a 22-ft.

column are given as: repeatability of

0.040 in., hysterisis 0.080 in.

Additionally, because the trans-

ducer senses differential pressure be-

tween the bottom and top of the tank,

Part of the machine is a hexag-

onal, first surface mirror, rotating at

3,000 rps. The drum camera, in addi-

tion to making position-time records,

also can be used with a densitometer

to produce accurate data of hyper-

velocity phenomena.

Circle No. 292 on Subscriber Service Card.

normal LOX boiling will not cause

bad readings. Called Leonard model
502400-2, the system has two poten-

tiometer outputs, one fine and the

other coarse; and optional outputs in-

clude code generators, synchros, poten-

tiometers, or combinations of these de-

vices.

Circle No. 289 on Subscriber Service Cord.

New Line of Air Valves

for Missile Test Stands
Designed to provide fast response

and leak-free operation. Sinclair-Collins'

line of 5,000 psi air control valves is

now on the market.

The valves are flange-mounted and

diaphragm operated, with aluminum

bronze billet or alloy steel bodies, and
were developed for use on missile test

stands, or other applications requiring

precise control of ultra high pressure

air.

Sleeve-type construction, employing

replaceable hardened stainless seat

sleeve insert in the valve body, is said

to maintain perfect alignment of valve

stem and seats at all times. Stellite-

faced stem seats are standard. Com-
plete interchangeability of precision-

ground lapped stems and seat sleeves

simplifies in-service maintenance.

Circle No. 299 on Subscriber Service Card.

Ceramic Resists Extreme

Heat-Shock Applications

Pressed ceramic parts which the

manufacturer says can withstand ther-

mal changes such as those involved in

water quenching from 2.200 deg F, are

now available in production lots.

Named ThermoShock HT-2 ce-

ramic, the new material is a product of

Duramic Products Inc., and is the result

NOTE: For additional information

about any product mentioned in

this section of Missiles and Rockets

use the attached prepaid reply

cards. Circle numbers shown on

the reply card that correspond with

numbers appearing beneath items

described. If no circle number ac-

companies the article or advertise-

ment, give page number (and ad-

vertiser's name) on line provided
at bottom of the card.

Your requests for information

will be forwarded promptly to the

"companies concerned.

The Editor
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Men who know

TURBINES, PUMPS, COMPRESSORS
Get in on the development of the most

advanced high-speed rotary equipment ever built

Here's your opportunity to step up to a new, higher level of

turbo-machinery technology— the Large Rocket Engine.

Whatever type of rotating machinery you know best, your

experience could be extremely valuable in the important develop-

ments now going on at Rocketdyne. The seasoned and ambitious

man who has cut his teeth on jet engines, steam or gas turbines,

or other elements of rotating machinery, is urgently needed to

apply mechanical principles to meet the increasing demands of

power plant performance.

The combination of high speed, light weight, heavy loadings

and exceptional pressures required in rocket engine work is lead-

ing to an entirely new breed of high-performance rotating

machinery . . . and a new breed of engineer. You can be one of

this advance guard of the turbo-machinery field— if you have the

desire to build your professional status by accepting new
challenges.

Rocketdyne is building high-thrust rocket engines for the

nation's major missiles. You'll work with the leading producer in

the nation's fastest growing industry. You and your work will

be recognized as a vital part of the overall achievements. Testing

facilities are among the world's finest. The power produced is

beyond anything ever before thought possible. If you would like

to tackle new assignments working alongside some of the finest

minds in turbo-engineering, write and tell us about your back-
ground: Mr. D. L. Jamieson, Rocketdyne Engineering Person-
nel, 6633 Canoga Avenue, Canoga Park, California.

ROCKETDYNE I*
A DIVISION OF NORTH AMERICAN AVIATION, INC.

BUILDERS OF POWER FOR OUTER SPACE

. . . new products

of a two-year development program by
the company's engineers. Key to the

ability to withstand extremely rapid

temperature changes is ThermoShock's
zero thermal expansion over a 2,400

deg F temperature range.

Applications include copper brazing

locators; projection and spot welding

jigs, shielded arc welding jigs.

Circle No. 285 on Subscriber Service Card.

Rocket Thrust Controller

Senses Small Errors

Capable of sensing and correcting

small errors in thrust chamber pres-

sure in liquid propellant rocket engines

is the claim of a new hydromechanical

controller now on the market.

The controller corrects errors by

producing a rate of change in the

actuator position.

The actuator, an integral part of the

control, can be used to govern the flow

58 No. 22 on Subscriber Service Card.

of propellent to a gas generator by the

flow of hot gas from the generator to

the turbine, thus controlling the tur-

bine speed and propellent flow to the

main rocket trust chamber, according

to Bendix Products Division.

A two-stage pressure regulator ob-

tains accurate reference, a high-gain

pressure error sensing diaphragm and

a two-stage hydraulic amplifier com-

prise major portions of the system.

Accuracy and load insensitivity are ob-

tained by well-known servomechanism

techniques, such as degenerative ac-

tuator velocity feedback.

Circle No. 290 on Subscriber Service Card.

Gasket and Seal Material

Withstands Fluid Attack

A Teflon-felt material, said to con-

sist of pure Teflon fibers impregnated

with a Teflon resin, is claimed to have

a wide temperature range, and to be

usable continuously from below minus

100 deg F to plus 400 deg F. Under
certain conditions, according to General

Plastics Corp., the material has been

used up to 600 deg F.

The manufacturer claims that, since

the felt is all Teflon, it will withstand

attack by strong acids and bases, and

is unaffected by water or any common

missiles and rockets, November 3, 1958



EQ MICRO SWITCH Precision Switches

Four switches to meet special conditions

in airborne and missile launcher applications
These four special switches are alike in that all are sealed in enclosures

filled with inert gas under pressure. Also, in each switch a scraper ring on
the actuator shaft prevents jamming or binding even in ice or mud. And
all are manufactured with the utmost care and precision.

1EN75R 1EN76R
Has plunger actuator; Has plunger actuator;
miniature Deutsch recap- miniature Deutsch recep-
tacle at bottom. tacle at side.

These new switches withstand

high shock . . . meet require-

ments of MIL-S-901B

Shock resistant. Meet requirements of MIL-S-
901B. Each switch contains two "SM" SPDT
basic switches. Operating force 6-12 lbs., re-

lease force 4 lbs.; overtravel .250 in. Rating:
28 vdc, 24 amps, inrush; 4 amps, resistive; 3
amps, inductive; 115 vac, 5 amps. Ask for Data
Sheet 152.

Plunger actuator Roller plunger actuator

These switches operate

dependably at temperatures

up to 600° F.

Hermetically sealed, high temperature DPDT
switches for reliable operation to 600° F.

Metal-to-metal and glass-to-metal seals in ac-

cordance with MIL-E-5272A. Operating force
6-12 lbs.; release force 5 lbs.; overtravel .250

in. Rating: 28 vdc, 5 amps, resistive; 2 amps,
inductive. Ask for Data Sheet 122.

Other MICRO SWITCH Precision Switches for

aircraft, missile, rocket, and launcher

applications include these . . .

A 4-pole DT as-
sembly with four
SPDT "SM"
basic switches
sealed in enclos-
ure only 1)4*
diameter.

Rugged limit switch for
missile shelter, erect-
ing, and launching
equipment. SPDT.

N—1.570

Versatile sealed
limit switch for
launching equip-
ment. Head,
arm, and operat-
ing direction ad-
justable. Two-
circuit basic
switch.

Your request for data sheets covering the
switches described above or for information
about the switches shown at left will receive

prompt action.

MICRO SWITCH . . . FREEPORT, ILLINOIS
A division of Honeywell

In Canada: Honeywell Controls, Ltd., Toronto 17, Ontario

Look in the Yellow Pages for the name of the
branch office and sales engineer nearest you.

jjj Honeywell
HONEYWELL

MICRO SWITCH PRECISION SWITCHES
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ELECTRONIC COOLING
Requirement: Stay within customer's envelope. Dis-

sipate 569 watts thru 13 x 10 in. cold plate and not exceed a

plate temperature of 173°F with cold plate air-in temperature

of 150°F. Provide areas for circuits to be mounted to cold

plate surface between power units.

Electronic guidance equipment mounted to both

sides of UAP cold plate, contained in UAP pres-

surized case ... for control of air-to-air missile.

AIR OUT

Answer: UAP cold plate configuration designed to pro-

vide adequate heat transfer from localized high, medium and
low heat concentration areas with air-in temperature at 150°F.

All requirements met with room to spare.

The hypothetical conditions as stated above are typical of the problems
that have come to us since the advent of electronically controlled super-

sonic missions.

UAP eminence in the heat exchanger field has been firmly established

over the years by delivery of systems and components of proved optimum
performance and reliability. Our experience covers the engineering and

production of devices for application as cold plates, gas-air heat ex-

changers, air-liquid heat exchangers, and associated controls; mechanical

refrigeration systems and expendable refrigeration systems. These can

function in the anticipated environmental conditions and utilize one or

more of the following heat sinks; ambient air, expanded bleed air, ex-

panded ram air, ram air, expendable refrigerant, or available liquid.

Make your requirements our responsibility. Call . .

.

CALIFORNIA 1101 Chestnut St., Burbank, Calif., VI 9-4236

NEW YORK 50 E. 42nd St., New York 17, N.Y., MU 7-1283

OHIO 1116 Bolander Ave., Dayton, Ohio, BA 4-3841

CANADA United Aircraft Products, Ltd., 5257 Queen Mary Road,

Montreal, Canada, Elwood 4131

afamous ^anufy Ojfcmcza^te<)wtfta& Mkce /P29

UNITED AIRCRAFT PRODUCTS, INC.
1116 BOLANDER AVENUE, DAYTON, OHIO
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FOR THE NAVY'S POLARIS

ALLOY STEELS

FOR HIGH

STRENGTH

DECONTAMINATION

BOOTH
Instantly ready for

vital FIRST AID

Miscues and accidental exposure to dan-

gerous propellants and other chemicals can

occur with shocking suddenness. Adequate

water irrigation is an important key to min-

imizing such injuries and subsequent
claims. HAWS Decontamination Booth is

the answer. . . a complete safety station for

immediate first aid.

HAWS MODEL 8600
DECONTAMINATION BOOTH
is made of durable, lightweight reinforced

fiberglass plastic, and features Haws Eye-

Face Wash Fountain, eight lateral body sprays

and overhead spray unit. All are simultane-

ously activated by weight on the base-

mounted foot treadle! Contaminated victims

are instantly "covered" with water that

floats away foreign matter from body and

clothing.

At aeronautical and astronautical installa-

tions everywhere, HAWS Safety Facilities are

important in boosting air-age safety pro-

grams. Find out what this equipment can

mean to your operation. Full details sent on

request, with no obligation.

DRINKING FAUCET CO.

1443 FOURTH 5T. • BERKELEY 10 CALIFORNIA

EXPORT DEPARTMENT • 19 COLUMBUS STREET
SAN FRANCISCO M, CALIFORNIA
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. . . new products

fuels, lubricants, hydraulic fluids or

solvents. Since most materials do not

adhere to Teflon, cleaning for re-use

is said to be simple.

Gaskets and seals exposed to severe

corrosion and elevated temperatures

are among the uses forseen for the

new material.

Circle No. 288 on Subscriber Service Card.

Ground-based Theodolite

Checks Missile Alignment
Now designed and in the process of

being fabricated is an optical azimuth
alignment electrotheodolite, primarily

for use with the Thor missile program.
The instrument is being built under a

$1.7 million subcontract, let by AC
Spark Plug to the Davidson Manufac-
turing Co.

The ground-based electrotheodolite

is said to be a precision optical device,

designed to monitor the azimuth align-

ment of the missile during pre-launch.

Circle No. 297 on Subscriber Service Card.

Subminiature Amplifier

Provides Variable Gain
An AC instrument amplifier, Model

2618, is said to satisfy requirements of

missile telemetry, is completely sealed,

and will operate continuously in am-
bients of 250 deg. F.

Endevco Corp. says the amplifier is

designed specifically for application

with company-made piezoelectric ac-

celerometers, with variable gain of 6
to 20. The unit is completely sealed.

Fully compensating feedback is said1 to

reduce harmonic distortion and non-
linearity to less than 1%, with a gain

stability of plus or minus 1%.
Circle No. 296 on Subscriber Service Card.

Regulator Diodes Give

Circuit Flexibiltiy

Silicon Zener Regulator Diodes

that are said to contribute to maximum
circuit flexibility are now available from
Motorola's Semiconductor Division.

Manufactured in both 10 and 50
watt power ratings, with voltage ranges

up to 200 volts, the diodes come in

several series. The 10MZ series is rated

for 10 watts at 55 deg. C, is housed in

Jetec, a standard 10-32-stud package.

The 50MZ series is housed in the

TO-3 package, with either plug-in or

solder-in features, as well as series

interlock construction for protection

against overvoltage on load. Both series

are available with either anode or

cathode connected to the case.

Circle No. 295 on Subscriber Service Card.

(Official U.S. Navy Photograph)
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obligation. Write Republic Steel,
~
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Building, Cleveland 1, Ohio $
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contract awards

LAST MINUTE AWARDS
CDC Control Services, Inc., auto-

matic control systems specialists of Hat-
boro, Pa., was recently awarded two con-
tracts of unspecified amounts. The first

of the contracts calls for a transonic cas-

cade tunnel control system for the divi-

sion's Flight Propulsion Laboratory. The
second requires CDC to furnish a com-
plete surge control system for five test

facility compressors.

A $l-million prime production con-
tract has been awarded to United Elec-

trodynamics of Pasadena, Ballastics Mis-
sile Center, following an earlier contract

under which United designed and de-

veloped a transistorized telemetry system
for the Air Force Alias, Titan and Thor
Ballistic Missile Programs.

From Boeing Airplane Company-
Telecomputing Corporation, Los Angeles,

has received $115,000 for production of

floated rate gyros for the Air Force
Bomarc missile.

From Army—Chrysler Corp., Detroit,

received a $2.1 -million contract for the

Jupiter missile program.

By Guided Missile Division, Chrysler
Corp.—A contract with an estimated value

of $450,000 has been awarded Allen B.

Du Mont Lab., Inc.

AIR FORCE
By the National Institute of Health of the

U.S. Department of Health, Education

and Welfare.
RIAS, a basic research institute sup-

ported by the Martin Co., has been
awarded grants for two research programs.

One, a grant award of $14,160, covers

a project to study the "Composition and
Metabolism of Chloroplasts." The second
is a grant award of $20,540 for a study

of the Mechanism of Photosynthetic Re-
duction of carbon monoxide.

By Headqr., Ogden Air Materiel Area,
U.S. Air Force, Hill Air Force Base,

Utah:
Boeing Airplane Co., Pilotless Air-

craft Div., Seattle, Wash., received $192,-

360 for technical data for IM-99A missile.

By Patrick AFB, ARDC, U. S. Air Force,
Patrick AFB, Fla.:

Westvaco Chlor-AIkali Div. of Food
Machinery received $37,240 for rocket
propellant.

National Co. Inc., Maiden, Mass.,
received $50,000 for standards primary
frequency.

By Headquarters, Air Force Flight Test
Center, ARDC, Edwards Air Force base,
Calif.:

Space Corp., Garland, Tex., received
$36,271 for installation of blast instru-

mentation system.

Electronic Engineering Co., Santa Ana,
Calif., received $35,808 for addition of
second airborne telemetry monitoring
system.

By HQ Cmdr. AMC, Wright-Patterson

AFB, Ohio.:

Airborne Instruments Laboratory,
Cutler-Hammer, Inc., Mineola, N.Y., re-

ceived $1 million for composite program
of study, planning and recommendation
for the electronic reconnaissance system.

Lear, Inc., Grand Rapids, Mich., re-

ceived $48,720 for indicators, attitude,

settable pitch, Model A and B for serv-

ice test on X-15.
Marquardt Aircraft Co., Van Nuys,

Calif., received $1,443,737 for qualifica-

tion tooling for RJ43-Ma-3 ramjet engine
in support of Bomarc missile program.

By Headquarters, Warner Robins Air
Materiel Area, USAF, Robins Air Force
Base, Ga.:

Goodyear Aircraft Corp., Akron, Ohio,
received $444,936 for repair/ modification
of TM076A weapon system.

ARMY
By Procurement Office, Aberdeen Proving
Ground, Md.:

Ampex Corp., Silver Springs, Md., re-

ceived $67,638 for recording equipment
for ARPA satellite tracking complex.

By Headquarters, Redstone Arsenal, U.S.
Army Ordnance Missile Command, Red-
stone Arsenal, Ala.:

Wall Tube & Metals Co., received
$28,235 for two items of stainless steel

tubing, type 304 round, seamless.

Thiokol Chemical Corp., Trenton,
N.J., received $240,017 for continued de-

velopment of XM20 and XM30 rocket

engines.

By Boston Ordnance District, Boston,
Mass.:

Raytheon Mfg. Co., Andover, Mass.,

AIRCRAFT TYPE
SWIVEL JOINTS

LOW TORQUE
PLANE

SWIVEL JOINT—
360° rotation in a
single fixed plane.

NEW SELF-
ALIGNING

SWIVEL JOINT-
360° rotation plus
15° side flexibility.

BARCO Offers
Two Standard Types

Here are the newest designs in the field! SEND
TODAY FOR BARCO CATALOG 269A. Since 1941
Barco Swivel Joints and special Flexible Assemblies
have met the precise requirements of in-flight and
other types of military equipment . . . conforming
to MIL-J-5513A and other specifications. Barco's
wide experience is yours to call upon in the develop-
ment of your particular project— aircraft, missile,

track vehicle or special installation— for

^/ I
hydraulic, pneumatic, oxygen, fuel, gas or

'j- liquid service. Barco Representatives are at

j
your service in the specification ofstandard or— | specialized adaptations of standard designs.

{
BARCO MANUFACTURING CO.
566M N. Hough Street • Barrington, Illinois

Serving Industry Since 1908

MOREHOUSE CALIBRATING

AND WEIGHING SYSTEM
• COMPLETELY TRANSISTORIZED
• BATTERY-POWERED
• EXTREMELY ACCURATE5

00

The new Morehouse Calibrating and Weighing System

facilitates the accurate calibration of load cells, thrust

stands, torque dynamometers, testing machines and other

force measurement equipment. It is also applicable as

a prime weighing system where extremely high accuracy

is essential.

The System has been transistorized for ruggedness and
reliability in addition to making battery operation possible.

It is readily portable and easy to operate. For details,

write for Bulletin 169.

Morehouse Machine Company
1742 Sixth Avenue, York, Pa.
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FOR THE NAVY'S POLARIS

TITANIUM FOR

WEIGHT

REDUCTION

(Official U.S. Navy Photograph)

Our metallurgists and engineers -

will be glad to work with your

personnel in developing the

most advantageous use of

Republic Stainless Steels, Alloy

Steels, and Titanium. There's no

obligation. Write Republic Steel,

Dept. MR-6155A, 1441 Republic

Building, Cleveland 1, Ohio

REPUBLIC STEI

Kentanium
Seal Ring

Kennametal
Seal Ring

KENNAMETAL

unlubricated seal rings provide

substantially zero leakage at

mile-a-minute rubbing speeds

At rubbing speeds of 4200 to 5400

ft./min., the hydraulically balanced seal

shown above achieves substantially zero
gas leakage. Excellent wear character-

istics of Kennametal and Kentanium*
Seal Rings make possible unlubricated

dry rubbing at peak speeds.

Stein Seal Company, Philadelphia,

Pa., solved major sealing problems on
many applications by using Kenna-
metal and Kentanium parts in their

hydraulic balanced seal design such as

illustrated above. Using rings made of

these hard carbide, wear-resistant com-
positions, it is possible to operate with

higher spring forces and in much higher

temperatures than when rings of con-

ventional sealing materials are used.

The outstanding physical properties

of Kennametal compositions provide

many more answers to rotary seal ring

problems in petroleum refining and
transportation, high-pressure high-

temperature chemical production and
nuclear power. For example, K501, a

platinum-bonded carbide, is used to

confine liquid oxygen and red fuming

nitric acid. Results reported by the

customer are "far superior to any pre-

viously-used materials, with no indi-

cation of face wear."

Various grades of Kennametal com-
positions hold economical answers to

your need for high YME, low thermal

expansion, high resistance to abrasion,

erosion, corrosion, impact and pres-

sures. For positive sealing, with little

or no maintenance, mating surfaces of

Kennametal Seal Rings can be lapped

to a flatness less than two light bands,

with a surface finish better than two
microinch.

For more information, send for Book-
let B-111A, "Characteristics of Kenna-
metal." Write to Kennametal Inc.,

Dept. MR, Latrobe, Pennsylvania.

Trademark 3175

INDUSTRY AND

KENNAMETAL
Circle No. 27 an Subscriber Service Card.
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received $497,933 for repair parts and
electronic components such as resistors,

capacitors, inductances and common hard-
ware.

Olio Mathieson Chemical Corp., New
Haven, Conn., received $49,484 for feasi-

bility study of fuels based on solids.

By U.S. Army Signal Corps, Fort Mon-
mouth, N.J.:

The DataTape Division, Consolidated
Electrodynamics Corp., has received a
$148,000-contract award from the U.S.
Army Signal Corps for the development
of a new type of narrow-band data-
recording system.

By District Engineer, U.S. Army Engineer
District, Albuquerque, N. Mex.:

Ramsey-Leftwich, Lubbock, Tex., re-

ceived $209,475 for Honest John facilities,

White Sands Missile Range, N.M.

By the Department of the Army:
Chrysler Corp., Detroit, Mich., re-

.

ceived a $2.1 million contract for the
Jupiter missile program.

Dean Construction Co., Inc., Long
Island City, New York, received $1.9
million contract for construction of a
special weapons building at Picatinny
Arsenal, Dover, New Jersey.

By U.S. Army Ordnance District, Phila-

delphia, Pa.:

Western Electric Co., Inc., New York,
N.Y., received $983,739 for Nike spare
parts & components.

Douglas Aircraft Co., Inc., Charlotte,

N.C., received $139,510 for Nike spare

parts & components.
University of South Carolina, Colum-

bia, S.C., received $11,366 for research

on "Temperature Dependence on Proper-
ties of Electrolytes in Non-Aqueous Sol-

vents."
Minneapolis-Honeywell Regulator Co.,

Philadelphia, Pa., received a $10,571 con-
tract for Nike-Corporal replenishment
spare parts.

Western Electric Co., Inc., New York,
N.Y., received $180,056 for Nike spare
parts & components.

By the U.S. Army Signal Corps:
The Electronic Defense Laboratory of

Sylvania's Mountain View Lab. received

a $3.6-million contract for the manufac-
ture of prototype equipment on a "quick

reaction" basis, field support and service,

and research and development.

NAVY
By Office of Naval Research, D.C.:

Stencel Aero Engineering Corp., Ashe-
ville, N.C. received $40,047 for research

and development of a very fast operating

powered parachute system.

Bendix Radio, Baltimore, Md., re-

ceived $335,680 for services involving

operation of minitrack satellite tracking

system sites.

Columbia University, New York, N.Y
received $36,886 for research and de-

velopment in the field of metallurgy.

Mellon Institute of Industrial Re-
search, Pittsburgh, Pa., received $70,227

for research on polymer structures and
properties.

Purdue Research Foundation, Lafay-

ette, Ind. received $36,000 for research

on heat transfer coefficients.

Pennsalt Chemicals Corp., Philadel-

phia, Pa. received $343,827 for research

in the broad field of synthetics and charac-

teristics of inorganic compounds and
materials.
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takes full advantage of

TITANIUM'S

W BIUTY

Drop Hammer Forging— Oven-heated to
1000° F., commercially pure titanium parts
are forged on cold drop hammer dies.

Stretch Forming—Titanium sheet is stretch-

formed on this huge machine, using electri-

cally heated dies, at Rohr's Chula Vista plant.

Fabricated Parts

Typical titanium parts fabricated by Rohr Aircraft for aircraft applications.

Any doubt in your mind as to titanium's versatility and

adaptability for forming and fabrication? Then check

these examples from Rohr Aircraft Corporation, Chula

Vista, California.

Rohr is a major manufacturer of aircraft parts and

airframe components. It uses Mallory-Sharon commer-
cially pure titanium and titanium alloys for many of its

forged and fabricated parts . . . takes full advantage of

the material's workability, as well as its high strength-to-

weight ratio, excellent corrosion resistance and high

temperature properties.

May we help you gain more benefit from titanium's

unusual capabilities? Our experienced Service Engineer-

ing group is ready to assist you. Or write for new bulletin

on Commercially Pure Titanium.

AAALLORY SHARON

64

MALLORY-SHARON METALS CORPORATION • NILES.OHIO

Integrated producer of Titanium • Zirconium • Special Metals
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STAINLESS STEEL

FOR HEAT

RESISTANCE

(Official U.S. Navy Photograph)

Our metallurgists and engineers

will be glad to work with your

personnel in developing the

most advantageous use of

Republic Stainless Steels, Alloy

Steels, and Titanium. There's no

obligation. Write Republic Steel,

Dept. MR-6155, 1441 Republic

Building, Cleveland 1, Ohio

REPUBLIC STEEL

CONVEX?

CAN
BUILD IT

HOUSINGS
FOR

AIRBORNE
ELECTRONICS

Complete manufacturing, processing and
inspection facilities housed in 500,000
feet of plant space ideally qualify

Kaman to produce housings and chassis

for even the most intricate airborne elec-

tronic equipment. Kaman's experience in

producing parts of magnesium and the
other aircraft metals to rigid tolerances
and specifications has earned it a part
in several missiles ond rockets programs.
Have you considered Kaman? Write for

equipment list and illustrated facilities

brochure to J.W. Marshall, Manager.

SUBCONTRACT DIVISION

THB KAMAN AIRCRAFT CORPORATION
BLOOMFIELD 9 CONNECTICUT
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when and where

NOVEMBER
Fifth Institute on Electronics in Man-

agement, American University,

Washington, D.C., Nov. 3-7.

13th Annual Symposium on Applied

Spectroscopy, Hotel New Yorker,

New York, Nov. 6-7.

Institute of Radio Engineers, Fifth An-
nual Meeting Professional Group
on Nuclear Science, Villa Hotel,

San Mateo, Calif., Nov. 6-7.

National Defense Transportation Asso-

ciation, 13th Annual Convention

and Logistics Forum, Sheraton-

Jefferson Hotel, St. Louis, Mo.,

Nov. 9-12.

School of Aviation Medicine, Interna-

tional Conference, Physics and
Medicine of the Atmosphere and
Space, Hilton Hotel, San Antonio,

Texas, Nov. 10-12.

Society for Experimental Stress Analy-

sis, 1958 Annual Meeting, Hotel

Sheraton-Ten Eyck, Albany, N.Y.,

Nov. 12-14.

National Security Industrial Associa-

tion, Symposium on Molecular

Electronics, Washington, D.C.,

Nov. 13-14.

Conference on Scientific Information,

AFOSR/ Directorate of Research

Communication, NAS, NSF, and
the American Documentation In-

stitute, Mayflower Hotel, Washing-
ton, D.C., Nov. 16-21.

American Society for Quality Confer-

ence, Sixth Annual Aircraft and
Missile Division Conference, Bilt-

more Hotel, Dayton. Ohio, Nov.
17-18.

American Rocket Society, 13th Annual
Meeting and Astronautical Exposi-

tion, Hotel Statler. New York.

Nov. 17-21.

Eighth National Plastics Exposition,

International Amphitheatre, and

Plastics Conference, Hotel Morri-

son, Chicago, Nov. 17-21.

Northeast Electronics Research and
Engineering Meeting, Mechanics

Hall, Boston, Nov. 19-20.

Lockheed Missile Systems Division's

Research Laboratory, Third Sym-
posium on Magnetohydrodynam-
ics, Palo Alto, Calif. Attendance

by invitation, Nov. 21-22.

The Convertible Aircraft Congress, de-

signing and operating missiles from
unprepared sites, Franklin Insti-

tute. Philadelphia, Nov. 28.

DECEMBER
Electronic Industries Association Third

Conference, Reliable Electrical

Connections, Dallas, Dec. 2-4.

Eastern Joint Computer Conference
and Exhibit, Bellevue-Stratford

Hotel, Philadelphia. Dec. 3-5.

Circle No. 30 on Subscriber Service Card.
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Man-Machine Relationships -A Changing Field for OPERATIONS RESEARCH SPECIALISTS

Change is in the very nature of System Development Corporation's

work in man-machine relationships. This work involves two major

projects:

(1) creating and conducting large-scale training programs in present

and planned air defense systems;

(2) operational computer programming for SAGE
In each project, the interaction of men and complex machine sys-

tems is of prime importance.

And in each project, any change that affects air defense — a new
missile, a revised strategic or tactical concept, an important tech-

nical development — requires intensive effort and cooperation by

Operations Research Specialists, and an unusual combination of

scientists and engineers.

In effect, specialists in many fields at SDC must react technically to

all changes that directly or indirectly affect air defense. Their work
— whether in Operations Research, Aerodynamics, or any other

area— is shaped to a great extent by possible man-machine relation-

ships. In this respect, SDC is unique among companies.

Operations Research Specialists, Engineers, Behavioral Scientists,

and Computer Programmers whose aptitude, training and intellec-

tual capacity enable them to work in an environment of change

are invited to write. Address: R. W. Frost, 2414 Colorado Avenue

Santa Monica, California, or phone collect at EXbrook 3-9411 in

Santa Monica.

J|xA SYSTEM
/^pSsigl^ DEVELOPMENT
^^77^% CORPORATION
F uUL ^\ Santa Monica

-

California

An independent non-profit organization n-«2



TAKES YOUR EYE TO
"INACCESSIBLE"INTERIORS

The National Fontar®
Borescope provides sharp,

critical close-up vision aid-

ed by bright lighting in any
bore, threaded hole, re-

cess or interior surface of

the cast, drawn, welded or

molded product. All that

Is needed is a point of

entry .10" or larger. . .

.

It's today's essential for

high Quality Control
standards. Our new and
free catalog illustrates

and describes applica-

tions.

ASK FOR BORESCOPE CATALOG F

D
I

NATIONAL ELECTRIC INSTRUMENT DIVISION

S
92—21 Corona Avenue * Elmhurst 73, New York
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TORQUE
applied lp the inch ounce

pa /STurTevanT/co.
ADDISON /QUALITY/ 71 LINOIS
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EMPLOYMENT

Engineers-EE, ME, Physicists

PROFESSIONAL CHALLENGE

AWAITS YOU AT ANY POINT

ALONG THE RF SPECTRUM
At General Electric's Light Military Electronics Department

By designing across the entire elec-

tromagnetic spectrum, Light Mili-

tary displays diversification that is

unique in the industry.

It takes a versatile engineer to

answer the challenge projected by
this type of diversity— one who can

move freely across his discipline,

exposing himself to unfamiliar
problems and exploring new ideas

with colleagues in the advanced

areas of electronics.

But equally important, Light
Military's diversity demonstrates a

characteristic of high significance

to engineers seeking long-term fu-

tures — stability.

A unique combination of these

two factors — diversity and stability

— provides the formula for unusu-

ally rewarding careers at Light
Military Electronics Department.

We are particularly interested in talking to people capable of
circuit design and systems analysis in the following fields:

POLARIS MISSILE GUIDANCE - ELECTRONIC COUNTERMEASURES PROGRAMS
- SURVEILLANCE & FIRE CONTROL RADAR - DIGITAL TECHNIQUES - DISPLAY
DEVICES - NAVIGATION EQUIPMENTS - MICROWAVE DEVICES - TRANSISTOR
TECHNIQUES - RELIABILITY

Also Mechanical Engineers interested in the following fields:

ELECTRONIC PACKAGING - SHOCK & VIBRATION - EQUIPMENT CONFIGURA-
TION - HEAT TRANSFER - MECHANISMS

Also Openings in ADMINISTRATIVE ENGINEERING - TECHNICAL WRITING

GENERAL ELECTRIC
Forward your resume in confidence, or simply fill out and mail this coupon.

Mr. Richard C. Kimm
General Electric Company
Light Military Electronics Department
French Road, Utica, N. Y.

I am interested in professional career opportunities at Light Military.

Home Address-

City -Zone State—

_Degree (s)_

Year (s) Received-

technical areas:_

I am particularly interested in the following

(U. S. citizenship required) 43-WR
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EMPLOYMENT

There's a whole new way of life for

you between the covers of "Oppor-
tunities Abound at Bendix Missiles"

—and a three-cent stamp will bring

it to you by return mail. If you have
the qualifications, Bendix can offer

you an enviable career in the guided
missiles field, working with men who
have been responsible for some of

the most significant missile engineer-

ing advances of recent years.

At Bendix, you will be in a major
missile program. Bendix as prime
contractor has responsibility for the

Talos guided missile, one of our
most vital defense weapons. Using

the finest equipment, you'll learn

fast and grow fast, both profession-

ally and financially. There's oppor-

tunity here—opportunity to do im-

portant, stimulating work.
You'll like living in the Middle

West. The climate is pleasant and
Chicago, Lake Michigan and other

fine recreational areas are easily

accessible. There is also opportunity

locally to pursue graduate engineer-

ing studies. Mail the coupon below.

The book may not be a best seller,

but it has been the instrument which
started many a talented engineer on
a fine career in engineering.

Classified

ENGINEERS
Immediate Openings

Expanding research and production

programs at our Boulder, Colo, and

Wichita, Kans. facilities have created

urgent need for qualified engineers

with 3 to 7 years experience in these

fields: *

AERONAUTICAL DESIGN
AERODYNAMICS
STRESS ENGINEERING
STRUCTURES ENGINEERING
COMPUTER ENGINEERING
RESEARCH ENGINEERING
CRYOGENIC DESIGN
HEAT TRANSFER
FLUID SYSTEM DESIGN
ELECTRONIC SYSTEMS

Send brief resume to C. B. Jones,

Employment Manager.

BEECH
AIRCRAFT

CORPORATION
Wichita t, Kansas

missiles and rockets, November 3, 1958

PRIME CONTRACTOR FOR THE TALOS MISSILE

Bendix Products Division—Missiles

412R S. Beiger St., Mishawaka, Ind.

Gentlemen: I would like more information concerning opportunities in guided

missiles. Please send me the booklet "Opportunities Abound at Bendix

Missiles."

NAME

ADDRESS

CITY

ENGINEERS
for o

U. S. GOV'T AGENCY
In

WASHINGTON. D. C.

AERONAUTICAL — $8,810-$10,130 —
Three to five years experience with
airplane manufacturers; one who has
planned or supervised Installations of

jet engines. Will also consider jet

engine design experience. Position in-

volves analysis of research and de-

velopment.

MISSILE ENGINEER—Approx. $11,-

000—Experience in general planning
and execution of guided missile flight

test programs including requirements
for facilities, communication, instru-

mentation, data reduction, number
and frequency of tests.

RESEARCH ENGINEER— $10,000-

$11,000—Experience in the general
planning and development of air de-
fense missiles, ballistic missiles or

space research programs.

Please send resume to:

P. O. Box 7118 Apex Station

Washington, D. C.



advertisers' index

Acne-Newport Steel Co 31

Agency—-Jaap-Orr Co.

Airborne Accessories Corp 29
Agency—Gray & Rogers

AiResearch Aviation Service Co., Div.-The
Garrett Corp 51

Agency—J. Walter Thompson Co.

American Brake Shoe Co r 4
Agency—Fuller & Smith & Ross, Inc.

Ampex Corp 41

Agency—Boland Assoc.

Avco Mfg. Corp., Crosley Div 22
Agency—Robert Acomb, Inc.

Barco Mfg. Co 62
Agency—Armstrong Adv. Agency, Inc.

Bendix Aviation Corp., Red Bank Div 54
Agency—MacManus, John & Adams, Inc.

Boeing Airplane Co 25
Agency—Calkins & Holden, Inc.

Bristol Co., The 53
Agency—James Thomas Chirurg Co., Inc.

Cameo Fittings, Inc 28
Agency—Vincent Pacelli, Adv.

Caterpillar Tractor Co 13

Agency—N. W. Ayer & Son, Inc.

Chance Vought Aircraft, Inc 36, 37
Agency—Tracy-Locke, Inc.

Christie Electric Corp 16
Agency—Len Woolf Co.

Consolidated Electrodynamics Corp 24
Agency—The Rumrill Co., Inc.

Oyna-Therm Chemical Corp 18
Agency—Taggart & Young, Inc.

Electro Instruments, Inc 72
Agency—Clyde D. Graham Adv.

Engelhardt Industries, Inc 67
Agency—Stuart Sande Adv.

Excelco Developments 20
Agency—Melvin F. Hall, Adv. Agency, Inc.

Gaertner Scientific Corp., The 69
Agency—Sidney Clayton & Assoc.

General Electric Co 23
Agency—G. M. Basford Co.

Grove Valve & Regulator Co 71
Agency—L. C. Cole Co.

Hallamore Electronics Co., A Div.-
The Siegler Corp 19

Agency—Cole, Fischer & Rogow, Inc.

Haws Drinking Faucet Co. 61
Agency—Pacific Adv. Staff

A. W. Haydon Co., The 45
Agency—Cory Snow, Inc.

Hayward Scientific Glass Corp 55
Agency—L. J. Swain, Adv.

Humphrey, Inc 56
Agency—The Phillips-Ramsey Co.

International Business Machines Corp 26
Agency—Benton & Bowles, Inc.

Kaman Aircraft Corp 65
Agency—Charles Palm & Co., Inc.

Kennametal, Inc 63
Agency—Ketchum, MacLeod & Grove, Inc.

Kollmorgen Optical Corp 39
Agency—Wilson, Haight, Welch & Grover, Inc.

Laminated Shim Co 33
Agency—Wilson, Haight, Welch & Grover, Inc.

Lebanon Steel Foundry 52
Agency—Howard E. Marshall, Adv.

Lockheed Aircraft Corp., Missiles Systems Div. 44
Agency—Hal Stebbins, Inc.

Loewy-Hydropress Div. of Baldwin-Lima-
Hamilton Corp 10

Agency—Gray & Rogers

Mallory-Sharon Titanium Corp 64
Agency—The Griswold-Eshleman Co.

CLASSIFIED

For Sale

Rocket Amateur's Guidebook. New, authori-
tative guide to sources of rocket kits, plans,
supplies, safety rules, legal regulations,
magazines, university courses. Rocket olub
list, big bibliography. Information "store-
house" for do-lt-your-selfers, teen-agers.
Single copy $1.00; $75 per 100 copies. Space
Products, Dept. MR, 38 E. 57th St„ New
York, N. T.

AN FITTINGS & HARDWARE
Stainless, Aluminum, Brass, Steel. All sizes

—

immediate delivery from world's largest shelf stock.
Buy direct from manufacturer. Lower prices

—

Quicker servioe. Send for free wall charts showing
complete line of AN & MS fittings and hardware.
We also machine parts to your own special print.

COLLINS ENGINEERING CORPORATION
9050 Washington Blvd., Culver City, California.

Jas. H. Matthews & Co., Inc 32

Mayers Grand Guide 40

Minneapolis-Honeywell Regulator Co.
Boston Div 8
Agency—Louis K. Frank Co.

Micro Switch Div 5?
Agency—Reincke, Meyer & Finn, Inc.

Missile & Space Systems Div.,
United Aircraft Corp 42

Agency—G. F. Sweet & Co., Inc.

Morehouse Machine Co 62
Agency—George F. Walsh Adv. Agency

New Departure Div., General Motors Corp. . . 3
Agency—D. P. Brother & Co.

Non-Linear Systems, Inc 2
Agency—Barnes Chase Co., Inc.

North American Aviation, Inc.
Autonetics Div 6
Missile Div 38
Rocketdyne Div 34, 58
Agency—Batten, Barton, Durstine & Osborn, inc.

Propellex Chemical Corp 45
Agency—Al Maescher Adv., Inc.

Pure Carbonic Co., a Div. Air Reduction
Sales Co., Inc 47

Agency—G. M. Basford Co.

Radio Corp. of America 27
Agency—Al Paul Lefton Co., Inc.

Raybestos-Manhattan, Inc 17
Agency—Gray & Rogers

Republic Aviation Corp 43
Agency—Deutsch & Shea, Inc.

Republic Steel Corp 61, 63, 65
Agency—Meldrum & Fewsmith, Inc.

Resistoflex Corp 40
Agency—Marsteller, Rickard, Gebhardt & Reed

Inc.

Robertshaw-Fulton Controls Co., Fulton
Sylphon Div 46

Agency—Arndt, Preston, Chapin, Lamb & Keen,
Inc.

Sanborn Co 35
Agency—Culver Adv., Inc.

Stanpat Co 48
Agency—Richard & Gunther, Inc.

P. A. Sturtevant Co 67
Agency—Ross Llewellyn, Inc.

Thompson Products, Inc 50
Agency—Meldrum & Fewsmith, Inc.

Titanium Metals Corp. of America 49
Agency—W. L. Towne Adv.

United Aircraft Products 60
Agency—Weber, Geiger & Kalat, Inc.

Vinco Corp 53
Agency—Rolfe C. Spinning, Inc.

EMPLOYMENT SECTION
Bendix Aviation Corp., Bendix Products Div. 68
Agency—MacManus, John & Adams, Inc.

General Electric Co 67
Agency—Deutsch & Shea, Inc.

System Development Corp 66
Agency—Strombergjer, LaVene, McKenzie

Advertising correspondence should be
addressed to Advertising Sales Manager,
Missiles and Rockets, 17 East 48th Street,
New York 17, N.Y.

REGIONAL OFFICES:
New York City: 17 E. 48th St., New York

17. Edward D. Muhlfeld, Advertising
Sales Manager; P. B. Kinney and G. T.
O'Mara, regional adv. mgrs. Phone:
PLaza 3-1100.

West Coast: 8943 Wllshlre Blvd., Beverly
Hills, Calif. Fred S. Hunter, manager;
Walton Brown, regional adv. mgr.;
James W. Claar, regional adv. mgr.
Phones: BRadshaw 2-6561 and Crest-
view 6-6605.

Chicago: 139 N. Clark St., Chicago 2, 111.

George E. Yonan, regional adv. mgr.
Phone: CEntral 6-5804.

Cleveland: 244 Hanna BIdg., 1422 Euclid
Ave., Cleveland 15, Ohio. Douglas H.
Boynton, regional advertising manager.
Phone : PRospect 1-2420.

Detroit: 201 Stephenson Bldg., Detroit 2,

Mich. Kenneth J. Wells, regional adver-
tising manager. Phone: TRinity 5-2555.

Canada: Allln Associates, 12 Richmond
Street East, Toronto 1, Ontario. Phone:
EMpire 4-2001. Allln Associates, 1487
Mountain St., Suite 4, Montreal, Que.

Geneva: American Aviation Pubs., 10
Rue Grenus, Geneva, Switzerland.
Anthony Vandyk, European Director.

London: The AAP Company, 17 Drayton
Road, Boreham Wood, Hertfordshire,
England. Phone: Elstree 2688. Cable
address : STEVALR, London.

Paris: Jean-Marie Rlche, 11 Rue Condor-
cet, Paris (9e), France. Phone: TRTJ-
daine, 15-39. Cable address: NEWS AIR
PARIS.
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M1238-1818— Range 18" x 18", working
distance 9" to infinity. Reads to 0.001" up
to 24" working distance. Protractor ocular

reads to 3 minutes of arc. Image is erect.

Cut inspection
time in half
with new Goerfner

Coordinate Cathetometers

These convenient, reliable optical

instruments permit making precise co-

ordinate measurements in a vertical

plane. The two dimensions are measured
with one setting, object does not have
to be rotated. Inspection time is cut in

half and resetting errors eliminated.

Versatile Gaertner Coordinate Cathe-
tometers are ideally suited for precision

measurements on large objects; also ob-

jects or points in recessed, remote, or
inaccessible locations. Applications in-

clude measuring jet engine sections,

complicated castings, printed circuits,

bolt holes and bosses on large piece parts,

traces on cathode ray tubes, etc.

Because these are optical rather than
mechanical measuring instruments, you
make non-destructive measurements
without contact, distortion, or concern
about pressure being applied to the ob-

ject when making a setting. Instruments
available in English or Metric system.

M1236-46—
Horizontal range 6",

vertical range 4".

Reads to 0.0001",
working distance 5"

to infinity.

« M1236-22—
Range 2" x 2", reads

to 0.0001". Working
distance 5" to infinity.

Shown with 19 mm
mounting rod, and without
telemicroscope. Instrument
permits precise coordinate
movement of other objects

such as photo cells,

probes, etc., in place
of telemicroscope.

Write for Bulletin 188-53 & 194-57

The Gaertner
Scientific Corporation
1258 Wrigh+wood Ave., Chicago 14, III.

Telephone: BUclcingham 1-5335

Circle No. 33 on Subscriber Service Card.

69



editorial

Road To Space Technology Success

Five months after the launching of Sputnik

I, the Defense Department established ARPA
(Advanced Research Projects Agency), and

less than a year after Sputnik II Congress estab-

lished NASA (National Aeronautics and Space

Administration)

—

two space agencies.

We've said it before, and we'll say it again:

Our space experts, many members of Congress,

and representatives from the missile industry

have watched with dismay the slow-moving

space program in the United States. In view of

Russia's energetic missile and rocket programs,

it is almost unbelievable that the American

public is allowed to remain unaware that we
are not in a race with the Russians for space

superiority. Perhaps the most incredible aspect

of our falling behind the Reds is that we had

and still have the necessary know-how and sci-

entists to beat them.

In contrast to the 12-year-old, fully coordi-

nated and massive Red rocket effort, America's

interest in rocketry didn't even begin to assume

importance until 1952. Since then, it has had
more of a chaotic appearance than organiza-

tion. Only a few years ago advocates of rock-

etry and space flight were ignored when they

attempted to submit their proposals. When the

Russians set up their Astronautics Commission,

a proposal to do almost the same thing in this

country was collecting dust on a Washington
office shelf.

Astronautics will not be used solely for

peaceful purposes until the world has learned

to solve its problems without resort to war. An
attempt to "sanitize" space would be a futile

procedure and would be fraught with extreme

danger for the free world. Military spacecraft

offers the possibility for breaking the greatest

advantage the Soviet Union possesses: the ad-

vantage of secrecy; the advantage that may one

day crush the Western world in one overwhelm-

ing surprise attack. We must not deliberately

blind our new-found eyes. Astronautics must

be freed to pursue its own destiny, unfettered

by preconceived artificial limitations of person-

nel, organizations, or scope. It must be headed

by enthusiasts and supported with vigor by the

government.

In the face of heavy partisan politics by en-

trenched organizations whose primary interests

in space are the preservation of their own hold

on the taxpayer's dollar, the end is being sub-

ordinated to the means, with disastrous conse-

quences. When first things come last, the result

is chaos and waste.

Only a unified effort can put us first in the

conquest of space now. We need one organiza-

tion with no other objectives. We didn't create

a Manhattan Project to develop atomic bombs
and baby buggies. Astronautics, too, is unique.

It deserves a unique organization. Singleness

of purpose is required. One organization to de-

velop all space devices (because military and

scientific goals must advance hand in hand) is

what we must have.
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SUBSCRIBER SERVICE

missiles and rockets

For additional information about any product or service advertised

>r mentioned in the editorial pages of this issue of Missiles and
'ockets:

Use the attached prepaid reply cards. Circle numbers shown on
he reply card that correspond with numbers appearing beneath items

lescribed. If no circle number accompanies the article or advertise-

tient, give p3ge number (and advertiser's name) on line provided at

lottom of the card.

Your requests for information will be forwarded promptly to the

ompanies concerned.

NEW PRODUCT BRIEFS
TURING SET. Acton Type 451-A

452-A Transmission and delay

isuring sets record the absolute

jlitude and relative delay character-

is of 600 ohms transmission lines,

ped constant networks having 600

is characteristic impedance, and

lar types of circuits in the frequency

ge of 200 cycles to 24 kc, accord-

to Acton Laboratories, Inc.

Is No. 225 on Subscriber Service Card.

ATINSS. Impervious coatings that

5 graphite excellent oxidation resist-

e at high temperatures—along with

d abrasion resistance and adhesion

racteristics—are now available from

inesota Mining and Manufacturing

le No. 226 on Subscriber Service Card.

IDULATOR. A new vibrating reed

3 capacitance modulator is used to

vert de into sinusoidal ac for easy

jlification by Stevens-Arnold Co.

ned Stevens-Arnold Vibrating Ca-

itator VC-713/500, it is said to be

able of measuring currents as low

10-16 amperes from a very high

edance source.

le No. 227 on Subscriber Service Card.

LDING BLOCKS. New transistorized

ital system building blocks for both

fi and low frequency operation are

' available from Digital Equipment

p. Each unit occupies 3.25 sq. in.

panel space. All types have com-

ible signals, thus permitting use of

h and low frequency units in one

em. As many as 25 plug-in units

be mounted in a single 5'/t" x

chassis.

la No. 232 on Subscriber Service Card.

ALOS COMPUTER. The Mid-

ltury MC-5800 master precision

log computer includes circuit logic

uired for building-block flexibility,

iptability for high speed repetitive

sration, bivariable function genera-

l, complete automatic problem check.

:le No. 230 on Subscriber Service Card.

SIGNAL COMPARATOR. A precision

Signal Comparator that monitors missile

"readiness," and which can monitor any

required number of signal channels

simultaneously has been announced by

Avien, Inc. The Comparator, developed

by Avien for a still classified USAF
weapon system, is designed for use in

either airborne or ground checkout ap-

plications, and other applications where

equipment readiness is indicated by a

specified level of signal voltage. In

addition, the unit can be readily in-

tegrated with larger systems for auto-

mated control and sequencing appli-

cations.

Circle No. 233 on Subscriber Service Card.

CATHODE BULBS. Cathode ray bulbs

made of optical quality high tempera-

ture alumina-silicate glass are now avail-

able from Corning Glass Works. Virtu-

ally free of physical imperfections, the

bulbs are particularly applicable to high

resolution radar surveillance systems.

Alumina-silicate glass can be optically

melted. Flaws can be held to .001 of

an inch or less in size.

Circle No. 234 on Subscriber Service Cord.

FILTERS. A new line of Model 12680

heavy-duty in-line T filters for ground

equipment use is now available from

Bendix filter division. The filters are

designed to achieve maximum applica-

tion flexibility at minimum design cost.

One basic design with an interchange-

able element can be supplied with

different flange sizes.

Circle No. 228 on Subscriber Service Card.

SOLENOID VALVES. Direct solenoid-

operated shear-seal valves for pressures

up to 3,000 psi are now available from

Barksdale Valves, Inc. Valves operate

on 12, 24 or 125 volts, dc.

Circle No. 231 on Subscriber Service Card.

COOLING FAN. Rotron's Aximax-3 fan

delivers 165 CFM free delivery, when

turning at 20,000 rpm, although the

fan is only 2.8 in. in diameter, 2.3 in.

deep and weighs 14 oz.

Circle No. 229 on Subscriber Service Card.
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GAGING TECHNIQUES. A catalog

published by the Engis Equipment Co.

includes 12 pages of descriptions, illus-

trations and a comprehensive index in

the area of specialized optical tool-

ing and analytical metrology.

Circle No. 210 on Subscriber Service Card.

POTENTIOMETERS. Data sheet 1362

gives details of Helipot Series 5200, a

new all-metal, 1-1/16 in. diameter

servo-mounting potentiometer. The four-

page publication includes complete

specification, including environmental.

Circle No. 211 on Subscriber Service Card.

FILTERS. ERA Electric Co. has pub-

lished a new catalog sheet containing

descriptive material on its new line of

transistor transient filters. These units

are connected at the DC input of tran-

sistorized inverters-converters, frequency

changers and switching circuitry.

Circle No. 212 on Subscriber Service Card.

MANUAL General Electric Co. an-

nounces a third edition of its transistor

manual, first introduced in 1957 to

present to engineers and technicians a

handy reference guide on available

transistors, and how to use them.

Circle No. 213 on Subscriber Service Card.

COMPUTERS. Electronic Associates,

Inc., has published a new booklet de-

scribing in detail the analog computing

equipment installed in the company's

three computing centers.

Circle No. 214 on Subscriber Service Card.

SCORING. A 28-page pamphlet on

missile scoring systems is offered by

Traid Corp. It illustrates many pilot-

less drones and optical scoring systems

in action.

Circle No. 215 on Subscriber Service Card.

ALLOY FABRICATION. A 30-page

booklet entitled "Guide for Purchasing

Complex and Unusual Alloy Sheet and

Light Plate Fabrication" describes and

illustrates the types of products and

equipment produced by S. Bliclcman,

Inc. Detailed descriptions and over 80

photographs and sketches of products

and fabricating techniques make this

booklet a permanent handy reference

manual for management; design, de-

velopment, and process engineers; and

purchasing agents.

Circle No. 216 on Subscriber Service Card.

ANTENNA. A radar antenna system de-

signed for ultra-precision tracking of the

Talos missile is described in a bulletin

published by Special Products Division,

l-T-E Circuit Breaker Co. The four-page

publication describes details of design,

fabrication and testing.

Circle No. 203 on Subscriber Service Card.

OSCILLOSCOPES. An illustrated bulle

details the Industrial Products Div

of ITT's most recently developed

and 2 1 -in. oscilloscopes built to met

ure voltages and currents in the fi

quency range from DC to 250 KC. T

scopes provide a linearity of better th

1% over a calibrated scale 10 in.

15 in.

Circle No. 206 on Subscriber Service Coi

AIR CONDITIONING. Latest designs

missile support air conditioning equi

ment are illustrated in a four-page bi

chure issued by C. G. Hokanson C
Inc.

Circle No. 207 on Subscriber Service Cai

HOSE FITTINGS. A new catalog on

Flexon Aeronautical Synthetic and Flex

T hose assembly fittings has been

sued by Flexonics Corp. The 15-pa

booklet lists product types, and th'

military parts numbers.

Circle No, 208 on Subscriber Service Cai

TRANSISTORS. Prices, specificatie

and design details of three Sperry tri

sistor types are included in data shee

Circle No. 200 on Subscriber Service Cai

ELECTRONIC CIRCUITS. Free bi

chures outlining transistorized electror

circuits for the engineer and stude

are available from Motorola Inc.'s Sen

conductor division.

Circle No. 201 on Subscriber Service Cai

HARDWARE. A reference manual

standard electronic hardware facilitat

selection and procurement by equi

ment manufacturers. The 75-page boc

let, prepared by Amatom Electror

Hardware Co., contains photos, di

grams, dimensions and sizes of mo

than a hundred types of standard pai

available directly from stock.

Circle No. 202 on Subscriber Service Cai

THERMOCOUPLES. A 36-page catal.

shows the complete line of therm

couple assemblies and pressure sealii

glands manufactured by Conax Coi

Also included are new additions,

as Conax Type C bare wire therm

couple glands, Conax roll temperatu

thermocouples, and other products.

Circle No. 205 on Subscriber Service Cai

REFRACTORIES. A report that revie

development of high temperature

fractories for use in rockets has be

released for industry by the Naval Oil

nance Test Station. The material briti

together scattered literature on rein

tories that has appeared up to 1955,

Circle No. 209 on Subscriber Service Co
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INSIMJTANEOUS RESPONSE
xve Drs. For over twenty years—from

the early space labs of Annapolis to the launching

pads at Cape Canaveral — setting ^the standards for

the control of high pressure fluids ... the regulators

which served as the critical control on World War II

flame throwers and torpedoes . . . and made missile

development work possible ... Grove High Pressure

Regulators . . . frequently imitated but never equalled.

ROVE VALVE and REGULATOR COMPANY
^29 Hollis St., Oakland 8, California • 2559 W.Olympic Blvd., Los Angeles 6, California

fces in other principal cities

Circle No. 2 on Subscriber Service Card.



NEW!
all electronic

a-d converters
and

digital voltmeters
for medium and high speed applications

2
new series

of advanced

instruments

Both the 7000 and 8000 Series develop voltage state BCD
outputs for data recorder entry. Standard code is 2, 4, 2, 1

;

other codes available on special order.

Write today for complete engineering specifications

Electro Instruments, Inc.
Circle No. 3 on Subscriber Service Card.

3540 Aero Court

San Diego 11, California




