


AMPLIFY MICROVOLTS

WITH STABILITY... measure strain, temperature,

other phenomena, to 0.1%

with a KIN TEL DC amplifier

NEW...TRUE DIFFERENTIAL

DC AMPLIFIERS ELIMINATE GROUND LOOP

PROBLEMS... RESCUE MICROVOLT

SIGNALS FROM VOLTS OF NOISE

160 db DC, 120 db 60 cycle common mode rejection with

balanced or unbalanced input Input completely isolated

from output Input and output differential and floating

5 microvolt stability for thousands of hours 0.05% line-

arity, 0. 1% gain stability Gain of 1 to 1 000 in five steps

>5 megohms input, <2 ohms output impedance 10 volt at

10 ma output 120 cycle bandwidth Integral power supply

Ideal for thermocouple amplification, the Model 1 14A differ-

ential DC amplifier eliminates ground loops; allows the use

of a common transducer power supply; drives grounded, un-

grounded or balanced loads; permits longer cable runs; and

can be used inverting or non-inverting. The 114A can be

mounted in either single amplifier cabinets or six amplifier

19" rack adapter modules. Price: 114A-S775; six ampli-

fier module - $200; single amplifier cabinet - $125.

WIDEBAND, SINGLE ENDED

DC AMPLIFIERS AMPLIFY DATA SIGNALS

FROM DC TO 40 KC

WITH 2 MICROVOLT STABILITY

± 2 microvolt stability < 5 microvolt noise 40 kc band-

width 100 Kn input, < 1 ohm output impedance Gain of

20 to 1000 in ten steps with continuous 1 to 2 times variation

of each step ±45 V, ±40 ma output 1.0% gain accuracy

0. 1 % gain stability and linearity Integral power supply

Millions of cumulative hours of operation have proved kin

tel Model 111 series DC amplifiers to be the basic compo-

nent for all data transmission, allowing simple, reliable

measurement of strain, temperature and other phenomena.

DC instrumentation systems - with their inherently greater

accuracy, simplicity, and reliability than AC or carrier sys-

tems - are made entirely practical by the excellent dynamic

performance, stability, and accuracy of kin tel DC ampli-

fiers. Price: 1 1 lBF-$575; six amplifier module-$200; single

amplifier cabinet - $125.

5725 Kearny Villa Road, San Diego 11, California

WESCON SHOW - Booths 1413, 1414, 1458, 1459.

A Division of Cohu Electronics Inc.
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MANUFACTURING COMPANY
ivision of PHEOLL MANUFACTURING COMPANY
8463 Higuera Street, Culver City, California

Efficiency Rustlers?. .

.

Fastbolt's got 'em covered

In the early days, when a marksman had to adjust the aim

of his shootin' iron, the only method he could use was

"Kentucky Windage:' Now, thanks to modern instruments,

what was once dependent on guess and chance, can be

scientifically calculated with a minimum of error.

Even greater advances have been made in the field of aircraft

fastening. The cumbersome and time-consuming method of

hand-wrench fastening has given way to efficient, accurate

present day methods. The Fastbolt System represents the ultimate

in modern progress. Incorporating all the advantages of nuts

and bolts, and of riveted and swaged assemblies, the Fastbolt

System brings increased speed and versatility to the production

line. Get the "drop" on production lags , . . with Fastbolt.



In Engineering—meet a man who gets results

Dr. Bailer has been engaged in a wide variety of

advanced engineering projects for 18 years. At

General Mills he directs and coordinates ac-

tivities of an excellent staff of unusually capable

engineers. Dr. Bailer is one more reason our

customers say,"At General Mills, we get results."

Painting pictures, designing missile systems...

creativity typifies the General Mills engineer

Meet Dr. Howard Bailer, art collector, amateur painter, and Director of Engineering

at the Mechanical Division of General Mills. At the office or at the easel, creativity is the

mark of his endeavor.

This same creativity is the distinguishing feature of the well equipped, highly talented

engineering department he directs. It is seen in every staff member—reflected in every one

of their projects, some of which include . . .

SYSTEMS

Airborne Early Warning

Missile

Geodetic and Survey

Ground Support Equipment
Naval Ordnance
Space Vehicle Guidance

SUBSYSTEMS

Inertial Guidance and Navigation

Special Purpose Electro-mechanical
Analogue Computers

Special Purpose Digital Computers

Microwave Radar and Beacons

Fuzing and Arming Devices

We team creative engineering with intensive research and fine precision manufacturing

to serve the nation's most exacting customers. We'd like to serve you.

MECHANICAL DIVISION
1620 Central Avenue • Minneapolis 13, Minnesota

Intensive Research • Creative Engineering • Precision Manufacturing
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A scientist standing behind a

glass panel and wearing protective

goggles observes the test of a mis-

sile nose cone exposed to simulated

aerodynamic heating conditions in

a cylindrical radiator which in-

corporates 225 quartz-tube heat

lamps. The tests are conducted at

the Langley Aeronautical Labora-

tory of the National Advisory

Committee for Aeronautics.
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A few of the modules now available

Now... modular components for

automatic weapons testing systems come

off the shelf from AMF!
It's called MATE - Modular Automatic Testing
Equipment—for go no-go readout, the first signifi-

cant step in eliminating obsolescence in automatic
testing systems.

After extensive surveys, AMF found all auto-
matic systems, regardless of type or complexity,
can be reduced to the same, basic, packageable
components.
Wide range available. AMF has already de-

signed and produced 19 of these modules—each one
a self-sufficient package with a distinct respon-
sibility. Available to you on an "off-the-shelf" basis
now are programming and control modules, signal
translator modules, comparator-evaluator modules
and display devices.

Universally adaptable. These modules can be
put together to implement any automatic testing
program. Or any of them can be integrated with
existing equipment of other manufacture.

Obsolescence eliminated. After serving their

purpose for the system under test, MATE mod-
ules can be reintegrated into other systems requir-
ing the same functions. The result: complete
flexibility in the most complex systems; low-cost
components available on a short delivery basis,

pre-designed to accomplish many different tasks

;

modules that retain their usefulness and validity

after the weapons system is modified. The result-

ing economies to prime contractors and the mili-

tary are enormous.

Government Products Group

AMERICAN MACHINE & FOUNDRY COMPANY
1101 North Royal Street, Alexandria, Va.

Your inquiries invited—Write Associated Mis-

siles Products Co. (a division of AMF), 2709
North Garey Avenue, Pomona, Calif.; or to

AMF, Government Products Office, Washing-
ton, D.C. or Dayton, Ohio; or Los Angeles, Calif.

GOVERNMENT
PRODUCTS
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editorial

We're The Best
Big deal! We have an operational ICBM!

This is what the daily newspapers have been re-

porting in the last few days—ever since the suc-

cessful firing of an Atlas that went some 2,300

miles (see page 17).

We read such press statements quoting un-

named "officials" as saying "now we can start

turning them out like refrigerators" or "jubilant

missile men were convinced today the United

States has matched Russia in possessing an inter-

continental ballistic missile."

In a United Press International dispatch from

Cape Canaveral we caught the following: "spirits

soared over the weekend in the wake of the first

successful firing of a fully-powered ICBM. It

assured engineers, technicians and other missile

men that this country now could match Russia's

asserted capability of hitting targets on another

continent with hydrogen warheads."

Other sources described the successful Atlas

firing as a "major break-through in the missile

race with Russia."

Says who? Pure bunk. We object to having

the American public misled into believing that the

U.S. is far advanced in ICBMs when that just

isn't so. A single successful firing of the Atlas is

only an early step forward. The press agents

—

and USAF must be included among the guilty

—

have been working overtime to balloon our ac-

complishments above reality. The net result is to

lull the public into a false sense of security. The
most elementary technological advance simply

doesn't comprise a "major break-through."

It appears we are getting right back to the

complacent status we began to get out of on
October 4, 1957. We were disappointed to read

recently that even Hugh L. Dryden, who is slated

to play a major role in our multi-million dollar

"civilian" space agency, has publicly indicated

the U.S. is not trying to catch up with the Rus-
sians because we are not in a race with them.

(Hearing before the Select Committee on Astro-

nautics, Second Session, H.R. 13619. See paee

16).

missiles and rockets, August II, 1 958

In The World!
Of this we are certain: if the U.S. doesn't

stop being complacent, if it doesn't realize it is

in a race whether it likes it or not, this nation is

in dire trouble. The facts, very ably analyzed re-

cently by columnist Joseph Alsop, are that this

country is way, way behind in the ICBM race and

that the Russians will be ahead of us for many,

many years. Furthermore, is it just a matter of

catching up with the Russians? Or should we aim

at leadership and move ahead of the Russians?

One thing is certain—deluding the public by

false impressions created by the Atlas shoot will

accomplish nothing. Our missiles are designed as

offensive weapons for immediate retaliation. They

must be launched—dozens at a time—instan-

taneously, from numerous secret bases. Count-

down must be accomplished in seconds, not hours

or days. We are a long way from that stage of

progress.

Let's face the truth and the facts. This coun-

try is far behind in the missile field. For too many

years, the Pentagon ignored the missile threat.

Even many in the aircraft industry were skeptical

and proposed no programs. A few firms like

Convair, North American, Douglas, and Boeing

struggled along with meager funds. The U.S.

lacked a major push. Russia's Sputnik produced a

spark of urgency last October, but what has hap-

pened to the major drive that began getting under-

way at that time?

The U.S. is still in need of topside leadership.

We have the brainpower to overtake the Russians,

but it isn't yet being used. There is still no real

spark of urgency or leadership in USAF when it

comes to a forward missile program, and we are

disappointed that the aircraft industry hasn't

stepped to the front as many had hoped it would.

The challenge of space flight remains. The

Pentagon is most unlikely to accept it. But the

aircraft industry can do so. If industry can con-

vince Washington of the real facts of life, and

help plan for the future of space, we will avoid

running second to the Russians in the future.

Single missile shoots are fine. But these are a

long, long way from missile power in being.
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Bendix* has long been a leader in supplying controls and fuel systems for all types
of aircraft engines. Today, Bendix is proving to be a natural for new challenges
in related missile fields—on ram jets, rockets, nuclear power, and other advanced
propulsion systems. So, when it comes to controls, remember that Bendix has
capabilities—and will travel— to help you solve your problems. *«eg. u.s. p«t. off.

BENDIX P
D
RSS SOUTH BEND, IND.
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the missile week

INDUSTRY COUNTDOWN
HOWS BUSINESS?

Thiokol's net sales for the first six months of 1958 totalled $32.3 million, compared to $25.7

million for same 1957 period. But net income totalled $865,756 for '58, compared to $838,493.
Figures for period compared include Reaction Motors, acquired by Thiokol as of May, '58 . . .

Consolidated Electrodynamics reports sales of $15.4 million for first half of '58, compared to $15.2

for '57 period . . . Temco Aircraft, in same budget period, shows a record high sales, $61.5 million,

with net earnings up 9 cents a share from '57
. . . Clevite Corp. had sales of $31.9 million for first

half of '58, down from the '57 period, when sales were $39.7 million. Earnings dropped from
$1.48 a share in '57 to $.74 a share this year . . . Monarch Machine Tool Co. showed net earnings

after taxes of $142,717 for first half of '58, compared to $678,485 in same '57 period . . . Ryan
Aeronautical Co. declared its regular quarterly dividend of 10 cents a share . . . Genisco, Inc.,

declared a IVz cent dividend . . . Directors of Victoreen Instrument Co. authorized redemption on
Aug. 20 of $100,000 of the company's $700,000 outstanding 6% convertible subordinated deben-

tures . . . Shaffer Tool Works, Brea, Calif., after 35 years of manufacturing oil field equipment,

announced it was entering the field of general industrial valves—some of which might be applicable

to missiles.

MERGERS AND NEW VENTURES
Airtron, Inc., completed exchanging 100% of its stock for an undisclosed amount of stock of

Litton Industries, Inc. Airtron, leading producer of ferrite devices, waveguides and related com-
ponents, will take over Litton's Components Division in Los Angeles, Airtron President David
Ingalls becomes a Litton vice-president . . . Sequoia Wire and Cable Co. has acquired Hall-Scott

Electronics, of Burbank, Calif., for special emphasis on work for missile and aircraft industries . . .

Pyle-National Co., Chicago, manufacturer of electrical connectors, fittings and lighting equipment,

takes over Steber Manufacturing Co., Broadview, 111. . . . Cushman Precision Industries, a new
firm, has been established at Princeton Junction, N.J., to specialize in development, test and manu-
facture of electro-mechanical precision rotating components for electronics and missile applications

. . . Lerma Engineering Corp. has established headquarters at Northampton, Mass., for design and

manufacture of optical equipment . . . Cosmodyne Corp. has been formed at Los Angeles, for ad-

vanced research and development in auxiliary power and environmental control systems.

EXPANSIONS
Stauffer Chemical Co. will build a $300,000 unit at Richmond, Calif., to supply tantalum and

columbium pentachlorides ... A new laboratory for development of new silicone products is now
being occupied by Silicone Products Department of General Electric Corp., at Waterford, N.Y.

. . . Aerojet-General Nucleonics has completed design of a 24,000 sq.ft. engineering office and an

18,000 sq.ft. laboratory and shop at San Ramon, Calif, for nuclear reactor production . . . Ramo-
Wooldridge announces plans for transferring its advanced electronic research operations to a 90-acre

site in the Canoga-Park-Chatsworth area in Los Angeles. Plans will be final if the city Planning De-

partment grants permission for the multi-million unit. It'll house some 2,000 scientists, engineers

and administrators initially . . . Tempo Instruments Inc., has moved its entire operation to a 10,000

sq.ft. plant at Hicksville, N.Y.

LATE CONTRACTS

Douglas Aircraft Inc., Santa Monica, gets a $24 million contract from Army for Nike-Hercules

program . . . Chrysler Corp., Detroit, got $16 million Army contract for work on Jupiter . . . Philco

Corp. has $2.5 million Army contract for radar reconnaissance system . . . Beckman Instruments,

Inc., has received a $150,000 contract from Sundstrand Turbo, for an electronic system to deter-

mine efficiency of accessory power supplies for guided missiles prior to launching . . . Packard-Bell

Electronics Corp. has a $300,000 contract from Aerojet-General to develop a missile impact predic-

tion system for Cooke Air Force Base . . . U.S. Borax Research Corp.—a wholly-owned subsidiary

of U.S. Borax & Chemical Corp.—got a contract from Air Force to study high-temperature in-

organic polymers, and chemistry of new solid rocket propellants . . . New contracts totalling $1.8

million have been received by Telecomputing Corp., Los Angeles, for production of gyros used in

Nike-Hercules.

MISCELLANY
Convair Division of General Dynamics Corp. says its nuclear laboratories at Fort Worth is

working on a series of controlled fission product tests, as part of a joint Air Force-AEC nuclear

propulsion safety program . . . More than 12,000 workers at Northrop and Nortronics Division of

Northrop Aircraft got a 1-cent an hour cost-of-living pay increases August 4.
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Contour machining of an aft dome for a U.S. Army missile.

FOR MISSILES HARDWARE ... investigate our

ingenuity and ability to produce in a hurry

We have delivered aft dome rings, nozzles and

sustainer parts in time to meet the most exacting

requirements for production and test firing. We
won't promise in advance we can solve all your

missiles hardware problems on a quick delivery

basis. But we invite you to look into our unusual

service. Standard Steel Works boasts the facilities

to produce anything—forgings and rings from

4130 aircraft quality analysis or special to-order

analyses

—

in a hurry.

Man is beginning to conquer outer space. Stand-

ard is ready to play its part in this history-making

achievement. We think you will find our combina-

tion of personalized service and know-how unique

in the steel industry. Write Dept. 6-H.

Standard. Steel "Worfcs IDiv-ision
BALDWIN • XjI 3VIA. • HAMILTON

BURNHAM, PENNSYLVANIA Rings • Shafts • Car wheels • Sear blanks • Flanges • Special shapes
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the missile week

WASHINGTON COUNTDOWN
• AIRCRAFT-LAUNCHED SATELLITE?—As m/r went to press—Navy was reported

ready to try the first real probe of space—aircraft launch. Best information was that the probe

—a 2,500 lb vehicle with a three-pound payload—will be hung on an F8U and launched at an

altitude of 80,000 ft over Inyokern, Calif., possibly this week. Named Pilot, vehicle may in-

clude up to five stages, and seems to be far more economical than launching from a balloon,

as in Project Farside.

• FINANCES CUTTING SECRECY—A sidelight on the continuing pressure on the

Pentagon for economy could well be "less secrecy." Reason: paperwork on a classified proj-

ect is considerable; and construction of big fences and king-sized "chemises" to cover mis-

siles and aircraft from public view is very costly. Air Force, in particular, is pushing hard at

downgrading classified information on as many projects as possible, as soon as possible.

• WARHEADS LACKING—There are grave implications in Atomic Energy Commis-

sion's report to Congress that, though nuclear weapons are being expanded rapidly in num-
bers and kind, there is still a lack of nuclear warheads for long-range missiles and anti-missile-

missiles. AEC says it hopes to remedy this situation partially through current tests in the

Pacific, but presumably the bulk of weapons in U.S. stockpiles are bombs of various sizes.

Problem is that warheads must wait on development of missiles.

• NUCLEAR DEVELOPMENTS—In the same report, AEC had some interesting things

to say about nuclear-powered rockets: results of research on nuclear power for long range

missiles and space craft are "encouraging." First round of tests on a research rocket reactor,

said the agency, will be conducted in Nevada late in 1958. Another point: There has been "sig-

nificant progress" made on nuclear ramjet engines that could drive missiles of "unlimited

range." And a third project, to provide nuclear auxiliary power for space vehicles {Rover,

Pluto and Snap), looks "promising."

• AUTHORITY UP—MANPOWER, MONEY DOWN—Many Defense Department of-

ficials, who have happily looked forward to Reorganization as a source of increased author-

ity and scope, are having some misgivings, now that the bill has been ok'd by both houses

of Congress. It begins to appear that authority and workload will certainly increase—but man-

power and money won't be increased so readily.

• BATTLING RENEGOTIATION—Major missile/aviation manufacturers continue pound-

ing away at the renegotiation act. Latest to appear in favor of amendments was James H.

(Dutch) Kindelberger of North American Aviation. Kindelberger stated that the bill intro-

duced by Congressman C. R. King of California, providing for appeals to the courts from

decisions of the tax court in renegotiation matters, should be supported. "Otherwise," he com-

mented, "the tax court becomes a trial court and appellate court as well." And, he added, the

tax court is so swamped that it has petitions from major aircraft companies that it hasn't been

able to act on in two years.

• MORE ON SECRECY—There's a great deal of importance to missile-men in that bill

the Senate passed last week (and sent to the House) aimed at preventing federal officials from

"arbitrarily withholding" information under a 1789 statute. That old statute authorized depart-

ment heads to make regulations for the "custody and use" and preservation of records. The

new bill adds this significant sentence: "This section does not authorize withholding of infor-

mation from the public, or limiting the availability of records to the public."

missiles and rockets, August II, 1958



$6,596 Billion For Missiles This Year
by Seabrook Hull

Missiles and space flight become a

$6,596 billion business in fiscal year

1959—the 12-month period starting

July 1, 1958 and ending June 30, 1959.

Recently compiled figures of the

Department of Defense show that pro-

grammed obligations (roughly speak-

ing, what's available to Army, Navy,
Air Force and the Defense Depart-

ment to be placed in the form of con-

tracts) for 1959 for all missile procure-

ment, construction and research and
development, comes to $6,596 billion,

compared to $5,107 billion in Fiscal

Year 1958.

This is the first time that the De-
partment of Defense has really had
any concrete idea of the impact of

the missiles and astronautics business

on the national economy. Graphs and
charts accompanying this article

demonstrate the growth. There is no
indication that this growth will level

off anytime soon. In fact, the prospect

of upcoming space flight spending re-

quirements staggers Washington's budg-
et-minded planners.

No firm figures have been devel-

oped to show the actual comparable
level of expenditures—cash and checks
paid out for work performed—for the

missile business as a whole. However,
experience shows that expenditures

normally follow obligations by between
10 and 18 months. If this holds true

—

and it probably will—it means that

Uncle Sam will actually pay out a
little over $5 billion in Fiscal '59 for

missile-based weapons systems and
space flight projects. In fiscal 1960, ex-

penditures will top $6 billion.

Billions of Dollars
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GRAPH SHOWS THE SHARP RISE in programmed obligations for missile

The box is merely an enlargement of the earlier years.

• How much for R&D?—Other
figures developed by the Defense De-
partment emphasize the state of the
art. Contracts to be placed by Army,
Navy and Air Force for missile re-

search and development activities alone
this year come to $610.7 million, not
including Advanced Research Project
Agency's $520 million, which would
bring the total to $1,130 billion.

However, add in test and evalua-
tion programs like the firings at Cape
Canaveral, cold-weather tests at Fort
Churchill in Northern Canada, and the
total being spent to develop and then
to prove weapons systems based on
missiles comes to $1,923 billion—not
including ARPA.

• Figures add up—The difference

between this research, development,
test and evaluation total and the full

$6,596 billion in programmed obliga-

tions for all missile-related work lies in

orders for production missiles, construc-

tion of missile bases, and orders for

directly concerned support equipment.

For example, this takes into ac-

count costs of converting Navy ships

to missile-launchers but not the basic

cost of the ships themselves.

Exceptions are the submarines re-

quired for launching Polaris missiles.

Since these submarines will have only
one basic use, and since they are essen-

tial to the success of the Polaris con-
cept, the full charge of the Polaris-

launching submarines is included.

This program, incidentally, is a
good example of how expensive mis-
silery is getting. The total worth of the
Polaris program so far is $1.25 billion,

including research and development
contracts on the bird itself and funds
for the first five submarines. This
figure does not include funds for the

extra four subs that Defense didn't

ask for, but Congress authorized.

On the extra money being voted by

Congress, Defense Secretary McElroy
had this to say: It will give the De-
fense Department greater flexibility in

its operations. McElroy didn't say he

wasn't going to spend it, but he won't

spend it unless he thinks it's worth-

while.

For example, the Secretary sees no
point in laying the keels for the four

extra Polaris submarines until there is

greater assurance that the Polaris con-

cept isn't going to encounter any un-

anticipated snags. The Navy will be

allowed to order some $15 million

worth of long lead-time components
per submarine right away. But if

Polaris runs into long delays, these

components can be used on any nu-

clear-powered submarine.

The same philosophy is being ap-

12
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MILLIONS OF DOLLARS
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BAR CHART COMPARES the programmed obligations for research and development,

comparing aircraft (dropping), missiles (rising), to the total.

HERE IS A COMPARISON of programmed obligations for research, development,

test and evaluation between missiles and the total for all weapons systems.

plied to Minuteman, over which Mc-
Elroy thinks Air Force publicity is

"prematurely enthusiastic." For Min-

uteman to be a practical weapon,

either guidance or propulsion, or both,

need material improvement before the

full bird can be ordered into final

R&D as weapons system.

• Includes all procurement—The
$6,596 billion of programmed obliga-

tions for missile systems in the current

fiscal year includes all procurement,

construction and research and develop-

ment funds directly associated with

missile programs.

Military Research & Development
Appropriations

($ in Million)

FY missiles total

1955 214.0 1,349.6

1956 280.4 1,539.0

1957 355.8 1,651.4

1958 424.0 1,720.1

1959 1,130.7 2,493.1

These figures do not include mili-

tary pay, operation and maintenance

costs for operational missile units and

sites, and include only those shipbuild-

ing and aircraft costs directly asso-

ciated with providing missile capability.

Of this total, $2,430 billion are

earmarked for IRBM and ICBM sys-

tems; $95 million for other long-range

surface to surface missiles (Regulus,

Matador); $593 million for the shorter

range surface-to-surface missiles like

Little John, Honest John, Redstone,

Lacrosse; $3,478 billion for all other

missiles such as surface-to-air (Bom-
arc, Nike series, Talos), air-to-surface

( Bullpup, Rascal) , underwater-to-sur-

face (Subroc but not Polaris).

These figures also show that by
the end of fiscal '59, contracts total

$6,568 billion that have been placed

for big ballistic missiles since 1946,

including the Air Force MX-774 (pre-

Atlas study), Atlas, Titan, Thor, Jupi-

ter and Polaris.

The grand total of U.S. contracts

placed for missile systems research,

development, construction and pro-

duction for the 14 years from 1946
through 1959 comes to an impressive

$24,429 billion. Prospects are that this

much will be spent again in the com-
ing years of 1960 through 1962, in-

cluding, of course, expenditures for

space flight projects.

The Pentagon's next big statistical

job in relation to missiles will be to at-

tempt to find out, industry-by-industry

and commodity-by-commodity where
this money goes. This task will be made
immensely easier once the Missile

Manufacturers Planning Reports (m/r,
July 25, p. 12) have been sent out and
returns begin coming back from the

companies that make missiles. At the

moment, the Pentagon has no idea of

the detailed impact this massive spend-

ing is having on the national economy.
Similarly, there is no way of knowing
right now, just how far or how fast

missile system production could be ex-

panded in an emergency.

The odds are, however, that both

this information and a breakdown of

where the money is going will be avail-

able within 12 months.
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AF Re-establishes Space Office
With the full cooperation and ap-

proval of the Advanced Research Proj-

ects Agency and the Department of

Defense, the Air Force this week re-

established, in name, a space technology

office under Brig. Gen. Homer A.

Boushey.

Formerly known as the "Director

of Astronautics," Gen. Boushey now

—

as "Director of Advanced Technology"

in the office of the Deputy Chief of

Staff/ Development—will head the key
air staff activity concerned with ad-

vanced technology and all AF matters

pertaining to space. The office will work
closely with ARPA, the Departments of

the Army and the Navy, and the newly
designated NASA.

Shortly after setting up Gen.
Boushey's office last December, as the

office of the "Director of Astronautics,"

DOD ordered suspension of the title

because it was considered "contrary to

assurances given the Secretary of De-
fense that no such action would be

taken until it could be coordinated with

the specific plans for the new agency

in the Department of Defense."

"This office," Gen. Boushey said,

"will supervise at Air Staff level the

formulation of an AF advanced tech-

nology program, including space tech-

nology."

Additional responsibilities include

maintaining liaison with educational in-

stitutions, industry and representatives

of foreign governments engaged in re-

search and development activities.

The office will have cognizance of

all Air Force study projects, such as

earth orbiting, orbiting the moon, de-

velopment of space navigation systems,

methods of transfering material and

personnel from one vehicle to another

while in orbit, and related matters.

It is understood that the Air Force,

in cooperation with other agencies, is

planning other projects, including pos-

sible space probes to Mars and planets,

which might follow successful moon
probes. However, indications are that

such projects are still in the pencil-and-

paper-stage, and cannot be anticipated

in the immediate future.

• Dyna-Soar too—Among the proj-

ects which will come directly under the

Air Force and Gen. Boushey is the

Dyna-Soar system. The General pointed

out that this, in actuality, is not a space

program but a boost-glide system. He
admitted that it was possible that Dyna-
Soar could later be adapted to space

flight.

Contracts were recently awarded to

Martin-Bell and to Boeing Airplane

Company, and may continue for as

long as 12 to 18 months. However,
Gen. Boushey said that as soon as one

company or the other proves to be

more capable, a contract would be

awarded. The study competitions costs

are being taken over by the Air Force,

but both companies are putting substan-

tial funds of their own into the studies.

Gen. Boushey, who made the first

U.S. flight powered by rocket propul-

sion, told Congress last spring that the

moon could be used as a base to fire

rockets accurately at the earth.

SRI Obtains New Data
On Liquid Fuels

New data on the specific conditions

needed to ignite liquid monopropellant
missile and rocket fuels has been ob-

tained by propellant research specialists

at Stanford Research Institute.

An electrolytic liquid monopropel-
lant, hydrazine-mixed with hydrazine

nitrate and water, was subjected to

electrical discharge from an electrode

protruding into the liquid. Various volt-

ages were applied to electrodes of dif-

ferent shapes.

When voltages above a critical value

were applied to the electrode, an elec-

trical discharge, apparently similar to

gas coronas, was formed at the elec-

trode tip. Lasting about 30 millionths

of a second, the corona is believed to

consist of streamer-like filaments of

plasma.

Study of the corona revealed that

when ignition takes place, a self-sus-

taining reaction zone is formed. Ex-
pansion of this zone progressively con-

verts the surrounding liquid propellant

into high-pressure, high-temperature ex-

plosion products.

By varying the electrode voltage, it

was found that the amount of energy

delivered per unit volume of the corona

is a factor in assuring ignition. Results

indicate that at least 15 calories of

energy per cubic centimeter of corona

are needed. On this basis, it may be

possible to obtain ignition with very

small coronas and energies as low as

one calorie.

SRI's program was sponsored by

Army Ordnance and supervised by Dr.

Marjorie W. Evans, senior physical

chemist at SRI.

X-15 Control Jets To

Be Manufactured By Bell

Tiny control jets which will be

placed in the nose and wing tips of the

X-15 are being manufactured by Bell

Aircraft Corp., Buffalo. Purpose of the

jets is to help the pilot steer the re-

search aircraft once it leaves the earth's

atmosphere.

The tiny jets, which are operated

by a four-way thumb operated switch,

shoot out a vapor created by hydrogen

peroxide passing over liquid oxygen.

By pressing the switch forward, the jet

vapors cause the nose of the plane to

drop. Pushed back, the switch allows

the left wing to drop.

In the earth's atmosphere, the plane

would be steered by conventional

methods.

PHOTOGRAPHS AND DATA on the latest Japanese sounding rockets indicate a

remarkable advancement in the state of the art. Both of the rockets shown were de-

veloped by Professor Hideo Itokawa, Institute of Industrial Science, University of

Tokyo. Itokawa is head of Japanese IGY sounding rocket program. K-150 rocket Qeft).

Single-stage, solid propellant sounding vehicle fired April 8, 1958. Diameter—150mm.
(5% in.); length—3.3m (10% ft); weight—70kg (154 lbs). Kappa Type V two-stage

rocket (right) fired April 29, 1958. First stage diameter—220mm (85/e in.). Second
stage—K-150 rocket. Maximum velocity—about 1,000 m/sec (3300 ft/ sec).
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If it can't be seen, but must

. . . call in Kollmorgen

Kollmorgen optical-mechanical viewing systems have

been bridging the gap between the eye and the

"invisible" for almost fifty years. Kollmorgen instru-

ments range in size from small borescopes to sub-

marine periscopes
;
range in type from nuclear and

missile periscopes through precision camera lenses

and alignment telescopes, to a variety of optical

testing and measuring devices
;
range in quantity

from one of a kind to production runs of thousands.

So, if you have a gap to bridge, let us know its

nature ... is it water, heat, darkness, radioactivity

or simply inaccessibility? We may well have the

answer in our files. If not, we will endeavor to pro-

vide one quickly. A rough sketch of your problem

will be enough to get us started. Write Dept. 108.

optical corporation
NORTHAMPTON, MASS.
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Dryden Denies "Race "With Reds
by Frank G. McGuire

The probable head of the nation's

new civil space administration, Dr.

Hugh L. Dryden, now director of the

National Advisory Committee for Aero-

nautics, told a congressional committee

that NASA's space program is not

aimed at keeping up with or being com-

petitive with the Soviet Union—and

that he is opposed to anything like a

"crash money program to leapfrog

Russia."

Dryden made his comment to the

House Select Committee on Astro-

nautics and Space Exploration.

An ARPA spokesman told m/r that

NASA's space program before Congress

"is practically word for word the pro-

gram which we spent several months

preparing." However, he added, al-

though ARPA had assigned "conserva-

tive" costs to its purely scientific space

program, NACA, in most cases, cut the

figures "in half."

Dr. Dryden declined to encourage

the House committee to approve double

the amount that was proposed as the

NASA budget, even though he said he

thought this is what would be needed

to overtake Russia in the future. He
said the present budget was enough,

and there would be ample time to ask

for more money when present plans are

evaluated.

The President has sent to Congress

a request for $125 million in new
money, and has ordered the transfer

of $117 million from the Defense De-
partment, principally from ARPA (see

also p. 74). There is also available the

$101.1 million appropriated to NACA.
The House and Senate have already

approved a $47.8 million authorization

bill for NASA equipment and facilities.

The ballistic missile program, Dry-
den said, has the highest priority, "and
I, as well as other people, am more
concerned about whether we have a

stock of missiles ready to operate inter-

continentally, than I am about doubling

or tripling the amount of money in the

(civil) space program at this time." He
said he felt there would be an adverse

effect on the military program if too

much were diverted into the NASA
programs.

Lee Metcalf (D-Mont.) commented
after Dryden had testified, that "it

would be a tragic thing for the nation

if the President appointed Dryden
head of NASA."

The committee hearing brought out

these points:

Within the next twelve to eighteen

months, Atlas boosters will be available

to orbit satellites of 100 to 700 pounds
at altitudes of 300 miles. Dryden said

that if an Atlas were needed, it would

have to be ordered now for delivery

in nine months, or else be diverted

from the ICBM program.

The 1 to million-lb.-thrust

rocket engine is being transferred to

NASA from ARPA as part of the new
agency's responsibility. This powerplant

is expected to orbit a 40,000 pound

payload in a 300-mile orbit.

NASA hopes to have a 100-foot

spherical reflector in orbit by late FY
1959 or early FY 1960 for communica-

tions purposes.

Specific impulses of 360 seconds

have been attained at the NACA Lewis

Laboratory using hydrogen and fluorine,

and nuclear engines are expected to de-

velop 1,200 seconds specific impulse.

Preliminary tests of a 2,200-pound

manned satellite vehicle will get under-

way soon, with first manned flight pos-

sible within a year (though not actually

placed in orbit). Atlas is planned as

launching vehicle, with overall costs be-

ing broken down as follows:

Development and construction of

models and full-scale (about 7-foot

diameter) capsules—$6.5 million.

Instrumentation for model and full-

scale flight capsules—$4 million.

Booster systems for five models and

two full-scale flight capsules (These in-

clude instrumented and small-animal

flights)—$19.5 million.

NASA's proposed budget for re-

search and development on advanced

components and techniques includes

propulsion systems, $30 million; vehic-

ular subsystems, $28.5 million; instru-

mentation, $7 million; special vehicles,

$16.5 million; communications and

meteorological satellites, $10.5 million.

Development of midcourse guidance

for flights to planets will soon get

underway.

NASA wants a stabilized platform

in satellites to hold at least 2,000

pounds for mounting of astronomical

telescopes. A similar experiment would
involve an atomic clock to test the

theory of relativity.

The total personnel assigned to

NASA will be close to 10,000 persons

by 1959. This includes the present 8,-

200 of NACA personnel and an addi-

tional 1,800.

NASA to be Included

In Renegotiation Act

In a move virtually assuring Con-
gressional approval, the House Ways
and Means Committee has reported out

a bill to expand the Renegotiation act

to include the National Aeronautical

and Space Administration and to extend

the present act, with only one other

change, for another six months. The
present Renegotiation Act is due to

expire December 31, 1958. The exten-

sion would keep present provisions in

force through June 30, 1959.

The one change the committee ap-

proved would allow private firms to

appeal decisions on excess profits to

the U.S. Court of Appeals, whereas

under present provisions, the U.S. Tax
Court is their last resort.

Congressional passage of the bill

and a Presidential signature are vir-

tually assured. This does not mean that

industry efforts to get present provisions

modified have failed. To the contrary,

it means that Congress is not satisfied

with the bill as it stands and wants

more time in which to consider pro-

posed alterations.

NASA Facilities Budget Breakdown
Congress has approved $47,800,000

in new capital facilities for the National

Aeronautics and Space Administration.

This is in addition to $26,220,000 al-

ready approved for NACA, of which
the majority is applicable for space re-

search. Here is the capital facilities

breakdown:

Wallops Island: Two intermediate

range-type rocket launching facilities,

$4,680,000 (for testing of hydrogen-
fluorine combinations), land acquisition,

$600,000; design and engineering serv-

ices, $537,500; instrumentation of

range, $12,500,000; erosion control,

$137,000.

Space Projects Center, Beltsville,

Md., $3,750,000 including erection of

two buildings, equipment and instru-

mentation.

General equipment and instrumen-

tation for tracking of satellites, $19,-

500,000. (NASA will take over present

IGY network, the Vanguard computing
center in Washington, and will make
use of optical stations operated by
Smithsonian Institution).

Langley Aeronautical Laboratory:

High-temperature structural dynamics
facility, $12,120,000.

Ames Aeronautical Laboratory:

Hypersonic helium tunnel, $1,685,000;

hypervelocity research laboratory, $1,-

450,000; modifications to flight research

laboratory, $1,186,000.

Lewis Flight Propulsion Labora-

tory: Modifications to rocket altitude

research tunnel, $512,000; hypersonic

missile propulsion facility, $2,690,000;

modification of materials research lab-

oratory, $2,080,000; high-energy rocket

engine research facility, $1,800,000.
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Atlas Reaches Full-Power Tests
by Norman L. Baker

The first successful flight last week
of the full powered (three-engined)

Atlas B is convincing evidence that,

although, the missile is far from opera-

tional status, it has entered the final

phases of the engine flight test program.

Last week's test Wis only the first

in a series of engine compatability tests.

Launched with a reduced propellant

load, the Atlas went through full dura-

tion booster engine burning and separa-

tion and a limited sustainer engine op-

eration. Sufficient impetus was gener-

ated to thrust the missile to an impact

2,500 miles downrange, one-half of its

design operational range.

This was the second flight of the

Atlas B model—the first marriage of

the three-engine cluster ended in failure

after 45 seconds of flight. The August

2nd flight was the first with an opera-

tional nose cone configuration.

• Testing program—Many test

flights remain before the Atlas becomes
a working weapon of the Air Force

First Missile Division.

For example, an operational Atlas

flight sequence program will perform
the following functions: The vernier en-

gines, located on each side of the mis-

sile and approximately one-fourth of

length of body from the base, will be

ignited five seconds before main en-

gines are ignited.

Main engines (twin boosters and
sustainer) will be ignited simultaneously,

and quickly develop maximum sea-

level thrust. At lift-off from the pad,

boosters are producing 150 K each

(K equals 1,000 lb.) and sustainer 54 K
(total thrust of 354,000 lb.). The
vernier engines provide additional at-

titude control during this phase.

After 140 seconds of burning, the

two booster engines, plus the base

frame, drop away. By the time of

booster burnout, the engines are de-

veloping about 165 K due to increased

efficiency at high altitude. The sustainer,

now with a high altitude thrust of 60 K,

continues to burn for approximately

another three minutes for a total burn-

ing time of five minutes.

During sustainer flight, the verniers

supply thrust control adjustment, in

addition to roll and attitude adjustment.

Thrust of the verniers range from 800-

lb. at sea level to about 1 K at upper
altitudes.

Vernier engines continue to burn
for 15 seconds after sustainer cutoff, to

obtain terminal velocity adjustment. At
the instant of final velocity attainment,

the nose is separated from the missile

proper.

Small retro rockets provide clean

separation of the nose cone. The retro

rockets are solid propellant units sup-

plied by Atlantic Research Corp. The
nose cone is then oriented for correct

re-entry attitude, probably by small

steam jets located on the periphery of

the underside of the package.
• Much depends—Therefore, the

"IV2 -stage" Atlas, actually a two-stage

missile, requires the reliable, full dura-

tion operation of at least eight separate

rocket propulsion units before its pay-

load can be placed within a reasonable

target radius 5,500 miles distant. Only
four of these engines have been tested

for full duration operation. The three

main propulsion units must undergo at

least two or three more test flights be-

fore a full range flight is conducted.

The Air Force reports that this is three

or four months away.

Finally, the missile will enter the

operational nose cone re-entry test

phase of the program. The nose cone
on the latest flight, although an opera-

tional cone in configuration, is not be-

lieved to have been fabricated for re-

entry endurance. Currently, the opera-

tional target date is late 1959.

by Donald E. Perry

Advanced Research Projects Agency
has serious doubts that it can meet a

firing date within the next few days for

its first lunar probe.

Late last week, ARPA had made
no firm decision on a firing during

August of the Thor-Able launch rocket,

because of incomplete recommendations
from other key agencies. However,
ARPA Director Roy W. Johnson said

at a press conference that an Allegany

Ballistic Laboratory rocket had been

selected as the third stage, and that a

command guidance system would be

used in order to achieve higher re-

liability.

Best time to fire the probe is when
the planes of the earth and moon orbits

around the Sun are in line. First of

these periods is August 17-20, next is

Sept. 14-16. With the use of command
guidance to put the terminal stage into

orbit around the Moon, the chances are

probably 30-70 for success.

ARPA emphasized that the first

attempt is merely a test of components

at altitude, and it is not anticipated

that a Lunar orbit will be achieved.

However, with a terminal stage trig-

gered at about 50,000 miles from the

moon, possibly would orbit—but would

Convair Astronautics prepared the

first preliminary designs for the Atlas

during 1946-47. Defense Department
economy cutbacks in 1947 led to shelv-

ing of ICBM development, although

Convair continued its studies until 1951

with its own funds. Full recognition

and a top priority was assigned in 1954.

First launching of an Atlas was on
June 11, 1957; and the first fully suc-

cessful flight came on Dec. 17, 1957.

The Air Force back-up ICBM, the

Martin Titan, is expected to start static

tests at Cape Canaveral within the next

few weeks. The 40-foot second stage of

the missile was airlifted last week to the

test range aboard a C-124 Globemaster.

Static tests will await the arrival of the

first stage which is still at Denver under-

going vibration tests.

The Titan, at the end of the third

year of development, is expected to

start first flight tests by the end of this

year. Reliable sources have stated that

the Titan development program could

have been shortened by as much as 6

months, but was bogged down by in-

decision of the missile's future. The
two-stage 92-foot missile will be a more
efficient carrier system than the Atlas,

a straightforward function of its staging

arrangement.

make no more than six turns before

vectoring into space.

The decision to use the Allegany

rocket was made only two hours before

Johnson's press conference. The third

stage will contain clusters of vernier en-

gines for additional thrust above the

needed 25,000-mile per hour escape

velocity.

Johnson said the probe vehicle

would achieve a speed of about 35,000

feet per second.

The terminal stage, shaped like a

doughnut with the rocket in the center,

will be gyro stabilized to allow a photo-

electric cell-principle mechanical scan-

ner to take crude photos of the Moon's

surface, for transmission to earth elec-

tronically.

Payload will be 30 lb. of instru-

mentation. Although total weight of

the terminal stage—to be triggered

from the Hawaiian Islands—will be 60

to 65 pounds. More than 50 percent

of payload weight will be batteries,

broadcast will be on 108 megacycles.

Johnson said that of the five moon
shots programmed, the first three will

use the Thor, but, if one of the two

Army probes are ready, in the interim,

the Army vehicle will be "put on the

pad."

Date Dubious for Lunar Probe
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COMPONENTS BY HALLAMORE

Show, Booths 412 A 433.

...SYSTEMS OR PLUO-IN SYSTEM

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

a division oj The Sutler Corporation
. . . for Idoal working conditions wl

dynamic, crmatlvm organization oddrotf rttumt to
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-
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Manufacturer Gives Funds
to Aid Engineer Students

The Aerojet-General Corp. has

made a $13,500 grant to the Sacra-

mento State College Foundation, with

a view toward helping the college ex-

pand its output of engineering students

and graduates.

Elmer E. Nelson, Aerojet's resident

manager for Administration, said in

a letter accompanying the grant.

"These funds are for the purpose
of assisting in developing and improv-

ing the engineering curriculum of

Sacramento State College. The main
purpose that our organization has in

mind is the acceleration of courses lead-

ing to a degree in engineering, so that

it will be possible for the college to

graduate engineers at the earliest pos-

sible date.

"The funds being granted are in

no way to be used to supplant or re-

duce the amount of appropriations

being made to the college for its regular

operations. These funds are, rather, to

supplement and augment such budge-
tary appropriations in order to achieve

the desired ends."

Aerojet is a subsidiary of the Gen-
eral Tire and Rubber Company.

Lockheed Credits Missiles

in Biggest Earning Gain
Missile work got a large share of

the credit last week for Lockheed Air-

craft Corp.'s highest first-half earnings

volume.

The corporation's midyear earnings

report showed earnings of $9.7 million,

a jump of 29% over the $7.6 mil-

lion in the same period last year. Sales

for the first half of 1958 were listed

at $465.7 million, up nearly 10% over
the $425 million registered in the first

half of 1957.

A sales breakdown showed the

heavy increase in missile work, amount-
ing to more than a quarter of the total

business of the company. Missile and
satellite development work stood at

27% of sales, at $123.8 million. Work
on five models of Air Force craft ac-

counted for 31%, at $146.9 million.

According to Robert E. Gross,
chairman of the board, Lockheed's
June backlog of orders stood at

$1,215 billion at the end of June this

year, compared with $1,280 billion at

the end of 1957.

The backlog figure, however, does
not include large missile contracts now
under negotiation. Lockheed's space
vehicle program involves principally the
Polaris ballistic missile for the Navy
and an Air Force Earth satellite; and
high-speed target systems for both the
Air Force and the Army.
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Don't Be a Count-Down Casualty

11-10-9-8 HOLD...

Product placed in Paratex rubberized curled

hair pack formed to provide a completely Static

Shape that fully Neutralizes the Weight.

USE BLOCKSOM
CUSTOM-CUSHIONING

MUST NOT FAIL

Don't let your product be a "count-down" casualty because of vibration

damage. Blocksom Paratex cushioning safely cradles your product, practi-

cally eliminating shipping hazards that cause component malfunction.

CUSHIONING DESIGNED AROUND THE PRODUCT

For over 25 years, Blocksom engineers have been designing and develop-

ing special Paratex products to meet the rigid requirements of industry.

The finished Paratex shipping pack combines the springiness of curled

hair with the natural resilience of latex rubber which gives unsurpassed

shock resistance, dampens vibration, is exceptionally light in weight, resists

moisture, fungus, and is highly efficient at all temperature ranges. Results

in safe arrival for your most delicate instruments.

PHONE COLLECT or WRITE TODAY for free consultation on your packaging problems

BLOCKSOM
& COMPANY

Packaging Division

MICHIGAN CITY, IND.

Packaging Representatives

in All Principal Cities

BLOCKSOM & COMPANY
Michigan City, Ind., Dept. MR8

I |
Send me folder on Paratex Packaging

I |
Have packaging engineer call

Name

Company-

Address

City -Zone- State-
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Explorer IV Most Far-reaching IGY Probe

Instrument-packed Satellite To Find Boundaries,

Effect Of Radiation Barrier; May Explain Aurora

by Dr. Emest Stuhlinger*

Explorer IV was built in a hurry.

It has but one mission: to ferret out

the mysterious and very intense radia-

tion discovered by Explorers I and III

near the equator, at altitudes above

600 miles.

Even though indications of this

strange radiation was present in the

records of Explorer I, the high intensity

was so unexpected that recordings were

at first interpreted as temporary failures

of the measuring instruments. The
number of rays impacting during every

second on the Geiger-Muller counter

was so great, that Dr. James Van Allen

of Iowa State University, who designed

and built the cosmic ray measuring in-

struments for Explorers I and III,

thought that the counting circuit did

not work properly at times.

The periods of failure happened to

coincide with the times at which Ex-

plorer I was going through the distant

portions of its orbit. So Explorer III

was equipped with a magnetic storage

tape which recorded the cosmic ray

counts continuously during each full

revolution and then played them back

quickly while passing over one of the

receiving stations.

The cosmic ray counter and the

recording and playback devices in Ex-
plorer III worked for about 40 days.

More than 500 playbacks revealed a

picture of the cosmic ray intensity

which was most alarming.

While the number of cosmic rays

measured by the Geiger counter fol-

lowed the anticipated curve rather

closely from the surface of the Earth

up to about 600 miles, the intensity

took a very steep upswing at higher

altitudes. This upswing was steepest in

a belt close to the equator. In more
northerly and southerly latitudes, it was
still far above the expected rate.

• Higher than expected—With the

counter size used in Explorer III, about

70 counts per second could be expected.

Instead, the counter reached its maxi-

mum counting capability of about

35,000 counts per second at an altitude

of 650 miles. Explorer III went through

a peak altitude of 1,600 miles at its

apogee. It is not yet known how many
counts an ideal counter would register

there but a tentative estimate by Dr.

Van Allen indicates that this number
may be a thousand times higher than

previously assumed.

20

From all that can be concluded

from the measurements of Explorers

I and III, it appears likely that this

newly discovered radiation consists of

electrons of relatively low energy. They
are emitted by the sun, and they travel

in all directions out into space. Those
electrons which come close to the Earth

fall under the influence of the Earth's

magnetic field. Their paths are bent by
the magnetic force in such a way that

the electrons travel on spirals which
follow in general the magnetic field

lines. However, the electrons do not

continue all the way to the magnetic

North or South Pole.

Since the magnetic field strength in-

creases towards the poles, the spirals

condense like a compressed spring and
before reaching the denser layers of

the atmosphere, the electrons bounce
back in spirals which again follow the

field lines, but now towards the op-

posite pole. Upon approaching the

other pole, the spirals compress again,

and finally the electrons reverse their

general direction.

In this fashion, they oscillate back
and forth on spirals between the mag-
netic poles. The Earth's magnetic field

acts like a trap which catches the elec-

trons and keeps them until they collide

with one of the residual air molecules

at lower altitudes near the poles.

• Reason for Aurora—Such a col-

lision normally causes the molecules to

emit visible light and this effect is what
is observed as "northern lights" or the

Aurora Borealis.

Although the Aurora and its causes

have been studied for ages, it was not

previously known that electrons are

trapped in the Earth's magnetic field in

such great numbers.
The Earth's field acts not only as

an electron trap, but also as a huge
reservoir for electrons. Many of them
leak out of this reservoir by collisions

with air molecules, but their number is

continually replenished from the sun.

The average lifetime of an electron in

this reservoir is of the order of a few
hours.

It is estimated that an area of one
square inch, at an altitude of 650
miles above the equator, is hit by about
50 million electrons per second. The
energy of these electrons seems to be
relatively low, mostly of the order of

0.1 million electron-volts. They can be
absorbed by even a thin layer of metal

or plastic, but many of them produce

X-rays in such an absorbing layer. The
radiation measured in the Explorers I

and III experiments consists actually of

these X-rays.

• Far reaching effects—The impli-

cations and consequences of this high
altitude radiation are far-reaching. Geo-
physicists will be able to understand
the heat balance of the atmosphere
much better than they do now. Prob-
lems like long-range weather forecast-

ing or climatological predictions would
be much easier to solve if we knew
more about the total energy influx into

the atmosphere.

The significance of this new radia-

tion for the development of space
travel is very obvious. Depending upon
its intensity, energy and distribution,

our future space vehicles may have to

be surrounded by radiation shields, not

only to protect the human space travel-

ers but also to keep photographic films,

transistors and insulators from being

over-exposed to radiation. Even radio

communication between space vehicles

and Earth may be influenced by this

abundance of cosmic electrons.

The satellite carries two Geiger
counters, one with a thin lead shield

around it, the other one unshielded.

Their counting rates are reduced by
electronic scalers in order to alleviate

the problem of signal transmission by
radio.

In addition to the Geiger counters,

the satellite is equipped with two
scintillation counters. These instruments

contain a translucent crystal of cesium

iodide or sodium iodide, or just a

piece of clear plastic. This so-called

scintillator is mounted in front of a

photo-multiplier tube. When an elec-

tron, or another particle, or even a

photon strikes the scintillator with

sufficient energy, a minute light flash

of extremely short duration is excited.

There is no tape recorder on Ex-
plorer IV. The data is transmitted con-

tinuously by two transmitters, one
phase-modulated, the other amplitude-

modulated. Each transmits the signals

of all four counters. A considerable

number of ground stations are ready to

pick up and record the signals.

They are spread out over the whole

globe. From Chile to Alaska, and in

each of the four other continents, there

are receivers operated by International

Geophysical Year crews, by military

stations, and by universities. They will

record the satellite signals on tape and

ship the tapes to Iowa State University.

^Director, Research Projects Labora-

tory, Army Ballistic Missile Agency.
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Editorial Promotions

Announced for m/r
Promotion of Erik Bergaust to the

position of editor of Missiles and
Rockets magazine and appointment of

Col. F. Clarke Newlon, who retired

from the USAF July 31, as executive

editor, has been announced by Wayne
W. Parrish, president and publisher of

American Aviation Publications.

Col. Newlon, who succeeds Mr.

Bergaust as executive editor, effective

September 1, was the assistant to the

Director of Office of Information Serv-

ices, Headquarters, USAF. On continu-

ous active duty from July 1942, he had

a series of important assignments in the

AF Office of Public Information cov-

ering the entire range of Air Force

operations, including guided missiles

and rocketry.

Prior to entering the armed services,

Col. Newlon worked on the Omaha
World-Herald, Kansas City Journal-

Post, Chicago Times, and the Dallas

Dispatch in various positions, includ-

ing reporter, city editor and managing

editor.

Mr. Bergaust, now editor, was man-
aging editor of Missiles and Rockets
from its first issue in 1956 and was
promoted to executive editor in 1957.

He is the author of several books on
astronautical subjects, a member of the

Information Advisory Group to the

President's Committee on Scientists and
Engineers, and president of the Na-
tional Rocket Club.

ARPA Future Role

Not Clearly Defined

The role of the Advanced Research

Projects Agency under the new mili-

tary Reorganization Act isn't yet de-

fined, it became clear last week from
defense sources.

A high defense official pointed out

that it has not been resolved whether

the new Director of Research, Engi-

neering, will be boss of all research

programs; or whether both ARPA and
the Director of Guided Missiles will

continue to go their own ways, with the

Director of Research, Engineering, con-

tinuing in an undefined role, working
on items not otherwise assigned.

In his original messages, President

Eisenhower made it clear that the Di-

rector of Research, Engineering, would
head all research and engineering with-

in the Department of Defense, working
directly under the Defense Secretary.

However, at later news conferences,

Defense Secretary McElroy said that

both ARPA boss Roy Johnson and
Guided Missiles Chief William M. Hol-

aday would continue to report directly

to him.

CORBUN Diaphragm
Compressors

Type

Now exclusively di«r»u<ed in^ V**

by the American Instrument Co., Inc.

„„„,„„ when »«
c

»
omp„Mion to «*»

•rssssff^- -------
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Complete
Bulletin 4071

furnished upon request
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Zero cases, sealed pressure-tight by LINK-LOCK

Simmons No. 3 LINK-LOCK fasteners are employed

on these deep-drawn aluminum Zero transit cases.

LINK-LOCK is available in three sizes, for light, med-
ium, and heavy duty.

No. 2 LINK-LOCK. Half turn applies high closing

pressure, counter-turn disengages for opening.

guard instruments

against humidity, dust,

atmospheric pressure changes

Delicate electronic and optical equipment is

shipped long distances . . . handled again

and again . . . and sometimes stored for

long periods in transit cases manufactured

by the Zero Manufacturing Company, Bur-

bank, California.

The unique containers shown here are

deep-drawn aluminum, seamless, with pre-

cision-fitting gasketed lids. They comply
with rigid military specifications, insuring

protection of contents against humidity, dust,

and variations in pressure.

To effect the critically important pressure-
tight seal, Zero specifies Simmons LINK-
LOCK fasteners.

Here's why LINK-LOCK is ideal for use

on precision-built military cases as well as

on inexpensive commercial containers:

• Positive-locking without springs.

• Impact and drop resistant; not affected by

arctic temperatures.

• Compact design—lies flat open or secured.

• Latch design can be varied to suit differ-

ent applications.

• High preloading and high load-carrying

capacity.

WRITE FOR CATALOG NO. 1257

77 contains specifications, draw-

ings, details of LINK-LOCK
and other Simmons Fasteners

with unlimited money-saving

applications.

SIMMONS FASTENER CORPORATION

QUICK-LOCK

22

1791 North Broadway, Albany 1, New York

SPRING-LOCK • ROTO-LOCK • LINK-LOCK • DUAL-LOCK • HINGE-LOCK

See our S page catalog in Sweet's 1Q5S Product Design File

,
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Major Ultrasonics Firms

Merge into New Company
Two leading manufacturers of

ultrasonic equipment used in missiles

and industrial applications have joined

forces through a merger, it was an-

nounced last week.

Accoustica Associates, Inc., ac-

quired The General Ultrasonics Com-
pany, by issuing 25,872 shares of its

common stock to General's stock-

holders. General will now be operated

as a wholly-owned subsidiary of Ac-
coustica, with Stanley R. Rich con-

tinuing as president.

The total staff of the two organiza-

tions is nearly 300, in seven plants

located at Mineola, N.Y.; Hartford,

Conn., and Culver City, Calif.

AEC Awards Contracts

To Study Space Effects

Forty-five "unclassified life-science"

research contracts in the fields of medi-
cine, biology, environmental sciences

and radiation instrumentation were
awarded last week by the Atomic
Energy Commission.

Among them were: A $15,120
grant to Meharry Medical College for

a study of the effect of X and Beta

irradiation; a $4,607 grant to Yerkes
Laboratories of Primate Biology to

check into behavioral effects of ioniz-

ing radiation; a $7,000 grant to Emory
University for studies on the influence

of oxygen level and temperature on
the effects of ionizing radiation, and a

$7,931 grant to the Armour Research

Foundation, for a wide-range detector

and monitoring instrument.

Firms Shift Executives To
Aid Missile Manufacture

Organizational changes designed to

strengthen firms in the field of service

to missile manufacture were announced
last week by three major companies.

Biggest re-alignment of executive

personnel occurred at the Industrial

Products Group of Minneapolis-Honey-
well Regulator Co., where four major
shifts were announced. George M.
Muschamp became group vice presi-

dent-engineering; O. B. Wilson was
named group vice president-marketing;

John M. Wilson, formerly head of
design and development, became di-

rector of engineering; and R. L. Mal-
lory was appointed sales manager.

At Santa Ana, Calif., Giannini
Plasmadyne Corp. named A. C. Ducati
vice president in charge of develop-

ment engineering; and at Northrop
Aviation, Robert R. Miller and Thomas
V. Jones were elected senior vice-presi-

dents, with authority in the fields of
general operations and planning.

High Accuracy

Mach Information

in the

GIANNINI MODEL 451212

PRESSURE TRANSDUCE!

Fast, accurate Mach information is supplied from two

Giannini Model 451212 Pressure Transducers for con-

trol purposes in the new Douglas DC-8 jet-liner. This

is critically important information for a passenger

transport that will operate in the transonic range at

40.000 feet.

The high resistive output of the transducers, which are

accurate to within 1% of reading, eliminates the need

for a computing servo . . . greatly simplifying the instru-

mentation.

SPECIFICATIONS
RESOLUTION: to 2000 wires

(0.05%)
ACCURACY: Within 1% of

reading

RANGE: 0-10 to 0-50 psi

(absolute, differentia!,

or gage)

ENVIRONMENTAL:
Meets appropriate
MIL-SPECS.

See Us at WESCON Booth No. 1665 & 1666

Giannini measures & controls:

(0 % e
'

f ,
i V <S>

6 h P AP T

Ts Ps Qc M T„ Px TAS

PRECISION

INSTRUMENTS

AND CONTROLS

Giannini

G. M. GIANNINI & CO., INC., 918 EAST GREEN STREET, PASADENA, CALIF.
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In air-foil sections, strength, accuracy

and smoothness are of primary im-

portance. These characteristics, plus a

minimum of machining, are offered by

this Antioch Process missile fin cast-

ing. The alloy: A-356. Tolerances of

±.010" in thickness and .020" T.I.R.

on flatness are held in production. Sur-

face finish, as cast, is better than

125RMS. Test bars machined from

heavy hub section have minimum ulti-

mate strength of 36,000 psi and elon-

gation of 11%.
Morris Bean & Company specializes

in casting parts for wave guide, fluid

flow, and aircraft application to de-

manding standards and in volume

production.

If your designs call for high per-

formance aluminum parts, get ac-

quainted with Morris Bean castings.

Send us a part print for recommenda-

tions. Technical literature on request.

Morris Bean & Company
Yellow Springs 5, Ohio

cast rocket fin?

Science Academy Sets Up
16-Man Space Board

A 16-man Space Science Board has
been created by the National Academy
of Sciences to act as focal point for all

Academy Research Council space ac-

tivities. It will coordinate its work with

civilian and government agencies and
with foreign space science groups.

The board will assess scientific re-

search opportunities in the field and
advise agencies and organizations on
their space research problems. Dr.

Lloyd V. Berkner, chairman of the new
board, emphasized that participation

of private research institutions and
universities would be encouraged.

"While government participation is

essential, we feel that it would be un-

wise if space science were to be de-

veloped entirely within the bounds of

government activity," he said.

Berkner, who is president of the

International Council of Scientific

Unions, said the board would work
with the council and with other inter-

national organizations to prevent con-

tamination of the moon and other

planets through earth space vehicles.

The twelve committees, which will

operate under the board's direction are:

Geochemistry of Space and Explora-

tion of Moon and Planets—Chairman,
Dr. Harold C. Urey, Professor of

Chemistry, University of California;

Astronomy and Radio Astronomy

—

Chairman, Dr. Leo Goldberg, Depart-

ment of Astronomy, University of

Michigan; Future Vehicular Develop-

ment—Chairman, Dr. Donald F.

Hornig, Professor of Chemistry, Prince-

ton University.

International Relations Field

—

Chairman, Dr. W. A. Noyes, Dean of

the College of Arts & Science, Univer-

sity of Rochester; Immediate Problems

(space laboratories, orbits, liaison with

IGY)—Chairman, Dr. R. W. Porter,

Chairman, USNC IGY Technical Panel

on the earth satellite program and con-

sultant General Electric Co.; Space

Projects (long range planning)

—

Chairman, Dr. Bruno B. Rossie, Pro-

fessor of Physics, Massachusetts In-

stitute of Technology.

Ionosphere—Chairman, A. H. Shap-

ley, physicist, National Bureau of

Standards; Physics of Fields and Par-

ticles in Space—Chairman, Dr. John A.

Simpson, Professor of Physics, Univer-

sity of Chicago; Future Engineering

Development Beyond Available Facili-

ties—Chairman, Dr. O. G. Villard, Jr.,

Professor of Electrical Engineering,

Stanford University.

Meteorological Aspects of Satellites

and Space Research, U.S. Weather Bu-
reau; Psychological and Biological Re-

search-—Chairman, Dr. H. Keffer,

Hartline, Biophysics Section, Rocke-
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feller Institute for Medical Research;

Geodesy—chairman to be selected.

Dr. Hugh Odishaw, the Academy-
Research Council's executive director

of the National Committee for the

IGY, will also serve as executive di-

rector of the new board.

McElroy to Choose Between
Nike-Hercules or Bomarc
A recommendation calling for

DOD to choose between Nike-Hercules

or Bomarc was included in Congres-

sional approval of a $1.6 billion mili-

tary construction authorization bill. In

voting 80 to to approve the bill, the

Senate went along with a committee

reduction of 20% in the combined

total fund request for the two missile

systems.

The committee allocated the funds

for the two systems' launching sites to

the Secretary of Defense, instead of

to the Army or Air Force, thus hand-

ing him the burden of final decision

between the two.

Facilities for the Nike-Hercules,

Hawk, and Missile Master control sys-

tem accounted for $137 million of the

Army's total authorization request in

construction. About $92 million of the

Air Force's funds were slated for

Bomarc facilities.

Instead of granting the funds to

either service, the Senate allotted 20%
less than the combined total, or $183,-

000,000, to the Defense Secretary. He
is authorized to construct the missile

sites which he deems necessary.

Dutch Firm to Enter

Guided Missile Field

Fokker Aircraft is planning to enter

into production of guided missiles

sometime between 1960 and 1966. F.

J. L. Diepen, commercial manager of

Fokker, said that the company expects

one more generation of manned fight-

ers before air defense becomes the sole

domain of guided missiles.

Diepen said it is "unthinkable" that

Fokker would undertake development

of a new type missile on its own.

Navy OK's Contract

For Pyroceram Radomes
A $400,000 contract to the Corning

Glass Works will permit the company
to add to its facilities for production of

Pyroceram missile radomes.

Awarded by the Navy's Bureau of

Ordnance, the contract will permit the

company to obtain machine tools neces-

sary for finishing the radomes in pro-

duction quantities.

Pyroceram, a trademark of Corn-

ing Glass Works, is a new crystalline

material.

missiles and rockets, August II, 1 958

new techniques match TEFLON

to missile needs

Don't underestimate the possibilities of du Pont Teflon as

fabricated, today, by United States Gasket Company. Peren-

nial pioneers and leaders in advanced techniques of manufacture
and application of Teflon T.F.E. fluorocarbon plastics-

recent U.S.G. developments bring an entirely new conception

of the scope of usefulness of this remarkable material in the

missile field. One example— "Fusion welding" of Teflon T.F.E.

has broken through the limiting size barrier of fluorocarbon

plastic structures. Another example— "filled" Teflon is pro-

viding materials with particularly desired characteristics not

possessed by the virgin material—new qualities "custom-

tailored" to specific use requirements.

United States Gasket Company engineers invite the oppor-

tunity of applying the latest Teflon techniques for the

solution of your design problems.

For prompt service, contact one of The Garlock Packing Company's

30 sales offices and warehouses throughout the U.S. and Canada,

or write

United States Gasket Company
Camden 1, New Jerseyu

s
G

nited

asket T3eaitici-'C>u/Uus>ii.
orf
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ENGINEER OPPORTUNITIES AT RAYTHEON

ARMY'S HAWK MISSILE is launched from mobile platform by fast-moving
land forces. Raytheon engineers working on prime contract developed the
design that makes possible missile's extremely low-altitude capabilities.

Where is your future

in Missile Engineering?

It's your move. Your experience as a specialist in aeronautical

design work qualifies you for good positions with a number
of capable organizations. But somewhere is that special situ-

ation that will lead to the rewarding future you want.

Before you make your next move, you'll want to take a long

careful look at the leading companies in missiles and where

they are heading. Your company list will include Raytheon
—now prime contractor for the Army Hawk and Navy Spar-

row III, with continually expanding development programs

that need the talents of capable men in:

STRUCTURES: Stress analysis • Structural design • Dynamic analy-

sis • Static testing • Weight analysis

AERODYNAMICS (Missile): Stability and Control • Air loads

Performance

WIND TUNNEL TESTING • AERODYNAMIC HEATING
ROCKET ENGINEERING (Solid)

For interview in Bedford, Mass., please write, wire, or phone

collect to CRestview 4-7100. Ask for R. W. McCarthy.

RAYTHEON MANUFACTURING COMPANY

Excellence in Electronics BEDFORD, MASS.

2£ Circle No. 27 on Subscriber Service Card.

Instrument Buying Session

To Be Held in September
A session of special interest to

purchasing agents, "How To Buy In-

struments and Automatic Controls",
will be held during the 13th annual
Instrument-Automation Conference and
Exhibit, September 14-19 at the Con-
vention Hall in Philadelphia.

The session, to be held September
14 at the Sheraton Hotel, has been
planned, according to Dr. Robert
Jeffries, president of the Instrument
Society of America, to "further pro-
fessional ethics of buying and selling

instrumentation, and to establish a
meeting ground and a common lan-

guage between the manufacturer and
the user."

These three areas will be explored:
problems of design in original equip-
ment; choosing system for large
utilities, refineries or chemical plants;

and the special problems a purchasing
agent has in buying instruments and
control devices.

The Instrument Society of America
will sponsor the five-day conference.
More than 450 manufacturers of iifc

struments and control equipment are
expected to exhibit.

Nike-Hercules Gyros To Be

Produced By Telecomputing
New contracts totaling $1.8 million

have been received by the Telecomput-
ing Corp., Los Angeles, from the
Western Electric Co. for production of
gyros to be used in the Nike-Hercules
ground-to-air missile, it has been an*
nounced.

Telecomputing's Whittaker Gyro
Division, located in Van Nuys, Calif.,

will produce both rate and position

gyros for the new missile contracts.

Steel Prices Hiked

To About $4.50 Per Ton
A new round of price increases is

in the works in the steel industry, ifc

has been announced. Six major steel

companies—Republic Steel Corp.; Jones

& Laughlin Steel Corp.; Armco Steel

Corp.; National Steel Corp.; Pittsburgh

Steel Co.; and U.S. Steel Corp.—have

announced hikes of about $4.50 a ton

to an average price of about $150 a

ton.

The increases were $3.50 a ton on

hot rolled sheets; $4.50 on cold rolled

sheets; $3.50 on hot rolled strip; $5.50

on cold rolled strip; and $4.50 on*

electrozinc-coated sheets.

The companies say a $4.50 per

ton boost is designed to offset higher

wage costs that have taken effect.

missiles and rockets, August II, 1958
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Hydraulic Research
The originator of the Dry Torque Motor Servo*

A NEW SERVO TRANSDUCER

FOR HIGH PERFORMANCE CONTROL
Designed for Electro-Hydraulic flow, pressure, or power control up to 40 Hydraulic

horse power, with performance peaks never before obtained in a production unit.

EXCEPTIONAL NULL BALANCE, NO ADJUSTMENT
REQUIRED, AND ESSENTIALLY UNAFFECTED BY:

VIBRATION to lOOg's
TEMPERATURES —65°to +450°F
ACCELERATION to lOOg's

HYSTERESIS less than 3% THRESHOLD less than .5%

Write for Complete Data

Thousands of the original
Dry Torque Motor servo valves
are now in use by aircraft,

propulsion and missile manufacturers.

fii) Hydraulic Research
\*S A.\0 MANUFACTURING COMPANY

Subsidiary of Bell Aircraft Corp.

2835 N. Naomi Street • Burbank, Calif. • Victoria 9-2227
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An m/r special report

Solid Fuels Vie For Propellant Lead

SOLID PROPELLANT ROCKETS,
now riding high on the crest of increas-

ing missile applications, face a future

of competition with liquids and even

with itself. The following m/ r re-

port covers the most critical areas for

future solid rockets: scale-up, produc-

tion, new materials and supply, and
safety.

With the Polaris IRBM already

under development and the Minuteman
solid ICBM receiving the green de-

velopment light, it is evident that a

tremendous scale-up is taking place in

the design of solid propellant rockets.

Though the Polaris missile will

vault solid propellants into the long-

range (1,500 miles) realm, there is

only a slight scale-up in the actual

grain. Length of the two-stage proto-

type is 26.5 feet and the diameter is

54 inches. The same grain mass is be-

ing used for both stages of the test

vehicles.

The first stage of the test vehicle

is a cluster of four Sergeant-type

rockets, while the second stage will

consist of a single rocket. Total pro-

pellant mass may only be on the order

of 20,000 lbs.

Operational Polaris vehicle grain

production will represent a major ad-

vance in the state of the art. Total

launching weight of Polaris is expected

to be about 30,000 lbs.

• Major advance—Though the Min-
uteman ICBM may have a jury-rig

set-up in order to get it started, a

major manufacturing advance will have

taken place. Present plan is to produce

a multi-purpose missile.

The top two stages may be quite

similar to Polaris and could be used

by the Air Force as an IRBM replace-

ment for Thor and Jupiter. All that

would have to be developed is a large

first-stage booster, which would have a

diameter of about 6.5 ft. and a length

of about 30 ft. (m/r July 28, p. 50).

The Stage 1 rocket would deliver

about 200,000 lb. thrust for 30 sec.

Total grain weight would be on the

order of 25,000 lb.—a significant step

in the fabrication of truly large solid

grains. Total weight of the three-stage

Minuteman would be about 65,000 lb.

It is probable that the propellant

will be standard ammonium per-

chlorate-rubber fuel-binder composite.

However, there is the possibility that

by Alfred J. Zaehringer

a slight performance increase may be

sought by the inclusion of fuel additives

such as aluminum, magnesium, boron,

or one of the boron hydrides.

If the solid propellant advocates are

able to use these propellant advances,

then a considerable improvement in the

solid ICBM can be effected. Carrying

a 2,000 lb. warhead, the optimum solid

ICBM would be only about 50 ft. long,

and have a diameter of about 5.5 ft.

Total weight would be about 95,000 lb.

Savings in package size—but not

weight—would result from a higher

propellant loading (90-95%) giving

a better mass ratio, possibly higher

specific impulse (around 275 sec), and
higher combustion temperature. De-
velopment of such an optimum solid

ICBM would be about half the cost

involved in the development of either

the Atlas or Titan.

Production cost would also be

lower, but only by a small percent.

Very significant savings would be

evidenced in the solid ICBM because

of negligible handling and maintenance

as compared to the complex liquid

rockets.

• Booster breakthrough—It is quite

possible that solid rockets would be

used as boosters for space aggregates.

However, for launching atomic rockets

or ion vehicles, the development of a

solid booster delivering about one mil-

lion lb. thrust would be most valuable.

The solid space booster could be

ready in about ten years; based on the

advances and scale-up now taking place

within the solid propellant industry.

Length would be about 70 ft., and
diameter about 7.5 ft. Total booster

weight might be expected to be 300,-

000-500,000 lbs., with a total delivered

impulse of 60-70 million lb-sec.

By 1970 all terrestrial rockets will

be solid propelled. This includes: sur-

face-to-surface, surface-to-air, air-to-air,

air-to-ground, medium range artillery,

IRBM, ICBM, and possibly even cruise

missiles.

Aeronautical applications would in-

clude boosters for satellite rockets and
space missions, vernier rockets, retro-

rockets for re-entry vehicles, and pos-

sibly boosters for extra-terrestrial plane-

tary escape.

Production of modern solid rocket

propellants—whether homogeneous or

composite—hinges on machinery know-

how and application. Modern solid pro-

pellants can no longer be hand-made.

Production rates, safety considerations,

and quality control specifications are all

necessary to assure that solids stay in

the rocket race.

Practically all the variables respon-

sible for the success or failure of a

solid propellant are now tied to operat-

ing characteristics of a particular ma-
chine. Thus, hand methods have been

thrown out the window as solid com-

posites and homogeneous propellants

have finally relegated "powder rockets"

to a dying Fourth of July black art

status.

This does not mean that the solid

propellant business is entirely free of

the black art. It has been said that

what is not classified is in the trade

secret domain. For example, if the Rus-

sians were able to obtain secret reports

revealing exact propellant compositions,

they would still be unable to produce

propellants without knowledge of what

machinery is being used and how the

machinery is utilized.

It is a well known fact that all

major solid manufacturers of com-

posites use much the same machines

(see table—p. 29)—but how the ma-

chine is used is something that only a

few people know.

• Homogeneous first—The homoge-

neous propellants (single and double

base) first crystallized the need for

modern machinery. Reactors and nitra-

tors were needed to produce nitrocellu-

lose, nitroglycerin, and diethyleneglycol

dinitrate.

Various techniques were evolved to

work these materials into propellants.

Standard and specialized mills and mix-

ers were utilized for solvent, plasticizer,

stabilizer, and hot working or "colloid-

ing." After standard extrusion or cast-

ing, specialized equipment (propellant

slicers, inhibitor wrappers, and grain

trimmers) had to be evolved.

During World War II, the produc-

tion rate for rocket solventless double-

base propellants was some 20 million

pounds per month. Overall, machines

produced over 100 million pounds per

month of all homogeneous solids (for

rockets and guns).

With the trend toward composites,

the double-base solid industry today is

working far under capacity. In fact,

many of the World War II rocket pro-
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pellant plants have either fallen into

disrepair or have been dismantled.

However, some are still being main-

tained on a R-day basis.

It is estimated that, at the most,

some one half to one million pounds per

month of double-base rocket propel-

lants are being made. Most of this pro-

pellant goes into the small rockets such

as Mighty House, Zuni, Army artillery

rockets, bazookas, recoil-less guns, the

Honest John, Nike boosters, and the

Deacon rocket.

All of the homogeneous propellants

are being made at government or con-

tractor-operated government arsenals.

The machinery is well defined and
marked with government specifications.

Most of the machinery market today is

for composite propellant production.

• Composites next—The great break

away from gunpowder occurred during

World War II when the potassium

perchlorate (Aerojet) and ammonium
picrate (NDRC) propellants started sol-

ids on their rise to flame and glory.

The perchlorates—first the potas-

sium salt and now the ammonium com-
pound—were amenable to machinery

control. By coupling these materials

with plastic fuel-binders to produce

castable propellants an immediate pro-

duction revolution in solids began to

open up.

Standard and readily available ma-
chinery could be used. In addition, pro-

pellant specifications could be tied to

the machinery. For example, oxidizer

specifications are given simply as a par-

ticular flow rate at a given hammer
speed and given screen size with a

given puliverizer. This not only makes
conditions reproducible, but when scale-

uptime comes, the same conditions for

the same machine design will generally

produce similar results.

Various mixers are used. In most
instances, the dispersion blade types are

used for the heavier viscosity mixes and
-the sigma blade types for the so-called

castable propellants. Standard units

range from laboratory mixers of a few

cubic inches working capacity to large

mixers with capacities of several hun-

dred gallons.

It is now possible to produce single

batches today of one to three tons of

composite propellant at a single crack.

On a normal shift basis, a 300 gallon

mixer might produce some 100 tons of

finished propellant in a month. Add
several of these mixers, or use a larger

one, and it would be possible to turn

out enough propellant to fill an IRBM
or ICBM.

In addition to propellant mixers

there are now required specialized mix-

ers for producing liners, inhibitors, and
for pre-processing fuel-binder polymers.

Minimum equipment needed to set up
a laboratory level composite line would
be an oxidizer pulverizer and a mixer

—

such as the sigma type—the two cost-

ing new from one to ten thousand dol-

lars depending whether gram or pound
batches are required.

• Cast or extrude?—It takes quite

a machinery set-up to extrude propel-

lants. However, it pays off in a high

production rate and low unit grain cost.

Casting is generally cheaper when pro-

duction runs are short or where the pro-

pellant composition must be frequently

changed to meet new performance de-

mands.
Machinery and facility investment

for extruded solids may be two to ten

times greater than for a cast process.

Setting up a lab-scale extrusion pilot

plant may take $10-$ 100,000 for a

gram or pound grain basis. Despite the

scale-up that has taken place in ex-

truded grains, cast composites still lead

the race in the ability to produce the

largest single grain. The largest extruded

grain during World War II was about

500 lbs. It is doubtful if a single grain

weighing over 2,000 lbs. has been ex-

truded in the United States to date. On
the other hand, it is certain that cast

grains of at least 2,000 lbs. were pro-

duced five years ago. Today, in the

USA and USSR, a single cast grain of

at least 5,000 lbs. has been produced. It

Metals Disin. Corp.

POTASSIUM perchlorate oxidizer.

is believed that it is possible to produce

a single cast composite grain of at least

25,000 lbs. (with successive batches) to

give grain impulse potentials of about

six million lb-sec.

• Batch or continuous?—Consider-

able interest is developing in continu-

ous mixers for propellant production.

The advantages of production in a con-

tinuous stream are many. Remote sta-

tion, automated control is particularly

adaptable to continuous mixers.

One of the less desirable features of

batch type mixers is the large quantity

of material being mixed. And, as the

material is being mixed, the potential

hazard increases because all conditions

for combustion except the spark are

present. Should a fire or explosion oc-

cur, the smaller the quantity of ma-

terial in a piece of machinery the better.

For this reason, continuous mixers

which have only a small quantity of

burnable propellant in them at a given

time are of interest. Then, the newer

fuel-binders of ten have pot-life limita-

tions which mean critical mixing cycles.

And such critical mixing cycles get

worse with big batches.

Further, the development of larger

size propellant grains has introduced

the problem of combining the output of

several batch mixers at the right time

and still maintaining a uniformly mixed

material. However, batch mixers are

still the mainstay of the propellant pro-

duction industry, but considerable de-

velopment work is going on.

Continuous and automated propel-

lant production will allow high produc-

tion rates at low cost and at the same

time improve quality. Continuous ni-

trators are already going into operation

for the production of double base ma-

terials. Coupled with continuous max-

ing and extrusion, it may be that the

homogeneous propellants will be first

to operate on a continuous basis.

• Machinery requirements—The
solid propellant people rely heavily on

Machinery for Solids

Homogeneous

1. Reactors

2. Nitrators

3. Colloid Mill

4. Heavy Duty Mixer
5. Roll Mill

6. Extruder

7. Slicer

8. Inhibitor Wrapper
9. Trimmer

Preparation

Colloiding

Grain
Production

Composite

1. Dryer
2. Pulverizer

3. Sifter

4. Blender

5. Planetary

("kitchen")

Mixer

6. Pony Mixer

7. Colloid Mill

8. Roll Mill

9. Dispersion Mixer

10. Sigma Mixer

11. Muller

12. Sigma Mixer

13. Dispersion Mixer

14. Extruder

Oxidi;

Fuel-Binder,

Liners,

Inhibitors

Propellant

Mixers
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with a IVlKKERS® "packaged" unit

power is instantly available to operate
your missile-support system

Fast and easy installation is an impor-
tant advantage of these "packaged"
hydraulic power and control systems
by Vickers. It saves time at the missile

site — keeps "on-the-spot" labor
charges low. That's important! Yet
this fast installation is only one of the
benefits you get with these factory-
built power packages.

Save Design Time — Since 1932
Vickers has custom designed hydraulic
power packages. Thus, we know how
to avoid "false starts" and can de-
velop highly efficient units in a hurry.

Eliminate Mismatching — Each
power package contains compatible,
balanced components all produced by
Vickers. There are no hybrids — there
is no need for "force fits".

Save Space — Units are surpris-
ingly compact, yet all components are
easily accessible. Solid steel drilled

manifolds reduce piping and space.
Components, lines and connections
are kept to an absolute minimum.
Simple Field Adjustment — The
building-block concept is followed to

give component interchangeability,
servicing ease and quick location of

any malfunction. All components are
individually tested; complete power
units are pretested before shipment.
Insure Predictability — Vickers
designs and builds systems which meet
the most rigid performance specifica-

tions including predicted ambient
weather, temperature and other con-
ditions.

Reduce Field Inventory — As far

as possible, units are designed with
components that are commercial
"shelf" items. Inventories of ware-
house stocks can be kept low because
of component and part interchange-
ability.

How far advanced is your proj-
ect? If it is in the design and de-

velopment stage, we can immediately
place a team of hydraulic specialists

in your plant to work with your en-
gineers. If it is in the "breadboard"
stage, let us give you an alternate pro-

posal. On many applications we have
suggested much improved power units
at attractive production-line prices.

Write for Bulletin 5303

'Vickers Oil Hydraulics for Missile Systems"
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. . . special report on solid fuels

machinery. As the use of solids in-

crease, the use of machinery will go up.

A lab pilot plant may require several

thousand dollars worth of just one or

two machines. It runs into the hundreds

of thousands when you get into actual

production equipment.

Most solid propellant process en-

gineers have placed heavy reliance on
"pet" equipment. When the scale-up

comes it is already written in terms of

a particular machine. Therefore, despite

the fact that solid propellant production

will go up, the machine manufacturers

who will benefit will be a rather small,

proven lot.

However, there exist other machin-

ery requirements. When you consider

the metering, control, and handling

equipment associated with propellant

production, these total greater than the

few basic machines actually used in

production.

For the primary production ma-
chine manufacturers, it is best to get

in with the process engineer on the

ground floor—when development is still

in lab. That's the way to rise in the

solid propellant machinery market.

• Machinery a key—Production of

ammonium perchlorate, a vital oxidant

for high energy solid propellants, will

probably be tripled with such missiles as

Nike-Hercules, Nike-Zeus, Sergeant,

Pershing and Polaris using the oxidant.

A year ago, there was only one
large-scale producer of ammonium per-

cholrate (AP). The Navy's plant at

Henderson, Nev., operated by Ameri-
can Potash and Chemical Corp., was
producing only 3,600 tons of AP, and
about 3,000 tons were going into small

rockets.

But the swing to larger solid rockets

brought new uses for AP, and early this

year the following two new firms en-

tered into production.

HEF, Inc., a combination of Hooker
Electrochemical and Foote Mineral Co.,

will produce AP at Niagara Falls, N.Y.;

Tacoma, Wash.; or Montague, Mich.

With Foote's lithium background, it is

likely that lithium perchlorate also may
be produced. However, the immediate

need is for AP.
Pennsalt Chemicals has announced

that it will produce AP at Tacoma and
at another undisclosed site in the South.

In addition to plant dispersal, the

new AP plants will tie in better with

existing propellant plants—particularly

in the Eastern states and South. Those
plants that will benefit from the AP
supply line will be the Thiokol-RMI
complex in New Jersey and Maryland;

the Thiokol plants at Redstone Arsenal

and Longhorn, Texas; Atlantic Re-

search in Virginia; American Rocket in

Michigan; Olin Mathieson and Propel-

lex in Illinois; and possibly Thiokol in

Utah.

California supply lines to Aerojet

and Grand Central will not be short-

ened, although it may ease supply and
cause price reductions. Other chemical

producers are looking at AP. One large

concern has been working with a

new AP process for some time; an-

other medium-sized electrochemical

firm, while not producing perchlorates,

has been carrying out an AP R&D pro-

gram.

• Capacity increase—It is not known
how much perchlorate will be pro-

duced, but a conservative estimate is

that production will triple and capacity

will be increased tenfold. The late 1959

production rate will probably be 10,-

000 tons per year, with actual capacity

probably 50-100,000 tons per year.

This will definitely place AP at the top

of the solid propellant production heap.

It will take several years for the

next possible solid propellant improve-

ment step—introduction of lithium per-

chlorate—to catch up with present AP
production. But if and when the switch

is made to lithium perchlorate, present

AP facilities can be used completely or

in part to meet expected demands.

Possibly the Pennsalt plant, and

most probably the HEF plant, will be

designed as multiple-use or convertible

plants for immediate production of AP
and eventual production of lithium per-

chlorate. In either case, until the ozon-

ides or organic solid monopropellants

come along, AP will lead the solid field.

• Missile use—The following mis-

siles are highly dependant on AP:
Nike-Hercules. The old acid sus-

tainer was replaced by an ammonium
perchlorate-polysulfide combination with

a burn time of about 30 seconds.

Nike-Zeus. Boost and sustainer

both may be slated for AP-polysulfide.

Sergeant. This single-stage solid

rocket may use AP-polysulfide.

Atlantic Research Corp.

STANDARD 35 cubic-in. lab mixer unit.

Pershing. This solid replacement

for Redstone also uses AP.
Polaris. With development well un-

der way, AP is believed to be the oxi-

dant for both Thiokol and Aerojet

formulations. Thiokol will probably use

polysulfide with high energy additives

such as aluminum metal or boron and

boron hydride. Aerojet may use its

polyurethane with AP and may also

resort to high-energy additives.

IRBM. Design studies are probably

proceeding assuming AP oxidizer.

Minuteman. The solid ICBM would

enormously increase demands for R&D
quantities of AP and for production

missiles.

Although exact figures outlining AP
requirements for missiles may be classi-

fied, close estimates have been made.

For example, about 10 tons of AP
would be needed for a single produc-

tion surface-to-surface missile of V-2
range and payload capabilities. The
actual amount of oxidizer would be

about nine tons with perhaps another

ton for losses, scrap, small-scale proof

testing, physical testing, temperature

cycling and long-term storage.

The production figures do not in-

clude R&D, which would use many
small and full-scale units. USAF asks

for about 56 units for full-scale proof

or qualification testing; thus using about

600 tons of AP for this phase alone.

Plus figures account for production

rockets for training and operational

field stockpiles. Training and produc-

tion requirements could amount to

2,000 tons per year of AP for only one

missile. Since only 3,000 tons were

produced last year, AP production will

have to go up.

• Lithium perchlorate—With in-

creasing availability of lithium perchlo-

rate, there is speculation whether it can

improve solid propellant performance.

Performance undoubtedly can be in-

creased, but the question is—how much
and at what price.

Several independent propellant in-

vestigators have increased performance

of the present 225 seconds specific im-

pulse to over 240 seconds. There are

claims that the 270 increase has been

reached. However, because of its new-

ness, lithium perchlorate is still in the

laboratory league. Whether it gets into

the majors is another question.

Laboratory quantities of the salt

have been produced by a number of

firms—notably Foote Mineral and Lith-

ium Corp. Recently, American Potash

& Chemical Corp. started supply.

At present, the salt is made by

double decomposition methods, such as

the reaction of a basic lithium salt (viz.,

carbonate or hydroxide) with perchloric

acid. This is an expensive and touchy

process. It will probably be made by an
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. . . special report on solid fuels

electrolytic process similar to the mak-
ing of ammonium perchlorate. Other

production processes are being investi-

gated.

The big advantage of lithium per-

chlorate is its high density and oxygen

availability for combustion. The fol-

lowing table illustrates these features.

Lithium perchlorate supplies more
oxygen on a volume or weight basis

than either ammonium perchlorate (the

present high energy oridant), or am-
monium nitrate (a low cost, medium
energy oxidant).

Parameter
Lithium

Perchlo-

rate

Ammo-
nium

Perchlo-

rate

Ammo-
nium

Nitrate

Density,

lb/ft
J

.

Available

. 152 122 108

oxygen
weight c

Melting

34.2 19.5

point E 460 340

• Performance—On a weight basis,

lithium perchlorate has about three

times the oxygen content of ammonium
nitrate and twice that of ammonium
perchlorate. Despite its increased oxy-

gen content, lithium perchlorate is the

more stable.

Pure ammonium perchlorate reacts

with itself to give a decomposition re-

action, and for this reason has no

definite melting or decomposition point.

This inferior stability of tho ammonium
perchlorate has caused serious produc-

tion accidents that possibly will not

happen with lithium perchlorate.

The favorable oxygen content, oxy-

gen balance, and stability are all attrac-

tive lithium oxidant features. Even com-

bustion temperatures appear to be higher

than ammonium salt. Adiabatic flame

temperatures for AP propellants range

about 3000-4500°F.

However, a disadvantage of lithium

perchlorate is that most products would

U.S. Navy
EXTRUSION of double base grains requires complete equipment at plant
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be solids of relatively high molecular

weight (see table below) and it is here

that performance gains are wiped out.

Product
Molecular Melting Boiling

Weight Point, F Point, F

Lithium chloride 42.40

Lithium fluoride 25.94

Lithium oxide 29.88

1130 2460
1598 3050
3092

The chloride, or in some cases the

oxide, would be typical products with

lithium perchlorate oxidants and

organic fuels. Thus, with completely

combustible organic fuels, lithium per-

chlorate will give a solid exhaust.

The situation (in regard to smoke
and high molecular weight exhaust

products) would be worse with metals

or boron fuels. The table below gives

the ballistic performance of lithium

perchlorate with various fuels.

- H a „ ,

"Bid
*j o> g S o rtH

SclZ -.-Z

si
a 3~
u ft"

.S -

TO 5 2

HiP.

Organic
(taken as

C2H,OJ
75 4,500 250 LiCl, COt, H*0

Aluminum
59 5,400 260 LiCl, AI„Os

Decaborane
82 5,050 270 LiCl, B-O,, H.O

As illustrated, use of lithium per-

chlorate would bring near stoichio-

metric conditions with organic fuel-

binders and yet allow good processing

conditions. Using a liquid casting resin,

a propellant mix containing 75% lith-

ium perchlorate would be castable.

The next step would be adding

either a metal such as aluminum, mag-

nesium, or boron; or an additive such

as solid decaborane.

Either technique could yield higher

performances over the straight organics

and yet allow good processing condi-

tions. With an all-born fuel, it is un-

likely that the use of lithium perchlo-

rate would allow solids to attain an im-

pulse of 280 seconds. It should be

pointed out that the above table may
represent an optimistic outlook.

• Additional factors—There are

several other factors to consider with

this potential oxidant. It is hygroscopic,

which would lead to processing diffi-

culties. However, lithium perchlorate

would probably be no more hygroscopic

than ammonium nitrate and processing

under low humidity conditions is an ac-

cepted technique.

Cost of the lithium salt is high and

availability is low. It is estimated that

last year only about one ton was made.

Therefore, its cost on a pound basis is

measured in dollars per pound. Several
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find wide use in regulated power
supplies, square wave oscillators,

servo amplifiers, and core-driver cir-

cuits of high-speed computers. Ifs

the 2N553

!

NEW HIGH-FREQUENCY POWER TRANSISTOR BY DELCO

No other transistor offers so desirable a combination of
characteristics for applications requiring reliability and
consistency ofparameters.

TYPICAL CHARACTERISTICS T = 25°C unless otherwise specified Collector diode current l eo (VCB = 2 volts) 12 Ma

Collector diode voltage VCB 80 volts maximum
(VEB= -1.5 volts)

Emitter diode voltage VEB 40 volts maximum
(VCB = -1.5 volts)

Collector current 4 amps, maximum

Base Current 1 amp. maximum

Maximum junction temperature 95°C

Collector diode current l co (VCB = -60 volts) 0.5 ma

Collector diode current l Co (VCB = -30 volts, 75°C) 0.5 ma

Current gain (VCE = —2 volts, l c = 0.5 amp.) 55

Current gain (VCE = 2 volts, l c = 2 amps.) 25

Saturation voltage VEC (l B = 220 ma, l c = 3 amps.) 0.3

Common emitter current amplification cutoff frequency

(l c = 2 amps. V EC = 12 volts) 25 kc

Minimum junction temperature — 65°C Thermal resistance (junction to mounting base) 1° C/watt

BRANCH OFFICES
Newark, New Jersey Santa Monica, California

1 180 Raymond Boulevard 726 Santa Monica Boulevard
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 DELCO RADIO

missiles and rocke+S, August II, 1958 Circle No. 12 on Subscriber Service Card.

Division of General Motors

Kokomo, Indiana

33



special report on solid fuels

of the lithium manufacturers are op-

timistic about cost in large scale pro-

duction and feel that it could actually

compete costwise with ammonium per-

chlorates.

Propellant chemists say lithium per-

chlorate can give solids an immediate

performance increase. Actual amount
of this increase is in doubt and prob-

ably classified.

Because of molecular weight limi-

tations in the exhaust, it is certain that

lithium perchlorate will only put solids

in the 250-270 class. Any hopes of

nearing 300 seconds will need drastic

breakthroughs in preferential or selec-

tive oxidation.

It might be possible to selectively

oxidize organics to carbon dioxide or

monoxide and water and convert the

halogen to HC1, keeping lithium at its

low molecular weight of 6.94. This

will be difficult because of tempera-

tures on the order of 3000°F, 10-100

atmospheres of pressure, and excess

oxygen. This illustrates what the solid

propellant people are facing to keep up
with fluorine or ozone liquid systems.

• New compounds—At least two
rocket groups are seeking the evolution'

of new rocket propellants via organic

nitrogen compounds. High energy addi-

tives for composite and double base

solids, and possibly stable liquid mono-
propellants, could result from the work
now in progress at Aerojet and Rohm
& Haas.

Aerojet's work seems to be con-

cerned with dinitroethylation—putting

the gem-dinitroethyl radical into or-

ganic compounds—and winding up
polynitroesters and alcohols. This was
about all that Aerojet reported at the

American Chemical Society meeting in

San Francisco in mid-April.

Phillips Petroleum

OPERATOR CONTROLS extrusion of ammonium nitrate grain.
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It is believed that the new com-
pounds might have immediate appli-

cations in polyurethane fuel-binders

where either higher energy content or

higher burning rates might result.

Nitrogen also is the key to new
synthetic organic monopropellant ma-
terials being evolved at Rohm & Haas,

Research Division, Redstone Arsenal.

The organic group has published a

wealth of unclassified material concern-

ing its organic syntheses.

Most of the work is concerned with

nitration and nitro compounds. How-
ever, recent work with fluorine and the

boron hydrides indicate that an entire

new class of high energy compounds
might result.

Solid propellants, however, may be-

come classless in the future when com-
posites incorporate new monopropellant

materials into their mixes and the ho-

mogeneous propellant people utilize

high energy additives. Aerojet, for ex-

ample, is already reported to be incor-

porating aluminum into their com-
posites. Next step will be nitrated plas-

tics. Hercules Powder may resort to

adding the borons to their double-base

propellants.

According to specialists, only about

one ten billionth to one billionth of the

mass of chemical fuels disintegrates

into energy. Thus, the solid people (and

the liquids too), will have to look to

new mechanisms of energy release than

foolishly seek new compounds. For it

is a well known fact that the per-

formance of all known or possible

chemical compounds fall within a nar-

row band in the rocket spectrum.

The rapid scale-up of solid pro-

pellant rockets may mean trouble for

solid propellants if the concept of

"critical diameter" is established. A pro-

pellant which normally cannot be det-

onated might detonate when a certain

size is exceeded.

This is a definite danger, according:

to Dr. John Hyndmann of the Ballis-

tics Section of the Rohm & Haas Co.,

Redstone Arsenal Research Division.

Dr. Hyndmann refers to the general

conditions required for transition fromi

normal burning to detonation as set!

forth by Kistiakowsky during the Third-

International Symposium on Combus-
tion and Detonation Phenomena.

His proposed mechanism involved

ignition of a granular bed of explosive,

arranged in order that products of com-
bustion were able or forced to pass-

through the bed. The resistance to gas

flow through the bed results in a pres-

sure build-up and more rapid burning,

causing greater flow.

Eventually, the formation of shock

waves might be sufficiently intense to

become detonative or reactive shocks,

and consume the rest of the bed as a

detonation. This process has been ob-
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FULL RANGE

of 8 MODELS

AVAILABLE

SERIES 1

G-rating: 1 to 150
Test radius: 1 8" to 46"
Specimen: 30-100 lbs.

SERIES 10

G-rating: 1 to 1 50
Test radius: 96" to 240"
Specimen: 300-600 lbs.

SERIES 20
G-rating: 1 to 100
Test radius: 264" to 420"
Specimen: 2O00-S000 lbs.

FOR FAST, ACCURATE TESTING - as required by
MIL-E-5272A.

Rucker Centrifuge Acceleration Test

Machines in a full range of sizes are precision-

engineered for accurate pre-testing of com-

ponents, instruments and assemblies em-

ployed in aircraft, missiles and rockets under

simulated operational acceleration loadings

in the 1 to 150 G-range. They are ideally

suited both for exacting laboratory testing

and mass production-line testing procedures.

Write for full details, today.
State your range of requirements.

Stationary or portable high pressure

gas boosters for compressing helium
or nitrogen up to 6000-10,000 p.s.i.

for missile development and produc-

tion testing or flight line checkout

TEST BENCHES

Standard or custom designed sta-

tionary or portable test benches for

precision testing of all types of hy-

draulic or pneumatic components
and systems.

* Series 20 Model RCT-21

ACCELERATION TEST MACHINES

The Rucker Company, 4708 San Pablo Avenue, Oakland, California

View of 22' radius arm and power-

head installed in test pit. This large

Series 20 unit is designed for testing

4,000 lb. specimen at 100 G-rating.
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OW... sealed dec endability in an

adjustable, rugged, environment-free

#2frjS
/ LIMIT SWITCH

Model HI 1-2
(Conforms to MS-24331)

• Use for any exposed control

or indicating application on

aircraft or machines.

• Corrosion resistant — Stain-

less Steel or Monel used for

all exposed metal parts.

• Heliarc welded for positive

sealing and added strength.

• Meets all requirements of

Immersion Test MIL-E-5272,

Procedure I.

• Header is brazed (not

soldered)

• Mount anywhere — through

one mounting hole. Infinitely

adjustable within %"— wire

locking.

• Multi-Circuit Control.

6 separate terminals permit

many circuit combinations.

• High operating and overtravel

force provides positive ice-

breaking characteristics to

assure perfect, dependable
operation.

• Light and Compact ... yet

rugged and impervious to all

environment conditions.

36

operating characteristics

Contact Arrangement 2 — S.P.D.T.

Pretravel 040 Max.
Movement Differential 020 Max.
Overtravel 250 Min.
Operating Cycles 25,000 Min.

Break Distance 010 Min.
Difference of Operating & Reset Pt.

Between Each Pole 010 Max.
Operating Force 9± 3 Lbs.

Overtravel Force 30 Lbs. Max.
Release Force 4 Lbs. Min.
Electrical Rating —

Sea Level to 100,000 Ft 28 VDC, 4A Res.

2 A. Ind. - 4A Motor
Ambient Temperature Range —100° to +221° F.

Weight 2% Oz. Approx.

ELECT ROSN A P
CORPORATION

4252 West Lake Street

Chicago 24, Illinois

VAN BU REN 6-3100

TWX NO. CG.I40O

For full details, write for Data Sheet EC-6. And, for

information on the many other Electro-Snap sealed

switches.

MODERN DESIGN IN A COMPLETE LINE OF SWITCHES

Sub-Miniatui
Switches

Multi-Pole
Switches

One-Way Limit

Switches
Hermeticaliy-Sealed

Limit Switches

SEND FOR OUR CATALOG
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special report on solid fuels

served in finely divided beds of double

base and composite propellants under

test conditions.

It has been concluded that the tran-

sition from burning to detonation is

a physical condition rather than the

chemical make-up of the propellant.

Three conditions, usually present in all

propellants, are ignition, interconnected

porosity, and detonatability.

• How it works—Applying the con-

cept of critical diameter to propellants,

Dr. Hyndmann illustrates the case thus:

materials such as azides and fulminates

need less than a millimeter of diameter

to detonate. Cast TNT needs about a

centimeter. Ammonium nitrate needs

about 30 cm.

Thus, the elation some composite

manufacturers have concerning the

safety of their propellants is a result of

having tests conducted with sample di-

ameters under critical conditions.

The Texas City disaster of 1947,

where tons of ammonium nitrate first

caught fire and then detonated, illus-

trates the concern that the armed forces

have when considering the use of large

solid propellant thrust units. Not only

the effect on military personnel, but

possible effects on the general public,

must also be considered.

Ignition is always at hand in a solid

propellant, so the other item of con-

cern is porosity. The most likely

causes of detonative-inducing porosity

are listed as:

1. Shrinking of the fuel-binder dur-

ing cure (after gel), which re-

sults in strained areas at star

points and sharp corners.

2. More strain when the propellant

cools from cure to room temper-

ature.

3. Separation of oxidizer from fuel-

binder, due to wide differences

in coefficient of thermal expan-

sion.

4. Separation of oxidizer from fuel-

binder because of different coeffi-

cient of compressibility when the

propellant is pressurized on igni-

tion.

5. Strain on the propellant due to

strained metal motor case.

Generally these conditions are more
severe at low temperatures and can

lead to actual cracks. However in large

masses, non-visible strains can also lead

to malfunctions.

In order to minimize the probability

of the transition from burning to deto-

nation, Dr. Hyndmann suggests that the

following measures must be taken:

1. Operate the rocket motor only

at a temperature where malfunction is

unlikely.

2. Improve the physical properties

of the propellant to a point where the

strains can be safely tolerated. For
homogeneous propellants, this applies

to the entire composition from com-
posites to fuel-binders.

3. Bring the propellant up to full

pressure more slowly to minimize strain

during first firing.

4. Use good design in motor or

grain to minimize strain on propellant.

• Can't hide problem—Solid pro-

pellant advocates will have a hard time

in sweeping this critical matter under
the liquid-solid race rug. George S.

Sutherland of the Boeing Airplane Co.,

Seattle, Wash., estimates that by 1960
the large scaled-up solid rocket will be

over 90% propellant with a rocket

weight of about 100,000 lbs.

The solid ICBM, Sutherland figures,

will be about 50 tons in weight, and a

one-way moon rocket will tip the scales

at 280 tons.

Whether the grains are homogene-
ous or composite, cast, extruded, or

cemented, it will mean a large chunk
of propellant that could approach the

critical diameter needed for detonation.

Thus, solids will probably have to be

staged at less than optimum conditions

to prevent detonations in very large

masses.

At a recent guided missile sympo-
sium, Standford Research Institute's N.
Fishman, R. B. Foster, and I. W. Yab-
roff presented yet another solid propel-

lant problem—solid propellant aging

and missile reliability. Though solids

deteriorate at a very slow rate, it can
lead to performance variations that are

particularly critical in large rockets or

for long storage times.

Aging may be a result of many dif-

ferent factors, depending upon the com-
position of the propellant and its reac-

tion to its storage environment. In most

cases, the result of aging is degradation

of the polymeric binder-fuel, with in-

direct effects on the ballistic perform-

ance of the system. Elevated tempera-

ture, oxidation by storage in air, and

reaction with moisture in the air are the

most usual causes for changes due to

aging. Creep, chemical interchange, or

other phenomena, which are inherent

characteristics of the propellant binder,

may also occur.

All of these considerations indicate

that the solid-liquid struggle will con-

tinue hot and fast for the next ten

years at least.*

Here is

The Missile

Business
all wrapped up in

one valuable 462 page

MISSILE

MARKET
GUIDE AND
DIRECTORY

NEED an idea, a system, a com-
ponent, a small part or complete
buying information about the mis-
sile business? Somewhere in the

pages of the MISSILE MARKET
GUIDE AND DIRECTORY are

all the key companies that can sup-
ply this valuable information.

MISSILES AND ROCKETS' MIS-
SILE MARKET GUIDE AND DI-
RECTORY contains over 76.000
company listings. Over 3,000 com-
panies are named.

The MISSILE MARKET SURVEY
includes articles on how to do
business with the Departments of
Defense, Army, Air Force and
Navy. —PLUS a liberally illus-

trated directory of the missiles that

stock the U.S. Missile Arsenal
listed by name, type, service and
status and gives prime contractor,

principal subcontractors and asso-

ciate contractors.

The 70-page MISSILE PURCHAS-
ING DIRECTORY lists company
name, address, phone number, and
key purchasing and sales personnel

of a supplier. The type of com-
pany activity is explained by coding

at the end of each listing.

The MISSILE CATALOG product

listings have been divided into nine

major categories for the conven-

ience of the user. —Missile Frame,
Warhead and Nose Cone, Pro-

pulsion Systems and Auxiliary

Power Units, Ground Support,

Ground Handling, Guidance Equip-

ment, Checkout Equipment, Test

Equipment, Tracking and Tele-

metering.

You get 462 pages of accurate,

illustrated data (Size 8 x II V4).

ORDER extra copies of the MIS-
SILE MARKET GUIDE AND DI-

RECTORY @ $5.00 per copy to-

day for yourself, your organization

and your associates.

MISSILES AND ROCKETS
Magazine of World Astronautics

1001 Vermont Avenue NW,
Washington 5, D. C.
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AMERA with plug-in control unit for

miote use showing magazine interior.

DATASYNC has plug-in amplifier for

non-remote use. Footage counter rotates.

DRC-10 control unit for remote use

Color lights show operational mode

Recorder Offers Speedy Data Processing

A problem long familiar to test and

instrumentation engineers is that of

extracting urgently needed data from
the complex mass of information

gathered during operational evaluation

of a system or component.

One device offered as a possible

solution to this difficulty is the new
Datasync recorder developed by
Berndt-Bach, Inc., Los Angeles, Calif.

• Operation—Currently in use by
Convair-Fort Worth and also under

study in classified tests at Wright Air

Development Center, The Datasync
uses standard 16-mm motion picture

film that can be pre-striped for as

many as ten magnetic sound tracks.

A self-synchronized readout of

electrical, visual and audio data is

almost immediate within minutes after

recording, by use of modern, high-

speed, automatic film processing

machines.

As the camera takes motion
pictures of a missile launching or a

high-speed rocket sled run, for ex-

ample, the film's magnetic tracks are

fed instrumentation signals. The feed-

in unit, a transistorized multi-channel

amplifier, may be remotely located or

plugged directly into the camera base.

Amplified and impedance-matched,
the signals are fed to recording heads

in the camera's film chamber. In a

10-track setup, there are 10 individual

recording heads, each equipped with

by Richard Van Osten

a reproduce head for monitoring the

sound track l/50th of a second after

data has been recorded.

Striped for five tracks, the magnetic

area can record some 60,000 data bits

per second, based on the frequency re-

sponse of 50 to 12,000 cps. It may
also be used to provide a broad-band

response from DC to 12,000 cps.

Loaded with its present capacity of

1,200 ft. of film, the device can record

up to 240 million cycles of analog or

digital information synchronized with

48,000 motion picture frames. If prop-

erly programmed, a single track may
record and readout 300 or more in-

struments per second.

Regardless of five track or 10 track

configuration, a single "balance track"

is applied between the film's edge and
the perforations. The remaining tracks

(four or nine) are laid down between

the opposite edge and the film frames.

Each track is approximately 0.018-in.

wide, and separated from an adjoin-

ing track by 0.005 in. The tracks are

not affected by the developing process.

• Use in the field—Datasync equip-

ment may be adapted to use both

magnetic and optical tracks, or both,

depending upon the user's require-

ments.

The entire system is comprised of

three basic components: the camera; a

remote control unit; and the plug-in

amplifier for remote use.

The camera, without amplifier,

weighs 35 lbs. including the film mag-
azine, and measures 8V4 x 9% in. All

camera controls, including full frame
ground glass focusing, footage counter

and plug-in switch unit, are designed

for from-the-front operation. This en-

ables the camera to be permanently in-

stalled in a corner. Two eye pieces,

mounted on either side of the camera,
serve as viewfinders and focusing lenses.

The plug-in control panel contains

indicator lights to show when the unit

is ready to run, focusing, or is running.

Neither the "ready to run" nor "run-

ning" lights will come on, nor will the

camera operate unless: (1) film is cor-

rectly threaded (2) film takeup is func-

tioning properly (3) magazine is loaded

(4) camera door is closed.

The remote camera control (DAR-
10) permits camera operation from a

distance of several miles. The same
lighting system as in the plug-in con-

trol is used in connection with the cam-
era's operational interlocks. This remote

control-amplifier package weighs 7 lbs.

with two channels. Available with up

to 10 channels, the DAR-10 weighs ap-

proximately 3.5 lb. per channel.

When remote control is not re-

quired, the DAR-10 circuitry is dupli-

cated by a multi-channel, transistorized

"chin" amplifier that plugs into the

front of the camera base. This unit

measures 7 x IV2 x 1V% inches and

weighs 7 pounds.
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man in

Boeing has planned ahead to meet the problems and

develop the potentials of the space age—through

organizational structure, expanded facilities and

advanced fundamental research.

The Boeing Systems Management Office develops

proposals and provides management for all projects

employing space-age techniques. Advanced studies

include boost-glide vehicles, anti-ballistic missile

area defense systems, air-to-surface missiles, and

manned and unmanned space vehicles.

Boeing's space-age orientation, its tremendous tech-

nical and research capability, and its outstanding

"rockets", one of a series of paintings by Simpson-Middleman, a team of artists with
the rare ability to translate scientific fact into creative imagery. Here, the rocket's

blast and its guiding beam are thought of as a single stream of light through the center.
Darks and lights of definite shape in a weak visual vector field are relied on to suggest
the dynamics caused by the acts of the servo-mechanisms in making their adjustments.
Painting courtesy John Heller Gallery, Inc.

space

weapon system management experience earned for

the company and its associates an Air Force assign-

ment for Phase I development of Dyna-Soar. This

is a weapon system based on a manned boost-glide

vehicle that will orbit at speeds approaching 18,000

miles an hour, and be capable of re-entering the

atmosphere and making a normal landing.

Dyna-Soar and other space-age projects at Boeing

offer exceptional opportunities to engineers of all

categories, and to physicists, mathematicians and

scientists. Drop a note now to Mr. Stanley M. Little,

Dent. R-78, Boeing Airplane Co., Seattle 24, Wash.
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HYGE SHOCK TESTER demonstration unit. The control

cabinet is shown at right, Memo-Scope oscilloscope above.

CONSOLIDATED ELECTRODYNAMICS Hyge Shock Tester

in use. Memo-Scope is panel-mounted behind operator.

Shock Tests Vital as Birds Get Bigger

WITH THE RECENT ANNOUNCE-
MENT that initial contracts had been

let for Minuteman, (m/r July 28,

p. 50) and with the Polaris well along

in development, environmental test-

ing phases of missile development as-

sumed new importance.

Always a critical factor in testing,

environmental factors will be much
more stringent with the "second gen-

eration" solid-fuel missiles because of

vastly increased shock, vibration and

acceleration problems.

Probably the most important part

of any test program is determining

whether or not a missile can withstand

the extreme shock, vibration, and tem-

perature variations encountered during

flight. The importance of this testing

is due to the fact that there is no way
to correct for environment-caused

errors after the missile has been fired.

Shock is one of the many factors

involved, and enters into the missile

flight at several stages: firing, separa-

tion, firing of additional stages, buffet-

ing of hypersonic travel. It is important

to missile designers that the various

components be shock-tested during de-

velopment, and that these shock tests

accurately simulate actual conditions

for flight. Shock-tests will be even more
important in the future, when big mis-

siles will probably be all solid-fueled.

• Hyge for shock—At Lockheed's
Missile Systems Division, the Hyge
Shock Tester, now manufactured by
Consolidated Electrodynamics' Roches-

by Raymond M. Nolan

ter division under license to Convair,

is used to simulate missile shock con-

ditions. This compact instrument is

capable of producing extremely high

loads instantaneously, with precise

waveform control. High-level thrust

loads are transmitted to objects being

tested by the instantaneous release of

compressed gas acting against a piston.

A Hughes Memo-Scope Oscillo-

scope and two Consolidated Recording
Oscillographs are used as readout and
recording instruments. The Memo-
Scope retains successive transients at

high brightness until intentionally

erased, thus permitting leisurely exam-
ination.

The Hyge Shock Tester is being

used to great advantage on two re-

search missiles—the X-7 and X-17.

According to R. C. Geiger of Lock-
heed's Missiles System Division, the

Hyge is used for shock-testing missile

systems and components to high accel-

eration values simulating booster firing

and effection, parachute recovery, and
ground landing impacts. The pulse

shapes of these shocks are of such in-

tensity and duration that they can
cause malfunction or failure of sen-

sitive tubes, relays, switches, gyros.

Even intermittent failures of these

components can cause loss of control

and destruction of hypersonic vehicles.

It is absolutely necessary that all such
components be tested completely be-

fore use to minimize the possibility of

in-flight failures.

The Air Force has found the X-7

to be a thrifty device, since it may be

recovered by parachute to fly again.

Loaded with electronic gear, the X-7
sends a stream of continuous perform-

ance data to the ground by radio while

it is in flight. Each re-flight of the

needle-nosed missile saves taxpayers

$350,000 in missile research costs.

The other Lockheed "test bird,"

the X-17, is a three-stage ballistic rocket

weighing more than six tons and stand-

ing as high as a four-story building.

Nevertheless, it is inexpensive as com-
pared to full scale operational missiles.

This rocket is used to provide infor-

mation on problems arising when the

warhead of a ballistic missile re-enters

the earth's atmosphere at high speed.

• Key links in defense program

—

Because these Lockheed test missiles

have been described by the Air Force

as playing vital roles in the nation's

missile development programs, great

care has been exercised in securing the

best equipment available.

The Hyge Shock Tester has already

brought about an improvement in ob-

taining consistent test results, since

shocks can be exactly repeated with-

out the serious variations apparent in

sand-box drop tables. The unit has

provided a definite improvement in

testing techniques.

Prior to installation of the Hyge,
all shock testing was accomplished by
one of two methods. For shock pulses

of five milliseconds or less, a steel ham-
mer with a cast lead nose was used to
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strike a pendulum fixture on which the

specimen was mounted. The shape and

size of the lead nose was varied to ob-

tain the pulse shape, and the height of

swing of the hammer controlled the

pulse amplitude. This method required

replacing the lead slug after every

shock.

• Hyge gives precision—With Hyge,

the wave-shapes, time bases, and levels

can be exactly calculated and predicted

by means of the metering-pin contours.

In many cases, a single metering pin

can be used to perform acceleration

tests at a wide range of "g" levels with

considerable variation in specimen

weights, by changing the unit firing

pressures and fluid levels.

The output waveform of the ac-

celeration pulse is fed directly from
the accelerometer to the Memo-Scope
for actual measurement.

To observe an acceleration pulse, a

calibrated ( Millivolt/G) accelerometer

is attached with the test specimen on
the Hyge-Shock Tester. With the ac-

celerometer output then fed to the

vertical input terminals of the Memo-
Scope, and the scope input in millivolts

on the screen of the tube, the vertical

input of the occurrence will read in

|, (MV G )° Sper SqUarC
(SQMV)'

The Memo-Scope horizontal input

can be adjusted for sweep time to read

milliseconds per square. Firing the

Hyge will produce an acceleration-time

waveform on the screen which can be

read directly. The Memo-Scope tube

will store the information for weeks,

if necessary. However, a record picture

can be taken of the screen for perma-
nent file.

The Hyge Shock Tester has been
used to simulate shocks of as high as

200 g's, and shocks of lower ampli-

tude but with a duration of 35 milli-

seconds. Internal bore diameter is six

inches, and rated output thrust is 42,-

000 lbs.

As it is set up at Lockheed, the

Hyge installation includes a control

console, actuator, and carriage rail

system. The Hyge is mounted horizont-

ally on a large concrete block. Force of

the piston propels the carriage, which
carries an air brake, along a rail sys-

tem. Using the rail system to produce
low levels of deceleration is advanta-

geous in studying component failures,

because the direction and magnitude of

deceleration force can be controlled.

• Oscillographs monitor circuits

—

The two Consolidated Electrodynamics
Recording Oscillographs, a 14-channel

Type 5-116 and a 50-channel Type
5-119, are used to monitor circuits and
components of systems under test.*

An Invitation To Join

ORO . . . Pioneer In

Operations Research

Operations Research is a young science, earning recog-

nition rapidly as a significant aid to decision-making. It

employs the services of mathematicians, physicists,

economists, engineers, political scientists, psycholo-

gists, and others working on teams to synthesize all

phases of a problem.

At ORO, a civilian and non-governmental organiza-

tion, you will become one of a team assigned to vital

military problems in the area of tactics, strategy,

logistics, weapons systems analysis and communications.

No other Operations Research organization has the

broad experience of ORO. Founded in 1948 by Dr.

Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's
research findings have influenced decision-making on
the highest military levels.

ORO's professional atmosphere encourages those

with initiative and imagination to broaden their scientific

capabilities. For example, staff members are taught to

"program" their own material for the Univac computer

so that they can use its services at any time they so

desire.

ORO starting salaries are competitive with those of

industry and other private research organizations. Pro-

motions are based solely on merit. The "fringe" benefits

offered are ahead of those given by many companies.

The cultural and historical features which attract

visitors to Washington, D. C. are but a short drive from

the pleasant Bethesda suburb in which ORO is lo-

cated. Attractive homes and apartments are within

walking distance and readily available in all price

ranges. Schools are excellent.

For further information write:

Professional Appointments

OPERATIONS RESEARCH OFFICE
I <>»<> ! The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND
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Design breakthrough no

Vkkers advanced desk
(PV SERIES)

Model Series PV006

Theoretical Dspl. .095 cu in./rev

Rated Speed 12,500 rpm

Weight 2.4 lb

Hp/lb @, Rated Speed 3.8

Bolt Spacing 1.875"

Overall Length 4W

Model Series PV012

Theoretical Dspl. .188 cu in./rev

Rated Speed 10,000 rpm
Weight 4.2 lb

Hp/lb @ Rated Speed 3.4

Bolt Spacing 3.536"

Overall Length 5W

Model Series PV024

Theoretical Dspl. .367 cu in./rev

Rated Speed 8,000 rpm.

Weight 5.91b

Hp/lb @ Rated Speed 3.8

Bolt Spacing 3.536"

Overall Length 5%"

Model Series PV0;

Theoretical Dspl. .600 cu in./n

Rated Speed 8,000 rp

Weight 9.5

Hp/lb @ Rated Speed 3

Bolt Spacing 3.531

Overall Length 6'%

• "Design breakthrough" as used on this page is a carefully

considered statement. Here is the lineup of the PV series fixed

angle variable displacement hydraulic pumps for aircraft and
missiles systems optimization. The numerous important improve-

ments briefly discussed at the right indicate that these advanced
design pumps are destined to set new standards of performance.

All series have integral automatic pressure compensator and a
broad range of control methods. This advanced design requires

substantially fewer parts than conventional design . . . and it has

reduced to a minimum the number of external sealing elements.

Now, for the first time, the power saving (and heat rejection)

advantages of variable, displacement are available in pumps of

fixed displacement envelope and weight.

When first announced last March, only the smallest unit (Series

PV006) had completed exhaustive endurance tests and was
available. Now three more series (PV012, PV024 and PV039) are

ready for system application. Three larger sizes are in the

development stage. For further information write for

Bulletin A-5233.

VICKERS INCORPORATED
DIVISION OF S P ERR Y RAN D CORPORATION

Aero Hydraulics Division • Engineering, Sales and Service Offices:
ADMINISTRATIVE and ENGINEERING CENTER I TORRANCE, CALIFORNIA • 3201 Lomita Boulevard

Department 1470 • Detroit 32, Michigan P.O. Box 2003 • Torrance, California

Aero Hydraulics Division District Sales and Service Offices

Albertson, Long Island, N.Y. • Arlington, Texai
Seattle 4, Washington • Washington 5, D.C.

Additional Service Facilities at: Miami Springs, Fla.

IMPROVED LIFE

Exhaustive endurance tests have proved these

new pumps meet the requirement of new
MIL-P-19692 specification (i.e., 750 hours al

rated rpm which is a very substantial increase

over the 560 hours previously required).

INCREASED SPEED
CAPABILITIES

The maximum recommended speeds (both

continuous and intermittent) have been greatly

increased for all sizes without exception . . .

more than doubled for some models.

SAME HIGH EFFICIENCY

Volumetric efficiency is from 96% to 98% ovei

a pressure range of 500 to 3000 psi. All the

improvements enumerated here have been

made without any sacrifice of the exceptionally

high efficiency inherent in Vickers axial piston

type pumps ... under partial as well as full

flow conditions.
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TRIABLE DISPLACEMENT PUMPS

Model Series PV062
Theoretical Dspl. .950 cu in./rev

Model Series PV104
Theoretical Dspl. 1.600 cu in./rev

Model Series. . PV153
Theoretical Dspl. 2.350 cu in./rev

*Similar inherent performance advancements shown for the smaller pump sizes will be carried over to these models.

IMPROVED RESPONSE

Hie PV006 series is capable of full flow to zero

low response in 0.02 sec and zero flow to full

Sow response in 0.04 sec without pressure
jscillation.

MINIMUM PACKAGE
jrhese PV series variable displacement pumps
lave practically the same envelope as constant
lisplacement units of equal output. In com-
parison with standard variable pumps, the
reduction in envelope varies from 70% to 15%
is size increases.

IMPROVED CONTAMINATION
RESISTANCE

Performance of these new pumps is greatly

mproved even when operating with con-
:amioated oil. This improved contamination
olerance results from changes in both design
ind materials.

IMPORTANT WEIGHT SAVING

The new advanced design pumps represent a

100% increase in power-to-weight ratio over
any other variable displacement pumps now
available. The magnitude of this improvement
is evident from the fact that every added
pound of component increases a missile's gross

weight from 30 to 75 pounds.

IMPROVED RELIABILITY

Exceptional capabilities (high speed, long life

and contamination tolerance) under extreme
conditions . . . even greater under normal
application.

PARTS STANDARDIZATION

Major parts are interchangeable for fixed and
variable displacement pumps and for fixed and
variable motors in each series. This standard-
ization results in customer savings.
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STRAIGHT TALK TO ENGINEERS
from Donald W. Douglas, Jr.

President, Douglas Aircraft Company

In your field, as most of you well know, it's easy

to be complicated . . . it's hard to be simple. At
Douglas, I'm happy to say, we do things the

"hard" way. This matter of simplicity is vitally

important. We work intensive hours, days and
months to achieve it.

Why this extra effort? Well, simple things work
easier, last longer, are more easily maintained

and are lots more reliable. We are rewarded for

our greater engineering effort with a product

44

that performs better for our various customers.

We know that good engineers, working in an

atmosphere which stimulates them to do their

best, have been largely responsible for our suc-

cess. If you enjoy solving challenging problems in

the simplest manner, we'd like to talk with you

about joining us.

Please write to Mr. C. C. LaVene

Douglas Aircraft Company, Box 620-R

Santa Monica, California

missiles and rockets, August II, 1958



fATO manufacturing—Copolymer is first processed in Ban- Fertilizer grade ammonium nitrate—used as oxidizer—arrives

lury mixer. Several lots of copolymer are intermixed to insure from line storage building by conveyor. Here bags are being
iniform viscosity and quality. Carbon black is added to up- opened for preliminary break-up of large lumps. Material will

jrade the material and moisture is removed. Restrictor ma- travel upstairs by skip hoist for start of crushing, drying, and
erial is shown as it is pulled from roll mill. Sheets are rolled grinding operations. Beyond this point, nitrate is processed

o thickness varying from 1/32 to 1/8 inch. by remote control in automatic equipment.

Astrodyne Shifts to Cast Grains

t Newly-formed Corporation Enters Extensive Modification

Program to Compete for Large-Grain Solids Market

McGregor, Tex.—Astrodyne, the

nost recently formed corporation in

he field of solid propellant research,

levelopment and production, is adding

o its R&D facilities in an effort to

;ecure a strong competitive position in

arge cast rocket motors. First step

n this direction was a complete re-

wganization program to assure maxi-
num utilization of personnel and
acilities.

The first test of the Astrodyne
wganization was made recently when
he corporation submitted a proposal

|o the Air Force for research and de-

'elopment on the Minuteman ICBM
veapon system. Although in the first

50-around the Astrodyne proposal was
urned down in favor of Aerojet and
rhiokol, it has been voiced in some
:ircles that they may be called in later

or either R&D or production of the

>resent Minuteman concept, or an

idvanced model of the system.

Astrodyne has more than five years

|>f advanced research and manufactur-

ng experience acquired when it was the

locket Fuels Division of Phillips

petroleum. A major portion of the

woduction experience has been in the

ield of small JATO units, with all ex-

ensive grain manufacturing using the

xtrusion process. This is where Astro-

by Norman L. Baker

dyne is currently directing its modifica-

tion program.

The major difference between cast

and extruded grain manufacturing is

the final step operation where the grain

is formed into its final shape. Propel-

lant grains of the size needed for the

Polaris and Minuteman missiles make
it uneconomical and impractical to

form them by the extrusion process.

Large grain cross sections can be built

up from smaller grains, but again this

would be time consuming and im-

practical.

The first casting bell installation

was recently completed at the Mc-
Gregor 12,000 acre site, and construc-

tion is underway on new test firing

cells. Astrodyne will devote increasing

efforts on the development of continu-

ous casting operations, utilizing a wide

range of binders particularly suited to

ballistic missile applications.

Contract awards have been relative-

ly slow in coming to Astrodyne. Since

its formation in February, the com-
pany has received $4-million in new
research and developments contracts.

The company plans to concentrate a

major portion of its work in the next

few months to research on high energy

solids, missile controls and hardware,

gas generator charges for auxiliary

power units and boosters.

The current contract for production

of 1000-lb. JATO units will end in

February. The over 100,000-lb. thrust

XM-34 booster recently shown boost-

ing a F-100D fighter-bomber from a

zero-length launcher is on a limited

production schedule.

Astrodyne's main propellant and
rocket development area includes: 1) a

laboratory for conducting bench-scale

experimentation on propellants and
rockets, 2) an integrated pilot plant

with equipment for performing all ex-

perimental grinding, blending, mixing,

curing, and casting processes for motors

of all sizes, and 3) research equipment
for studies of new propellant formula-

tions, preparation of solid propellant

motors for development test purposes,

and pilot manufacturing of new rocket

motors and devices.

The McGregor production plant

has turned out over 130,000 of the

1,000-lb. thrust JATO units. Scientists

and engineers now at Astrodyne de-

signed and developed the USAF JATO
unit. The grains are made from low-

cost, readily available ammonium ni-

trate—a commercial fertilizer. The cast

propellant manufacturing process is

almost identical. Major difference is

in the mixing and forming stages.

Following pages show process.
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Completed ammonium nitrate propellant mix, looking much like

soft coal, is scraped from mixer into cart for transporting to blocking

press. Mix starts with a slurry paste of rubber and inert ingredients.

Oxidizer is added in four equal parts during different stages of

mixing. Total operation varies from 45 minutes to several hours.

. . . Astrodyne shifts

Freshly mixed propellant is carted from mixer and

dumped into 490-ton blocking press. Press is operated

by remote control after being loaded, automatically

pulls a vacuum during early stages of press to elimi-

nate air from propellant mixture. Blocks of propellant

are numbered for identification.

Block of propellant is charged to the extruder. After

loading of three blocks, extruder is operated by remote

control. Machine's barrel is made of chrome hardened

steel. Aluminum face plate on ram prevents scratching

and excessive friction heat; is coated with silicone grease

to facilitate release of propellant from ram after extrusion.

JATO grains emerge from 2,100-ton extrusion

press, are numbered for quality control purposes.

Press extrudes at rate of nine inches a minute;

automatically rough cuts each grain to pre-set

length. Astrodyne numbering system permits trac-

ing history of any single JATO unit from the

field all the way back to original lots of raw
materials going into the mixing formulation.



Operator applies combination of sponge pad and buring restrictor

to the grain, clamps on metal corset to hold in place during 24-

hour curing process. Automatic lathes have been used to bevel grain

ends and trim to finished size. Mandrel with wheels is inserted

in center core of grain to facilitate movement through curing oven.

JATO grain and metal case meet for first time at

loading station. Here, close-fitting grain is forced

into case under 3,500 pounds pressure. Machined

steel head is positioned and locked with metal strip

key. A rubber O-ring between head and case pro-

vides the necessary pressure seal.

Nozzles are added and units are air tested under 10

pounds of pressure as final manufacturing step. Special

shipping plug is installed in the igniter opening while the

units are being transported to the field. Company name
and identification markings are stenciled on case before

it is loaded into shipping case.

Finished JATO's are loaded nine to a case for

shipment to Air Force bases. A protective cap

covers each nozzle and igniters are loaded sepa-

rately in protective tubes inside the crate. Wooden
crates are manufactured by a sub-contractor in

McGregor, and are used to transport new JATO
cases from a second sub-contractor to the plant

missiles and rockets, August II, 1 958



takes full advantage of

TITAN IUMIS

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 (9 SHARON
MALLORY-SHARON METALS CORPORATION • NILES, OHIO

Integrated producer of Titanium • Zirconium • Special Metals

Circle No. 16 on Subscriber Service Card. missiles and rockets, August II, 1958



THESE ARE CROSS-SECTION views of a possible approach to economic space flight. Propulsion system is centered and fully

gimbaled and includes turbo-jets, ram jets, ion rockets and (for emergency) chemical rockets.

Why Not A Logical Approach to Space Flight?

THERE IS ANOTHER, vitally im-
portant approach to the problem of
manned space flight. It is an approach
that has been hidden by the pre-occu-

pation of many scientists and engineers

with ballistic missile principles.

The approach is Conceptual Design.

The principle behind it is as old as

engineering itself—visualize the prob-

lem first, then design a vehicle that

will meet the needs.

For example, a manned mission

into space might be divided into six

phases; in order to determine what
performance will be required of a ve-

hicle, and what characteristics it must
have in each of these phases. Logically,

the trip could be divided into six parts:

takeoff; climb phase below 15,000 ft.;

climb phase from 150,000 ft. to orbital

speed; cruising; descent and landing.

• Take-off—Objective is safe de-

parture from the surface and transition

to the climb phase. Essential to this

is a highly reliable propulsion system
and accurate control.

To insure safety and ease of con-

trol, the vehicle's aerodynamic features

and propulsion system should be opti-

mum for flight at low speeds and alti-

tudes. Fuel consumption during the

first phase should be minimized. The
vehicle should not need a large or

specially prepared take-off area. Ac-
celeration should be gradual, and so

should the change of direction.

by W. O. Davis*

• Climb phase to 150,000 feet-
Safety remains an important, but
secondary objective. As the altitude in-

creases, the factors governing safety

become more and more an environ-

mental problem. The primary objective

of this stage is to gain altitude.

The cost of gaining high speed in

the denser portions of the atmosphere
is high, and it is best to stay subsonic

until entering the higher altitudes.

Propulsion and aerodynamics must be

optimized for this phase for the rapid

acquisition of altitudes. As in take-off,

fuel consumption should be held to a

minimum.
From the point of view of human

factors, acceleration should be kept

moderate. As altitude increases, internal

temperature and atmosphere must be

carefully controlled, to minimize crew's

discomfort.

• Achievement of orbital speed

—

At approximately 150,000 feet, air

density is no longer a problem, and
the primary objective is to obtain

orbital speed. The ability to control

minor motions becomes less urgent.

The atmosphere should be used as a

working fluid as long as possible to

minimize take-off weight. Acceleration

and radical changes in direction must
still be kept moderate for crew safety.

• Cruise—The cruise phase involves

flight completely outside of the earth's

atmosphere. Now we want distance.

And, the need to return to base with

sufficient fuel lift for a successful land-

ing. Space flight implies design which
incorporates the lowest possible mass
ratio. Safety is important, but at this

phase it centers largely around the fac-

tors of human environment. Can we
depend on our simulated internal at-

mosphere, radiation insulation, and can
we avoid objects in space? Travelling

great distances in space calls for a sim-

ple, reliable propulsion system. Great

speed is required, thus a continuous low

rate of acceleration is needed.

An optimum balance must be

achieved between the amount of fuel

carried to permit continuous accelera-

tion and a short trip; or a high pay-

load weight of stores to sustain the

crew for a long period of time and a

slower trip. It may prove desirable to

accentuate fuel capacity and consump-
tion to limit missions to days, rather

than to fly trajectories which would
extend the mission to months or years

at minimum energy.

• Return to earth—The vehicle will

initially follow an orbital track. The
first element of the descent phase is to

reduce speed to insure safe re-entry

into the earth's atmosphere. De-
sign criteria must include rapid heat

"Formerly Deputy Commander for Op-
erations AFOSR, ARDC.
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A VIEW of Col. Davis* "conceptual design" as it might appear in flight past the

moon. It is operating on its ion propulsion system, having first reached orbital velocity

by means of turbo-jets and ramjets.

dissipation and thermal protection for

the crew. Control resumes its initial im-

portance as the vehicle nears landing.

• Landing—An integral part of this

objective is close directional control,

low rates of deceleration, and the

ability to land in a small, relatively un-

prepared area.

• Design—With these requirements

in mind, the total design of the ve-

hicle must incorporate economy of con-

struction and operation. These factors,

coupled with a reasonable payload, are

essential if we are to perform useful

military or commercial tasks. The ideal

is a single configuration.

Assuming that certain technical

capabilities have been achieved prior

to construction, we might arrive at a

design configuration similar to that

depicted here (see drawing).

The annular air foil has a high

strength-to-weight ratio and good aero-

dynamic qualities during take-off, land-

ing, and both high and low speed flight.

It is also well suited to central location

of several different propulsion systems.

The large surrounding cylindrical

area has exterior wall surface that can

become a floor during the cruise phase

of the trip. (At this point in the

journey, it may be necessary to rotate

the vehicle about its central axis in

order to simulate gravity by use of

centrifugal force.)

During the take-off phase, the ve-

hicle would be propelled by large

turbo-jet engines, operated by either

chemical or nuclear heat. During take-

off, solid propellant rockets might be

added, as stand-by power in case of

failure of one of the turbo-jets. In this

event, control would presumably be

provided by balancing the thrust of

the remaining jet engines.

As the entire propulsion system is

hung in gimbal mounts, control can

be achieved by tilting the power plant

or inverting it on its horizontal axis to

provide reverse thrust for slow-down

during the landing or re-entry phase.

• Propulsion system—-The main pro-

pulsion unit might be a large ram-jet

engine surrounded by the auxiliary

turbo-jets. The ram-jet engine would
have a nuclear heat input and would
be activated as soon as optimum speed

and altitude are reached. On attaining

an altitude of 150,000 feet, some means
of electromagnetically accelerating par-

ticles of ionized atmospheric constitu-

ents would gradually be introduced,

thereby making use of the magneto-
hydrodynamic properties of ionized

gases.

As the flight progresses into the

ionosphere and the density of the

atmosphere decreases, the electromag-

50

netic propulsion system will be of in-

creasing importance.

In this phase, despite the use of

electromagnetic propulsion, acceleration

of the vehicle will decrease. As orbital

speed is achieved, however, the degree

of acceleration becomes less important.

At the top of the atmosphere density

approaches zero, and it is necessary to

introduce a source of ions into the

propulsion system. For the first time,

a working fluid will have to be used,

though it may be supplemented to a

small extent by ionized particles that

occur naturally in space.

During the cruise, a combination of

ion source and electromagnetic propul-

sion will provide a continuous but low
acceleration, perhaps of the order of

1/1000 to 1/100 of an earth gravity.

Rotation of the vehicle about its axis

will be achieved by deflection of part

of the exhaust stream, and artificial

gravity achieved.

In the event that astronomical ob-

servation is required, the vehicle can

be momentarily brought to rest and

suitably stabilized. The ability to pro-

vide a constant but low factor of

acceleration would permit a degree of

maneuverability which will greatly

simplify navigation.

• Descent—During the descent to

earth, the electromagnetic propulsion

system can be reversed and the kinetic

energy of the vehicle converted into

stored electricity, or dissipated as heat

within controlled limits.

In this manner, the majority of the

vehicle's kinetic energy should be dis-

sipated before entering the lower layers

of the atmosphere.

At an altitude where charged par-

ticles are no longer available, the ram
jet can again become operational and,

for the final landing, control can be

gained by starting the turbo-jets.*
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Soviets Discuss Satellite Crew Recovery

by Frank G. McGuire

A Stalin Prize winner, P. Isakov,

has authored an article in the Soviet

Army newspaper, red star, on "The
Problem of Returning Satellite Crews
from the Cosmos."

Isakov has reduced the means of

accomplishing the safe return of satel-

lite crews to two possibilities: return

of the satellite as an entire unit, and
return of the crew only. According to

the article, the second of these is the

easier and most practicable method.

Ejection apparatus and hermeti-

cally-sealed capsules may be used for

catapulting crews from rockets or

satellites which have been slowed by
use of retro rockets or braking ellipses.

Isakov maintains that if the velocity

of the satellite vehicle can be success-

fully lowered to the desired degree,

the ejection of its crew can be accom-
plished by methods already in use in

aviation.

The practical development of such
a method, however, is still needed in

obtaining supplementary data. Most
important is the need to acquire suf-

ficient temperature-rise data during dif-

ferent braking intensities, on cooling

the satellite under different conditions,

and other situations.

High-temperature effects on crew
members is also being sought, accord-

ing to the Soviet author, and the de-

velopment of protective clothing and
other equipment is a must. At present,

he says, man is in a position to with-

stand surrounding temperature in-

creases up to and over 100°C for short

periods.

Clothing of special types has al-

ready been developed which permit a

man to remain in a temperature of

300 °C. He mentions, however, that

this clothing was developed in "other

countries" than the Soviet Union.

Acceleration and deceleration prob-
lems are also under study, Isakov says,

and states that "it has been established

that man can withstand a force of
3— 5 g's for short periods with no
harmful after effects." But he notes

that continued acceleration or deceler-

ation to this extent results in serious

change in a man's condition which
sharply limit his efficiency.

• Italian experiments—Isakov men-
tions the experiments of Italian scien-

tists who subjected animals to g forces

while the animals were submerged in

water. Such a method, he notes, was
suggested during Tsiolkovsky's time.

The present experiments showed that

under these conditions animals could

withstand much higher g-!oads than

under normal conditions.

Excessive rotation was also listed

by the author as a dangerous phenom-
ena. Rapid and irregular rotation of

the body in all planes can cause seri-

ous effects such as complete uncon-
sciousness if a speed of 2-3 revolutions

per second were experienced over a

period of 10 to 15 seconds. In an
ejected-capsule-type recovery of a crew
from a manned satellite, this rotational

factor would be a prime consideration

unless a positive control on rotation

were included in the equipment, as it

undoubtedly would be.

Live animals ejections from high-

altitude rocket flights have been re-

ported for some time by the Soviet

Union, apparently in efforts to solve

some of the problems covered by
Isakov's article. Results of the experi-

ments are reported to have been highly

successful in proving that survival was
indeed possible in extreme-altitude

ejections, even though the vehicle was
not travelling at orbital velocity.

• Another technical article in a So-

viet magazine, by G. I. Pokrovsky,

discusses the possible natural forces in

FOR RELIABLE, PRECISION PERFORMANCE

IN SORFACE TEMPERATURE SENSING

VAP-AIR MERCURY TUBE THERMOSTATS

TYPICAL HOUSINGS_ 1 n
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Flat Surface with Leads. Can operate relays

directly without amplification' in control ap-
plication.

Flat Surface with Leads. Senses metal case
temperatures in limited regions of limited
air flow.
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Curved Surface with Leads. Two terminals
for continuous series circuit,

Well-Type with Leads. For sensing case tem-
peratures in blind well, or point temperatures.

• Small, rugged, accurate, reliable, safe

• Unaffected by altitude, vibration,
shock, moisture

• Adaptable to any temperature sensing
need

• Only simple circuits required

Aeronautical Products Division Of

VAPOR HEATING
CORPORATION

Dept. 21,-

H

80 E. Jackson Blvd., Chicago 4, Illinois

Vapor Heating (Canada) Limited

3955 Courtrai Ave., Montreal 26, Que.

VAP-AIR fast-responding mere thermostats
are completely reliable from — 65°F. to 550°F
with accuracy better than 99%. No fire or

explosive hazard . . . Mercs are tamper-proof,

can't arc or burn, won't rust or corrode.

SYSTEMS ENGINEERING AID
VAP-AIR engineers are specialists in develop-

ing and supplying complete systems for thermal

sensing and control. Submit your problems
for engineering analysis. No obligation.

Please send Vapor Merc Surface Temperature

Sensing Thermostat Bulletin 674.

Company-

Street

City, Zone, State.
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When your specifications for design and manufacture of precision

bellows require unusual know-how or close scheduling, Belfab

Corporation may be your best source. Precision welded bellows by
Belfab have helped solve many "impossible" problems—and almost
literally helped develop new dimensions in

bellows precision.

/ :

.'

Preliminary designs, catalog and data sheets

furnished on request without obligation.

THE CORPORATION
AGAWAM, MASSACHUSETTS • DAYTONA BEACH, FLORIDA

©1958 TBC
Circle No. 30 on Subscriber Service Card.
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. . . Soviet recovery

space which could be used to propel
a space vehicle. The author of this

article suggests that "cosmic electro-

magnetic fields" be used for controll-

able power. The author also states that

the elements of the equipment needed
to utilize this power have already been
designed for other applications.

According to Pokrovsky, two particle

accelerators comprise the basic element
of this equipment. One is intended for

the acceleration of positively-charged

particle, hydrogen ions; the other is

for the acceleration of the negatively-

charged electrons.

If the first accelerator is in opera-

tion, a positive charge leaves the

space ship and the whole ship is

negatively charged. If the ship is lo-

cated in a cosmic electric field, it will

move toward the positive pole. Simi-

larly, if the electron accelerator is

operating, the ship will move toward

the negative pole.

By changing the sign and magni-

tude of the charge, the cosmic ship

can change acceleration and direction.

Protons and electrons must be emitted

from the ship at sufficient velocity to

prevent their falling back on the ship.

The forces arising from this method

will not be very large in most cases,

Pokrovsky asserts, but considering the

extent of outer space and the possibility

of prolonged acceleration, one can

imagine that electromagnetic fields in

space can be utilized to great extent.

Vctrian Sales Reach

All Time High

Sales of Varian Associates, Palo

Alto, reached an all time high, ac-

cording to the firm's third quarterly

report to stockholders. Third quarter

earnings per share are shown as 254,

compared to I2<f and l&V for the first

and second quarters, bringing the elec-

tronics firm's nine months earnings

to date to 55^ a share.

In May, Dr. Louis Maker, who
was chief engineer of the Semi-con-

ductor and Material Division of RCA
and formerly assistant director of

their electronics research laboratory at

Princeton, N.J., assumed the position

of director of research for Varian.

Company-sponsored research and

development is up 24% over last year,

and the combined value of company
sponsored programs and engineering

effort carried out for customers was

$3,815,653 for the first nine months

of the year.

President H. Myrl Stearns stated

that the company expects to maintain

its present level of sales and earnings

during the fourth quarter.
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Union Indicators help Hazeltine radar-display unit

identify aircraft

LOCK ON

Just a glance at the little black box on the right side of this

radar-display unit tells the operator whether an approaching

aircraft is friend or foe. The IFF response is processed by
radar equipment and is displayed in the Hazeltine unit by
Alpha-Numerical Indicators manufactured by Union Switch &
Signal. The radar-display unit is manufactured by Hazeltine

Electronics Division of Hazeltine Corporation, Little Neck,
New York. Hazeltine chose Union Switch & Signal's Alpha-
Numerical Indicators because of their compact design and
supreme reliability, and for the features listed below.

Two Types— Union Switch& Signal makes two types ofData
Display Indicators: Digital types, displaying 10, 12, or 16

characters on a wheel, and Alpha-Numerical types, displaying

up to 64 characters on a Mylar belt. Character assignments

can be furnished as required.

Translation—Both Digital and Alpha-Numerical Indicators

operate directly on binary codes on a null-seeking basis, elimi-

nating the need for external equipment for translation from
binary to decimal code as required for other display devices.

Visual Read-Out—The design of the Indicator packages is

such that when indicators are mounted in rows, the digital

read-out is presented with excellent continuity and visibility.

Infinite Retentivity—Since the method of operation is of the

null-seeking type, the Indicators require power only during

the response time, and once positioned, retain the data both

visually and electrically until such time as a new code is

transmitted.

Electrical Read-Out—The design of the decoding and control

portion of the Indicators inherently provides electrical read-

out of data in the same form as the input. The data can be

read out of the Indicators on a continuous basis or as often

as desired without erasing the stored information.

Call or send the coupon for complete information about indi-

cators and other electronic equipment manufactured by Union
Switch & Signal.

r~"
COMPLETE FACTS

Union Switch & Signal, Advertising Dept.

Pittsburgh 18, Pennsylvania

Please send information on the following:

New 4PDT relay which meets every requirement of MIL-R-25018

Catalog of other miniature dc and ac relays.

Digital and Alpha-Numerical Indicators for data display.

Position

Firm

Address

City

See You At The Wescon Show
August 19-22

BOOTH #503-504

Pan Pacific Auditorium
Los Angeles, California

Circle No. 54 on Subscriber Service Card
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W. D. "Win" Nold, Assistant

Project Engineer—F-101,
joined MAC in 1945 with a

background of structural and
mechanical airplane design.

Win requested and was given

the opportunity to enter the

field of airborne electronics

where he has made many valu-

able contributions in the areas

of cockpit design, armament,
electrical and electronics
systems.

McDonnell engineers are con-

MCDONNELL //. M S>

PROJECT
stantly encouraged toward self-

improvement. Tuition paid ad-

vanced study, career counselling,

and rotational training are but a

segment of an organized plan to

improve the professional caliber

of our engineering staff.
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ENGINEERS
Positions of technical leadership

available for:

DESIGN ENGINEERS
(Airplanes, Missiles and Helicopters)

For mechanical, structural, or electrical design

assignments.

ELECTRONIC ENGINEERS
SYSTEMS:

Group Leaders and Senior Electronic Engineers re-

quired with minimum five years' experience. Need
men capable of establishing requirements for, and

i supervising the development of, major and sub

I

electrical and electronic systems—including check

out equipment—for missiles and airplanes.

Flight Control Systems Infra-red Systems

Communications Systems Guidance Systems
Radar Systems Navigational Systems

CIRCUIT & PRODUCT DESIGN

Senior and Junior Electronic Engineers needed for

assignments in the design and development of:

Antennas Electronic Packaging

Beacons Airborne Digital Computers
Airborne Radar Auto-Pilots

Missile & Airplane Check Out Equipment

STRENGTH ENGINEERS

SENIOR FLIGHT TEST ENGINEERS

WEAPONS SUPPORT ENGINEERS

THERMODYNAMICS ENGINEERS

SENIOR TEST ENGINEERS

SENIOR AERODYNAMICISTS

FLUTTER AND VIBRATION ENGINEERS

DYNAMICS ENGINEERS

HYDRODYNAMICS ENGINEERS

OPERATIONS ANALYST—MISSILES
Supervisory positions exist in several of

these areas.

To secure more information about our com-
pany and our community, please complete
and return the coupon below:

Name

Address.

Position Sought__

Degree Held

Mail to: Raymond F. Kaletta, Dept. C
Technical Placement Supervisor

P. O. Box 516, St. Louis 3, Mo.

MACareers Are Successful Careers!

world astronautics
1

by Frederick C. Durant III

Two Japanese societies will be represented at the IX Congress of the

International Astronautical Federation (IAF) at Amsterdam, August 25-30.

JAS President Mitsuo Harada writes that Masatoshi Tomioka, a science

editor of the Yomiuri Shimbun newspaper chain, has been appointed

delegate for the Japan Astronautical Society (JAS). Tomioka is a director

of the JAS. Since the JAS became an IAF member in 1955, your columnist

has had the privilege of holding proxy and serving as the Japanese delegate

at the annual congresses.

In addition to the JAS, which is devoted primarily to astronautics,

the Japan Rocket Society (JRS) will apply for IAF membership this year.

Dr. Hideo Itokawa, leader of the Japanese IGY rocket research, expects

to personally present the JRS application at Amsterdam.

Back from a junket to Moscow, IAF President Andrew G. Haley brings

the news that the 1959 IAF Congress will probably not be held in the

U.S.S.R. IAF Vice-President, L. I. Sedov, has evidently run into a snag

in obtaining official approval for the event. The alternate 1959 meeting

place, put forward by The British Interplanetary Society, is London. A bid

for Stockholm as site of the 1960 IAF Congress has been made by the

Swedish Interplanetary Society.

Vol. I, no. 1 of Astronautik, technical journal of the Svenska Inter-

planetariska Salskapet (SIS), has just appeared. A 52-page, well printed

publication, Astronautik will serve to disseminate details of space flight

to Swedish scientific and technical circles. A membership list recently

received, reveals that the SIS now has more than 200 members, a high

percentage of whom are professional engineers or scientists.

Because of frequent requests for names and addresses of foreign rocket

and space flight societies, column readers may obtain a copy from: 35

Lowell Road, Concord, Mass. Many readers are interested in astronautical

publications in foreign languages, and a friendly welcome is assured anyone

visiting the home offices of IAF member organizations in the 21 countries

represented. Those anticipating travel abroad should write in advance

concerning probable date of visit.

Erich Dolezal, vice-president of the Oesterreiche Gesellschaft fur Welt-

raumforschung, Vienna, has just completed a two-month tour of the U.S.

Sponsored by the American Council on Education, engineer Dolezal vis-

ited major rocket facilities and astronomical observatories coast to coast.

He is editor of an Austrian science journal.

R. Jastrow and S. I. Harris of Naval Research Lab have published the

study results of the fall of Sputnik I rocket body (Alpha I). It will be

recalled that last December, the U.S.S.R. Academy of Sciences made
allegations that remnants of the rocket body had fallen in Alaska and the

U.S. Northwest. The Jastrow and Harris paper, using calculations based

upon U.S. and U.K. radar observations, concludes that the rocket fell in

Outer Mongolia on December 1. Last known observation was made by

the Royal Radar Establishment, Great Britain, at an altitude of only 71

miles.

Three methods of tracking satellites have been used now: optical track-

ing, reception and triangulation of satellite-transmitted radio signals of

various frequency, including the NRL minitrack system and radar reflection.

The use of radar for tracking satellites was not planned by the U.S. be-

cause the size of the anticipated IGY satellite was too small. The Russian

satellites, however, were above the threshold required to bounce back a

receivable signal.
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RESEARCH

DEVELOPMENT?
put the

ETT TECHNICAL CENTER
to work for you.

Here's a Sample off Kelt Ability

The Kett hydraulic actuator controls

the position of jet engine variable ex-

haust nozzles. The actuator develops
a force of over 2,200 lbs. and has been
tested for 20,000 cycles at 4,500 psi

operating pressures and at tempera-
tures up to 600° F. It is completely
sealed against external leakage and it

has a special locking device incorpo-

rated as a safety measure against
hydraulic failure.

How Kett Can Serve You
The hydraulic actuator described here
is just one example of the resourceful-

ness of Kett scientists, engineers and
technicians. This staff has successfully

completed a number of important stud-
ies and projects in the aeronautical,

nuclear, electronic and mechanical
fields. Complete facilities for Research
and Development work as well as for

the production of pilot models are available to you at

Kett. You will find here the experience and trained per-

sonnel to help you develop a new product or to modify
or improve your existing products. We welcome a dis-

cussion of your problem. No obligation, of course.

Write for brochure showing Kelt

and U. S. Industries, Inc. Facilities.

OPENINGS FOR RESEARCH ENGINEERS. SEND QUALIFICATIONS

TO PERSONNEL DIRECTOR, KETT TECHNICAL CENTER.

ETT Technical Center, Inc.
POMPANO BEACH, FLORIDA

o Subsidiary of U.S. INDUSTRIES, Inc. £s) „

Circle No. 44 on Subscriber Service Cord.

books

METALS FOR SUPERSONIC AIR-

CRAFT AND MISSILES, The Ameri
can Society for Metals, Cleveland, Ohio
423 pp., $7.50.

56

This is felt to be one of the most

complete studies offered on the subject

of metallurgical problems being en-

countered today.

Contents of the book include tech-

nical papers written by 22 authors and
presented at the Conference on "Heat
Tolerant Metals for Aerodynamic Ap-
plications" held last year. The confer-i

ence was held under the joint spon-i

sorship of the University of New]
Mexico, Albuquerque; and the Albu-
querque and Los Alamos chapters of

the American Society of Metals.

This study spotlights the phenom-
enon of the so-called "Thermal Thicket,"

wherein supersonic velocities result in

increased temperatures of structures

flying at those speeds.

NONLINEAR CONTROL SYSTEMS
by Robert L. Cosgriff, 328 pp., $9, Mc-
Graw-Hill, New York

This book is another in McGraw-
Hill's series on Control System En-

gineering. The book aims to provide

the control engineer with those methods

of nonlinear systems which are prac-

tical in the control field.

The selection of material is such

that an extensive background is not

required. Only those methods and
techniques which are practical from an

engineering standpoint have been in-

cluded, and all mathematics beyond

calculus is developed in the book.

Emphasis is placed on nonlinear

theory and nonlinear equations. All im-

portant points are illustrated by ex-

amples, and the book includes a short,

concise treatment of linear theory.

ELECTRONIC COMPUTERS, PRIN-

CIPLES AND APPPLICATIONS, edited

by T. E. Ivall, 167 pp, $10, Philosophical

Library Inc., New York.

A compilation of articles which or-

iginally appeared in Wireless World,
this book is intended for familiariza-

tion with computers in general and, as

such, stays away from too technical a

presentation. Beginning with the evolu-

tion of computers and working through

both analog and digital types, the book

concludes with a chapter on computers

of the future. While the material is not

too technical, a certain amount of

knowledge about electronics is a must.

The editor has chosen material

which gives a reasonably broad picture

of electronic computing.
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when and where

AUGUST

AIEE, IRE, NBS Conference on Elec-

tronic Standards and Measure-

ments, National Bureau of Stan-

dards Boulder Laboratories, Boul-

der, Colo., Aug. 13-15.

Industrial Applications of X-Ray An-
alysis, Seventh Annual Conference,

Albany Hotel, Denver, Colo., Aug.
13-15.

Missiles Ooerations Research Engineer-

ing Seminar, Pennsylvania State

University, University Park, Pa.,

Aug. 17-23.

AAS Annua] Western Regional Meet-

ing, Stanford University, Dinkel-

speil Auditorium, Palo Alto, Calif.,

Aug. 18-19.

ASME, A.I. Ch.E. Conference, North-

western University, Evanston, 111.,

Aug. 18-21.

Second Symposium on Naval Hydrody-
namics, Washington, D.C., Aug.
25-29.

Ninth Annua] Conqress, International

Astronautical Federation, Amster-
dam, Holland, Aug. 25-30.

SEPTEMBER

Summer Program, Problems of High-

Powered Radar Design, Massa-
chusetts Institute of Technology,

Cambridge, Mass. (Security clear-

ance required) Sept. 2-12.

1958 Cryogenic Engineering Confer-

ence, Massachusetts Institute of

Technology, Cambridge, Mass.,

Sept. 3-5.

First International Congress of the Aer-

onautical Sciences, Palace Hotel,

Madrid, Spain, Sept. 8-13.

American Rocket Society, Fall Meeting,

Hotel Statler, Detroit, Mich., Sept.

15-18.

13th Annual Instrument Automation
Conference, Convention Hall, Phil-

adelphia, Pa., Sept. 15-19.

ASQC, 5th Annual San Francisco Bay
Area Conference, Stanford Uni-

versity, Palo Alto, Calif., Sept. 19.

Professional Group on Telemetry and
Remote Control, 1958 meeting,

American Hotel, Bal Harbor, Mi-
ami Beach, Fla., Sept. 22-24.

Standards Engineers Society, Seventh

Annual Meeting, Franklin Hotel,

Philadelphia, Pa., Sept. 22-24.

Air Force Association, Airpower Show-
case, Dallas, Texas, Sept. 25-28.

ASME Power Conference, Statler Ho-
tel, Boston, Mass., Sept. 28-Oct. 1.

OCTOBER

IAS Canadian Aeronautical Institute

joint meeting, Chateau Laurier,

Ottawa, Oct. 7-8.
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MAJOR BREAK-THROUGH
by MAGTROL in

SUB-MINIATURE
MAGNETIC CLUTCHES

AND BRAKES!
• More than doubles previous Torque output.

Torque now guaranteed 8 oz. in. minimum.
• Control wattage decreased more than
50%. Now less than 1 watt. • Response
time decreased over 70%. • Making MAG-
TROL Clutches the fastest known electro-

magnetic clutches

and brakes com-
mercially avaiN
able.

Write for DATA
BOOK FCX-59 MAGTRfb, INC.

260 SENECA ST. -^T BUFFALO 4, N. Y.

Circle No. 45 on Subscriber Service Card.

aircraft

Armaments, inc

Cockeysville, Maryland

AAINC. MODEL 2830

MISS- DISTANCE

MEASURING SYSTEM
AN/USQ-ll

• developed by Naval Ordnance Laboratory, Silver Spring, Maryland
product-engineered and produced by Aircraft Armaments, Inc.

FOR TARGET DRONES

OUTSTANDING FEATURES: Meets MIL-E-5272A

5400B, 16400 — provides data in 2 min. —
requires transponder in drone only — measures

salvo firings — determines miss on multiple

targets. Target equipment (less power supply)

under 2 lbs. Accuracy confirmed by field tests.

TARGET
TRANSPONDER

A SUBSIDIARY OF UNITED INDUSTRIAL CORP
Circle No. 46 on Subscriber Service Card.
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the primary

link in a

Telemetry

System

TELEMETRY
RECEIVERS
by

NEMS-CLARKE

V..:...

NE3M
919 JESUP-BLAIR DRI

USAF SHIPBORNE

TELEMETRY STATION

• To the right in the photo

pictured the Nems - Clarke T;

140lA Receivers in telemetry ra:

aboard one of the telemetry pic

ships. These vessels are used

down range support at the

Force Missile Test Center PA

Florida. Ship installation was m
under Pan American World /

ways subcontract 57-5 by C

tronix, Inc., Cocoa, Florida.

CLARKE COMPANY
DIVISION OF VITRO CORPORATION OF AMERICA

SILVER SPRING. MARYLAND JUNIPER 51 OOO

Visit our display at the WESCON SHOW in Booth 1556



keeping track

by Peer Fossen

Scientists here and abroad are drawing up plans to use radio

signals to find an answer to the lunar dust problem. The plans in-

volve bouncing a 20-cm wavelength, sharply beamed signal ofi the

moon. Difference in attenuation between transmitted and returned

signal will be used to determine existence and magnitude of dust layer.

Main problem seems to be the establishment of standards for data

reduction. If the theoretical analysis portion of the program can be

solved by that time, the first transmissions will take place this fall.

Lincoln Laboratory, Mass., or N.R.L.'s facilities in Washington

will handle the transmission. Location for the receiving terminal is

Gothenburg, Sweden.

Goodyear Aircraft Co.'s Weapons System Division is currently

beaming a lot of effort on a new guidance system for low altitude

air-breathing missiles. The new system—named Pinpoint—will

feature a mixture of Atran and inertial guidance. Atran, a map
matching system developed by GAC for Martin's Mace, TM-76A,
relates a film strip, actual or synthetic, to the terrain over which the

vehicle is flying. Pinpoint will give more flexibility and accuracy.

Army has submitted a follow-up proposal to take 25 pictures or

more of the moon, involving slight modifications of existing Juno-ll

hardware. This would be in addition to the two Army moon probes

approved by ARPA.
Best possible photographic result from the earth is a resolution of

one kilometer. Current plans for the first Juno IPs are to take a pic-

ture at a distance of from 1,000 to 10,000 miles from the moon.

Army would like to get a shot from as close as 300 miles, but doesn't

trust its aiming accuracy that much. Land-type camera will take pic-

ture through long focal length (narrow angle) lens as it passes target,

then develop and start transmission. Sending the picture back to earth

may take hours, since limitation on weight and equipment necessitates

slow scanning procedure and transmission over a narrow bandwidth.

The proposed follow-up probe would go around the moon, store

the pictures, and then transmit them on the return trajectory.

U.S.'s first prototype reconnaissance satellite may also include Land-

type camera techniques. Land is currently working on the project with

Jet Propulsion Laboratory.

Solar power units will not be included in the Juno II project.

From a weight-space point of view, solar power is economical only

when the power supply is required to be in operation for more than

one week.

Released pictures of Sputnik III model indicate that the satellite is

equipped with broad-band antennas. (See m/r, July 7, page 10.) En-

gineers in the telemetry game feel certain these antennas are used for

facsimile or video transmission.

For those who are interested, the length of Subroc is 14 feet,
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I TIAE
INVOLVED?

UNSOLVED?

JCaman
CAN

PRODUCE IT

HOUSINGS
COMPONENTS

SUB-
ASSEMBLIES

Kaman, specialists in quality airframe

components, combines the experience of

qualified craftsmen and the finest in

facilities to produce assemblies of com-

plicated design.

These men, backed by specialists in

engineering, processing, manufacturing,

quality control and testing and research

techniques, are equipped to produce

and build the most intricate of airframe

assemblies and components.

Have you considered Kaman? Write for

equipment list and illustrated facilities

brochure to J. W. Marshall, Assistant

Vice President.

SUBCONTRACT DIVISION

THE KAMAN AIRCRAFT CORPORATION

BLOOMFIELD 9. CONNECTICUT

Circle No. 31 en Subscriber Service Card.
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AEROJET -GENERAL CORPORATION
offers exceptional opportunities for highly qualified scientists in its newly

organized Department of Applied Mechanics & Systems Analysis.

PHYSICIST

For advanced propulsion systems analysis, flame propagation studies, com-

bustion process investigation, and analysis of advanced problems in gas

dynamics, related to high-energy rocket propellants. Graduate degree in

physics preferred.

SENIOR AERODYNAMICIST
For assignment to complex problems in gas dynamics, boundary layer

control, and related problems in fluid flow. Degree in physics, aeronautical

engineering, or mechanical engineering, with special training in theoretical

calculations of gas dynamics problems required.

You are cordially invited to send a detailed resume to

E. P. JAMES, ENGINEERING PLACEMENT

P.O. BOX 1947F, SACRAMENTO, CALIF.

CORPORATION
A SUBSIDIARY OF THE GENERAL TIRE A RUBBER COMPANY

CALIFORNIA SACRAMENTO, CALIFORNIA

DATA

missile flight testing is a big business . . . bigger than ever before..

.

and the Engineering Services Division of Telecomputing, with more than ten years

of continuous and highly specialized service in this field, offers exceptional employ-
ment opportunities at Holloman Air Force Base, New Mexico.

This is an exciting business. At the White Sands Proving Ground Integrated Range
missile tests are an everyday occurrence. We salute those who design and develop
today's advanced missiles. Here, we are a part of the culmination of their work.

Our job is to compute the performance of missiles in flight. Our output—authentic,

concise, and accurate reports—contributes substantially to the advance of the

missile sciences, and enables the Armed Services and Missile Contractors to evalu-

ate field performance. The need for rapid and accurate analysis and evaluation

of data is greater than ever before. So, it follows that our people are not only
abreast of the state-of-the-art in data processing, but, in a very real way, it is we
who establish the state-of-the-art, and keep it constantly moving forward.

Specialists of the Engineering Services Division are associated with the use of the

most modern scientific data measuring and processing systems—cinetheodolites,
electronic measuring systems, telemetry, precision optics, and optical to digital

converters. The outputs of these instrumentations are processed through the use of

high-speed digital computers and other advance design data reduction equipment.

Make your home in New Mexico's land of enchantment • Moun-
tain skiing and resorts just 30 minutes away • Attractive salaries

with area bonus* Profit sharing'Relocation pay'Group insurance

Send your resume today to the Director of Technical Personnel:

engineering services division

TELECOMPUTING CORPORATION
Box 447, Holloman Air Force Base, New Mexico.

Circle No. 32 on Subscriber Service Card.

ENGINEERING

©
SERVICES
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"SHOOTING" RED AND WHITE mis-

sile replicas with "haze" box attached toil

camera, as demonstrated by Raife Tark-

ington of Kodak Research Laboratories.

The box arrangement enables simulation

of atmospheric haze on the film.

Twinkling Stars Factor

In Missile Photography
The atmospheric effect that makes

stars twinkle is a factor in the latest

work on missile photography at tha

Kodak Research Laboratories.

According to Raife G. Tarkington,

chief of military photography at the]

laboratories, the studies have provided

new information about the film char-

acteristics needed to photograph far-

ranging missiles.

Two factors affecting missile pho-
tography—the atmospheric conditions*

and the diminishing size of the bird as

it recedes from the launching point

—

are reproduced to scale by the Kodak I

people. Atmospheric haze reduces the*

apparent contrast of the object, while*

atmospheric turbulence deteriorates the*

image formed by the optical system

—

the effect that makes stars twinkle.

To simulate these effects, a series

of white- and red-painted missile rep-

licas were fastened to a blue back-

ground. These replicas—which vary in)

size from Ya inch to 2 feet—were then

photographed under daylight conditions

on several types of film, black and

white as well as color.

Exposures were taken with each

film using a simulated haze of 0, 25J
50, and 100% based upon the reflec-;

tion of the white-painted missile.

Research has been performed with

certain color films in detecting white-

painted missiles. This is of great im-;

missiles and rockets, August II, 1 958



portance in view of the fact that many
missiles are rendered white by surface

frost formation due to liquid fuel evapo-

ration.

Tarkington said the tests demon-
strated, above all, the importance of

correct exposure of the film. With in-

correct exposure, the smaller missile

models are lost completely.

He declared that, in general, the

effectiveness, resolving power, and

sharpness of missile-tracking films are

improved as the film sensitivity de-

creases. Therefore, the "slowest" film

that can be exposed adequately in the

system usually is chosen for missile

photography.

Machine Computation
To Be Discussed

Developments currently taking place

in the fields of machine computation

and data processing will be major sub-

jects of discussion at the 5th annual

Computer Applications Symposium, to

be held in Chicago Oct. 29-30 at the

Morrison Hotel.

The program for the first day will

emphasize business and management
applications; the Oct. 30 session will

be devoted to engineering and scientific

applications.

Topics scheduled for consideration

at the business and management session

include new concepts in large scale data

processing, sharing a data processing

facility by several organizations, and
inventory and logistics problems.

The future of automatic program-
ming, programming of learning tech-

niques, and literature searching are

among the topics to be discussed at the

engineering and scientific applications

session.

Fourteen speakers will participate

in the two-day meeting.

Fred Gruenberger of Rand Corp.
will be chairman of the business and
management session, and Dr. C. B.

Tompkins, professor of mathematics at

the U. of California, L. A., will be
chairman of the engineering and
scientific applications session.

Semiconductors Feature

Efficiency, Small Size
New silicon semiconductor devices

are offering the computer industry more
speed and efficiency and much smaller
sizes than ever before, according to

Dr. J. R. Madigan, vice president of
engineering, Semiconductor Division of
Hoffman Electronics.

"What we are achieving with silicon

semiconductor devices," Dr. Madigan
said, "is first, increasing the switching

speed by the use of zener diodes, and

Welwyn
High Stability Resistors

DEPOSITED CARBON

MINIATURE POTENTIOMETERS

GLASS SEALED HIGH VALUE WELMEGS

VITREOUS ENAMEL COATED WIRE WOUND

ENCAPSULATED DEPOSITED CARBON RESISTORS

•

Welwyn precision products are manufactured in Canada

and England. They are designed and constructed for the

most exacting electronic requirements. These standards

are uniformly maintained through rigid quality controls.

Please address communications to Dept. NC-8.

Welwyn International, Inc
3355 Edgecliff Terrace, Cleveland 11, Ohio

Circle Nc. 33 on Subscriber Service Card.

ENGINEERS & SCIEI
SPACE SCIENCES
WEAPON SYSTEMS

Aeronutronic Systems, Inc., a subsidiary of Ford
Motor Company, is expanding military and commer-
cial programs in Glendale and at modern, new facili-

ties overlooking the Pacific Ocean at Newport Beach,
California. Outstanding career opportunities for
qualified scientists and engineers who are U.S. citi-

zens, and have B.S., M.S. or PhD degrees, are avail-

able in the following fields

:

SPACE SCIENCES — Physics, astronomy, electrical

or mechanical engineering— to perform research and
development studies on fire control concepts for
weapons systems, precision trans-lunar and interplan-
etary trajectories, and to evaluate guidance require-
ments.

WEAPON SYSTEMS -Mechanical, aeronautical,
civil or chemical engineering—with 5 to 7 years exper-
ience in structures, heat transfer, fluid mechanics,
thermodynamics or thermoelasticity. Programs relate
to hypersonic vehicle design, re-entry technology, and
advanced rocket propulsion.

Qualified applicants are invited to send resumes and
inquiries to Mr. K. A. Dunn.

AERONUTRONIC SYSTEMS, INC.
a subsidiary of Ford Motor Company

1234 Air Way, Bldg. 24, Glendale, California • CHapman 5-6651
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CAN PUT HI-TEMPERATURE STRUCTURES
INTO YOUR PRODUCTION

YOUR
INQUIRY IS

OUR CHALLENGE
AT. .

AIRCRAFT CORPORA l ION • DALLAS, TEXAS

62

When Temco engineered and developed the aft-fuselage and

vertical stabilizer section of Convair's B-58 Hustler . . . the wing

section and fuselage panels of Temco's own TT-1 jet trainer . .

.

the wings of the air-launched "Teal" missile . . . the aircraft in-

dustry acknowledged Temco as a leader in development and

production of honeycomb sandwich and hi-temperature struc-

tures. Missile applications currently programmed are substan-

tial recognition of Temco's stature.

At Temco metal and plastic sandwich structures have been

employed in all types of airframe applications, with notable

development in the field of stronger, higher heat-resistant

metal bondings ... in improved plastic materials and methods

of reinforced plastic honeycomb fabrications.

Other outstanding advances now under development at Temco

are a new low-cost process for brazing stainless steel honey-

comb structures, employing a revolutionary new concept . .

.

and experimental progress in the new field of "cermets."

Since pioneering the "total package" concept of subcontract-

ing . . . design, tooling and production . . . Temco's engineering

staff and facilities have increased significantly, a growth as

rapid and as sound as that of the industry they serve. Today

these design support capabilities have been extended to en-

compass complete systems management. Whether your need

is for a component, a subassembly, or a subsystem, an inspection

of Temco capabilities will prove profitable.
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. . . m/e news
iecond, simplifying and speeding up
'eadouts by our developments in photo-

/oltaic silicon cells.

"These zener diodes are replacing

;lower switching devices formerly used

n computers," Dr. Madigan pointed

jut, "and along with silicon photo-

voltaic cells, make it possible for com-
juters and electronic control devices

o respond more quickly and be smaller

ind more efficient."

He added that the new devices are

nore rugged and can be used in end-

)roduct computers and control units.

'They have a tremendous advantage

>y the very nature of their construc-

ion," he concluded. "Environmental
'actors do not enter into their opera-

ional characteristics."

Jolid-State Commutator
:eatures High Accuracy

An electronic commutator for tele-

netering applications, with high

iccuracy over a wide range of mixed
ource impedances, has been developed

>y the Applied Science Corporation
if Princeton Junction, New Jersey

ASCOP).
The new solid state multichannel

ampling switch has an input-to-output

iccuracy of 1% or better for any
nixed source impedances up to 25k
>hms. This accuracy figure includes

inearity and offset factors.

In addition, the new ASCOP
electronic commutator develops a back
:urrent of less than 1 microampere
luring the time a channel is "off". This
legligible back current completely elim-

nates the problem of transducer "load-

tig-"

Both the accuracy and non-loading

features have been engineered as in-

terent parts of the ring counter-

lctuated diode gating circuitry, which
:orms the heart of the new commu-
ator.

The electronic commutator is de-

iigned for long-life applications in data

landling systems using time-division

nultiplexing. The commutator will

landle to 5V input signals in all

i.R.I.G. standard Pulse Amplitude
PAM) and Pulse Duration (PDM)
ampling rates. Standard channel con-

igurations are 30 and 45, including

lynchronization pulses. A choice of

:ombinations is possible.

The electronic commutator retains

ill the conventional advantages of solid

itate switching. Power consumption is

;omething less than 3 watts. Design life

sxpectancy is 5,000 hours without main-
enance. Operating temperature range is

-60°C to +80°C with special packag-

ng available for extreme intermittent

temperatures. The commutator's size is

approximately 45 cubic inches, and the

weight is approximately 32 ounces.

Missile Conference To Be
Held in Chicago, Oct. 16-17

Testing long-range missiles will be

described by one of the nation's lead-

ing authorities at the 14th annual Na-
tional Conference on Industrial Hy-
draulics, to be held at the Hotel Sher-

man in Chicago on Oct. 16 and 17.

Maj. Gen. Donald N. Yates, com-
mander of the missile test center at

Patrick Air Force Base, Fla., will dis-

cuss this phase of the nation's missile

development program before some
600 hydraulic engineers and industrial

representatives at the opening session

of the conference.

The subject of his address will be

"Problems and Progress in Testing

Long Range Missiles."

Another speaker at the opening

session will be Kurt Stehling of the

Naval Research Laboratory at Wash-
ington. Stehling is head of Propulsion

Project Vanguard.

Ten technical sessions will com-
plete the two-day meeting, which is

sponsored by Illinois Institute of Tech-

Electronics by

Avcx>
Crosley

means unerring

accuracy!

COME WITH US AND
ENGINEERS! reach YOUR CAREER TARGET!
CROSLEY offers you exciting challenges in a variety of interesting and
expanding projects. We sincerely believe your professional growth will be
given a chance to develop to its fullest extent when you and CROSLEY
join forces as "Partners In Opportunity."

HERE ARE FIELDS OF CURRENT ACTIVITY:

Ground Radar
Airborne Defense Systems
Antenna and Micro-Wave
Equipment
Computer and Analytical

Services
(DESIGN AND DEVELOPMENT)
(PROGRAMMING AND AP-
PLICATION)
Communications
(AIRBORNE TRANSMITTERS
AND RECEIVERS)

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 bene-
fits and you will be paid generous re-
location expenses.

6. Airborne Fire Control
7. Servo-Mechanisms
8. Transistorized Equipment
9. Guided Missiles

10. Infra-Red Research

Send your resume to:

Personnel Manager, Dept. 23

Crosley

AVCO Manufacturing Corp.
(Crosley Division)

1329 Arlington Street

Cincinnati 25, Ohio
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reliability

At Hughes the Systems Engi-

neering approach is considered

essential for optimum reliability.

The basic design of complex

electronic systems is relatively

more advanced than the Reli-

ability Engineering which will en-

sure their successful operation.

Thus, the challenge of the reli-

ability barrier now requires the

optimum application of creative

engineering.

Several openings for both senior

and junior engineers- preferably

with radar systems, missiles, or

communications backgrounds-

now exist in these areas of relia-

bility: Prediction, Design Review;

Analysis, Promotion. Your inquiry

is invited. Please write Mr. J. C.

Bailey at the address below.

the West's leader in advanced electronic

HUGHES
Scientific and Engineering Staff

RESEARCH & DEVELOPMENT
LABORATORIES

C i City, California

m/e news

nology and its affiliate, Armour Re-

search Foundation, in cooperation with

several engineering societies and more
than 100 industrial organizations.

The program will include 23 papers

dealing with latest developments in

industrial hydraulics, both fundamental

and applied.

Sessions will be devoted to hydrau-

lic applications in the aircraft and
automotive industries, hydraulic fluids,

presses, components and accessories,

pneumatics, pumps, automatic machine
tools, mobile equipment, and servo-

mechanisms and systems.

Director of the conference is Ralph
J. King of the research division of

Caterpillar Tractor Co., Peoria, 111.

New Magnetic Tape
Available for Computers

A radical new "sandwich construc-

tion" magnetic tape for computer and
instrumentation use that eliminates

oxide rub-off, extends equipment life,

and outwears conventional instrumen-

tation tapes by 10 times or more has

been announced by Minnesota Mining
and Manufacturing Co.

Secret of the new tape is a thin,

low-friction, plastic layer over the

magnetic coating which prevents the

oxide from contacting the recording

head at any time, thereby eliminating

all wear on the oxide itself.

Yet because the plastic layer-
purple in color—is only 50 micro-

inches thick, critical head-to-tape con-

tact is sufficiently intimate for all in-

strumentation recording applications,

except those where extremely high fre-

quency response is required.

By eliminating oxide rub-off, the

new sandwich tape provides greater

reliability and freedom from signal

error—especially critical in digital

computer applications.

This is because the exposed oxide

on conventional instrumentation tapes

gradually wears off under repeated use,

and the powdered oxide collects on
the recording head as well as on the

surface of the tape itself. Either con-

dition may cause signal error.

The 3M Company reported that

field tests have shown that the sandwich

tape will last at least 10 times longer

than standard tapes, and in many appli-

cations, has a usable life ranging from
30 to 100 times as long, depending on

the recording system.

In a computer installation where

exposed oxide tapes were usable for

only 250 plays, use of the new tape

has raised the figure to more than

11,000 plays.

Magnetic properties of the sand-

wich construction tape differ from con
ventional instrumentation tapes onlj

in that the 50 micro-inch head-to-tap*

separation reduces signal level approxi

mately 6 db at 1 mil wavelength!

Medium and long wavelength response;

are essentially unaffected.

An important feature of tke new
sandwich tape is freedom from drop
outs—minute flaws in the coatin;

causing a momentary loss of signal. The
manufacturer stated that the new tape

contains not more than a single drop*

out per roll (based on recording sever'

tracks on rolls Vi" by 2500' long).

Dropout count is measured by

inch on a 0.035" track. A reduction tc

recording 200 non-return pulses pei

less than 50% normal signal amplitude

constitutes a signal error or dropout
Zero errors are measured by saturating

the tape unidirectionally. Each spurious

signal greater than 10% of norma
signal amplitude constitutes a zero

error.

Equally important, possibility oi

dropouts caused by oxide rub-off dur-

ing subsequent use is almost completer)

eliminated, the 3M Company pointec

out.

Radio Transmission Tests

Use Moon As Relay Station

Radio transmission tests using the

moon as a passive relay station have

been conducted recently by the Signal

Communications Department of the

U.S. Army Electronic Proving Ground
and Collins Radio Co.

According to Collins, these teste

probably represent the first time thai

intelligence, in this case radio-teletype,

has been transmitted in the ultra-high

frequency region of 1,000 megacycles

over the 500,000-mile distance from

the earth to the moon and back.

Transmitting station for the tests

was located near Fort Huachuca,
Arizona, and the receiver was al

Encino, New Mexico. The frequency

of 810 megacycles per second was

utilized in order to increase the

effectiveness of the antenna systems,

and to take advantage of lower signal

losses in the transmission path.

During November, 1952, Collins

and the National Bureau of Standards

used the moon as a reflector to relay

radio-teletype signals from Cedai

Rapids to Sterling, Va. In these tests,

an ultra-high frequency of 418 mega-

cycles was used.

According to project personnel at

Fort Huachuca, this type of communi-

cation is limited in range only by the

ability to observe the moon simultane-

ously from both the transmitting and

missiles and rockets, August II, 1958
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DYNA-SOAR
•

SPACE

FLIGHT

VEHICLE

of the future

•

OPENS KEY

POSITIONS IN

• Automatic Control

Systems

• Structures Research

• Hypersonic
Aerodynamics

• Stress Analysis

• Structural Loads

Analysis

• Human Engineering

• Weapon Systems
Analysis

• Operational Analysis

Desired qualifications: Proven

Experience in responsible posi-

tions in aircraft or missile in-

dustry. Technical and Managerial

capability, cognizant of state of

arts. Advanced degree: ME, AE
or EE.

Send resume to: Engi-

neering Employment

Supervisor, Dept. U-38,

BELL AIRCRAFT COR-

PORATION, P. O.

Box I, Buffalo S,

New York.

BUFFALO N.V.
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receiving points. Some appreciation of

the distance involved in this method
of communication can be obtained

from the fact that a signal, traveling

at approximately 186,000 miles per

second, requires only 2 l/i seconds to

travel the path from the transmitter

to the moon, and back to the receiver.

If an artificial satellite can be

utilized for this method of communica-
tion, the time of transmission and
losses can be drastically reduced.

Tiny Radio Aids Guidance

Of Missile to Target

A midget radio station, located in

the nose of a guided missile, now helps

to map its flight through space.

Developed and designed by IT&T
Labs for Sandia Corporation of Albu-
querque, N.M., the device can plot a

missile's trajectory to within two yards

of the target at a distance of 30 miles.

The equipment includes a transmit-

ter on the ground linked to three re-

ceivers paralleling the projectile's route.

By measuring to 10-billionths of a sec-

ond, the elapsed time of a signal from
ground transmitter to missile and back
again to the three ground receivers, it is

possible to compute and plot the entire

trajectory of the missile from launching

to impact.

The airborne transmitter, occupying

only 50 cubic inches of space, "had to

have perfect frequency phase stability

over a wide range of temperature, vi-

bration and shock," according to Albert

E. Cookson, director of the ITT Lab-

oratories' missile guidance section.

"As in most missile instrumentation

units," he added, "it was desirable that

it weigh nothing, occupy no space,

draw zero power from the missile, and

operate without antennas."

Ramo-Woold ridge Corp. to

Transfer R&D Operations

Ramo-Wooldridge Corp. has an-

nounced plans to transfer its Advance
Electronic Research and Development

operations to a 90-acre site to be pur-

chased in the western section of the San

Fernando Valley. Construction will be-

gin as soon as the Los Angeles Plan-

ning Department grants a conditional-

use zone to permit construction.

First units of the new center will

provide space for some 2000 scientists,

engineers and administrative personnel.

The Space Technology Laboratories,

R-W's autonomous division, will take

over the present R&D center at 5500

W. El Segundo Blvd. when the San Fer-

nando buildings are completed.

With the

Performance Record

of TMI Tubing

It is surprising how often an honest

"can't be done" memo hits the waste

basket when men who depend on super-

lative performance of precision speci-

fication tubing get acquainted with TMI
successes in cold drawing stainless steel

and special alloy. Our research is con-

stantly improving our own thought patterns

to the delight of many of the greatest

names in the American metalworking field.

Almost all of these opportunities to pioneer

side by side with these leaders started

with a simple, matter-of-fact memo to

their chief design engineer or

LARGER SIZES PRODUCED ON STRICT CUSTOM BASIS.

TUBE METHODS INC.
METALLURGISTS • ENGINEERS • MANUFACTURERS

BRIDGEPORT (Montgomery County). PA.

Circle No. 34 on Subscriber Service Card.
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new missile products

Signal Generators Uses

Plug-In R-F Oscillators

Extreme versatility is offered by a

new signal generator series comprised

of a basic power supply and inter-

changeable radio-frequency oscillators

developed by BJ Electronics, Borg-

Warner Corp. Five plug-in oscillator

units provide coverage of 20-80 mc,

300-500 mc, 800-1100 mc, 1100-1600

mc and 2700-3000 mc frequency

ranges. Two types of modulator units

offer the option of high or low power
operation in the 500-1000 mc range.

Individual design complexity varies ac-

cording to stipulated frequency range

and power level.

In high level operation, the Model
82 Signal Generator Series may be em-
ployed as a pole beacon for missile

checkout equipment or for general lab-

oratory measurements. In consideration

of field use, design and fabrication is

rugged and the series substantially im-

mune to adverse environmental effects.

The basic power supply chassis con-

tains 1000-2000 vdc continuously vari-

able high power, and low voltage power
supply; a variable-amplitude (1 kc) sine-

wave oscillator and square-wave shaper.

Provisions are incorporated for front

panel indication and control of modu-
lation and power level with an in+egral

blower system to facilitate equipment

cooling. The basic 19" x 10% 6
" x 16 x

18" chassis weighs 59 lbs.

Individual plug-in r-f oscillator units

contain the remainder of the generator

components. According to the manufac-

turer, the r-f output is substantially con-

stant over the frequency range, with

low internal leakage. Front panel con-

trol adjustment sets the desired fre-

quency. Accuracy to ±0.5% and fre-

quency stability ±0.1% are stated op-

erating features. Individual weights of

the 6i/
16

" x 10% 6
" x 17" plug-in units

vary from 17 to 20 lbs.

Circle No. 225 on Subscribers Service Card.

Production of Motorola

Transistors Announced
Pilot line production of two new

Motorola Mesa transistors has been

I -,4

CIRCLE
SEAL

CHECK
VALVES

CHECK VALVES are

in the heart of

the missile. To

prevent heart

failure, check

valves must

not leak.

Circle Seal valves

provide proven

100% leakproof

reliability.

Complete engineering data

available. Write today!

JAMES, POND & CLARK, INCORPORATED
2181 East Foothill Boulevard

SEAL Pasadena, California

Representatives in all principal U.S. cities

announced. One is an ultra-high fre

quency amplifier capable of oscillatinj

about 750 megacycles and accepting

power gains of 12 D.B. at 200 mega
cycles. It operates above 100°C.

The device will withstand 50,00(

G's of acceleration and will meet R

Circle No. 35 on Subscriber Service Card.

exceed all existing military specifica

tions for shock, vibration and hermetii'

sealing.

The other development is a higl

speed switching transistor designate*

by No. 2N695. Switching time in sati

urating circuits is in the order of K 1

milli-microseconds, and in non-sati

urating circuits from 1 to 2 milli

microseconds. Typical saturation volt

age is 0.25 volts, and the typica

grounded emitter current gain is 30.

Circle No. 226 on Subscriber Service Cord.

Miniature 16-Watt
Servo Amplifier Available

Kearfott Co. Inc. has introducec

an addition to its line of servo ampli

tiers. Designed to deliver control phas<

power to 400 cycle servo component!

66

requiring up to 16 watts of inpu

power, this unit consists of an outpu

push-pull stage, a driver push-pull stage

a phase splitting stage, and a voltagi

amplifier stage.

A plug-in type component, this am
plifier is completely potted in a corn

pound having such high shock absorb

ent properties that four times the "g !

value of maximum impact specified b;

the appropriate military environmenta

testing specification is easily sustained.,

Voltage gain of the amplifier i
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THOMAS A.

EDISO
subminiaturized

servo program
computer

Analog computers, advanced chemical and physics test equip-

ment spell out the dimensions of the Edison Research Labora-

tory—one of the finest facilities of its type anywhere.

Edison's new servo program computer for an

advanced—and classified—missile system sets

new standards in lightness and compactness.

Built entirely with Edison-manufactured

components, this new unit weighs only 14

ounces, occupies only 14 cubic inches.

Within this size and weight Edison has

created a complete servo computer package

—containing transistorized and magnetic am-
plifier circuitry, servo-motor, precision gear

train, two resolvers in a complete servo loop.

The whole unit is hermetically sealed and

highly resistant to corrosion and vibration.

Offering an optimum in response and sen-

sitivity, this system shows the way to a wide

variety of applications in missile control du-

ties. It exemplifies the Edison capability in

missile system design and manufacturing.

Because the Edison organization includes

development and production facilities for

servos, servo systems, magnetic amplifiers,

computers, transducers, precision gear trains

and miniature relays, Edison can become the

single source for major electronic system as-

signments . . . can speed up prototype devel-

opment faster than any other company. The
Edison team concept in engineering, and un-

excelled research laboratories for its scientists

—are the other basic ingredients for success

in advanced electronics projects.

For complete information on Edison cap-

abilities, write to:

Thomas A. Edison Industries
INSTRUMENT DIVISION

85 LAKESIDE AVENUE, WEST ORANGE, N. J.
msrm

EDISON FACTORY OFFICES ARE LOCATED IN EVANSTON. ILL.: DALLAS. TEX.: DAYTON, OHIO: SHERMAN OAKS. CALIF.: AND TAMPA, FLA.
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. . . new missile products low) is designed to operate over a tem-

perature range from — 100°F to

adjustable between 100 and 2,000 for a

40 volt load, and between 300 and
6,000 for a 115 volt load. The gain de-

sired is obtained by employment of an
external resistor, and when driving a

115 volt load, an impedance-matching

output transformer is used in conjunc-

tion with the amplifier.

Measuring 2Vi"x2 3/8"x2V4", the

A3 104 transistorized servo amplifier

is a versatile component, particularly in

missile applications. The unit may be

mounted in any position by means of

captive screws which are available in

various lengths to suit the user's ap-

plication or particular need.

Circle No. 227 on Subscribers Service Card.

Tri-Axial Accelerometers

Aid in Vibration Test

A new tri-axial accelerometer aids

in conforming with the new vibration

specifications for simultaneous measure-

ment in three axes.

Three sensing elements are mounted
in mutually perpendicular planes with-

in a small compact block measuring

0.75"xl.25"xl.31".

Endevco Corp's. model 2243 (be-

Need test stands?

Jack&Heintz ™
came to IEC

F your problem is functional

test equipment or control
panels, Industrial Engineering Cor-

poration can supply the answer.
Whether your needs call for the use of

hydraulic, pneumatic, electric or elec-

tronic principles—singly or in any combi-
nation— IEC has the imagination, the

ability, the facilities to handle the job right,

from original design to actual installation.

Consult IEC— Industrial Engineering Corpo-
ration— on your test equipment requirements.

Write today!

INDUSTRIAL ENGINEERING

CORPORATION
525 E. WOODBINE, LOUISVILLE, KENTUCKY
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Makers of

Circle No. 36 on Subscriber Service Cord

UIJSJJ pressure protective devices

J
500°F, with maximum change of

10% in sensitivity, while model 2230
(below) operates accurately over the

normal temperature range of 63°F to

+200°F.
Both units have natural frequencies

of 25 KC or more to assure wide flat

frequency response without spurious

resonance. Sensitivities are 5 to 9 milli-

volts per g. A three point mounting is

used to guarantee secure mating to test

surface and proper orientation. Both

accelerometer cases are electrically iso-

lated from stray ground loops in the

test structure.

Circle No. 228 on Subscriber Service Card.

Copper Shield and Jacket

In Single Operation Possible

A copper shielding method which

supplies a copper shield and a jacket

for wires and cables in a single opera-

tion is a new development of the Zipper-

tubing Company.
Copper shielded zipper tubing is

closed by a plastic or metal zipper track

and, thus, easily may be zipped around

wires and cables, giving 100% coverage.
|

Great labor and equipment savings

missiles and rockets, August II, 1 958



ire possible, as one man can close ap-

proximately 20 feet of zipper tubing

per minute, while an expensive braider

will shield a maximum of 1,500 feet

t>er day.

Shielded zipper tubing is available

in inside diameters from 3/8" up in

increments of 1/8". Standard color is

gray, and standard put-ups are 25', 50',

100' and 300\
Circle No. 229 on Subscriber Service Card.

8-Channel Recorder

Now Being Marketed
A new, 8-channel ultralinear re-

cording system, Model RD 1684 00,

with rectilinear readout and thermal

writing, is being manufactured and
marketed by Brush Instruments, divi-

sion of Clevite Corp.

The new medium gain dc system
features a choice of two individual

plug-in amplifiers. One amplifier has

high sensitivity of 10 millivolts per
chart line (mm) with a stability better

than Vi chart line per hour. The other

implifier features stability, better than
1/10 chart line per hour, and a sensi-

ivity of 50 millivolts per chart line

^mm).
Thermal writing feature of the new

iystem provides immediate traces, uni-

orm both in density and width, pro-
lucing easy-to-read charts.

Circle No. 230 on Subscriber Service Card.

Recorder Designed For

Missile Test Vehicles
A recoverable 25-channel on-board

ligital tape recorder designed for use
n missile test vehicles has been de-
veloped by Aerophysics Development
3orp., a subsidiary of Curtiss-Wright
Zorp.

As a complete on-board recording

tiissiles and rockets, August II, 1 958

ACCURATE ROLLING

SAVES MACHINING

REDUCES SCRAP LOSS

ASSURES HIGH QUALITY

Cost reduction, achieved through the use of Edge-

water steel rings, is due to savings in machining

time and reduced scrap loss. Edgewater rolled rings

are formed to tolerances so close that a minimum
of machining is required. Weldless rings are rolled

from solid steel blocks by a process which produces

a wide variety of cross-section shapes. Diameters

are from 5 to 145 inches.

Edgewater Steel Company
P.O. Box 478 • Pittsburgh 30, Penna.

Circle No. 37 on Subscriber Service Card.

WRITE for bulletin

describing

Edgewater Rings.
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'or Highest Dependabili

RECTIFIERS

70

FANSTEEL METALLURGICAL CORPORATION
North Chicago, Illinois, U.S.A.

DEPENDABLE RECTIFIERS
Circle No. 38 on Subscriber Service Card.

. . . new products
\

system, the recorder ties up no groun|

facilities. The unit may be flown bot
as a primary recording system I
smaller test vehicles, or as a back-ul
system for larger missiles with teleme
try systems.

The recorder can be operated . t

determine time-of-event, magnitude
digital relationship and pulse rate fre

quencies in excess of 100 cps. Dat
resolution is in excess of 5 milliseo

onds, and extreme accuracy may b
attained by use of binary encodin,

cards if a limited number of event
are to be monitored.

Weight of the recorder, includin

cylindrical armored protective case, i

less than 4Vi pounds. Outside diametei

4Vz inches, height 4-1/8 inches.

Circle No. 23 J on Subscriber Service Card.

Intricate Bellows Typical

Of Varied Parts Available
These bellows are typical of th

many and varied types of rubber am

synthetic parts by the Mechanical Rub
ber Products Co.

MRPC offers help in designing

rubber compounding, molding and fab
ricating every conceivable type of me
chanical goods in rubber and syn
thetics.

Circle No. 232 on Subscriber Service Cord.

Transistorized Amplifiers

Available in Small Size

Development of transistorized an*

plifiers, one-third the size of equivalent

tube type units, has been announced
by Glennite Instrumentation Div., Gul;

ton Industries, Inc.

Needing no filament power and

only 20% of the plate power required

by tube type amplifiers, the amplifier!

are designed to amplify signals from

high impedance transducers to feed

missiles and rockets, August II, 1958
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New Sub- Miniature Size

ST-A Capacitors
SOLID TANTALUM

lirectly into standard electronic meters,

ecorders or telemetry equipment.

Operating at a temperature range

if -65 °F to +240°F., the new instru-

nents are low microphonic voltage am-
ilifiers, specially designed for use in

nissiles.

Housed in anodized aluminum
:ases, the units operate with a recom-

aended minimum load of 10,000

ihms, maintain a voltage gain that is

ontinuously variable between 10 and

00, and perform with negligible vi-

iration noise characteristics.

Circle No. 233 on Subscriber Service Card.

Miniature Turret Package
Assembly Developed
A means of assembling precision

otating servo components in miniature

urret packages is now available from
vlechatrol, a division of Servomechan-

sms. Inc.

The photograph shows a typical

urret package containing a size 11

notor-tachometer, a gearhead, and a

>otentiometer, all encased in a package
ess than 5" long, with a nominal OD
)f 2 lA". Other servo components, such
is transistorized amplifiers, and syn-

:hros, can be added as needed. Clutch

ind limit stops may be added.

Circle No. 234 on Subscriber Service Cord.

Miniature Tantalum
Zapacitor Line Announced

P. R. Malloy & Co., Inc., has an-

lounced a brand new line of hermeti-

:ally sealed tantalum capacitors—first

:o offer 150°C operation in so small

ize. Known as the M„ line, the units

nissiles and rockets, August II, 1958

SPECIFICATIONS AND OIDEHINO MFC MNCtS

Now you can save more space and at the same time get Im

proved performance when you design these new sub-miniature

Fansteel S.T.A capacitors into your products. You get unsur-

passed stability over an op-

erating temperature range

of -75°C to +85°C . , . high

resistance to vibration and

shock which eliminates

possibilities of any altitude

>r humidity problem.

AVAILABLE
FROM STOCK

You get immediate delivery

of the sizes fisted at right.

' compiof* tpteiHeatioat and

imtaili writ* (or bull, tin 6.112.

VISIT US AT BOOTHS 618-619

WESCON SHOW

!

Copoclty Surf•
In MFD* Volloga V«llo|«

STA- 1 57 3.3 10 12

STAI62 2j0 13 II

si STA- 167 1.3 20 24
M STA- 172 1.2 30 34

STA-177 1.0 35 42

STA- 457 7 10 12

M STA-462 4 IS 16

fs STA 467 3 20 24
STA-472 1A 30 36

STA-477 35 42

STA 257 \7 10 12

M STA-262 ' ,1J v
STA- 267 8 20 24

M STA-272 6 30 36
StA-277 S 35 42

STA-357 70 10 12

M STA362 45 15 II

STA-347 35 20 24
STA-372 23 30 36
STA-377 20 35 42

•Standard Copacrn/ TohniKti or* minui 15%, phit 25%.

FANSTEEL METALLURGICAL CORPORATION
North Chicago, Illinois, U.S.A.

RELIABLE TANTALUM CAPACITORS SINCE

Circle No. 39 on Subscriber Service Card.
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R/M experience tells
in the

fabricating of TEFLON
Years of research, experiment, testing

and manufacturing of "Teflon" prod-

ucts pay off for you at Raybestos-Man-

hattan. We know how to take full ad-

vantage of the unusual characteristics

of this remarkable substance.

There is hardly any aspect of the

extruded, molded, machined and bond-

able "Teflon" that R/M has not faced

up to and licked. We have the experi-

ence and the facilities to cope with

many of the crucial problems which

beset your industry—friction, extremes

of temperature, the corrosive effects

of potent new fuels, and the like.

These are the reasons why you
should come to R/M for all your

"Teflon" needs. R/M fabricates stand-

ard products such as covered flexible

"Teflon" hose, thin wall tubing, sheets,

tape, tubes and rods. Also parts and
components fabricated to your speci-

fications—and sheets, rods and tubes

in certified and stress-relieved grades

(X-ray films for sheets and rods are

available), and centerless ground rods

held to very close tolerances. Write for

free literature and more information.
* A Du Pont trademark

RAYBESTOS-MANHATTAN, INC.
PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF.

Contact your nearest R/M district office listed below for more information or

write to Plastic Products Division, Raybestos-Manhattan, Inc.. Manheim, Pa.

BIRMINGHAM 1 • CHICAGO 31 • CLEVELAND 16 " DALLAS 26 • DENVER 16 • DETROIT 2 • HOUSTON 1

LOS ANGELES 58 • MINNEAPOLIS 16 NEW ORLEANS 17 . PASSAIC • PHILADELPHIA 3

PITTSBURGH 22 • SAN FRANCISCO 5 • SEATTLE 4 . PETERBOROUGH. ONTARIO. CANADA

RAYBESTOS-MANHATTAN, INC., Engineered Plastics • Asbestos Textiles • Mechanical Packings • Industrial Rubber

Sintered Metal Products • Rubber Covered Equipment • Abrasive and Diamond Wheels • Brake Linings

Brake Blocks • Clutch Facings • Laundry Pads and Covers • Industrial Adhesives • Bowling Balls

Circle No. 40 on Subscriber Service Card.
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. . . new products
|

measure only 0.50 inches in length by

0.287 inches body diameter and 0.484

flange diameter.

These capacitors will withstand up

to 150°C temperature and 2,000 cycle

vibrations in accordance with MIL-C-
3965B. and severe environmental con-

ditions.

They are available in a wide

range of capacities from 1 1 mfd. 90

volts to 140 mfd. 6 volts at 85°C; and

from 11 mfd. 75 volts to 140 mfd,

4 volts at 150°C.

Circle No. 235 on Subscriber Service Card.

Lightweight Static Inverter

Provides Sine Wave Power
Jordan Electronics announces all-

transistorized sine wave power ill

verters with three power outputs; 100

V.A., and 150 V.A., and 500 V.A.

The 150 V.A., 800 cps unit shown
provides 115 V ± 2.5% output.

(0-100% load) with 26-30 V dc input

at mounting base temperatures from

-55°C to +85°C and a minimum ef-

ficiency of 60%. Input surges to 40

volts can be handled. The frequency

tolerance is ± 2.5% and the distor-

tion is less than 5%. A self-resetting

"electronic circuit breaker" protects

the unit from overloads, including short

circuits.

Weight is 3.6 pounds (.024 lb.

per watt) and size is 3Vi" wide x

5 3/8" long x 3" high, excluding con-

nector and mounting flanges, according

to the company.
Other models now in production

supply 100 V.A. at 115 V 400 cps and

500 V.A. 3 phase, and can be modi-

fied to various power outputs and fre-

quencies of 800 cps, 100 cps and

1600 cps.

Circle No. 236 on Subscriber Service Card.
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Your special potentiometer windings can
now be produced with consistent, preci-

sion accuracy in production quantities!

Pacific Scientific's new plant facilities

and specially designed microscopic
winding equipment can now provide

extremely close linearity tolerances on
your special designs whether standard

or sub-miniature, and in unusual con-

figurations. Elements are wound to your
own specifications on glass. Formvar-
covered copper or aluminum mandrels,

and X-Y recorder inspection assures

uniformity of quality.

Pacific's engineering department can
also help solve your special problems
. . . and complete environmental facili-

ties are available to test to the most
rigid military specifications.

Call or write Pacific for engineering

assistance on your special potenti-

ometer problems — today

!

complete potentiometers

Pacific also designs and builds complete
potentiometers — both rotary and linear

motion— to suit your requirements.

'effers

iquid Still Used

'o the Editor:

There seems to be a tendency these

ays among many people to write off

quid-propellant rockets and missiles

s obsolescent items.

With solid propellants currently

njoying much publicity and much fan-

ire, the liquid engine seems to be for-

otten.

We at Aerojet are working on both

olid and liquid rocket engines. We
re currently developing a large liquid

acket engine for the Air Force Titan

CBM.
There are about 4,000 people in

ur liquid rocket plant who don't buy

lis idea that liquid engines are on the

ray out.

Joseph J. Kipper
Aerojet-General Corp.

Sacramento, Calif.

There is room in the space age for

oth liquid and solid systems. Neither

re optimim—Ed.

Dlder Men Welcome
'o the Editor:

We note with interest the "Letter

j the Editor" that appeared in the

uly 14 issue of m/r, sent in by Mr.

ames E. Hill of Utica, N. Y., regard-

lg the fact that older engineers are

ot being utilized by industry. -

We wish to advise that Stavid

Ingineering, Inc., Plainfield, N.J., does

nd has interviewed and utilized an

ppreciable number of engineers over

fie age of forty-five and, as a matter

if fact, has on its present staff a

pod number of men over the age of

ixty-five, who have been forced into

etirement.

We do not feel that the magical

ge of forty-five delegates a man to

he "industrial scrap heap" and greatly

ppreciate receiving resumes from the

nature engineer.

Eugene B. Kelly

Personnel Director

Stavid Engineering, Inc.

Of interest to our readers is the

act that Stavid not only welcomes
ob-hunters past 45, but also those past

lormal retirement age of 65. Of its

'50-man engineering force, twenty-five

're over 50. All but one were over
'5 when they were hired, and ten were

>ver 60 years of age. Stavid acknowl-
edges there is practically no turnover

>roblem. Moreover, the experience of
>lder engineers rubs off on the younger
Personnel—Ed.

PACIFIC SCIENTIFIC COMPANY
P.O. Box 22019, Los Angeles, California

Gentlemen:

Please send me your new advance data

folder giving engineering and design

information on Pacific's special linear

potentiometers.

Name

Company .

Address

City State
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advancement
in instrument

design

space age

SEALED
ELAPSED TIME

INDICATORS

SCHEDULE MAINTENANCE — STUDY PRODUCTIVITY

Glass-to-metat sealed ELAPSED TIME indi-

cators. Compact, low cost, tamper-proof.

Standard ASA/MIL dimensions, 2' ." and 3' ,"

sizes Easy to read standard size counter

registers 1/10 hour steps to 9999.9 or hour

steps to 99999. Hermetically sealed. Shielded.

Starts, operates continuously from -55°C

to + 85°C. For 110-125 or 220-250 volts

60 cycle A.C. Bulletin on request. Marion

Electrical Instrument Co., Manchester, N. H„

U.S.A.

Copyright © 1958. Marlon

marion
-WHERE ELECTRONICS MEETS THf f Vf" J
meters

Circle No. 42 on Subscriber Service Card.

How To Get Things Done

Better And Faster

BOARDMASTER VISUAL CONTROL
Gives Graphic Picture—Saves Time, Saves

Money, Prevents Errors

-/V Simple to operate—Type or Write on

Cards, Snap in Grooves

H Ideal for Production, Traffic, Inventory,

Scheduling, Sales, Etc.

M- Made of Metal Compact and Attractive.

Over 250,000 in Use

Full price $4950 with cards

FREE
24-PAGE BOOKLET NO. JC-10

Without Obligation

Write for Your Copy Today

GRAPHIC SYSTEMS
55 West 42nd Street • New York 36, N.Y.

Circle No. 43 on Subscriber Service Card.
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by Norman L. Baker

Broad overlap of jurisdiction, and the resultant indecision on roles

and missions of civilian and military space agencies, is rapidly produc-

ing what may be a major impediment to an accelerated national space

exploration program. Scientists of both groups constantly refer to the

"gray zone," "gray zone in the middle," "broad twilight zone of dual

usefulness" and finally, the "gray zone of overlap."

The military scientists, currently the most active space pioneers,

have their interest in space necessarily limited by the requirement of

defining a project's military usefulness. For instance, many are contest-

ing the decision to place the reconnaissance satellite under military

jurisdiction when it will also be invaluable for long-range weather fore-

casting and world-wide communications.

Less than 24 hours after signing into law legislation establishing

NASA, the new civilian space agency, President Eisenhower asked

Congress for an additional $125 million for the new agency. In addi-

tion, DOD will transfer to the agency $117 million appropriated earlier

for non-military space programs.

The million-pound thrust engine, held back for many years because

it had no foreseeable future as a military weapon powerplant, is

slowly getting underway as a result of plans for manned satellites and

rocket-boosted glide bombers. Rocketdyne, in the past few days, has

received an Air Force contract to build major components for a single-

chambered million-pound unit. Incidentally, the company's foresight

is credited with reducing the lead time for this engine by several years.

Rocketdyne has continued research on large liquid propellant units,

beyond military needs, almost entirely on its own time and expense.

This huge engine, with a thrust chamber of 17 feet, has long been past

the design stage with no formidable obstacles expected in development.

Liquid engines of 300,000-lb. thrust will be the next Rocketdyne

contribution to space age power systems. Several tests of over 10

seconds duration have been made at Santa Susana test facilities.

First tests using stock Atlas-Thor 150 k (company engineers' own
abbreviation for 1,000-lb. thrust) engine developed 290 k with a

pressure feed system. Engine was operated with a chamber pressure

of approximately 1,000 psi (average pressure—600 psi). Final design

for 300 k engine will be turbine fed, operate with an average chamber

pressure, and have a combustion chamber 18 inches longer than

150 k unit.

The Army map service, evaluating tracking data from the Explorer

satellites, expect to reduce mapping errors in the Pacific from % miles

to 300 feet. Ultimately—a reduction to 30 feet throughout the world.

Long range missile sites must be built underground in 'hard' posi-

tions. This, many military officials agree, is the only way to insure

retaliatory capability.

missiles and rockets, August II, I



AIRBORNE
LARGE SPECIAL

ACTUATOR SOLVES
EMERGENCY FLAP DRIVE

REQUIREMENTS ON
BOEING 707

Emergency flap drive on Boeing 707 Stratoliner is provided by
Airborne Model R1624-1 special-design rotary actuators. Units
are permanently coupled to flap linkage, provide electro me-
chanical drive in event of hydraulic failure. Output shafts are
driven whenever hydraulic system operates, but because of
special inertial clutch, rotors do not turn unless energized.

Specifications: Motor: 200/1 15 v a-c, 400 cycles, 3-phase, reversi-
ble. Speed at rated torque (450 in-lb): 85 rpm ±10 rpm. Duty
cycle 3 min. on, 27 min. off. Operating range: 102-124 v(line to

neutral): 380-420 cps; -65 to +160°F; 0-50,000 ft. Weight 12 lbs.

In addition to offering an extensive line

af modular-type electromechanical ac-

tuators, Airborne can also meet your

requirements for large special designs

—

linear or rotary. Typical of these special

Airborne actuators is Model Rl 624-1,

used on Boeing's new 707 Stratoliner

to operate the flaps in the event hy-

draulic power is lost. At the right are

some of the more difficult engineering

problems that were presented by this

specialized application, along with Air-

aorne's solutions to them.

PROBLEM
Rotor to be disconnected from output
gear stages except when motor is ener-
gized in either direction.

SOLUTION
Inertial clutch—consisting of small weights
in a cage—incorporated between motor
and gear train. Makes positive contact
with intermediate drive gear only when
rotor shaft turns.

Starting torque to be 800 in-lb minimum,
with pullout torque of 900 in-lb (±100
in-lb) at 50% motor slip (±10%) under
all voltage, frequency and environmental
conditions.

Special lightweight motor developed by
Airborne to meet these exacting require-
ments. Rated .9 hp at 10,300 rpm, draw-
ing 2.5 amp maximum.

In event of a jam in actuator transmission
or rotor, unit to be fail-safe by permitting
rotation of output shaft by torque of 1000-
1300 in-lb. Once started, rotation to be
maintained by torque not exceeding 100
in-lb.

Special ball-detent, torque-limiting clutch
incorporated on output shaft.

Contact us for recommendations on your special actuator requirements . . .

or for information on Airborne's standard line of modular design actuators.

-INEATOR® ROTORACf TRIM TROL® ROTORETTE® ANGLgear® ROTOLOK

AIRBORNE ACCESSORIES CORPORATION
HILLSIDE 5, NEW JERSEY

Represented in Canada by: WINNETT BOYD LIMITED • T45 Mt. Pleasant Rd., Toronto 12, Ont.
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l*C # ld*lt lcSS! cl missile that pierces hostile sky

to pinpoint its nuclear strike

When a target's latitude and longitude are marked on
this missile's brain, an appointment has been made.
To keep its rendezvous, the Chance Vought Regulus II

performs miracles of navigation: it will launch stealthily

from submarines — nuclear and conventional — from
surface craft and mobile shore launchers. It will com-
pensate automatically for wind and weather and for

the earth's rotation. It will detour enemy strongpoints,

outfox known counterweapons. Closing in on its quarry,

it can plummet from over 60,000 feet to smokestack
height to escape radar detection.

In minutes, Regulus II can pierce over 1,000 miles of

hostile sky to score a nuclear bull's-eye.

The first of the Navy's nuclear-driven subs, designee!
to roam the seas as unseen Regulus II bases, is now irl

construction. The missile itself has made over 25 sue!
cessful flights. Under Navy leash in key locations, it will

be a relentless watchdog for peace.

Scientists and engineers: pioneer with Vought in new mis-

sile, manned aircraft, and electronics programs. For details

on select openings write to: C. A. Besio, Supervisor)
Engineering Personnel, Dept. P-8.

C M A ht C E OUGHT Jl C7TtJLFT
O O A TED O A L L A . T £ X A s
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Advanced weapons studies at Chance Vought

they range from the ocean floor to deep space

Oceanographers. Astrodynamicists.

Their perspectives are worlds apart.

But a broad search for advanced
weapons is bringing them and other

diverse specialists together at Chance
bought.

Vought's rapid advance into new
weapons areas is the natural outcome
jf 41 years of successful aircraft design

md manufacture. A pioneer in the

missile field, Vought's Regulus I has

Deen operational since 1955. The sub-

marine-based Regulus II is now in

production. The record-smashing
F8U-1 Crusader was the predecessor

jf the all-weather automated fighter,

Orusader HI, which made its first flight

his spring. Vought is currently work-

ng on the Dyna Soar project as a

member of the Boeing space glider

levelopment team.

Today at Chance Vought, develop-

ment work fans out into virtually every

cnown dimension of weapon systems.

ANTISUBMARINE WARFARE (ASW)

Vought is engaged in ASW studies

tinder the Office of Naval Research

and the Bureau of Aeronautics. Exten-

sive research and development is being

done in the vital detection and classi-

fication phases. Goal is to bring detec-

tion abreast of destruction capabilities.

Vought applies to this work a pre-

eminent background in sea-going

missiles: 10 years' experience in install-

ing, testing, observing Regulus Fleet

missiles; an intimate knowledge of

submarines.

ASTRONAUTICS

Vought is actively studying space

research vehicles. Projections of this

work point to man in space. Vought's

Astronautics strength is experiencing

rapid growth: up to a 50-fold increase

in less than two years in some groups.

Through this astronautics nucleus,

Vought swells the space capability of

its entire engineering organization.

Vought's major contribution to U. S.

man-in-space technology: a rich source

of cockpit and capsule knowledge.

WEAPON SYSTEMS PLANNING, ANALYSIS

This body of Vought specialists is

determining future weapons require-

ments; defining new areas for closer

evaluation. Under way are studies of

nuclear-powered missiles and other

original applications for today's explo-

sion of propulsion possibilities.

In this area, breakthroughs already

have been scored in antenna design,

in high-strength structural steel casting

for spatial speeds, and in controls

and hydraulics.

Launch Systems Engineer
(Preliminary Design)

A seasoned design engineer with
field experience. To concentrate on
improving orderliness, reducing vol-
ume of support equipment. Should be
able to design the field system, and
prescribe component equipment.

ASW Detection Specialist

Physicist or Electronics Engineer
with Sonar or electromagnetic detec-
tion experience. Familiarity with
submarine tactics, equipment highly
desirable. To devise new methods for
submarine detection, conduct necessary
preliminary analyses, and prepare
information leading to hardware design
for laboratory testing.

Astrodynamics Specialist

Physicist, Engineer, Astronomer with
knowledge of orbit calculations, and
experience in digital computers and
accurate integration techniques for
computing space trajectories.

Preliminary Design Engineer

Capable of turning approximate
dimension, thrust, payload and mission
information into usable configurations.
Requires the mechanical ability to pro-
vide for separation of stages; a good
feel for missile weight and balance;
ability to devise reliable, uncomplicated
control systems.

Qualified scientists and engineers who would
like to evaluate more thoroughly the oppor-

tunities afforded today at Chance Vought
are invited to write in confidence to Mr. A.
L. Jarrett, Manager, Advanced Weapons
Engineering, Dept. P-8.

SOUGJUT Jl TJFtC7RAJRTT
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SENIOR RESEARCH SCIENTIST
INTERIOR BALLISTICS

Aerojet-General Corporation offers a challenging position on the staff of a

newly organized Department of Applied Mechanics & Systems Analysis.

We are seeking an individual of broad, fundamental background capable

of original experimental and theoretical studies. The complex interrelations

of mathematics, physics, and chemistry as applied to the interior ballistics of

rockets offer challenging problems to the creative research man.

The application of unsteady-state theory to ignition of propellants and to

the study of temperature-resistant materials is typical of the problems en-

countered. Combustion of solid propellants, the rheological behavior of solid

propellants in complex grain configuration, and the gas flow and heat trans-

fer in nozzles are related important fields for research.

Particularly important is the ability to formulate experiments for the

verification of theoretical calculations, devise the necessary equipment, con-

duct the experiments, and analyze the data using the most advanced tech-

niques, including digital and analog computers.

You are cordially invited to send a detailed resume to

E. P. JAMES, ENGINEERING PLACEMENT
P.O. BOX 1947A, SACRAMENTO, CALIF.

CORPORATION
A SUBSIDIARY OF THE GENERAL TIRE I RUBBER COMPANY

CALIFORNIA SACRAMENTO, CALIFORNIA

sTics

injection and
compression molding

reinforced plastics

aircraft

electronics

missiles

LONE §TAR
Co h Pan

i

INCO«PO«AI{D

SPECIALIZING IN HIGH
TEMPERATURE PLASTICS

Circle No. 47 on Subscriber Service Card.

124 Roberts Cut off Rd.

Ph. PE 2-1437 ' P, 6. Box "?8 1

7

FORT WORTH 7. TEXAS

GABB

TANK FILLER CAP

The Model FC-3500 is the first tank'

filler cap to successfully pass all test

requirements of MIL-C-7244B (ASG)
applicable to fuel, oil, alcohol-water I

and hydraulic reservoirs.

Lever action design permits cap to be I

opened safely under pressure and I

removed completely with only a 35 ° turn.

Now available in 1.5, 2, 3, and
3.82" openings.

Write for free literature.

GABB SPECIAL PRODUCTS Inc.

WINDSOR LOCKS. CONN

Circle No. 48 on Subscriber Service Card.

NDRTHAM
DIFFERENTIAL

PRESSURE
TRANSDUCER

Length
2%"

78

A variable inductance instrument for
measurement of differential pres-
sures in ranges ± 200 to ± 5,000 psi
and line pressures up to 5,000 psi.
Designed for rocket and jet engine
testing involving extreme mechani-
cal disturbances, and for general
laboratory measurement and indus-
trial control applications.

MODEL DP-IS SPECIFICATIONS:

Pressure Ranges:.. ± 200 to ± 5,000 psid

Maximum Line Pressure: 5,000 psi

Accuracy: ± 1% full scale

Excitation Frequency: From 60 to 20,000 cps

Natural Frequency: From 2,000 cps to

10,000 cps depending on range
Acceleration Response: Less than 1 % / 1 ,000

g along most sensitive axis
{range above 1,000 psi)

Less thon 1%/1,000 g axial
(all ranges)

WRITE FOR BULLETIN

Northam Engineering Facilities Are Available
To Assist You With Any Application Problems.

NORTHAM PRODUCTS INCLUDE . . .

Transducers for pressure, acceleration and
displacement measurement and auxiliary
electronic equipment for complete systems.

NORTHAM ELECTRONICS, INC.
A Subsidiary of Norris-Thermador Corp.

2420 North Lake Avenue, Altadena, Calif.

Circle No. 49 on Subscriber Service Card.
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ndustry report

missile business

by Seabrook Hull

"Look at the missile next to you. A year from now it won't be there!"

"he missile rationalization we've been warning you about for the past sev-

ral months is about to begin. As one high Pentagon official puts it: "If

vill be an agonizing reappraisal." Insofar as humanly possible, it will:

—ignore the vested interests and desires of any specific military service

ir industrial grouping.

—relate actual operational capability, rather than claims and dreams, to

he missions essential to the execution of basic Western strategy, namely

m in-being readiness for massive retaliation.

—evaluate the cost in dollars in each instance against competitive sys-

ems and in relation to over-all cost and total funds and resources available.

This reappraisal will be conducted by the Office of the Secretary of

Defense, rather than by the Joint Chiefs of Staff or the military services,

;ifher individually or collectively. Those responsible for making the basic

lecisions are well aware that some of the claims of Army, Navy or Air
7orce for their pet birds may be considerably colored.

There may be some surprises. For example, both Thor and Jupiter may
je tossed out of the running as durable weapons systems. Actually, there

ire two alternative approaches to this one. First, a decision can be made
jetween Thor and Jupiter as the IRBM, but this cannot be done until

iuch time as the full Thor has successfully completed three flights and a

:air comparison can be drawn. Second, however, both can be relegated

:o the primary role of space-flight propulsion units, and Polaris be given

:he main land-based IRBM job. This means a few Thors or Jupiters would

5e built for the interim, but that big production would go to Polaris.

Defense Department is vitally concerned because none of the big liquid

propelled missiles assure the U.S. of the massive retaliation capability so

aecessary to the military stand-off with Russia. Yet DOD officials argue,

:here is nothing inherently in the Polaris system that precludes its use on

land, as well as underwater. Polaris, they pointed out, could not only be

ired "instantaneously" (it uses solid propellants and requires no last-minute

fueling), but here is an instance where two important roles could be

Slled at the cost of one.

A similar choice will be made within six months between Atlas and

Titan. Defense Secretary McElroy is convinced that we neither need nor

can afford both. Whichever one is dropped, however, as a weapon will

have some of its better features incorporated in the other. If we had to

guess, we'd say Titan goes and Atlas stays—though some Titans would

be completed for test purposes and as space flight vehicles.

Minuteman cannot be picked as a substitute for either Atlas or Titan.

It is scheduled too far into the future. Reason for this is Minuteman's
combined limitation of maximum miss distance vs. payload. In order

to guarantee the same minimum impact on target as Polaris, Jupiter or

Thor, taking into account best guidance currently available, the proposed

solid propellant ICBM would have to have approximate a 50 megaton
warhead compared to three megatons in Atlas. As presently conceived,

Minuteman's warhead is on the order of one-half megaton. Either more
accurate guidance for a smaller maximum miss distance or better pro-

pulsion for a bigger warhead, or both, will have to be achieved before

\Minuteman becomes a practical consideration. Despite Air Force enthusi-

asm for the concept, the Secretary of Defense's office is insisting that

work concentrate in these two areas before spending a lot of hard-to-get

money on other aspects of the weapons system.

missiles and rockets, August II, 1958

contract awards

LAST MINUTE AWARDS
H. B. Zachry Co. of San Antonio, Texas

gave Parabam, Inc. $280,000 for design and
fabrication of twenty-two astrodome type
tracking camera shelters.

NAVY
By Aviation Supply Office:

Ronan & Kunzl, Inc. received $258,720
for trailer, liquid oxygen.

By Purchasing Office:

Bendix Computer Dlv., Bendlx Aviation
Corp., received $49,500 for computer, digital

Hallamore Electronics Co. received $27 804
for telemetering equipment.

By Bureau of Ships:
Western Electric Corp. received $270,000

for the production of magnetron tubes cap-
able of generating ten-million-watt radar
pulses.

By Bureau of Ordnance:
Western Electric Co. received $3.7 million

for the production of weapon direction
equipment.

By Bureau of ships:

United States Rubber Co. received $29 -

828 for conducting a study directed toward
development of room temperature vulcaniz-
ing elastomers or absorption of neutrons.

By District Public Works Office, Eleventh
Naval District:
W & M Investment Co. received $283,693

for construction of guided missile support
facilities.

AIR FORCE

By Memphis Air Force Depot:
Ronan <& Kunzl, Inc. received $74,900 for

hose assembly-transfer liquid oxygen.
Welding and Steel Fabrication Co., Inc.

received $78,750 for hose-assembly-transfer
liquid oxygen.

By HQ, Middletown Air Materiel Area:
Gas Industries Inc. received $1,682,301 for

liquid oxygen and liquid nitrogen.

By HQ, AFMTC, ABDC:
Pan American World Airways, Inc. re-

ceived $67,758,536 for Increase in funds.

By Cmdr. HQ, AMC, Wright-Patterson AFB:
Keco Industries, Inc. received $78,650 for

dehumidlfiers, film drier, engineering data
and technical data and ground support
equipment.

Ladlsh Co. received $85,803 for develop-
ment procedures for the production of
sound high-strength steel forglngs for air-
craft parts by the superlmposltion of vi-
bratory forces, In addition to normal forging
forces.

By HQ, AFFTC, ARDC:
General Electric Co., Missile & Ordnance

Systems Dept., received $98,557 for Investi-
gation and evaluation of methods of lubri-
cation for reducing of frictlonal wear.

Research & Advanced Development Dlv.,
Avco Mfg. Corp., received $58,411 for flu-
orine compatibility test equipment.

Haskel Engineering & Supply Co. re-
ceived $76,505 for hellm booster compressor.

Cook Electric Co., Cook Research Lab-
oratories Dlv., received $64,612 for engineer-
ing study.

G. W. Galloway Co. received $91,857 for
nitrogen & helium distribution system.

Motorola, Inc. received $106,767 for de-
velopment of air operational prototype re-
mote data acquisition and transmission
system.

Cook Electric Co. received $79,352 for
development of mono-rail water brake ve-
hicle.

Motorola, Inc. received $61,425 for micro-
wave data transmission system.
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EMPLOYMENT

ENGINEERS
SCIENTISTS

advanced

missile

and space

vehicle engineering

A few high-level opportunities with

Missile & Ordnance Systems Dept.

of General Electric

RELIABILITY ENGINEER

EE or ME degree, plus 5 to 15
years' professional experience.

Develop and integrate reliability

programs, methods and procedures
for electrical, electronic, me-
chanical and electro-mechanical as-

pects of missile systems and equip-
ments.

THERMODYNAMIC ENGINEER

ME or AE degree, plus 5 to 10
years' experience in aerodynamic
heating problems.

Initiate, plan and execute ana-
lytical and experimental studies re-

lated to aerodynamic heating and
thermodynamic aspects of nose
cone development.

MISSILE TELEMETRY &
COMMUNICATIONS ENGINEERS

BS, MS, PhD in EE, plus 3 to 10
years' experience covering ad-
vanced circuitry, telemetry and
infrared applications

Develop theory and analyze opera-
tion requirements for missile com-
munications; design and develop
systems.

PROPULSION ENGINEERS

BS, MS, PhD in Chemistry, Physics
or Aeronautical Engineering, plus
6 to 10 years' experience in ad-
vanced propulsion systems.

Analyze requirements and pro-
vide specifications for propulsion
systems of diverse types (liquid
and/or solid propellant, nuclear,
turbo- and ram-jet). Integrate sys-

tem analysis and design; establish
system and sub-system ground and
flight test requirements.

•

The major technical programs
at MOSD are carried on under long-

term prime development contracts.

The climate here is one of scien-

tific curiosity pursued under ideal
laboratory conditions.

Please send your
resume to:

Mr. Richard Eddy,
Div. 43 MF

MISSILE A ORDNANCE SYSTEMS DEPARTMENT

GENERAL^ ELECTRIC

3198 Chestnut Street

Philadelphia 4, Pa.

. . . contracts

Circle No. 50 on Subscriber Service Card.

Electronic Associates Inc. received $38,-
948 for computer plotter system.

Stavld Engineering, Inc. received $350,000
for development of a central telemetry fa-
cility.

Cook Electric Co. received $38,598 for
additional requirements and complete fund-
ing of supersonic II test vehicle.

By HQ, Rome Air Force Depot:
Bendix Aviation Corp., Bendix Radio

Div., received $2,000,901 for radar set In
accordance with specifications.

Arthur D. Little, Inc. received $25,670 for
liquid helium producing facilities which
will include cryostat gas holder and cold
trap.

ARMY
By Engineer District, Mobile, Corps of En-
gineers:

B. B. Saxon received $35,784 for construc-
tion of addition to decontamination room at
propellant fuel facility No. 7 at Elgin APB.

By San Francisco Ordnance District:

Jennings Radio Mfg. Corp. received $27,-
898 for supplies & services for design &
development of R&D contractors (guided
missiles & related materials).

Sanford Research Institute received a
contract for economic analysis of coat,
availability and capability of air defense
systems, R&D.

University of California received $30,000
for influence of environment on fracture
of metals.

By Engineer Procurement Office:

Air Products Inc. received $2,863,082 for
generating plant, oxygen-nitrogen.

By Engineer District, Los Angeles:
Matlch Bros, and M. M. Sundt Construc-

tion Co. received $2,811,482 for missile silo,
equipment terminal facility, tunnels.

By HQ, Redstone Arsenal, Ordnance Missile
Command:

The Martin Co. received $61,733 for fur-
nishing and supplying 48 man-months of
fully qualified personnel for technical assist-
ance to guided missile school instruction.

By Signal Supply Agency:
Metavac, Inc. received $37,774 for in-

dustrial preparedness measure for near in-
frared niters and intermediate Infrared
filters.

Sylvania Electric Products, Inc. received
$26,122 for crystal unit.

Cooper Development Corp. received $32,-
123 for rocket motors.

By Signal Supply Agency:
Radioplane, a div. of Northrop Aircraft

Inc. received $9,069,071 for low speed drone
systems.

General Instrument Corp. received $69,000
for radiosonde set.

Collins Radio Co. received $740,263 for
digital date computer.

Stevens Institute of Technology received
$56,065 for services and materials for 24
months of study of plasma acceleration.

RCA Service Company, Div. of Radio
Corp. of America, received $370,000 for serv-
ices and materials to conduct a study
leading to the establishment of improved
cables and connectors for guided missile
systems; $63,462 for services and materials
for twelve months to conduct a research
program on generation of "cool" electrons
for low noise.

New York University received $50,000 for
services for research study concerning para-
magnetic resonance In the solid state.

RCA Laboratories, Div. of Radio Corp. of
America, received $75,505 for investigation
on high temperature photo-voltaic solar
energy converter.

Philco Corp. received $300,000 for logical
processor and computer.

North American Aviation Inc. received
$89,025 for computer.

The Ramo-Wooldridge Corp., Control
Systems Div., received $13,599,683 for auto-
matic data processing system test facility.

Interstate Electronics Corp. received
$278,766 for wide band closed circuit TV
systems.

G. C. Dewey Co., Inc. received $61,521
for component evaluation report, consisting
of analysis and determination as to the
comptability and usefullness of components
of present air defense systems.

Collins Radio Co. received $1,059,209 for
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one year extension of investigations ol

theory and application of scatter circuits to
tactical systems, plus developing a tropo-
spheric scatter system.

Stanford Research Institute received
$94,153 for additional research and develop-
ment of micro-wave filters and coupling;
structures for 12 months.

Princeton University received $31,000 tot
additional research work for the investiga-
tion of the optical detection of hyperflne
resonance in alkali metals.

Leland Stanford Jr. University received
$99,800 for additional study on program solid
state two level high power masers.

University of Illinois received $35,000 for
additional research work on moon-relay
transmission.

By Springfield Ordnance District:

Kaman Aircraft Corp. received $33,593
for proposed study of pressure estimation
for barometric arming and fuzing of mis-
siles.

Yale University received $30,134 for re-
search program In low temperature physlcsj

By Ordnance District, Los Angeles:

Douglas Aircraft Co. Inc., received $71,-

636 for repair parts for IVtfce system.
Firestone & Tire & Rubber Co. received

$430,000 for replenishment requirements of

spare parts for Corporal missile.
Gilnllan Bros. Inc. received $73,293 for

furnishing of depot replenishment repair
parts for the Corporal missile system, and
2 contracts totalling $298,000 for required
ments of spare parts for Corporal missile.

Firestone Tire & Rubber Co. received
$27,000 for field service engineering in conn
nection with Corporal missile and ground,
handling equipment, and $71,000 for repall

parts for guided missile, artillery M2 and
related ground handling equipment.

Gllfillan Bros. Inc. received $962,370 tot

engineering services related to the Corporal
missile system.

By Boston Ordnance District:

Allied Research Associates, Inc. received

$49,677 for study of nuclear weapons effects

in Jupiter nose cone.

National Academy of Sciences received

$75,000 for a study program to analyze and
assess the science of metallurgy.

Mass. Institute of Technology received,

$100,000 for experimental and theoretical

research In microwave tubes.
Horizons Inc. received $29,864 for research

on the mechanism of growth and properties

of exlde whiskers. .

Rlas Inc. received $26,267 for studies re-

garding delay-time on face-centered cuniq

metals and alloys.

Rocketdyne Gets Contract

For Million-Pound Engine

Rocketdyne, a division of North

American Aviation, Inc., has received

an Air Force contract to begin developj

ment of major components for a rocke^

engine in the one-million-pound thrusB

class.

The contract, awarded by Wrigrrtj

Air Development Center after desigq

competition, is the first step toward thd

thrusts that are believed to be essential

in manned interplanetary exploration,]

according to Rocketdyne.

At the same time, the Air Force'

under separate contract, extended]

Rocketdyne development of a previously!

undisclosed engine to provide thrust in]

the intermediate range between current]

propulsion systems and the million]

pound unit.

Both engines covered in the con-]

tract are liquid propellant systems, sim-j

ilar in principle to Rocketdyne engines]

for the Atlas ICBM, the Thor and,

Jupiter IRBM's and the Redstone mis-]

sile.
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EMPLOYMENT

TODAY'S OPPORTUNITIES
with General Elecfric's Missile Guidance Section

ARRY IMPORTANT RAMIFICATIONS

FOR SPACE TECHNOLOGY

Despite the magnitude of the undertaking, guiding a vehicle on
a > 428,000 mile return trip to the Moon ... or directing an
interplanetary probe into Mars' orbit depends fundamentally
upon the basic technologies already developed to guide surface-

to-surface ballistic missiles into their trajectories.

The great technical challenges of guidance for space explo-

ration lie in the unprecedented accuracies, reliabilities and long
operative life-spans that must be engineered into the guidance
systems.

ENGINEERS and SCIENTISTS at G.E.'s Missile Guid-
ance Section— with their broad experience in creating highly
reliable ICBM systems are well prepared to deal creatively and
effectively with space problems.

If You Are Interested in Joining a Group With These
Capabilities for work in frontier areas, look into the positions

now open with the Section, on a number of stimulating, ad-
vanced projects.

Significant experience in 1 or more of these areas is required:

Radar RF Circuitry

Communications Transistors
Digital Computers

Countermeasures Telemetry
Test Operations

Antenna Design Microwaves Engineering Analysis

Forward your resume in strict confidence to

Mr. E. A. Smith, Dept. 8-G
MISSILE GUIDANCE SECTION

GENERAL ELECTRIC
Court Street, Syracuse, N. Y.

Circle No. 51 on Subscriber Service Card.
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engineers . .

.

technicians...

FIELD ASSIGNMENTS

HOME and ABROAD

with

CHRYSLER

MISSILE DIVISION

located in suburban

DETROIT, MICHIGAN

Expanding activities on our prime

ballistic missile contracts—RED-
STONE and JUPITER—require

the addition of experienced tech-

nical personnel for our Field Engi-

neering Section at both domestic

and overseas locations.

• MISSILE TRAINERS

• INSTALLATION ENGINEERS

• ENGINEERING INSTRUCTORS

• MAINTENANCE ENGINEERS

• MANUAL COORDINATORS

Current openings include manage-

ment positions on the Field Engi-

neering Staff in Detroit and at

various field locations.

To qualify, applicants must pos-

sess at least 2 years technical

schooling, a solid engineering

background in missiles, aircraft,

electronics, military equipment or

related missile field engineering

activities and strictly mobile for

job assignments.

Candidates selected for these

positions will enjoy excellent start-

ing salaries, a variety of interest-

ing work assignments, outstanding

promotional opportunities and an

unique and rewarding field benefit

program.

For further information submit a

complete resume of your qualifi-

cations in confidence to:

Mr. J. M. Murray

Technical Recruitment Supervisor

CHRYSLER CORPORATION
MISSILE DIVISION

P. O. Box 2628

Detroit 31, Michigan
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. . . business

Atlas Corp. May Acquire

Summers Gyroscope Co.

The stockholders of Summers Gyro-

scope Co. have voted to give Atlas

Corp. the opportunity to gain eventual

control of Summers in exchange for

an additional loan from Atlas of

$245,000.

Under the Loan agreement. Atlas

would be entitled to obtain one share

of Summers stock for every 49tf worth

of debt that it wished to cancel prior

to June 15, 1963, the final maturity

date. The arrangement would also

apply to a previous $150,000 loan

from Atlas Corp.

GM, Callery, Thiokol

Form New Missile Team
A working agreement aimed at de-

veloping advanced devices in the field

of guided missiles and space travel was

announced last week in joint statements

from General Motors, Callery Chem-
ical Company and Thiokol Chemical

Corporation.

Harlow H. Curtice, president of

General Motors; E. G. Sanner, presi-

dent of Callery; and J. W. Crosby,

president of Thiokol, made the joint

CLASSIFIED

TECHNICAL

REPRESENTATION

REQUIRED

Active and growing line of explosive-

actuated devices for missile and aircraft

application. Contacts at both engineer-

ing and purchasing levels. Regions open
are Northeast, Southeast, Midwest,

Southwest. Send organizational details.

Box 115, Missiles & Rockets, 8943 Wllshlre

Blvd., Beverly Hills, Calif.

EASTERN SALES-ENGINEER

REPRESENTATIVE

This West Coast organization Is seeking
a Sales Engineer to sell nationally ac-
cepted hydraulic line to aircraft and
missile industry. Must have proven
ability to sell technical products. Engi-
neering background, aircraft experience
or familiarity with hydraulics desirable
but not mandatory. Give complete resume
and salary expected with first letter.

Box IIS, Missiles & Rockets Magazine

1001 Vermont Ave., N.W.,

Washington, D.C.

announcement. Under the agreement,

the three companies will "apply their

cooperative efforts toward the attain-

ment for the United States of world

leadership in the field of astronautics."

The announcement went on to ex-

plain that the three firms will pool tech-

nology in a concentrated effort to ad-

vance development, but the agreement

in no way "restricts individual research,

sales or production programs of each

company."

The official announcement said that

the agreement is limited to the field

of astronautics, which "includes all

branches of technology pertaining to

guided missiles, space vehicles and
other devices traversing the regions of

space, or the earth's atmosphere, under

conditions that aerodynamic forces are

inadequate to support the weight of the

object."

Individual contributions to the team
will work about this way:

General Motors, through its Al-

lison and AC Spark Plug divisions, will

provide the talent for air breathing

engines, guidance systems, missile com-
ponents and structures. Callery will pro-

vide propellant components for space

vehicles: and Thiokol will add its capa-

bilities in solid and liquid fueled rocket

propulsion systems, including the facili-

ties of Reaction Motors, Inc., recently

acquired by Thiokol.

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-
vlew 6-6605.

Chicago: 139 N. Clark St., Chicago 2, 111.

George E. Yonan, regional adv. mgr.
Phone: CEntral 6-5804.

Cleveland: 244 Hanna Bide., 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: TRinlty 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: STEVAIR, London.

Paris: Jean-Marie Rlche, 11 Rue Condor-
cet, Paris (9e), Prance. Phone: TRU-
dalne 15-39. Cable address: NEWS Am
PARIS.
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SUBSCRIBER SERVICE

missiles and rockets

For additional information about any product or service advertised

mentioned in the editorial pages of this issue of Missiles and

:kets:

Use the attached prepaid reply cards. Circle numbers shown on

reply card that correspond with numbers appearing beneath items

cribed. If no circle number accompanies the article or advertise-

nt, give page number (and advertiser's name) on line provided at

torn of the card.

Your requests for information will be forwarded prompdy to the

ipanies concerned.

NEW PRODUCT BRIEFS
SISTORIZED OSCILLATOR. Trail-

ed sine wave oscillator replaces

fork designs for aircraft, missile

ither electronic applications. The

ict unit, about 2" x 2" x 3" in size,

ii adjustable frequency set range

cycles per second to 200 kcps. It

liable in plug-in or header type

uction. General Controls Co.

No 337 on Subscriber Service Card.

SDUCER LINE. For applications

missile and process control fields,

nits can be manufactured to a

•ange of specification and are be-

to offer significant advantages in

ations requiring conversion of

linear motions into large angular

is. Research Consulting Associates.

No. 238 on Subscriber Service Card.

CTION MECHANISM. A series of

s utilizing a gearbox, clutch and

mechanism capable of a 7 million

eduction. This provides a shaft ro-

as slow as one revolution in 32

The clutch will drive a load of 45

, and the return spring will exert

65 oz.-in. of torque. Dalmotor Di-

Yuba Consolidated Industries, Inc.

No. 239 on Subscriber Service Card.

)DERS. A line of 8-4-2-1 Binary-

I decimal shaft encoders has been

need. Five models cover a range

o 6 decades, providing 100 counts

irn, and employing a standard size

Ord synchro mount. The units use

lecting brush V-scan logic, elimi-

| external anti-ambiguity electronics,

in Division, United Aircraft Corp.

No. 240 on Subscriber Service Card.

T SOURCE. A new light source, a

lium Art, has been adapted for

chromators, greatly increasing pre-

and giving true colors. This com-

ively new light source has the

st intensity ever developed for

power or oil emersion microscopy,

related fields. Cambridge Ther-

c Corp.

No. 241 on Subscriber Service Card.

INDICATOR TUBE. An addition to its

line of Nixie Indicator Tubes called the

Jumbo Nixie—type BD-307. This three

inch diameter, all electronic in-line indi-

cator, is designed to meet the needs of

visual presentation at viewing distances

of over 150 feet. Low power and rugged

construction are additional features. Bur-

roughs Corp., Electronic Tube Division.

Circle No. 242 on Subscriber Service Card.

SPECTROMETER. A high precision Mul-

tichannel Scintillation Spectrometer is

now in production. The system has 120

channels, taken 20 at a time for rapid,

accurate analyses of pulse height dis-

tributions. Some applications are high

speed scintillation spectrometry, pulse

height analysis of low intensity sources,

spectral analyses with a minimum of de-

cay corrections for short-lived isotopes.

Baird-Atomic, Inc.

Circle No. 243 on Subscriber Service Card.

POWER RELAY. A miniature version of

a power relay in a clear polystyrene en-

closure, with octal plug-in header. This

relay is available up to 3 PDT, with

standard contacts rated at 10 amps,

and can be wired for double make or

break operations, AC or DC coil. Kur-

man Electric Co., Div. of Norbute Corp.

Circle No. 244 on Subscriber Service Card.

TAPE READER. Dykor Model C30I, a

photoelectric perforated tape reader,

is available to handle any one of the

standard punched tape widths. Reading

speeds range from 100 characters per

second to 750 characters per second.

The fast start-stop feature permits in-

termittent reading of tapes at slower

rates. Digitronics Corporation.

Circle No. 245 on Subscriber Service Card.

CHOPPER. A new Millivac type DCM-
99K- 1 DC modulator is a single pole

double throw chopper, which has less

than 5 microvolts DC offset and drifts

less than 2 microvolts over a long period

of time, according to the manufac-

turer. Millivac Instruments, Division of

Cohu Electronics, Inc.

Circle No. 246 on Subscriber Service Card.
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MISSILE LITERATURE

RELIABILITY STUDY. The Electro Motive

Manufacturing Company has published

a six-page, two-color folder, "Reliability

Study of Silvered Mica Capacitors . .
."

The report shows how "debugging" as-

sures greatest dependability for long

life.

Circle No. 200 on Subscriber Service Card.

FRAME GRID TUBES. "Amperex '?(?•

(premium quality) Reliable Frame Grid

Tubes," a new brochure, contains a de-

tailed description of the advance frame

grid tube and has been issued by Am-
perex Electronic Corporation. The bro-

chure contains a detailed description of

what the frame grid is, how it is made,

specific military and industrial applica-

tions, and a working definition of tube

life and reliability.

Circle No. 201 on Subscriber Service Card.

TECHNICAL PUBLICATIONS. A new

six-page brochure, "Technical Publica-

tions and Reports," is now available

from Burns and Roe, Inc. The folder de-

scribes the services of a department of

the engineering firm specifically or-

ganized to handle technical writing, edit-

ing, layout, illustration, editorial produc-

tion and reproduction.

Circle No. 202 on Subscriber Service Card.

HELIPOT DATA. The Beclcman Model

15 IM 461, a new 115-volt, 400-cycle

Size 15 Inertia-Damped Servomotor, is

described in detail in Data Sheet 1303,

issued by Helipot Division of Beclcman

Instruments, Inc.

Circle No. 203 on Subscriber Service Card.

POTENTIOMETERS. A brochure showing

the products of Electro-Mec Laboratory,

Inc. is now available, detailing the com-

pany's specialization in design and man-

ufacture of ultra low torque potentiom-

eters of extreme precision.
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RADIAGRAPH MACHINE. An eight-

page booklet shows the features of Air-

co's No. 20 Radiagraph Flame Cutting

Machine. The No. 20 Radiagraph is a

portable, motor-driven, straightline track-

guided machine. Limited contour, cir-

cular and curved cutting can be done

by using suitable accessories, also de-

scribed in the booklet.
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PLASTIC COATINGS. Furane Plastics,

Incorporated, has issued a bulletin on

Epocast Coatings. The Epocast epoxy,

polyurethane, furane resins, and their

curing agents are described in the

brochure.
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HYDRAULIC CYLINDERS. Bulletin JH-

I04N, covering the Hydraulic Cylinders

manufactured by the Miller Fluid Power

Division of Flick-Reedy Corporation, has

been designed to serve as a pra

textbook embracing all importan

pects of the use of hydraulic

cylinders.
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NITROUS OXIDE. An eight-page

chure describes the types of n

oxide installations specifically des

for use in leak detection of pressi

systems. It is available from Ohio C

ical & Surgical Equipment Com
and discusses the flexibility of Nitre

installations.
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METALLIZING PROCEDURES. A
chure covering all phases of metal

has been published by the Metal

Company of Los Angeles. The pu

tion is illustrated and explains in i

the advantages of metallizing—or i

spraying—and offers five separate

of use.
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SEMICONDUCTORS. Covering th,

line of semiconductor products man

tured by the Semiconductor Divisi(

the Hoffman Electronics Corpori

Evanston, Illinois, a new folder is

available.
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CATALOGUE. Glasseal Products I

pany, Inc. has announced a new

logue which shows the developmen

the company, of a new one-piece

struction header that is said to b

advantage to all electronic man

turers who use square or rectan

cans to package their units.
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RUBBER COMPONENTS. A six-

bulletin outlining the company faci

and capabilities in the manufactur

rubber and plastic components is

available from the Ohio Rubber (

pany. Entitled "Customeering," the

letin explains Ohio Rubber service

eluding compounding and coloring,

signing and building molds and

special tools and fixtures.

Circle No. 212 on Subscriber Service

BRUSH LINE. A complete line of

bon and graphite brushes for all I

of rotating electrical machinery is

scribed and illustrated in a 12-F

two-color bulletin, offered by Speer

bon Company.
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SAFETY ENCLOSURE. Technical Bui

A-ll, published by S. Blickman, Inc.,

scribes an all-purpose safety enclc

with modular construction that a

one or a combination of these unrl

be used in any desired arrangement
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the entirely NEW
insulated

terminal line

for large wire sizes

FEATURES:

• High Performance Nylon Insulation to provide

continued satisfactory service life at elevated tem-

peratures, plus resistance to ester-based oils.

• Helical tongue design to secure maximum struc-

tural utility at minimum weight penalty.

• Cast insulation has formed entry ramp to pro-

vide easy wire insertion and snug fit over standard

AN wires.

• Color-coding to assure proper terminal selection

for applicable wire sizes.

• Step-Lok Crimp to guarantee continued proper

position of insulation with respect to terminal.

• Connector designs are available in single to

single, single to multiple and multiple to multiple

wire accommodations.

The A-MP Ampli-NYL Terminal is installed with the

proven Confined "C" Crimp for maximum electrical

and mechanical performance. Confining the spread

of the terminal during the crimping process achieves

more intimate contact and a homogeneous union

of conductor and terminal.

Additional information is available upon request.

AMP Incorporated
jENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through wholly-

owned subsidiaries in: Canada • England • France • Holland • Japan
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I
the complete line

of X-Y Recorders
and Data Reduction

Accessories

Diode Manufacturer uses

Electro Instruments X-Y Recorders

to plot Zener diode

'characteristics

INCLUDES PLOT WITH EACH DIODE

International Rectifier Corporation, manufacturers of Zener diodes,

plots the reverse breakdown characteristics of each diode. These plots

accompany the diode to the customer and provide an immediately

useful graphic description of the individual unit's transfer character-

istics. As shown below, the plots are made with an Electro Instruments

Model 100 X-Y Recorder.

These proven recorders fulfill the most demanding operational and

performance requirements. They possess such advanced design features

as transformer-isolated servo-controlled cable drives to eliminate back-

lash, an internal vacuum hold-down and carriage slewing mechanism

for easy paper insertion, and a positive paper indexing provision for

measurement repeatability. Operating controls are kept to a minimum

and are logically grouped for maximum operator convenience.

The Model 200 (Computer Output), the
Model 215 (Potentiometric Input), Model
225 (General Purpose Plotter) are larger
(11" x 17") machines. The basic precision
recording capability of these machines is

readily expanded to cover more complex
input/output data reduction tasks. For
this purpose E-l offers a series of auxil-

iary equipments— Integral Curve Follower,
Model 275 Medium Speed Digital to Ana-
log Converter, the Model 250-A Symbol
Generator and the Model 260 Time Base
Generator.

All E-l X-Y Recorders

can be rack mounted

Model 100 Specifications
Axes: Independent X and Y isolated axes.

Accuracy: ±0.2% full scale.

Scales: 16 ranges, both axes, from 0.5
mv/inch to 50 volts/inch, mv/inch: 0.5.

1. 2.5, 10. 25, 50. 100, 250 and 500:

volts/inch: 1, 2.5, 5, 10, 25 and 50.

Input Resistance: 0.5 mv/inch. essentially

infinite at balance with low resistance
source: 1.0 mv thru 500 mv/inch, 200
kilohm/volt: 1.0 volt thru 50 volts/inch,

2 megohms.
Zero: Full scale zero control with one full-

scale length zero offset provided by
10-turn pots.

Reference: Internal mercury battery.

Paper Size: 8-1/2' x 11".

Slewing Speed: Pen 13' sec; carriage
19" sec.

Power Input: 115v±10v. 60 cos., 60 watts
standby; 125 watts operating.

Dimensions: 10" (max.) high x 12-3/8" v

x 18" deep.




