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Responding like the practiced reflexes of a deepwater sailor, shipboard weapons depend on sea legs

provided by Librascope computers. . .attack directors, torpedo and missile angle solvers, weapons control

computers, attack plotters, depth plotters, position keepers, target motion analyzers, stabilization

computers, roll and pitch computers. Since 1940 Librascope computers have earned a seaworthy repu-

tation serving aboard ships of the line, directing systems that are rugged, reliable and right. For career

opportunities write to John Schmidt, Engineering Employment, Librascope Division.

808 Western Avenue, Glendale, California. LforaSCOpe division, General PreCISIOn, InC.

sea legs for shipboard weapons
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for outerspace . . . re-entry. . . underwater vehicles

Sundstrand is providing advanced power systems

!

Sundstrand has contributed many interesting, promising advances in the research and development

of new and exotic power generation systems for underwater and outerspace applications. It's the

only organization which currently has under development three different closed cycle power con-

version systems . . . and the only group with the responsibility for as many as four different space

power generation systems. Sundstrand, with a strong capability in these areas, is interested in

advancing further a number of other projects . . . both active and proposed. Accomplishments to

date have been many, including other programs relative to primary, secondary (low thrust)

and tertiary (attitude and position control) propulsion systems for similar applications.

4§L -

OUTERSPACE VEHICLES-Sundstrand has been the

prominent factor in the development of a solar

mechanical engine which, using an advanced
working fluid, is capable of providing a continu-

ous source of power generation for satellites,

platforms and other space vehicles. A closed

cycle power conversion system, this exotic,

advanced power system is typical of the research

and development work currently being conducted

by Sundstrand for outerspace vehicles.

UNDERWATER VEHICLES—With an increasing inter-

est in utilizing the deep oceans for both peaceful

and defensive purposes, Sundstrand is currently

engaged in a program investigating the use of a

common working fluid in closed cycle systems

for underwater propulsion. This work also

includes the study of advanced research torpedo

configurations.

RE ENTRY VEHICLES-Since Sundstrand developed

the first successful monopropellant missile APU
in 1952, Sundstrand has produced a continuous

flow of advancements in this area. Sundstrand is

currently developing a chemically fueled open

cycle power generation system which, using

hydrazine or hydrogen and oxygen as the pro-

pellant, drives a generator for electrical power.

It is proposed for re-entry vehicles and similar

applications.

Scientists and Engineers:
There are excellent

career opportunities at

Sundstrand Denver.
We invite your inquiries.

SUNDSTRAND SUNDSTRAND DENVER
Division of SUNDSTRAND CORPORATION

2480 West 70th Avenue, Denver 21, Colorado
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KEARFOTT is the world's

largest producer of

.

light -weight

schuler-tuned

3 GYRO PLATFORM

SYSTEMS

KEARFOTT DIVISION
Little Falls, New Jersey

GENERAL PRECISION. INC.
Other Divisions: GPL.Librascope. Link
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The Countdown

WASHINGTON

Campaign Surprise

Administration officials are keeping mum, but

Countdown hears Nixon forces may uncork a real sur-

prise at the height of the campaign. The word is out that

the Navy could—starting today—put five Polaris sub-

marines on station within three weeks. Just the George
Washington is scheduled to be ready in October. But the

Polaris program has moved fast enough so that four

more subs could be loaded up with 1200-mile missiles

and sent to sea anytime if a real emergency developed.

This would put 80 Polaris missiles around Russia.

New Army-AF Battle Brewing
The Tactical Air Command is understood to be

reaching for authority to deploy 1000-mile range ballistic

missiles—presumably developed by the AF. This range

is a gap in the U.S. missile arsenal that the Army has

been flirting with for years. There could be a collision if

the Army tries to fill it with a souped-up Pershing.

Wings Return

AF officials are saying (perhaps wistfully) that if

there are any additional interceptor requirements, they

will revive the cancelled F-108 fighter—rather than place

further orders of the Bomarc B missile. Although the air-

frame was stopped, work has continued on some of the

F-108's instrumentation.

Luck o' the GOP
A whole series of space shots are due in October

—

right at a critical period in the presidential campaign.
Republicans will be hoping they have better luck than
during the week of the GOP convention. A half-dozen

shots were scheduled at the Cape that week. Some were
scrubbed, a Titan J was destroyed and an Atlas-Mercury
blew up.

Fix for Discoverer

The AF thinks it finally has a fix on Discoverer. At
any rate, the next shot in the series

—

Discoverer XIII—
will be carrying special equipment that is expected to

send back the best data yet on precisely what happens
when a Discoverer tries to eject a capsule back to earth
from orbit. Launching of the 13th is imminent.

New Slip for Transit

Transit—the Navy-ARPA navigation satellite—-is

slipping again. The next R&D shot won't come off until

late October. The problem is said to be booster and
pad scheduling at the Cape.

State Stays SNAP-1
Fear of international repercussions reportedly has

prompted the State Department to insist upon a delay
in flight-testing SNAP-1, which generates 3 watts from
a Polonium-210 isotope. AEC, NASA and DOD are
all agreed there is no hazard—but State considers it a

hot potato.

6

INDUSTRY

Medaris to Lionel

Former AOMC Chief John B. Medaris is the new
president of Lionel Corp. The toy train maker is branch-

ing out into defense electronics.

Personnel Problem
AF's non-profit Aerospace Corp. is reported to be

wrestling with a top management organizational problem.

As a result, recruiting of lower echelon personnel is

about a month behind time. Still undecided whether he

will go with the new company is STL's director of ad-

vanced systems planning, Al Donovan.

Firefly is Bottled

NASA has decided not to fund the flashing-light

geodetic satellite, sometimes called Firefly. A review is

underway on the program with DOD sitting in. NASA
may release funds in the future if the study indicates

the program is still warranted.

Shelter Prototype?

A by-product of the Titan base-building program may
be civil defense shelters. Some congressional investigators

are looking into the possibility of adapting to shelter

construction the methods used to build the hard under-

ground tunnels at Titan sites.

Contracts

The Army has signed a $30 million contract with

Martin-Orlando for continued work on the Pershing

solid-fueled missile. . . . Atlantic Research Corp. has a

$130,000 award to aluminize the Arcon sounding rocket

so that it will boost 40 lbs to 85 miles, against present

25 lbs to 70 miles.

INTERNATIONAL

Which Red Missile

Best speculation regarding Soviet Adm. Golovko's

claim that Russia has several operational missiles aboard

subs and surface ships is that he was referring to the

J-3 and M-2 missiles. The 450-600 mile range J-3 and
the M-2 have been sighted, according to reports by the

Swedish Navy, aboard seven Soviet cruisers. But, the

Russians are also known to be working in the Black

Sea on underwater launching of missiles. One of these

may be the 600-mile solid-fueled Komet 2.

Matra 530 Tested

France has started test-firing the solid-fueled

Matra 530 (similar to U.S. Falcon) from Vautour
fighters.

Scout to Italy

NASA is furnishing some Scout rockets to Italy for

some rocket testing that is to begin in November on
Sardinia.

missiles and rockets, August 8, I960



FOR USE BY THE STRATEGIC AIR COM-
MAND, MSVD has developed this soon-to-

be operational ablation re-entry vehicle

for Atlas—the Mark 3. Currently, MSVD-
developed heat-sink Mark 2 re-entry

vehicles are operational with SAC.

MISSILE SPACE

VEHICLE
-*,., u

I
DEPARTMENT

...center for missile and space technology research

and development at General Electric

Progress in payload delivery for SAC
Today, as a vital part of SAC's deterrent weapon
mix, Mark 2 operational re-entry vehicles developed
by the General Electric Missile and Space Vehicle
Department stand ready—helping to guard the peace
of the Free World.

Continuing its progress under the direction of the
Air Force Ballistic Missile Division, MSVD has de-

veloped an even more advanced re-entry vehicle—
the Mark 3—which soon will be operational with
SAC's missile squadrons. The Mark 3's payload
delivery capability was dramatically demonstrated
just 4 weeks ago when it successfully survived a

9,000 mile trajectory—longest re-entry vehicle flight

in the world to date.

Now MSVD is designing and will build the re-

entry vehicles for SAC's newest air-launched ballistic

missile, the GAM-87A, SKYBOLT.

Hand-in-hand with this re-entry vehicle progress,

MSVD has designed and developed items of re-entry

vehicle ground support equipment for SAC. Latest

of these is the air-suspension mating trailer, now
being produced for SAC's use on both Titan and
Atlas missiles.

Through such programs, MSVD continues to help

increase the deterrent capability of SAC—strongest

power for peace in the world today. Missile and
Space Vehicle Department, General Electric Co.,

Philadelphia 1, Penna. i»-94

GENERAL (® ELECTRIC
MISSILE AND SPACE VEHICLE DEPARTMENT

A Department of the Defense Electronics Division

Scientists and Engineers interested in career opportunities in Space Technology, contact Mr. T. H. Sebring, Dept. 160, MSVD
Circle No. 4 on Subscriber Service Card.



At special session .

Big Hike in Defense Funds Unlikely

by James Baar

Demands for immediate big new de-

fense spending appeared this week to be
more oratory than planned action as

Congress gathered for its pre-election

"catch-up" session.

Here is the outlook

:

—The Republicans indicated they

might unfreeze some more of the $866
million added to the defense bill by
Congress before it adjourned for the

national conventions. But, at the same
time, they made clear that they had no
intention of requesting the multi-bil-

lion-dollar supplemental bill sought by
GOP Gov. Nelson Rockefeller of New
York.

—The Democrats appeared to be
emphasizing domestic programs such
as farm legislation and old age health

insurance for enactment in the brief

session. They could push through some
kind of "shopping list" defense appro-
priation, but congressional insiders con-

tended that the odds were against it.

• Democrats' dilemm a—Both
Democratic Presidential nominee John
F. Kennedy and GOP Presidential

nominee Richard M. Nixon face seri-

ous problems if they wish to rush a
new big defense bill through Congress
at this time.

Kennedy and his running mate,
Senate Democratic Leader Lyndon B.

Johnson, undoubtedly could jam a
large defense money bill through the

Democratic-controlled Congress.

However, to do so, they would have
to talk the powerful Senate Appropria-
tions Committee into reversing the pos-
ition it took only a month ago when
it rejected individual Democratic pro-

posals to increase defense spending.

This would make the committee look
rather nighty at best and open it and
the Democrats to a number of un-
pleasant charges by the Republicans.

Finally, President Eisenhower has
said through Vice President Nixon that

he would veto any "massive spending
measures" not accompanied by new
taxes.

• Republican compromise?— Re-
ports emanating from the summer

8

White House at Newport, R.I., have

said this applies particularly to any
big increase in defense spending which
the President would regard as a repudi-

ation of his defense program.

And here, in the attitude of the

President, lies the problem for Nixon.

Any Administration request for a

big defense money bill at this time

would be a complete reversal of the

President's repeatedly-stated position.

If Nixon were to call for such a bill,

he would be openly breaking with the

President, a very dubious course poli-

tically.

However, Nixon and the Adminis-

tration can try what the Administra-

tion has done many times before on the

defense issue: Give a little, thereby

taking some of the edge from a Dem-
ocratic attack.

The White House already has re-

leased the $241 million voted by Con-
gress over Administration objections

for two more Po/ara-launching sub-

marines. That leaves $525 million in

frozen funds from which the Adminis-

tration can draw in part on the grounds

that the international situation has

grown somewhat gloomy.

This includes money for the B-70
Mach 3 bomber, Samos and Army

Frozen DOD FY '61 Money
Amount

(in millions)

$190 to $290
$83.8
$27
$160
$85

Program
B-70

Samos
Minuteman
Army Modernization

Air Alert

Total $625.8

(Polaris, already released, $241)

Congress-ordered Procurement Cut

(In millions)

Army Missiles, Equipment $46.2
Navy Aircraft, Missiles $66.2
Navy Shipbuilding $71.6
Other Navy Procurement $13
Marine Corps $2.8
AF Aircraft $100.5
Airlift $9
AF Missiles $80.8
Other AF Procurement $27.1

Total Cuts $418.1

modernization.

Nor is this all. The Administration,

without opening itself to charges of an

about face, can call on Congress to

restore part of the more than $1 bil-

lion that it cut from various defense

programs. The juiciest item is the $418-

million across-the-board cut in pro-

curement.

The Republicans are being forced

to make some move in this direction in

order to try to undercut the Democrats.

Johnson already has demanded an

accounting from Defense Secretary

Thomas Gates on the use of the frozen

funds. In a letter July 28, Johnson

noted that the extra funds had been

frozen by Gates' order and called for

an item-by-item report before Congress

reconvenes.

He also called for a report on how
Gates eliminated "wasteful contracting,

supply mismanagement and other pro-

curement deficiencies" in order to effect

the $418-million procurement cut made
by Congress.

Thus, the outlook is: The Repub-
licans probably will try to undercut

the defense issue with some part-way

measures. The Democrats probably

will shy away from anything beyond
the frozen funds rather than waste

precious time winning a vetoed or

frozen defense bill and some painful

political punches for their trouble.

Of course, none of this follows too

easily from the parties' platforms or

statements.

The Democratic Platform declares

that U.S. military power for the last

seven and a half years "has steadily

declined relative to that of the Russians

and the Chinese and their satellites."

It promises to lead the way to recovery.

Kennedy has called for a $3-billion

increase.

The Republican Platform promises

to "accelerate as necessary" develop-

ment and production of missiles and
missile bases and to keep balanced

forces for dealing with "brush-fire

wars."

Both parties clearly indicate that in-

creases are on the way. But neither

platform says when.

missiles and rockets, August 8, I960



Mercury Capsule Apparently

Survived Explosion of Atlas

A second shot may come next month, probably

testing performance of capsule in sharp-angle re-entry

by Jay Holmes

The working-model Mercury cap-

sule apparently survived the explosion

of an Atlas launch vehicle on its first

flight test July 29. Sections of the cap-

sule were recovered off Cape Canaveral

by Air Force salvage vessels the fol-

lowing day. The capsule was unmanned
and contained no animal or biological

specimen.

An "event of a catastrophic nature"

destroyed the Atlas 65 seconds after

it was launched in a driving rain and
heavy wind at 8:13 a.m. (EST). But
the telemetry from the capsule con-

tinued until 3V2 minutes after launch,

at which time it presumably struck the

ocean surface and broke apart.

Another Mercury-Atlas test will be

held as soon as possible, presumably

next month. NASA officials said the

failure would have no effect on the

schedule for the Mercury-Redstone

tests, which will precede the launching

of an astronaut on a sub-orbital ballis-

tic trajectory. The first Mercury-Red-
stone, also unmanned and without any
biological specimen, has been scheduled

for next month too.

However, a high NASA official con-

ceded a day before the Atlas test that

a manned Mercury-Redstone shot be-

fore the end of 1960 is becoming less

likely. Dr. Homer Joe Stewart, director

of NASA's Office of Program Planning

and Evaluation, told the National

Rocket Club in Washington that the

shot is "theoretically possible" but, "the

margin is obviously rather thin."

• Degree of success—There was
one successful phase of the July 29

test. An abort-sensing-and-implementa-

tion system (ASIS) worked perfectly.

ASIS is a series of electronic monitors

at various points on the Atlas, which
check performance of engines, air-

frame integrity, electrical circuits and
the motion of the booster frame.

In future flights, if a sensor detects

a significant variation in performance,

the system would signal the escape sys-

tem, which would immediately separate

the capsule from the booster. In the

test, the system operated on an open
loop basis. The 16-ft. superstructure

and solid-rocket escape system was
omitted.

ASIS did signal something wrong a

few seconds before T plus 65. Thus,

scientists said, the escape system would
have worked in plenty of time to get

the astronaut away from the exploding

rocket. Because of its success in this

shot, ASIS will not need to be tested

on an open loop basis again.

The parachute re-entry could not

come into play because the parachute

release was to have been armed by the

separation of the capsule from the

Atlas. The explosion took place while

all three Atlas engines were still burn-

ing. The cause has not been determined.

Sections of the capsule were found
five miles offshore in water 50 ft. deep.

They were returned to the Cape, where
a thorough engineering analysis is

under way.
• More systems later—The capsule,

designated MA-1 (Mercury-Atlas 1),

did not contain all the systems that will

be included in later flights. Among
those omitted were the environmental

control system, astronaut couch and
control panel and the attitude and sta-

bilization control jets. In their place

were more than 200 lbs. of sensing in-

struments, cameras, recorders and a

telemetry system.

Telemetry transmitted continuously

on 16 channels of continuous or com-
mutated information. It was programed

to transmit throughout the flight except

for a minute or two during re-entry.

The planned trajectory called for the

capsule to reach an altitude of 110

statute miles, a speed of about 13,000

mph and landing 1500 miles down-
range 20 minutes after launch.

The flight was designed to test cap-

sule structure and afterbody heating on
a mission abort. The capsule afterbody

was to sustain extremely high tempera-

tures and high air-load conditions re-

sulting from re-entry at a sharp angle,

four to five times the normal orbital

return angle of about 2°.

• Sharp-angle procedure—Presum-
ably, the sharp-angle re-entry will be

tested on the next Mercury-Atlas flight.

Here is how it will work:

The Atlas will power four minutes

of flight—a full two minutes on the

booster engines and a premature shut-

off of the sustainer engine—bringing

the vehicle to about 100 miles above

MERCURY-ATLAS gets off pad in July

29 launch. Vehicle exploded moments
later.

the earth. A few seconds later, the cap-

sule will be freed by the firing of ex-

plosive bolts on a locking clamp ring.

Then small packages of rockets at-

tached to the blunt end of the capsule

will fire, pushing it away from the

booster.

When the capsule hits the at-

mosphere, thickening atmosphere will

slow it to 700 mph. At about 42,000

ft., an altitude-sensitive switch called

a barostat will release a drogue para-

chute, which will slow the capsule to

about 200 mph.
At 10,000 ft., another barostat

opens the main 63-ft. chute, which

slows the capsule to 20 mph as it hits

the ocean. The impact releases radio

rescue beacons, turns on a flashing re-

covery light and releases aluminum
strips to aid radar location. Sea mark-

ing materials will be loosed and two

SOFAR bombs will be exploded for

sonar location.

The main chute will be discon-

nected and all capsule electric power

—

except that required to operate radio

aids—will be cut off.

missiles and rockets, August 8, I960 9



The Missile Space Week

New Polaris Subs to be Largest Underseas Craft

Four Polaris submarines recently ordered by the Navy will be the

largest undersea craft ever built. Designated the Lafayette class, the subs

will weigh 7000 tons, and measure 425 ft. long, 45 ft. longer than the

George Washington class.

Polaris Blown Up in Fourth Underwater Test

After three successful 1100-mile trips, the fourth Polaris missile to be

fired from a submerged submarine veered off its course 47 seconds after

launch and had to be destroyed. The actual launch from the George Washing-

ton nuclear submarine and mid-air ignition of the solid rocket motors were

termed successful, the malfunction occurring in flight.

US-Great Britain Hold Talks on Missile Subs

Britain disclosed last week that talks are underway between United States

and Great Britain on the use of British ports by rocket-firing submarines.

The Foreign Office report scotched rumors that Britain had already agreed

to use of her ports for replenishment by Po/ara-carrying submarines.

Atlas, Titan Site Activation Chiefs Chosen

Twelve senior Air Force colonels have been assigned as site activation

task force commanders for Atlas and Titan ICBM bases. They will be

responsible for construction, installation, checkout and turnover of the sites

in operational condition to SAC in accordance with an official program

schedule.

Sites and their commanders are: Atlas—Fairchild AFB, Col. Thomas
S. Jeffrey Jr.; Walker AFB, Col. Robert I. Barrowclough; Forbes AFB,
Col. William E. Ruark; Schilling AFB, Col. Arthur W. Cruickshank; Altus

AFB, Col Ernest L. Ramme; Dyess AFB, Col. Hugh H. Manson; Pitts-

burgh AFB, Col. Calvin W. Fite. Titan—Larson AFB, Col. Edwards J.

York; Beale AFB, Col. William E. Sault; Ellsworth AFB, Col. Kenneth W.
Norhamer; Mountain Home AFB, Col. Harmon E. Burns; Lowry AFB,
Col. James H. Thompson.

Labor unions and management alike were charged to do their part in

seeing that the missile bases are completed on schedule. Army Corps of

Engineers labor relations officer E. Irving Manger recently warned that

work stoppage at missile bases because of strikes could seriously endanger
the nation.

Thiokol Says Year Won't Match 1959
Thiokol Chemical Corp.'s second quarter income topped the same period

in 1959 by 12%, but the company forecasts that it won't equal last year's

total profits. Six months earnings were $1.7 million, against $2.9 million

for the first half of 1959, although sales were up 3% to $83 million. Chem-
ical division sales in the first half fell 27% from the first half of 1959, attrib-

uted to a reduction in sales to the rocket division.

Goddard Estate Receives $1 Million

The government last week awarded one million dollars to the Robert
H. Goddard est tte in settlement of claims for rights to use over 200 patents

covering basic inventions in rockets, guided missiles and space exploration.

Dr. Goddard assigned half interest in his patents to his widow and half

to the Daniel and Florence Guggenheim Foundation, a nonprofit organiza-

tion which sponsored almost all of his research.

Navy Will Buy 120 Douglas

Missileers to Pack Eagles

by William J. Coughlin

San Diego—The Navy's new air-

launched Eagle missile will be capable

of knocking down aircraft and missiles

traveling at speeds from subsonic to

Mach 4 and altitudes from zero to

100,000 ft. Range of the Mach 4-5

solid-propelled missile will be 100 miles.

Douglas Aircraft will receive some
$600,000 in contracts for the Missileer

aircraft which will carry the Eagle.

These facts were disclosed by Vice

Adm. R. B. Pirie, Deputy Chief of

Naval Operations for Air, at the In-

stitute of Aerospace Sciences meeting

on the future of manned aircraft. Mis-

siles, in fact, dominated the news com-
ing out of the classified sessions.

Prime Eagle contractor is Bendix

Corp., with Grumman Aircraft as air-

frame system contractor. Radar homing
guidance is by Bendix, and Aerojet-

General is developing the solid booster.

Litton Industries won the competition

on the fire control system.

The Eagle is one half of a new
Navy defensive concept: high-perform-

ance missiles on relatively low-perform-

ance aircraft. The contract for Missileer

was awarded to Douglas last month.

The Missileer will be a twin-engined

carrier-based aircraft of some 50,000-

lb. gross weight, powered by Pratt &
Whitney TF-30 Turbofan engines. It

will carry a crew of four—two pilots

and two radar operators. Each plane

will carry six Eagles, about 15 ft. long
and weighing about one ton apiece.

Each aircraft will carry what is, in

effect, a small combat information

center (CIC). Its electronic gear will

be capable of simultaneously acquiring,

tracking and firing at as many as six:

different targets.

The Navy will commit $75 million

to the Missileer program in Fiscal 1961,

according to Rear Adm. Paul Stroop,

Chief, Bureau of Naval Weapons. He
estimated development costs of the air-

craft at about $200 million.

Each plane without spares is ex-

pected to cost about $5 million; Eagles

should cost somewhat less than $300,-

000 each in quantity production.

The Navy plans to replace all

fighter squadrons on its attack carriers

with Missileers in the next 10 years.

The Marines also will be equipped with

Missileers, for an ultimate total strength

of 20 squadrons.

Adm. Pirie said there will probably

be six planes per squadron compared
to 14 now, although this may increase.

The program as planned would cost

well over $1 billion. Some estimates

have placed it as high as $4 billion over

the 10-year period.
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Nike-Zeus Seen Ahead of Schedule
San Diego—Scientific improve-

ments in the past 12 months have put

the Army's Nike-Zeus anti-missile

weapon system well ahead of schedule

from a technical standpoint.

These improvements have included:

-An increase of three to four times

in range.

-Doubling of radar power.

-Increased frequency, significant

in terms of increased ability to track

and discriminate.

Richard S. Morse, Army Research

Director, disclosed that the Thiokol

solid-propellant booster of the surface-

to - air anti - ICBM and anti - IRBM
weapon now develops more than 500,-

000 lbs. thrust. This is the nation's

largest solid propellant booster under
development, he pointed out, and it

has been successful in every firing.

The program is on schedule, in

terms of both time and money, Morse
said. Construction of the Kwajalein

Island site from which Nike-Zeus will

be fired at target ICBM's launched

from Vandenberg Air Force Base is

well along. Test firings of this type

probably will get underway sometime
in early 1962 and the system is ex-

pected to be initially operational about

1964.

Morse said that in addition to 18

Atlas missiles which the Army will buy
for use as targets, it also is planned to

use Titan and Minuteman ICBM's. He
said the test firings probably will con-

tinue for many years.

• Air Force launch crews—Al-

though the Army will buy and "con-

trol" the target ICBM's, Morse said,

Air Force crews are expected to do the

launching, thus providing dual train-

ing with each firing.

Prior to the start of the Atlas test

firings, Nike-Zeus will be tested at the

Kwajalein Site on simulated intercepts

and on low-altitude shots. Morse also

disclosed that a Nike-Zeus installation

at Pt. Mugu on the Pacific Missile

Range will go into operation shortly to

overcome limitations placed on test-

ing by the short White Sands Range in

New Mexico.

An Ascension Island installation of

Nike-Zeus tracking radars already is

tracking ICBM's fired from Cape Ca-
naveral the Army Research Director

said. These can discriminate between

the warhead and other incoming por-

tions of the missile.

Morse also made these points in his

progress report on the program:

-Nike-Zeus possesses an antisatel-

lite capability which may be exploited

in the second-generation weapon.

-The system is designed specifically

to cope with submarine-launched mis-

siles as well as ICBM's.
-Out-of-atmosphere control of

Nike-Zeus is by a "wierd" type of jet

control and the system continues its

discrimination capability after launch.

• "We've got the range"—Morse
admitted that the Nike-Zeus system

would not be able to handle a satura-

tion of, for example, 1 00 enemy ballistic

missiles arriving on target within a

period of five seconds.

"But," he added, "I think the multi-

ple target problem has been over-

played in some circles in this country."

He said that if there were six, 10 or

15 seconds between arrivals, Zeus
would be able to cope with the bom-
bardment because it can simultaneously

track and discriminate more than one

target at a time.

Range capability of the system now
is over 1000 miles, the Army Research

Director said. "We've got the range we
need to do the job," he commented.

He gave this sequence of events as

an example of the system's operation:

a Soviet ICBM aimed at Washington,

D.C., would be acquired well north of

Boston. By the time the incoming

weapon was over New Jersey, the

radars would have discriminated be-

tween the active warhead and any

dummies. Nike-Zeus would be launched

The National Aeronautics and Space

Administration last week chose Lock-

heed Aircraft Corp. and The Martin

Co. to make six-month parallel paper

studies of requirements for a nuclear

rocket flight test program.

The studies, costing $100,000 each,

will cover the scope of system pre-

liminary design, development program-

ming, planning of test and tracking

facilities, schedules and safety factors.

NASA chose two contractors to obtain

differing points of view on a question

that has caused a dispute between

officials of NASA and the Atomic

Energy Commission.

Harold B. Finger, NASA nuclear

propulsion chief, and a number of

NASA officials believe the first flight

test should be from orbit. Col. Jack

while the Soviet ICBM was somewhere
between Wilmington and Baltimore on
its downward trajectory. Intercept

would occur about 80 miles from Wash-
ington at an altitude of 100,000 to

200,000 ft.

The nuclear warhead of the Zeus
would destroy but not detonate the

warhead of the incoming ICBM, Morse
said. He declined to elaborate further

on this. Any fallout would come only
from the relatively clean and small

nuclear warhead of the Zeus, it was
indicated.

The Army scientist said that while

the current ban on nuclear tests means
that nuclear warheads will not be used

in the Pacific Nike-Zeus test program,

this is not expected to handicap the

program.

He said the Army is not pushing

the Nike-Zeus as an antisatellite

weapon, but pointed out that it is the

only ground-based weapon currently

under development which possesses this

capability.

Lt. Gen. A. G. Trudeau, Chief of

Army Research and Development, told

the meeting that U.S. Defense chiefs

are seriously concerned with the pos-

sibility of Soviet deployment of mobile

tactical missiles in Cuba (M/R, July

18, p. 51). He also suggested that in-

stances in which sandwiches and

wrenches have been found in critical

portions of the Atlas weapon system

may have been caused by sabotage.

Armstrong and other AEC officials con-

cerned with nuclear propulsion believe

the first test should be a launch from
the ground. A third possibility is test-

ing the nuclear rocket as a second stage

atop a chemically fueled booster over

a short ballistic trajectory. The study

is not limited, however, to these three

alternatives.

The prime requirement of the sys-

tem, called the Reactor In-flight Test

System, will be that the program supply

technical data applicable to a useful

nuclear rocket stage. However, NASA
said, the system need not be capable

of performing useful space missions.

NASA has set 1965 as the target

for the flight test. It is expected that

Saturn launch vehicles will be available

at that time for obital start or second-

stage test.

Nuclear Flight Studies Set
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Though tariffs are tricky . . .

U.S. Firms Find Bonanza in Europe

Liberalization of regulations in the Common Market

has attracted American defense companies; there are pitfalls

by Bernard Poirier

In the Paris suburb of Montrouge
this week a new company opened up
for business in what is fast becoming
a familiar pattern.

The maufacturing plant is a sub-

sidiary of Polarad Electronics Corp. of

Long Island City, N.Y.
Mission: production of an indus-

trial line of microwave instrumentation

for sale in the European Common
Market.

Polarad, which already has a sub-

sidiary in Amsterdam, is one of scores

of American defense companies which
have succumbed to the lure of doing

business abroad.

Last month, the Rocketdyne divi-

sion of North American Aviation and
Thiokol Chemical concluded deals with

France's SEPR (Societe d'fitude de la

Propulsion Par Reaction)—largest

rocket manufacturer on the continent.

Bendix Corp. and Telefunken have just

embarked on a joint venture—Teldix

—

in West Germany.
U.S. defense interests abroad, a

risky adventure only a few years ago,

today are swelling in volume as Europe
grows more economically stable and as

individual countries in the NATO al-

liance contribute more and more to

their common defense.

West Europeans have a combined

$ 1 2-billion defense budget which is ex-

pected to increase substantially. For-

eign plans for rocket development and
for supporting equipment are impres-

sive even from the U.S. point of view

and are commercially lucrative.

An American defense firm is in a

particularly good bargaining position

because of the intense desire of Euro-

peans to save their own capital by

learning the latest American know-
how.

This gives the U.S. firm the chance

to choose between establishing a manu-
facturing subsidiary and entering into

a participation agreement which in-

volves the exchange of technical know-
how, products, and some capital for a

share in the profits made by the Euro-

pean company.
What is accelerating this eastward

business migration?

More than anything it is a liberal-

ization of regulations covering defense

products in the Common Market.

New rules offer a considerable ad-

vantage to U.S. firms who locate with-

in European Economic Community
countries-—sometimes called the "Inner

Six." They are France, Germany, Italy,

Belgium, Luxembourg and the Nether-

lands.

A recently formed competitive

group known as EFTA (European
Free Trade Area) is composed of

Britain, Austria, Norway, Denmark,
Portugal, Sweden and Switzerland.

EFTA, also referred to as the "Outer

Seven," does not hold the same advan-

tages as the Common Market.

* Lower marketing costs, more sales

—Where does the best potential for

profits lie? The pros and cons of locat-

ing in Europe must be carefully

weighed.

It is clear that in just a few years

most profits in foreign trade will return

to industries located within the Euro-

pean market. It is also becoming ap-

parent that export trade originating,

outside the European markets will find:

it increasingly difficult and in some
cases impossible to compete.

Non-member export traders face (

excessive end-costs to member custom-

ers. The common external tariffs will!

provide member suppliers with a bid

edge in lower end-costs to member
customers.

A fundamental concept of the

Common Market is to wipe out im-

port duties between member countries-

and to establish a common wall against

outside competition through a uniform'

external tariff.

• To abolish 4 Customs Unions

—

The four Customs Unions within the

Common Market are still effective, and

will continue to be for several years

until all internal tariffs are completely

erased from the books. Making up
these Customs Unions are the Benelux-

Netherlands combination, France, Ger-

many, and Italy. The ad valorem Tar-

12 missiles and rockets, August 8, I960



FOUR LIQUID-FUEL rocket engines being tested at S.E.P.R. facility near Paris. Finn has made big deals with U.S. firms.

iff rates they had on Jan. 1, 1957, are

what we will call basic rates.

The simple arithmetical average of

each basic rate on a product serves

as an interim goal for internal tariffs

during the transition period at the end

of which all internal tariffs will be

abolished. To complete the transition

cycle a common external tariff will be

initiated next year against non-member
countries.

Some of the new external tariffs

on defense products are:

Rocket motors, jet engines

Tariff 12% a.v.

Rocket motor components
Tariff 12% a.v.

Helicopters, empty wt. 4400 lbs.

or less Tariff 15% a.v.

Helicopters, empty wt Over 4400
lbs Tariff 12% a.v.

(Empty weight excludes the weight

of fuel, personnel, and optional equip-

ment. )

Another recent amendment to the

EEC Treaty contains a special feature

suspending all external rates until Dec.

31, 1963, for helicopters with empty
weight exceeding 4400 lbs. Commun-
ity members get additional benefits as

can be expected. France, for instance,

has suspended all internal tariffs on
rocket motors and certain jet engines.

In other cases even the external

tariff is suspended if the motors or

engines are destined to be mounted on
vehicles qualifying as being of Com-
munity origin. One overall restriction

which remains is contained in Treaty

Article 223; it gives each member na-

tion the right to establish special reg-

ulations for trade involving certain de-

fense-type products.

• Bring a slide rule—Once the

method of calculating internal and ex-

ternal tariffs is understood, it becomes
easier to appreciate the foreign experi-

ences of U.S. firms. The simplest way

to figure tariffs might be by remember-
ing a short hypothetical case involving

an Italian customer who informs a

French firm and a U.S. firm that he

wants to purchase a product which
each manufactures.

Italy's basic tariff on this product

had been 10% a.v., but the tariff later

was established at 15% a.v., which we
will call the current tariff. Common
Market authorities established a uni-

form 20% a.v. on this product. Italy's

basic tariff was obviously well below
the arithmetic average used by the

Common Market authorities. There-

fore, when two 10% reductions on in-

ternal rates was effected, Italy had to

raise the tariff on this product making
it conform to the uniform trend. The
present Italian internal tariff is 12%.

Now the real mental gymnastics

start. The Common Market tariff by
the new regulations is reduced by 20%

,

making it 16%. The Italian basic rate

(10%) is subtracted from the 16%,
leaving 6%. This is multiplied by a

common factor—0.30—whose product,

1.8, represents the first increment.

Since the current Italian national rate

is lower than the interim Common
Market tariff, the new increment must
be added to the current rate as the

EEC and EFTA Statistics of Trade

(1957) In Billions of Dollars

Trade Category Dollars

Total Intra-EFTA Trade $ 6.9

Total trade between U.K. and others

in EFTA 2.6

Total trade between U.K. and EEC
members 2.5

Total Intra-EEC Trade 13.7

Total trade between the EFTA and
the EEC 8.5

Total EFTA Foreign Trade 34.8

Total EEC Foreign Trade 46.7

Note: The EEC is the World's largest importer
with almost $23 billion in 1958.

first step in aproaching a uniform goal.

Thus the Italian external tariff at this

moment is 16.8% a.v.

Both the French product and the

U.S. product have a F.O.B. (mfg. site)

price of $44,000; the overland freight

charge from the French firm is $300,
while the export c.i.f. (costs, insurance

and freight) from the U.S.A. is $1000.

The Italian's end cost for the

French product becomes $49,616; for

the U.S. product, $52,560. The Italian

will save $2944 by purchasing the

product manufactured in France

—

whether by a French firm or by an
American subsidiary.

• U.S. firms reveal problems—Sev-

eral pitfalls can be avoided by com-
panies contemplating moves abroad if

they look at the experiences of U.S.

firms now in the European markets

and analyze the moves made by foreign

competitors in their own market. Re-

public Aviation has a wholly-owned
subsidiary in Switzerland; but recently

Republic acquired a portion of Fokker
Aircraft of Amsterdam in a participa-

tion deal. When both the subsidiary and
Fokker offer the same product, it is

evident that Community customers will

do business with Fokker to save money.

Republic said, "It is reasonable to

assume that Fokker will be favored

with some of the subsidiary's business"

and that the U.S. firm's "close coopera-

tion with Fokker" will more than off-

set any profit loss on the part of the

subsidiary.

A Republic spokesman boiled the

situation down to: "a company within

this complex (Common Market) would
be more desirable than one outside."

The economic comparison of the

"Six" and "Seven" is contained in data

listed in Table. When conducting a
marketing study on the European
markets a few observations on current
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Passive Systems Praised at

Symposium on Communications

politics is essential.

• British dilemma—The EFTA is

not an institution such as the Common
Market. EFTA was conceived as a

negotiation lever with the "Six" and
has gone through competitive motions

in an on-again-off-again manner greatly

influenced by Britain's "damned if she

will and damned if she won't" reply

to the Common Market's invitation to

join.

Her decision to join may come too

late. There is the possibility that the

"Six" may close the door to any new
memberships.

Many defense firms entered the

Common Market soon after its incep-

tion. Others already there expanded

foreign facilities. United Aircraft Ex-

port Corporation has been very active

in expanding its influence in the Com-
mon Market. United made early deals

with FIAT of Italy and with Ratier-

Figeac S.A. of France. Their Hamilton

Standard division has acquired 50%
interest in Microtecnica S.p.A. and
10.9% in SNECMA.

United also reported at this writing

that Hamilton is negotiating with two

other top firms, San Giorgio S.p.A.

and Perilec S.A., "to obtain further

coverage in the Common Market."

Several of these European firms are

important missile system contractors.

James R. Patterson, assistant to

United is export president, made it

clear that the expectation of profit was

strong but would not elaborate for ob-

vious "competitive reasons."

American Cyanamid, du Pont,

Tracerlab, Metals and Controls, Worth-

ington, Titanium Metals, Daystrom,

Perkin-Elmer and others are among
those to be found with new or addi-

tional facilities since the "Six" was

formed.

• Operation boot straps—Commu-
nity firms were the first to recognize

the advantages of their own institution.

Some formed subsidiaries under joint

ownership, others consolidated branches

which formerly were scattered over

frontiers even when not demanded as

much by product distribution as by
former national restrictions that existed.

Materiel Schneider Westinghouse,

Nobel-Bozel, SIMCA, and Ducellier

are among those who consolidated.

Internal deals were consummated by
Merckle K.G. and Giovanni Augusta;

Messerschmidt and S.F. Fouga. Fol-

lowing suit were Breguet, Dormier,
SNECMA, Bayerische Motorenwerke
and many others.

Bodenseewerk which is NATO
prime for the Sidewinder missile is

controlled by the U.S. firm Perkin-

Elmer. The U.S. firm has already in-

troduced missile support equipment
manufactured by its young German
affiliate during the last few months.

Passive communication satellites

have at least one big advantage over

the active repeater types: they're within,

the present state of the art and offer

our first hope of practical systems.

Passive systems can be put in the

air within the next few years; active

systems won't be operable until the

1965-70 period. In addition, the pas-

sive reflectors offer more flexibility,

greater reliability, and are less vulner-

able to jamming and interference.

This comparison between the two

systems was offered by Donald T.

Worthington of the AF Rome Air De-

velopment Center.

Speaking at last week's National

Symposium on Global Communica-
tions in Washington, he said the effi-

ciency of the passive systems could be

upgraded by continued research and

development to make them even more
comparable to active communications

satellites. He cited three areas of possi-

ble improvement: antenna gain, reflec-

tion characteristics, and information

capability.

Communications satellites and as-

sociated areas received a thorough re-

view during the GlobeCom Sym-
posium. Two sessions were devoted to

the subject—one chaired by Dr. Hans
Ziegler, chief scientist of the Signal

Corps R&D Laboratory, and the other

by Esterly C. Page, president of Page
Communications. Costs, timetables, and
problems of operating military and

commercial satellites were all discussed.

• Years away—Dr. Ruben F. Met-

tler, executive v-p of STL, confirmed

other opinions that practical systems are

some years off. He said that "we will

probably fall short of what is now pre-

dicted for accomplishment during the

next three years, but will probably do
more during the next 25 years than is

generally accepted today."

He predicted that a large and ex-

panding communication satellite system

development is warranted on the basis

that it will contribute sufficiently to our
communication needs and objectives.

• Profit promised—The practicality

of commercial systems was demon-
strated by L. Pollack of ITT. He said

that such a system would operate at a

profit.

He estimated overall costs of a typ-

ical global satellite network to be in the

neighborhood of $18 million per year

over a ten-year period. Gross annual

revenue would amount to about $80
million. In addition, Pollack pointed

out that satellites would provide com-

munications for many small countries

now virtually isolated.

In line with previous statements

that passive reflectors need consider-

able refinement, Maurice G. Chatelain

reported on Ryan Electronics' work on
anisotropic reflectors. Pointing out that

the simple isotropic reflector—such as

NASA's 100-foot metallized Echo
sphere—leaves much to be desired in

efficiency, he discussed ways of making
the inflatable reflectors more efficient.

He cited several examples of configura-

tions that offered promise—some
spherical and others of polyhedral con-

struction.

The spherical models described in-

cluded several interesting modifications

to the Echo-type balloon. Generally,

these involved partial metallizing of

the sphere's surface. One method pro-

posed was a metallized checkerboard

pattern which reportedly reflects and
back-scatters a larger proportion of in-

cident energy than a 100% reflecting

surface and reduces weight of the

sphere.

Two different polyhedral satellite

configurations were described by Chat-

elain. These involved 12-face dodeca-

hedron and 20-face icosahedron shapes

moulded into the satellite's surface.

Each face can be surrounded by 135-

degree oblique walls to provide high

incident-energy reflection. According to

Chatelain, this type shows the most
promise of those investigated at Ryan.

For active satellites, best direc-

tive antennas seem to be those built

on a sphere, inflated in space, and con-

taining spherical arrays of conical

helixes or spiral beam antennas. The
spherical spiral antenna developed for

Transit was mentioned as a candidate

for active communication satellites.

Interference big problem in com-
munications—Attention given to inter-

ference and spectral problems at Globe-

Com was inversely proportional to its

importance, according to some ob-

servers. One session was devoted to this

subject.

One speaker—Bernard H. Baldridge

of GE's Light Military Electronics De-
partment—deplored inadequate system

planning that has permitted evolution

and system mix of megawatt and micro-

watt power-level equipment "with little

concern for overall system degradations

resulting from subsystem interactions."

According to Baldridge, "we don't

build a system by marrying together

sets of sets; we just let them live to-

gether in sin."

C4 missiles and rockets, August 8, I960



Autolite, Hiller May Merge
Electric Autolite Co. may move

further into the defense business field

with a merger with Hiller Aircraft Co.

Hiller makes light helicopters and is

prominent in Vertical Take-Off and

Landing (VTOL) aircraft development

and other military research projects.

Stanley Hiller, Jr. president of Hil-

ler Aircraft Corp. and R. H. Davies,

Autolite president jointly disclosed that

negotiations are underway for the

merger. Autolite would acquire Hiller

on the basis of one Autolite share for

each four and one-quarter shares of

Hiller.

Although Hiller would operate as a

separate unit, the newly-formed Auto-

lite Aero/ Space Division and Special

Product and Research Division

(SPARD) would cooperate in research

and development activities. Ceramics,

electro-hydraulics, electronics have been

mentioned among areas of cooperation.

mergers and expansions

CONVAIR ASTRONAUTICS, Gen-

eral Dynamics Corp. will complete a

million-dollar electronics manufactur-

ing facility at Kearny Mesa, Calif, by

September. The 68,400 sq. ft. structure

will house areas for constructing pro-

totypes of electronics products for ad-

vanced missile and space studies, com-
ponents for Azusa tracking system, and

a modern calibration laboratory.

The plant will feature a "dust con-

trol" station through which all materials

will pass for cleaning prior to distribu-

tion. Working environment will be con-

trolled to temperatures between 73°

and 83°.

BOWMAR INSTRUMENT CORP.
has doubled its manufacturing capacity

with a 23,000 sq. ft. plant at Fort

Wayne, Ind. The facility features a

newly-equipped laboratory and special

enclosed sections for ultra-precision

machining, heat treating and painting

of tiny precision components.

ELECTRO-MECHANICAL RE-
SEARCH has formed a Systems Divi-

sion to assume advance planning,

engineering, development, production

and quality control services. Initial

efforts will be directed to airborne and
ground telemetry systems, data pro-

cessing and reduction systems, satellite

systems, ground support equipment,

automatic checkout equipment and
others.

HYDROMATICS, INC. of Livings-

ton, NJ. has bought a complex of

buildings totaling 80,000 sq. ft. from
General Electric in Bloomfield. Move
will be made Sept. 1.

LABORATORY FOR ELEC-
TRONICS, INC. has leased a 100,000
sq. ft. plant and office facility adjacent

to its present headquarters in Boston.

LFE departments and divisions in

other sections of Boston will be re-

located there by December.

NORTHERN RESEARCH &
ENGINEERING CORP. has opened
research and development offices in

London, England. The firm conducts

R&D and industrial consultations on
heat transfer, thermodynamics fluid

mechanics and related technical

marketing.

financial

Thompson Ramo Wooldridge—re-

ports increased sales and earnings for

the first half of 1960 compared to the

same period a year ago. Sales of

$219.1 million represent a gain of
$19.6 million, or about 10% over sales

for the like period of 1959. Gain was
attributed to a 35% increase in elec-

tronics, missiles and space business,

compensating for a slight decline of

military requirements for manned jet

aircraft components.

Net income totaled $5 million for

six months, compared with $4.9 mil-

lion for the first period last year.

Chance-Vought Aircraft—Sales and
incomes for six months ended June 30
this year total $113.6 million, com-
pared to last year's $132.5 million. Net
income dropped to $1.5 million from
$3 million.

Minnesota Mining & Manufactur-
ing—3-M reports second quarter sales

of $134.3 million and earnings of

$16.1 million. In the same 1959 period,

sales were $122.2 million with earn-

ings of $15.6 million.

Bell & Howell—Highest second

quarter and six months sales and earn-

ings in the history of Bell & Howell, (in-

cluding Consolidated Electrodynamics

Corp.) were reported. Second quarter

earnings were $2.4 million compared
with $1.8 million for the same 1959
period. Sales were up from $23.1 million

to $30.1 million for the second quarter.

Reflectors for Space Generator -

HUNDREDS OF THESE 4-inch solar reflectors will be built by Hamilton Standard

Div., United Aircraft Corp., to develop a workable 100-watt prototype space generator

for the Air Force. Ultimate goal is a 1500-watt system using 7000 reflectors over 700

sq. ft. Conversion mechanism is a thermocouple employing a temperature differential

of as high as 600°.
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missiles and rockets
3rd ANNUAL GROUND SUPPORT EQUIPMENT ISSUE

A major editorial round-up covering these important areas:

• Launching and Service Towers • Power Generation Equipment

• Tracking Systems " Material Handling Equipment

• Fuel Handling Equipment • Electronic Checkout Systems

• Computers and Data Processing Equipment • Recycling Systems

• Polaris Submarines • Fixed Base Construction

• Mobile Launching Equipment • Transport and Erector Vehicles
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Support Equipment Issue will bring into sharp

focus the critical area of missile support. A

major editorial story will review the status of

America's hardbase program . . . outline pri-

mary needs and future developments.

Experts in the various fields of ground support

will review recent developments, present state

of the art, trends and future needs ... in many
cases detailing the funds available to carry

them out. This information will be compiled in

easy-to-use reference form which will assure
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Plan now to capitalize on the intense interest this issue will
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The up-to-the-minute review of ground support
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and engineering readers in every phase of the
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editorial issue.
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in your area.
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SPECIAL REPORT

Industry May Get $12 Billion

NASA's 10 Year Plan: more contracts with private companies—
including Saturn booster, Apollo spacecraft and new satellite projects

Industry and other contractors will

share in the National Aeronautics and

Space Administration plans in the

amount of $9 to $12 billion—and pos-

sibly more—in the next decade.

This prospect is held out by Admin-
istrator T. Keith Glennan. Of a budget

for the decade totaling $12 to $15 bil-

lion, he says, at least 75% will be spent

with contractors. If the total for the

decade is to reach this figure, Glennan
says, annual spending must rise from
the current level of $915 million to

more than $l'/2 billion.

These other key points emerged

from a luly 28-29 NASA-industry con-

ference :

-Production of the Saturn booster

may be shifted to industry after the first

10 boosters are produced at Huntsville,

Ala.

-The NASA payroll will rise from
its current level of just under 17,000

and stabilize at about 19,000.

-A prime systems contract for Proj-

ect Apollo, America's first civilian space

ship, may be awarded in FY 1962.

Names and details of a series of

advanced space projects were disclosed.

They include:

• Project Prospector, an unmanned
spacecraft boosted by the Saturn launch

vehicle, capable of making a soft land-

ing on the moon and remote-controlled

exploration of an area within 50 miles

of the landing point. Under study by
the Jet Propulsion Laboratory and the

Marshall Space Flight Center at Hunts-
ville, Ala.

• Project Voyager, an unmanned
spacecraft boosted by Saturn and able

to fly to Mars or Venus, orbit the planet

and eject an instrumented capsule for

atmospheric entry and perhaps landing.

Under study at JPL.
• Project Aeros, a 24-hour weather

satellite program not yet approved but

under study. If approved, the project

could begin in 1962 and launchings

might begin in 1964.

• Project Mariner, a series of early

interplanetary probes that will mark the

first U.S. missions to Venus and Mars.
• Project Surveyor, a name just

assigned to the spacecraft boosted by
Centaur that will make the first soft

landing on the moon and conduct a

variety of observations from a station-

ary position. Space Technology Labora-

tories, McDonnell Aircraft, North
American Aviation and Hughes Aircraft

were chosen last month to make com-
petitive five-month studies. The con-

tract, to be awarded early next year,

could mean business totaling $50- to

$100-million for the winner.

The only important growth in the

NASA payroll is planned at the Mar-
shall Center in Huntsville and the God-
dard Space Flight Center in Beltsville,

Md., Glennan said. The overall NASA
total July 1 was 16,840. This included

4524 at Marshall and 1265 at Goddard.
By next year, Marshall will grow to

5500 and Goddard will reach 2400.

No major new government installa-

tions are planned and no major in-

creases in existing installations are ex-

pected after Marshall and Goddard
reach authorized strength, Glennan
said.

"With the exception of the Marshall

Space Flight Center, NASA possesses

no significant capacity to design, de-

velop and manufacture launch vehicle

systems," the administrator said. "Only

a very limited capacity to undertake the

design and prototype production of

spacecraft and instrumentation to be

carried in those spacecraft is available

in NASA centers."

Maj. Gen. Don R. Ostrander, direc-

tor of launch vehicle programs, told the

conferees that NASA will be depending

on industry more and more in the de-

velopment of launch vehicles. Although
the first stage of the big Saturn booster

was engineered at the Marshall Center,

he said all of its upper stages will be
designed and built by industry.

PROJECT PROSPECTOR unmanned spacecraft will be boosted by the Saturn vehicle
to a soft landing on the moon, where it will explore by remote control.
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"In fact," Ostrander continued, "it

may prove desirable at some point in

the future to have the first stage built

by industry. The increased workload at

Marshall, because of the responsibility

for many more development tasks under

NASA, is going to result as time goes

on in greater and greater reliance on

industry."

A spokesman said the space agency

held the conference, its first such meet-

ing, because officials felt there was a

need to give industry a comprehensive

account of the program, which has been

laid out in detail before Congress. It

had been given to industry only in bits

and pieces previously.

The spokesman said the conference

had no political implication. However,

it was obvious NASA was at least indi-

rectly soliciting support for its plans for

bigger budgets in the years to come.

Deputy Administrator Hugh L. Dry-

den said NASA plans 260 launchings

during the decade. Of these, 41 will be

missions relating to manned space flight,

96 will be scientific satellites, 33 will

be lunar and planetary scientific mis-

sions and 28 will be satellite applica-

tions.

Dryden gave this timetable of

major launchings:

• 1960—First launchings of Tiros

meteorological satellite (already accom-
plished); Echo passive reflector satel-

lite; Scout, Delta and Atlas-Able ve-

hicles; suborbital flight of an astronaut.

• 1961—First orbital flight of an

astronaut; first launchings of Centaur

vehicle and lunar impact vehicle.

• 1962—First instrumented probe

to the vicinity of Venus and/ or Mars;

first launching of a two-stage Saturn

vehicle.

• 1963 or 1964—First launchings

of unmanned vehicle for controlled

landing on the moon and orbiting

astronomical observatory.
• 1964—First unmanned vehicle

intended to circumnavigate the moon
and return to earth; first reconnais-

sance of Mars and/ or Venus by an

unmanned vehicle.

• 1965—First flight test of a

nuclear second stage "if unexpected

problems are not encountered."
• 1965-67—First launching in a

program leading to manned flight

around the moon and to a near-earth

space station.

• Beyond 1970—Manned flight to

a moon landing and return to earth.

A continuing shift in the NASA
program from aeronautical to space

research was reported by Ira H.

Abbott, director of advanced research

programs. About 26% of the in-house

effort is primarily aeronautical and

about 65% is primarily space-oriented,

Abbott said.

Abbott gave this outline of the

PROJECT VOYAGER unmanned craft, also boosted by Saturn, will be able to fly

to Mars or Venus, orbit either planet and eject an instrumented capsule.

missions, staff and capital invested at

the research centers:

• Langley Research Center, Lang-

ley, Va.—Structures and material ap-

plications, aerodynamics of re-entry

vehicles, aircraft aerodynamics and

structures, and fundamental plasma

physics; staff 3220; investment $154
million.

• Lewis Research Center, Cleve-

land, Ohio—Propulsion and power
generation for space vehicles; staff

2736; investment $148 million.

• Ames Research Center, Moffett

NAS, San Francisco, Calif.—Aerody-

namics, gas dynamics at extreme

speeds, automatic stabilization, guid-

ance and control of space and re-entry

vehicles, space environmental physics;

Industry Guide . . .

NASA's Next 10 Years
The comprehensive report of

NASA's plans for the next decade

starting on these pages fills a special

section extending through page 33.

Missiles & Rockets editors com-

piled the report from censored copies

of a 100,000-word classified document

presented to 1300 representatives of

industry, universities and other govern-

ment agencies by NASA officials on

July 28-29.

The document comprising 22 papers

actually contained only three short

sentences which were classified. But,

because these three sentences were read

at the briefings, the press was barred

from the proceedings.

staff 1440; investment $107 million.

• Flight Research Center, Edwards
AFB., Calif.

—

X-15 flights, Dyna-Soar
studies; staff 116.

Abbott said the four centers will

cost $100 million to operate this year.

New facilities will cost $22 million.

Ostrander defended NASA's policy

of having fewer backup vehicles avail-

able than does the military program.

"In our civilian space exploration pro-

gram," he said, "although failure in

any particular program or specific

launch is certainly undesirable, it is

not catastrophic to the extent that our

security may be in jeopardy or that

the remaining space program will grind

to a halt until we obtain success." He
added:

"In a civilian program, it is usually

more prudent to back a broader pro-

gram to gain additional knowledge

than to provide dual capability to

assure performance of a single task."

The percentage of industry partici-

pation is greater in the spacecraft pro-

grams than in the NASA program as

a whole. Dr. Abe Silverstein, director

of space flight programs, estimated

that 75% of the space flight program

budget goes to industry contractors,

5% to universities and non-profit

organizations, and 20% is spent in-

house. The current space flight total

is $312 million.

In all space-flight missions, Silver-

stein said, there is need for tracking

equipment capable of determining

orbital data or position time histories,

and for command signals, telemetry

receivers, data acquisition and com-

puting equipment.
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Apollo 3-Man Craft to Follow Mercury

Tests flights could start by '62— if program gets funds;

Saturn to be used as booster for earth-orbital missions in '66

Provided they get the money, NASA
space specialists hope to begin test

flights of a three-man spacecraft suc-

cessor to Mercury by 1962.

As described by George M. Low,

Chief of NASA's Manned Space Flight

Program, to industry representatives,

Apollo will be a three-man modular

spacecraft that can perform as an

earth-orbiting space station or circle

man around the moon and bring him

back.

Pointing out that Apollo "has no

official standing as yet," Low optimis-

tically predicts that Congress will give

NASA money during FY '62 to turn

the proposal into development hard-

ware. He says a prime contract will be

let during that fiscal year for design

studies, engineering and fabrication.

Low believes that development of

Apollo will be rapid enough to test

early configurations on top of Atlas-

Agena-B's in 1962. These tests will

continue until Saturn is available.

"Earth-orbital missions, using the

final spacecraft, could conceivably be-

gin in 1966," Low predicts, "with cir-

cumlunar missions following as soon as

the state of both technical and aeromed-

ical knowledge permits such flights."

Nothing Low said revised the earlier

NASA estimate that the U.S. space pro-

gram would not put a man on the moon
before 1970.

The post-Mercury program had $2

million alloted to it in FY '60, but this

was handed over to Mercury when that

program's costs began to run well ahead

of estimates and when Congress refused

to give NASA requested Mercury
funds. (See M/R, Jan. 11, 1960.)

• Module concept—What is now
called Apollo actually received only

$100,000 during FY '60 and $1 million

during the present fiscal year.

In order to allow Apollo to perform

multiple missions, NASA has employed

the "building block" concept for this

three man spacecraft's theoretical de-

sign.

Industry would be called upon to

produce a spacecraft consisting of three

modules: A command center module,

a propulsion module, and a mission

module.

As described by Low, the command
center module "would house the crew
during launch and re-entry phases of

flight; it would also serve as the flight

control center for the remainder of the

mission. We anticipate that this module
would be identical for both the circum-

lunar and earth-orbital missions."

The propulsion module, according

to Low, "would serve the primary func-

tion of providing safe return to earth

in case of an aborted mission. In this

sense, it might be compared with the

escape tower and retrorockets of the

Mercury capsule.

"In addition, for circumlunar flight,

this component should have the capabil-

ity of making midcourse corrections; it

might also be used to place the space-

craft into an orbit around the moon
and eject it from orbit."

In an earth-orbital mission, the pro-

pulsion module must, Low stipulated,

"permit a degree of maneuverability in

orbit or rendezvous with other ve-

hicles."

The mission module, which might
not be needed for lesser missions, would
vary with the object of the mission.

• Severe re-entry problem—For cir-

cumlunar flight, Low believes, "it would
be used to provide better living quar-

ters than the command center can af-

ford and some equipment for scientific

observations."

During earth-orbital missions, the

mission module can be considerably

larger, taking up poundage used for

propellant on longer missions. "This

module can usefully serve as an earth-

orbiting laboratory, with adequate ca-

pacity for scientific instrumentation and
reasonable long lifetimes in orbit."

The more important of the three

modules, from a design standpoint, is

the command module, which must serve

its crew during launch and re-entry.

This requires an ability to "re-enter the

earth's atmosphere at essentially para-

bolic velocity, or about 36,000 feet. It

will have to withstand the severe heat-

ing encountered at these velocities, and
must be statically stable over the entire

speed range from 36,000 feet per sec-

ond to the landing speed."

It was disclosed at NASA's 1959
Inspection (See M/R, Oct. 19, 1959,

p. 11) that the Langley Research Cen-
ter is already doing extensive research

on two new types of heat shields that

could give Apollo this capability.

One of the two types under study
which could withstand greater heat and
allow the capsule to have a greater

angle of re-entry uses an insulating ma-
terial which is held in place on the load-

carrying structure by a thin metallic

outer skin. The outer skin is corrugated

to provide a means for absorbing ther-

mal expansion and to provide sufficient

stiffness to prevent flutter. This design
will be fabricated from a refractory

metal such as molybdenum, niobium,
or tungsten, and will reduce the tem-
perature of the load carrying structure

to 1200° F when the heat shield surface

temperatures are 2500° F.

The other type of heat shield under
investigation has an added heat-absorb-

ing capacity in the form of water which
is stored in a light absorbent material

in channels formed by the stiffeners on
the structure. This type of shield pro-

vides protection to the entire capsule

or module structure and can hold the

structure's temperature to that of boil-

ing water. A more complicated struc-

ture design will be needed because of

the difference in temperature between
the shield and the structure.

• Midcourse power—In order to

allow the command module to stay

within the rather narrow flight corridor

during the period of re-entry, a degree of

maneuverability will be required. This

can be provided, according to Low, by

a midcourse propulsion system.
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How much of a role will the three

pilots play in maneuvering Apollo? Low
believes that if Project Mercury dem-
onstrates that man can, indeed, perform
useful functions in space, "we believe

that in all future missions the primary

control should be onboard."

Function of the propulsion module
will, according to Low, greatly depend
on the mission. One duty it must al-

ways perform is abort of the manned
payload in case of a "catastrophic fail-

ure of any of the Saturn stages . .
."

Other primary duties of the propul-

sion module, Low states, will be the

ability to correct Apollo's course, and
to return it from orbit. The propulsion

module during more advanced missions

must also allow Apollo to affect a

lunar orbit and to maneuver within its

earth orbits.

Once Apollo is outside the earth's

atmosphere and free of the radiation

belts, its three-man crew, according to

present planning, can take off their pres-

sure suits, and conduct "shirtsleeve"

operations in the mission module.

This comfort will especially be

needed, according to Low, during
Apollo's missions as an earth-orbiting

laboratory or during circumlunar orbits,

"where it may be desirable to keep"

. . . the craft in space . . . "for periods

ranging from two weeks to two months."

One important challenge that indus-

try must fulfill before Apollo becomes
a reality is the development of a 3-man
environmental system, that will provide,

during certain periods of the flight, the

"shirtsleeve" environment.

"These systems," according to Low,
"will be incorporated into the command
center, the orbiting laboratory, and the

circumlunar module. Gaseous-, liquid-,

and chemical-oxygen systems all de-

serve consideration for these applica-

tions."

And two other problems calling for

solution are the need for a system

sensing and controlling the craft's atti-

tude, and power supplies that can pro-

vide something like 400 kilowatt hours,

with a peak load of roughly four kilo-

watts.

• Shielding impractical—A major
problem which must be solved before

man goes very far into space for any

length of time is radiation.

The trapped radiation in the Van
Allen belts, which is of rather high in-

tensity but of low energy, can be over-

come with only a small amount of

shielding.

"The energies of cosmic radiation,"

>
STEP BEYOND APOLLO could be this

space laboratory capable of sustaining

a crew of six or more.

according to Low, "are so high that sible to predict these flares," circum-

shielding becomes impractical. How- venting their danger by "avoiding flights

ever, the peak intensity is sufficiently during a time of anticipated major flare

low that no danger is expected in a activity."

five-day mission." Though NASA does extensive re-

The real danger is from solar flares search on Apollo's problems in its lab-

where the energy is "of a magnitude oratories, Low believes that the space

that may require more shielding than agency must rely on industry for many
is practical from the standpoint of of their solutions. He believes that

weight." Apollo may give the missile and space

The only present solution, accord- industry one of their greatest dial-

ing to Low, is that "it should be pos- lenges of the space era.
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Huge Fleet of Unmanned Ships Needed

Funding of spacecraft and payload development—$35 million

this fiscal year— expected to swell; rugged instruments are demanded

A total of $35 million will be spent

in industry this fiscal year for develop-

ing unmanned spacecraft and their pay-

loads for the National Aeronautics and

Space Administration. This money is

expected to go up with time.

Total NASA money programed this

year for unmanned lunar and planetary

exploration is $75 million. Of this

amount, $20 million is being spent on
launch vehicles. The remaining $20 mil-

lion is being used for NASA in-house

work connected with the program.

For its unmanned lunar work dur-

ing the 60's, NASA will be developing

and buying fly-bys, rough orbiters, im-

pactors, stationary soft landers, soft

landers with mobile payloads, advanced

orbiters, and craft for remote return of

surface samples.

NASA is calling for similar but

more advanced craft for its unmanned
planetary and interplanetary explora-

tions. Thus this program involves deep-

space probes, fly-bys of near planets,

planet orbiters, planet landers, and
higher energy missions such as those

out of the plane of the ecliptic or to

distant planets.

The Jet Propulsion Laboratory un-

der direction of NASA headquarters

will be executing the agency's lunar,

planetary and interplanetary unmanned
program. "JPL will rely heavily on
contracting to industry not only for

complete spacecraft but also for sys-

tems, subsystems, components and
parts," says Edgar M. Cortright, Assist-

ant Director for Lunar and Planetary

Programs.

He added that universities and non-
profit organizations will be playing a

major role in developing the scientific

experiments.

* Advanced instruments needed—

-

One point was understood. "NASA
would welcome additional initiative on
the part of instrument companies" in

devising effective and rugged devices

for making environmental and observa-

tional measurements.

In his list of needed instruments,

Cortright stated that NASA could use

the following ones, which fall in the

somewhat arbitrary environmental cate-

gory:

-Radiation detectors of all types

PRELIMINARY CONCEF T of a late phase of Project Ranger. On nearing the moon, the spacecraft's instruments begin taking

TV pictures and gamma-raj spectography. The ship then rough- lands, depositing a seismometer on the lunar surface.
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covering all ranges of the energy spec-

trum and hopefully discriminating be-

tween particle types and electro-mag-

netic radiation.

-Micrometeroid detectors.

-Pressure, temperature, and ioniza-

tion gages.

—Sound detectors and analyzers.

-Mass spectrometers.

Under the category of observational

instruments, the ones needed were given

as follows:

-Television, ranging all the way
from microscopic examination of par-

ticles to far-scanning of the lunar ter-

rain.

-Radar to be utilized both on the

surface and in orbit to determine not

only position but also contour of the

land and perhaps some of the surface

structure.

-Spectrometers of all types includ-

ing the X-ray, fluorescent, gamma-ray,
and mass varieties.

-Seismometers.

-Magnetometers.

-Penetrometers

-Chemical analyzers.

-Microbiological equipment.

-Gravimeters.

The major problem is to place the

required instruments at the exploration

site and then have them obtain the de-

sired information and send it back to

earth. Cortright said preliminary work
on many of these instruments has
already begun, and indeed first-genera-

tion ones have been flown on a number
of occasions.

Cortright underscored the need for

strong imagination and initiative to de-

velop the advanced equipment required

for interplanetary missions. These in-

clude high-power telemetry; low-noise

receivers; improved power supplies of

chemical, solar, and nuclear varieties;

and advanced computers to be carried

aboard the spacecraft.

• Mobile planetary vehicles—Other
needs include advanced guidance, navi-

gation and control equipment for both
midcourse and terminal phases, and ad-

vanced spacecraft propulsion equip-
ment of both the chemical and elec-

trical variety.

As a matter of fact, electrical pro-

pulsion shows definite promise for the

more difficult exploratory missions,

Cortright said.

There is a requirement for im-
proved lightweight spacecraft struc-

tures and packaging techniques. Fur-
thermore, methods must be developed

for entry and survival in the planetary

atmospheres. Equipment must be re-

searched and developed for sample
gathering and processing through the

scientific instruments.

A major problem exists in develop-

ing propulsion techniques for mobile
surface exploration vehicles. The ve-
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make a soft landing on the moon carrying a payload of some 200 lbs. of instruments.
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Improved reliability is vital

ARTIST'S CONCEPTION of Prospector spacecraft, shown in background, and roving

vehicle that craft deposited on lunar surface for exploring the nearby terrain.

hide planned for Prospector will be

capable of exploring throughout a ra-

dius of perhaps 50 miles, terrain per-

mitting. It would obtain orders of mag-
nitude more data than could be ob-

tained with a stationary spacecraft.

Cortright emphasized that "apply-

ing to all of these technological areas,

and to the instruments as well, is the

vital necessity for improved length of

life and reliability."

The objectives in NASA's program
of unmanned instrumented deep-space

exploration can be roughly grouped into:

-Physics of the moon and planets.

-Solar and interplanetary physics.

-Biosciences and extraterrestrial

life.

-Cosmology.
With these objectives in mind,

NASA has devised its unmanned deep-

space program under two governing

principles: (1) Selection of a limited

number of important goals on which
to concentrate. (2) Establishment of an
evolutionary sequence of missions

where each step paves the way for the

more difficult phase to follow and
makes full use of increased technological

capability as it becomes available.

Program for

Unmanned Lunar and Interplanetary Spacecraft

Project

Name Mission
Launch
Vehicle

Status Notes

Spacecraft Under Development

(none) lunar

orbiter

Atlas-Able Previous flight attempt aborted 11/26/59. Next
shot expected October I960. Craft developed
by Space Technology Laboratories reporting

through Air Force Ballistic Missile Div. to the

Goddard Space Flight Center.

Spacecraft weighs about 400 lbs., including

the hydrazine monopropellant for midcourse

and terminal maneuvers, is spin-stabilized,

and carries eight separate experiments.

Looks very much like Pioneer V.

Ranger interplane-

tary flights

Atlas-Agena B A set of seven scientific experiments have been
approved for flight. First flight planned for 1961.

Spacecraft weights will vary between 600
and 1200 lbs. Flights intended primarily to

test spacecraft and components develop-

ment.

Mariner flights to

Mars and
Venus

Atlas-Agena B First flight planned for 1961. Differs from Ranger primarily in instrumen-

tation carried.

Ranger
(later

phase)

lunar land-

ing, rough

but safe

Atlas-Agena B Planned for 1961-2. Spacecraft being developed

by Jet Propulsion Laboratory; capsule under

contract to Aeronutronics Div. of Ford Motor
Co.

Spacecraft designed to carry a survivable

capsule containing a seismometer as the

primary experiment.

Spacecraft Being Planned

Surveyor lunar soft

landing

Centaur Four companies currently making spacecraft de-

sign studies which are to be completed by end
of I960. Developer of hardware to be selected

early 1961. Landings planned for 1963-4.

Spacecraft for putting on moon a moder-

ately heavy scientific payload, 100 to 300

lbs.

Prospector lunar soft

landing

Saturn Planned for 1965. Under study by the Jet Pro-

pulsion Laboratory, and by the Marshall Space
Flight Center for JPL.

First priority payload is a mobile labora-

tory able to explore near-terrain.

Voyager Mars and
V L rrjs or-

..."
.
biter

Saturn Planned for 1965. Orbiter ejects instrument capsule for

atmospheric entry and perhaps landing

on planet. Data relayed from capsule to

orbiter, and then to earth.
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Agency Eyes Standardized Satellite

Multi-purpose concept would save money, add reliability;

survey of satellite application plans, long-range launching program

National Aeronautics and Space

Administration is thinking of develop-

ing a standardized satellite which it can

use for its orbiting astronomical and

geophysical observatories.

Morton J. Stoller, assistant director

for the Satellite and Sounding Rocket

Program, says that if the concept can

be developed successfully, a number of

future space experiments would be con-

ducted with the vehicle.

The standardized units would em-

ploy the same structure, same basic

power supply, attitude control, teleme-

try and command system. Built to

carry large payloads (the orbiting as-

tronomical laboratory will weigh 3500

lbs.), NASA would have only to take

it "off-the-shelf" and put in the scien-

tific sensors and specialized devices it

wants to do a specific job. This would
result not only in a savings in cost and

time, but significantly increase relia-

bility.

For FY 1961, the agency has pro-

gramed $33 million for satellite scien-

tific experiments. An additional $15
million will go to the meteorological

satellite program and $5.5 million for

communication satellites. Sounding
rocket studies will get $5.5 million,

with $2.5 million going for sounding

rocket vehicle procurement.

Industry can expect to get the lion's

share of this money. NASA says about

75% of the spaceflight program funds

will go to private industry, 5% to uni-

versity and other non-profit research

organizations, and 20% to NASA in-

stallations.

SATELLITE APPLICATION
PROGRAM

There are two major fields in this

program—meteorology and communi-
cation. NASA cautions that because of

its experimental nature, the program is

subject to change. However, Newell D.
Sanders, assistant director for applica-

tions and manned flight programs, an-

nounced this schedule:

• Meteorological:

—

Tiros—Follow-

on experiments to Tiros I, launched in

April are scheduled during 1960 and

1961. Infrared equipment will be added

for measuring the earth's heat balance

and for measuring radiation in particu-

lar spectral ranges.

—Nimbus—Now under develop-

ment, a systems integration and basic

structure contract will be awarded this

fall. Specifications are now being writ-

ten and the invitation for proposals is

imminent. Other contracts to be

awarded separately are for the stabil-

ization system, power supply, sensing

equipment and special experiments to

be carried aboard.

Managed by the Goddard Space

Flight Center, the 600-700 lb. satellite

will be launched by Thor-Agena. A sta-

bilization system will keep cameras

pointed earthward. Sensors will include

television cameras, passive and scan-

type radiation-sending equipment and

LARGEST PAYLOAD U.S. has attempted so far, 3500-lb.

NASA Orbiting Astronomical Observatory will be about 10

feet in diameter.

SOLAR OBSERVATORY will weigh about 350 lbs. Large

flywheel and extended arms rotate to stabilize; arm (top)

holds instruments.
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other experiments. Later models may
include simplified radar for observing

precipitation, spectrometer for temper-

ature measurement and an image or-

thicon camera for observing night

cloud cover.

-Aeros—N o t y e t approved, the
code name Aeros has been selected for

a proposed "24-hour satellite" which

might be initiated in 1962 with pos-

sible launchings in 1964. The satellite

would be launched in an equatorial

orbit which would make it appear to

stand stationary, since its orbital period

would coincide with the earth's rota-

tional period. Three satellites could

permit continuous observation of most

of the earth's surface.

NASA asks industry for ideas on

feasible methods and devices for at-

mosphere measurement. Areas which

must be measured and observed are:

a) cloud cover and storm location, b)

precipitation, c) temperature, d) wind

direction, e) heat balance, f) water

vapor and other constituents.

• Communications—The civilian

space agency has thus far confined its

research to passive satellites, while DOD
has studied active satellites. Active sat-

ellites later will be evaluated by NASA.
Projects forthcoming at NASA:

—Echo—Follow-on experiments are

scheduled in 1961 and 1962 with Thor-

Delta launch vehicles. L a n g 1 e y Re-

search Center is now evaluating bids

for a satellite launching in this series

Key Areas for Ind

Communications satellites:

• Inflatable structures

• Plastics for space environment

• Passive stabilization

• Period control systems

Scientific studies:

• Ion mass spectrometers, vacuum
gages

• Radiation detectors and analyzers

• Ultraviolet and X-Ray detectors and

analyzers

• Directional magnetometers

• Plasma probes

• Telescope pointing controls

ustry Participation

Meteorological satellites:

• Attitude sensors and stabilization

systems

• High-resolution RV systems

• Data-storage systems

• Data-transmission systems

• On-board data-analysis systems

• Period control systems

• Materials for space environment

• Power supplies

• Radar

using a rigid, large reflecting structure.

Launch will come in 1962 if this con-

cept proves feasible.

Current Echo experiments have
been concerned with problems of in-

flating and orbiting large erectable satel-

lites. Jet Propulsion Laboratory at Gold-

stone, Calif, and Bell Telephone Lab-

oratories facility at Holmdel, N.J. are

planning further communications ex-

periments, as are other independent

organizations.

—Rebound—Experiments with mul-

tiple passive communications satellites

are being considered. NASA feels that

at least 12 passive communications

NIMBUS STABILIZATION system will keep cameras pointed earthward. Paddles

carry solar cells to subsystems. Contracts for 600-700 lb. Nimbus are due in fall.

satellites spaced around the world
would provide continuous communica-
tion. However, several such satellites

would have to be launched by one ve-

hicle, possibly Atlas-Agena B, to make
the plan economically feasible.

Early projects will attempt the

packaging and erecting of reflectors

upon injection into orbit. The next

step will be the problem of providing

period control for multiple passive sat-

ellites. If all goes well, launchings

might come in 1963-65.

Research and development work
also is taking place at JPL and Bell

Telephone Labs on ground communi-
cations facilities required for acquiring

and holding the satellite—pointing the

antenna—and for establishing optimum
signal-modulation requirements. Studies

on reflective characteristics of non-

spherical shapes also will be conducted.

SATELLITE AND SOUNDING
ROCKET PROGRAM

NASA plans to launch four large

satellites for scientific experiment per

year by 1964. Small satellites will be

launched at the rate of six to nine per

year now with six per year by 1963

(generally by Scout). One hundred
sounding rockets will be launched per

year by 1962.

• Off-the-shelf—Components will
be directly or indirectly procured from
commercial sources, and the agency

wants to establish stable sources of

supplies. Standardization and reliabil-

ity are keywords in this program.

Fields in which these satellites and
rockets will be employed are: 1) ge-

odesy and gravitation, 2) upper atmos-

phere, 3) ionosphere, 4) magnetic and

electric fields, 5) radiation belts, 6)

cosmic rays, 7) the Sun, 8) solar ter-

restrial relations, 9) the stars, 10) bio-

sciences. This area of research will not

concern moon, planets and interplane-

tary space.

• Sounding rockets—A limited num-

26 missiles and rockets, August 8, I960



ber of sounding rockets will be used for

all research. At present, NASA has 1

1

types in fairly regular use, including the

highly sucessful Aerobee—Hi. Goddard
Space Flight Center will, however, ask

proposals when improvements on exist-

ing models seem necessary.

Commercial electronic and me-
chanical systems such as telemetry,

power supply units and tracking aids

will be used for the sounding rocket

program whenever possible. Industry

and research groups are asked for work
on sensors and instrumentation for the

scientific investigation.

• Earth satellites—Two satellite sys-

tems will, in the near future, be pro-

cured from industrial sources by God-
dard Space Flight Center. Spacecraft

systems contractor will be selected

through regular procurement proce-

dures, with experiments handled sep-

arately.

-Orbiting Astronomical Observa-

tory—Bids have been received and are

now being considered for the largest

payload attempted to date—3500 lbs.

Cost of the program may mean as

much as $100 million over 10 years to

the winner.

In the running are: Lockheed MSD,
Aeronutronics Div. of Ford Motor Co.,

Hughes Aircraft and General Electric

MSD. Team bids are: Bendix/ Repub-
lic Aviation, Systems Div., Martin Co./

General Precision Instruments Inc.,

Westinghouse Electric/Grumman Air-

craft, Aerojet-General/ Motorola, Mc-
Donnell Aircraft/ Philco, RCA/ North
American Aviation/ Perkin-Elmer, and
Douglas Aircraft/ Itek Corp./IBM/
Vidya of Massachusetts Institute of

Technology.

-Orbiting Geophysical Observatory

—Procurement action will be initiated

in four to six months, probably in the

form of an inquiry as to interest in

submitting a proposal. Standardization

of components and systems is again

expected to be emphasized.

NASA wants help on problems of

efficient ways of dissipating heat re-

leased in course of operation of the

international devices, since the tem-

perature range must be restricted for

stable performance. Improvement also

is desired in environmental control and

"desensitization" of components and

subsystems.

• Data Collection and Processing

—

One of the biggest problems in the

satellite and sounding rockets programs

will be the processing of the enormous
amounts of data that can be obtained.

Industry is asked for work on pre-

processing and automatic processing

techniques for both satellite and ground

readout stations. Specialized require-

ments will be announced later as each

program progresses.

NASA Satellite Application Program

METEOROLOGICAL

CI)bu si OS 64 65

TIROS

R&D

LfiunrninaLUUIIWIIIIIM 2 1

Dntn A nnlvci<
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Launching ] j 2

Data Analysis

AEROS

R&D

Launchings 2 2

Data Analysis
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COMMUNICATIONS
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R&D

Launchings 2 1 1

Qualification

Structure

Rigidization

Tracking &
Ephemeris

Generation
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R&D

Period

Control R&D

Launchings 1 2

ADVANCED
TECHNOLOGY
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R&D
(Ground Tests)

j
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Satellite Study
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SATURN STATIC TEST at NASA's George C. Marshall Space Flight Center, Huntsville, Ala.

NASA
SPECIAL REPORT

Launch Vehicle List May Drop to Four

Survey of propulsion plans includes Saturn schedule and

programs for nuclear, electrical and chemical power

The National Aeronautics and

Space Administration is reducing from
10 to six the number of launch vehicles

it will use. The number may drop to

four later.

Abraham Hayatt, deputy director

of launch vehicle programs, outlined

the plans at last week's conference with

industry, government and university

representatives.

Present vehicles in development or

operation, in ascending order of pay-

load capacity, are Juno II, Scout, Thor-

Able, Delta, Thor-Agena B, Centaur

and Saturn. Juno II, Thor-Able, Delta

and Atlas-Able will be dropped from

the list.

Atlas remains on the list only for

its mission of orbiting Mercury cap-

sules. Heavier manned vehicles will

require launch equipment of Centaur

or Saturn type.

"Only eight Thor-Agena B's are

programed for NASA missions," Hy-
att said. Therefore, it too may dis-

appear from the picture, particularly

if Thor production for Air Force re-

quirements ceases."

Thus the list ill reduce to four

—

Scout, Atlas-Agena B, Centaur and
Saturn—until programs get under way

later in the decade on advanced Saturn

and Nova vehicles.

• Scout—Hyatt disclosed that the

estimated cost of a production Scout

plus the launching operation is $900,-

000. This is greater than the $750,000
figure given earlier this year because

launch operation costs were not in-

cluded. At present, Scout is launched

by government personnel. Later, the

operation is to be turned over to a

contractor completely.

Despite the rising estimate, Hyatt
maintained that low cost is one of

Scout's principal merits. "In compari-

son," he said, "to buy and launch a

Delta may cost as much as $3,500,-
000."

Scout has a capacity of putting 200
lbs. into a 300-nautical-mile orbit or

lifting smaller payloads on vertical

probes up to 4000 miles. It will be
launched from both the Atlantic and
Pacific Missile Ranges as well as from
Wallops Island, Va. Development is to

be complete within a year.

• Thor-Agena B—An advanced
version of the Thor-Agena, which the

Air Force has been using in its Dis-

coverer program, Thor-Agena B will

be used at the Pacific Missile Range

for launchings into polar orbit or

highly inclined earth orbits.

Hyatt said the vehicle was chosen

because of the relatively high reliability

Thor-Agena has demonstrated for put-

ting payloads into orbit. It will be used

for such missions as scientific satel-

lites, meteorological satellites and other

missions requiring medium-weight pay-

loads. The capacity will be 1600 lbs.

in a 300-nautical-mile orbit and 850
lbs. in a 1200-nautical-mile orbit.
Flights will begin next year.

• Atlas-Agena B—The Air Force
will undertake several firings of Atlas-

Agena B before it is used for a NASA
mission. Common use by NASA and

the Air Force will provide a large

number of launchings and thus high

reliability, Hyatt said.

NASA plans to use the vehicle for

early lunar exploration and scientific

earth satellites.

Most NASA launchings will be

from the Atlantic Missile Range. A
few will be from the Pacific Missile

Range. First NASA launching will be

early in 1961. Its payload capacity is

5800 lbs. in a 300-nautical-mile orbit

and 750 lbs. for a lunar probe.

• Centaur—Design of the hydro-
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gen-oxygen Centaur stage, will be atop

an Atlas, is rapidly nearing comple-

tion, Hyatt said. Centaur, which will

be launched in mid-1961, has an iner-

tial guidance system with many ad-

vanced features.

Centaur will be used for lunar and
planetary exploration and, geophysical

satellites. It will be launched down the

Atlantic Missile Range. Payload ca-

pacity is 8500 lbs. in 300-nautical-mile

orbit or 1450 lbs. for escape velocity.

• Saturn—Oswald H. Lange, Saturn

Project director at the Marshall Space
Flight Center in Huntsville, Ala., out-

lined the first 10 Saturn vehicle flights,

based on the 10 boosters to be fabri-

cated at Huntsville.

There will be three flights of the

booster and dummy upper stages, one
in 1961 and two in 1962. Three flights

will be of booster, live second stage

and dummy third stage—one in 1962
and two in 1963. Three firings of three-

stage test vehicles in 1963 will precede
the first flight of the operational proto-

type in 1964.

In the first three flights with dum-
my upper stages, the H-l engines will

be operated at a thrust level of 165,-

000 lbs., giving a total thrust of 1.3

million lbs. Subsequent vehicles will

have booster thrust at 1.5 million lbs.

The first Saturn vehicles to fly will

be the C-l configuration—made up of
the booster, the Douglas S-IV and the

Convair S-V. The S-V is a modification
of the Centaur stage. The S-IV stage is

similar to Centaur but has four, in-

stead of two, Pratt & Whitney LR-115
engines.

The next version of Saturn will be
the four-stage Saturn C-2. The new sec-

ond stage will be the S-II, a cluster of

four 200,000-lb.-thrust Rocketdyne J-2

engines. Lange said specifications for

the stage depend on definitive informa-
tion on the engine and will be formu-
lated near the end of this year. Selec-

tion of a contractor for S-II is tenta-

tively scheduled for the spring of 1962.

Lange gave these net payload capa-
bilities for the Saturn C-l vehicles:

100-mile orbit 20,000 lbs.

307-mile orbit 19,000 lbs.

Escape 6000 lbs.

24-hour orbit 3400 lbs.

Lunar soft landing 1500 lbs.

• Nuclear propulsion—Several NA-
SA contracts to industry will be awarded
soon in support of Project Rover, the

NASA-Atomic Energy Commission
nuclear rocket. Harold B. Finger,

NASA chief of nuclear propulsion, said

preliminary design work on the nuclear

engine is being completed so that hard-

ware development on a flight-test en-

gine can begin immediately after tests

have been run on a reactor using liquid

hydrogen as a propellant.

Finger gave no details on the liquid

In the current fiscal year, on the Saturn

project alone, NASA is spending about

$160 million with industry for design

efforts, component development and de-

livery.

Focal point for industry contact is

the Saturn Systems Office at the Marshall

Space Flight Center, Huntsville, Ala.,

headed by Oswald H. Lange. Items under

development contract or required soon

from industry include:

—Guidance components
—Control equipment
—Telemetry
—Range Safety
—Tracking equipment including trans-

mitters, receivers, transponders and an-

tennae

—Advanced pressurization schemes
—Propellant level control devices

The budget for Fiscal Year 1962 is

expected to provide for a consistently

large share committed to industry, Lange
said.

hydrogen reactor test. However, AEC
sources have indicated that testing of

the reactor, Kiwi-B, is planned for the

summer of 1961.

Finger said industry would develop

the hardware. Apparently, the contract

is to be awarded in the fall of 1961.

To meet plans for a 1965 flight test,

Finger said, it is necessary to begin

work on facilities required for develop-

ing the engine and vehicle as soon as

possible. The facilities work will be

handled by industry.

• Electrical propulsion—Finger said

that according to present programing,

the SNAP-8 nuclear power system will

be developed to give a 90-day operat-

ing life in 3Vi years and a 1-year life

in 5 years. SNAP-8 will provide 30
kilowatts of power for an electrical

propulsion system.

Elliot Mitchell, assistant director

for propulsion in the Office of Launch
Vehicle Programs, said a 30-kilowatt

arc jet engine and a 30-kilowatt ion

engine are being developed for readi-

ness about 1965. The program also

includes feasibility studies on a mag-
netohydrodynamic engine.

• Chemical rockets—The Rocket-
dyne F-l engine, rated at IV2 million

lbs. thrust, has been fired several times

at thrust levels in excess of 1 million

lbs., Mitchell reported.

In solid rockets, NASA is devoting

considerable effort to reducing rocket

inert weight in upper stages. Mitchell

said it should be possible to go from
the present maximum mass ratio of

about 90% as high as 96%.
Large solid booster design studies

will be continued to determine their

feasibility as first stages for future

NASA vehicles, Mitchell said.

Mitchell gave this breakdown of

current propulsion spending:

-Engine development (H-l, F-l,

LR-115 and J-2) $93.5 million

-Advanced liquid

technology $6 million

-Solid rockets $2.8 million

-Electrical propulsion, $3.3 million

NASA is spending $10 million in

the nuclear area—$5.5 million for nu-

clear rockets and $4.5 million for

nuclear electric generating systems.

However, the matching AEC expendi-

tures are several times those of NASA.

Orbital Missions

Payload Requirements Vehicle Boost Capacities

Scout 200 lbs.

500-2000 lbs. Thor-Agena B 1600 lbs.

3500-6000 lbs. A+las-Agena B 5800 lbs.

Centaur 8500 lbs.

Geophysical, Meteorological

Orbiting Astronomical Observatory

Escape Missions

Payload Requirements Vehicle Boost Capacities

Geophysics

—

highly elliptical

orbits, rough lunar

landings

Planet orbiters,

soft lunar landings

(static package)

3-man circumlunar

flight; moon surface

exploration; planet

probes

Manned lunar landing

and return

500-1500 lbs.

2000-3500 lbs.

Atlas-Agena B

Centaur

Saturn C-l

800 lbs.

1450 lbs.

9000 lbs.

Saturn C-2 15,000 lbs.

Nova 120,000-200,000 lbs.

10,000-20,000 lbs.

100,000-200,000 lbs.
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NASA
SPECIAL REPORT

Future Will

See Vast Boost

In Tracking

Big business of ground

instrumentation will grow

even bigger tomorrow

The number and capability of

ground instrumentation stations must
be tremendously expanded in the next

ten years to meet tracking and data

gathering requirements of future space

satellites.

Anticipated NASA firing schedules

indicate that there may be 150 to 200
artificial satellites in orbit between 1965
and 1970. Forty of these could be

transmitting vehicles.

According to E. C. Buckley, as-

sistant director for space flight opera-

tions at NASA—who outlined pro-

jected space operations in last week's

industry briefings—demand on track-

ing and data collecting systems will be

greatly increased by future require-

ments.

He pointed out that the primary
purpose of carrying out space flight

programs is to obtain information about
the space environment. Therefore, the

provision of adequate ground instru-

mentation to track the space vehicle

and to acquire and record accurately

the data gathered by its instruments is

of paramount importance.

Buckley said that both capacity and
capability must be increased: capacity

of ground data collecting systems to

handle higher rates of information

transmitted from space vehicles to

earth, and capability of ground instru-

mentation for operation over much
longer ranges.

These increased requirements will,

NASA anticipates, be met mostly by
development and installation of higher

capacity facilities at existing tracking

sites rather than by establishment of

new sites.

Buckley cited several areas where
research and development are needed
to provide these increased instrumenta-

tion capabilities:

-Automatic data handling

-Wideband communication links

-Satellite beacons

-Improved programing
-Low-noise amplifiers

-Improved data coding
-Increased information bandwidth
-Large ground antennas
Basic aim of deep space communi-

cations R&D is to increase both capac-
ity and range of the space-earth data

link. More efficient instrumentation,

data coding, and transmission tech-

niques were cited as possible areas of

fruitful research.

Getting down to specifics, Buckley
said that NASA's major R&D effort in

ground instrumentation is expected to

be in six areas:

-Information theory—Emphasis on
improvements in communications effi-

<
TEED' mounted on antenna tower at

Jodrell Bank receives Pioneer V signals.

ciency and data-handling techniques

based on application of information

theory.

-Data reduction and computation

—

Effort in basic R&D directed toward
rapid and random-access computer
memories suitable to data reduction and
orbit computation together with devel-

opment of techniques to reduce data

reduction effort.

-Low-noise multipurpose receiver

components—Development of phase-

stable, low-noise, parametric or maser
amplifiers for ground and spaceborne
applications in frequency ranges near

400, 1400, 1700, and 2300 mc.
-Data communications between

sites on earth—New and improved
methods of reliable data transmission to

effectively make use of tracking and
telemetered data.

-Large aperture antennas—In-

creased ranges and information collect-

ing capabilities of space probes will re-

quire larger ground antennas with high-

gain, low-noise characteristics suitable

for multiple or broad frequency bands.

-Long-term reliability—Although
the greatest problem is in spacecraft,

reliability is also a problem in the

ground complex. A critical phase of a

deep-space mission may occur when
only one tracking site is in view of the

spacecraft, and the success of the mis-

sion would depend upon proper trans-

mission of commands to the spacecraft.

• Big business—Ground instrumen-

tation is a big business today and,

based on NASA's program, will be even

bigger in the future.

In fiscal year 1961, approximately

$32 million is programed for the com-
pletion of our satellite tracking net-

works and $44.8 million for their oper-

ation. The latter figure contains $22.8

million for the Mercury network, in-

cluding recovery costs. In addition, $10
million is programed for advanced de-

velopment of ground instrumentation.

The total capital cost of Minitrack

stations will be approximately $16 mil-

lion. Capital costs of three large-an-

tenna installations—Goldstone, South

Africa, and Australia—will amount to

about $17 million.

Total cost of the Mercury network

now being installed will be around $53
million. Annual bill for communica-
tions tying the networks together

—

using a combination of commercial-

leased and DOD circuits—will add up
to some $8 million. Total expenditure

for instrumentation and equipment at

Wallops Island from 1959 through fiscal

1961 will be about $14 million.

In spelling out the future for

ground instrumentation for NASA's
space flight operations, Buckley pointed

out that the program is "dynamic and

subject to change as we progress in the

field of space research."
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NASA
SPECIAL REPORT

Stress on Fuel Cells, Solar Systems

Electrical power research aims for lighter, more reliable

solar and chemical sources; nuclear systems get less attention

ARTIST'S DRAWINGS show how Sunflower system will operate. At left, the col-

lector of solar heat. At right, a detailed view of the system's turbogenerator.

Key sub-system in all space vehicles

is the primary electrical power systems.

NASA's FY 1961 budget calls for a

funding of $4.7 million in this cate-

gory with a concentrated effort on fuel

cells and solar energy systems.

Batteries will be improved but the

trend is to replace them as soon as

possible with more efficient, cheaper,

lightweight systems. Current and near

future use is dictated by their proven

reliability.

Nuclear systems are progressing

satisfactorily but the emphasis has

waned.
• New payload needs—Through

1963, average electrical power-level re-

quirements for vehicles now scheduled

is under 300 watts. NASA's William

C. Cooley described what the vehicles

are and what the power sources will

be through the 1960's.

-Unmanned: silicon solar cells with

storage batteries; Scout or Delta

launched satellites—10 w; Pioneer V
and Tiros type satellites—30 w; Nim-
bus (meteorological) 250 w average;

Ranger (lunar instrument landing)-—
115 w, regulated, in flight and 0.2 w
for 1-3 months after landing: Mars
probe—over 500 w.

—Manned: Mercury capsule—144
lbs. silver-zinc batteries for average

orbit power of 70 w, peak 1 kw; lunar

circumnavigation, Saturn launched,
1965— 1.2 kw for 14 days for 4 kw
peak; orbiting laboratory, late 1960's

—

1 to 3 kw average with 4 to 6 kw peak.
• Advanced power research—Light-

weight, reliable solar and chemical en-

ergy sources will receive heavy empha-
sis under scheduled NASA R&D. Two
general programs are in effect—one for

system improvement and one for new
advanced systems.

-Chemical—to lift reliability of
storage batteries for near-vacuum oper-

ation, Space Technology Labs, has the

task of determining life capability of

nickel-cadmium batteries in simulated
space environments. In cooperation

with DOD, more contracts will be let

to improve secondary batteries.

Although energy-limited by chemi-

cal weight limitations in space use,

chemical source s—particularly fuel

cells—avoid sun-orientation problems
inherent with solar power units or the

hazards of nuclear systems. This is

especially true for short-time manned
missions up to about 2 weeks.

At least one and probably more
contracts will be let to prove feasibility

and develop fuel cells for space use.

Biggest problem in zero-gravity state is

controlling phase separation between

liquid water and gaseous fuel.

—Solar—Two serious problems

plague silicon solar-cell power supplies:

exorbitant cost ($500,000/ kilowatt)

and Van Allen belt radiation degrada-

tion. The radiation damage is now be-

ing investigated for NASA by RCA.
It is hoped however that the whole

problem can be bypassed with develop-

ment of solar-mechanical and solar-

thermionic systems. Not as sensitive,

they offer the additional advantages of

using thermal energy storage instead of

batteries and reduced production cost

per kilowatt capacity.

For Centaur or Saturn vehicles in

1964 the Sunflower program is now
underway for development of a 3-kw,

1-year continuous output. Tapco Group
of Thompson Ramo Wooldridge will

produce the solar-turboelectric system

using a mercury Rankine cycle and
molten lithium hydride as the storage

material.

A second system to be started this

fiscal year is one using cesium vapor

thermionic converters. In support of

these contracts also will be studies of

materials and optics for better solar

collectors.

-Nuclear—The SNAP-8 30-kw sys-

tem for nuclear electric power is to

be designed primarily for flight testing

electrical propulsion systems. SNAP-8
will use a mercury turbine in the con-

version system being developed by
Aerojet-General Corp.
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More R&D Money for

Structures, Materials

The structures and materials re-

search budget of the National Aero-

nautics and Space Administration is

currently hovering around $15 million

—and several increases are anticipated

in the next few years.

Richard V. Rhode, Assistant Di-

rector, Structures, Materials and Oper-

ating Problems, reports that this money
is about evenly divided between the two

fields.

In outlining the major research

areas, Rhode breaks down the problems

into four categories—aircraft, missiles

and launch vehicles, spacecraft, and

re-entry and landing vehicles.

In aircraft, the NASA expert said

that aluminum alloys will not be satis-

factory for speeds in excess of Mach 2.

Steels and even beryllium are being

investigated as structural materials. The
relative merits of various structural

approaches such as skin stringer and

sandwich types. The latter seem to be

more efficient but higher cost and fab-

rication difficulties will affect the degree

of acceptance.

In launch vehicles, NASA expects

the lengths to exceed 200 ft. and

weights to be in the +1 million lb.

range. Rhode points out that the im-

portance of light structural weight

leads to flimsy and flexible boosters.

Thus there are problems in launch

dynamics, wind shear response, flutter,

noise vibration and compatibility with

cryogenic environments.

Launch dynamics are complicated

by the interaction of the vehicle struc-

ture, control system and the sloshing

of large fluid masses.

• Deep space vehicle—Spacecraft

design and operation include meteorite

impact, long time vacuum exposure

and the effects of particle radiation.

This last is damaging to some types of

materials but the problem is com-

pounded by the presence of humans.

Rhode said :hat temperature con-

trols and the tech iques for expandable

structures also reqii r? additional study.

The question oi meteorite impact

has led to many investigations at NASA
and elsewhere. It has been established

that penetration at high speeds is not

nearly as deep as previously thought.

This is because the projectile and the

target become molten at instant of

impact and the projectile disintegrates.

In re-entry vehicles, the thermal

protection problems have dominated

the area. A wide variety of re-entry

bodies are currently being studied at

NASA. These include both drag and

lift configurations.

In the lift vehicles, problems of

aerothermoelasticity and flutter are ex-

pected to be important. Landing impact

problems, either on earth or somewhere
else, are also receiving some attention.

• Expanding boundaries—Thermal
protection systems have been explored

and exploited. These include heat sink

radiation and ablation approaches.

NASA research will expand the
boundaries of heat-protection systems

to higher temperatures and longer

exposure times to include lifting re-

entry and re-entry from deep space.

Rhode said that combinations of

ablation and radiation systems in the

form of charring ablatives appear to

offer "special promise" and will be
".

. . exploited in our effort to extend

our capability for safe re-entry."

The solid-state physics of defects

was given as an example of an impor-

tant basic research area at NASA.
Rhode said this could be the key to

understanding and controlling thei

strength and ductility of materials. The
ultimate payoff from advancements

here can be exemplified by the ultra-

high strength of defect-free whiskers.

Work is continuing in the study

of materials at 4200°F and higher.

SATELLITE ENVIRONMENT is closely approximated in this circular table, balanced

on a metal sphere supported on a cushion of compressed air, at NASA's Ames
facility.

Materials Demands
Traditional Additional

Density

Strength

Ductility

Stiffness

Fa igue

Directly

Related to

Temperature

and Temperature

Changes

Directly

Related to

Environment

of Space

Creep Strength

Thermal Expansion

Thermal Conductivity

Specific Heat

Thermal Shock Resistance

Emissivity

Ignition Characteristics

Ablation Characteristics

Radiation Shielding

Radiation Sensitivity

Meteorite Impact Resistance

Vaporization
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Lawyers Urge Change in Patent Law

Space agency counsel hopes Senate will okay House-passed

modification, feels present policy discourages contractors

Present legislation covering NASA
patents hurts the nation's space effort,

and NASA lawyers hope that Congress

will modify NASA patent laws during

the August special session.

This was the encouraging message

given by Gerald D. O'Brien, NASA's
Assistant General Counsel for Patent

Matters, to industry leaders.

The problem, according to O'Brien,

is that "NASA contractors are largely

from the same segments of American
industry which contract with the De-
partment of Defense in the aeronau-

tical and space fields."

DOD allows industry to retain ex-

clusive title to more proprietary items

developed under government contracts

than does NASA.
The resulting industry dissatisfac-

tion, according to O'Brien, is "evi-

denced by some contractor opposition

which hinders NASA's ability to

achieve the necessary performance of

its mission . . . and has caused a cer-

tain unwillingness on the part of some
prospective contractors to participate

in projects of importance to our na-

tional space program."
• Senate may act—The House has

already passed a bill modifying NASA
patent legislation. The bill is presently

before the Senate Space Committee.
O'Brien hopes that the Senate takes

action during the August session.

Some opposition can be expected in

the Senate because of the belief that

the government must retain the rights

to inventions or processes discovered in

the course of a NASA contract in

order to protect the national interest.

O'Brien disagrees with this view.

"We are deceiving ourselves," he told

his listeners, "if we assume that the

government really acquires anything of

value when it takes ownership to a

patent in preference to a mere royalty

free license."

The bill modifying NASA's patent

laws, according to O'Brien, "is pat-

terned after legislation in 1950 for the

National Science Foundation."
• Details of bill—Generally, the

bill will give NASA a non-exclusive

royalty-free license to use the patent-

able invention and the company will

retain title. But this contract is revo-

cable and waiver of title will be affected

if NASA finds the company's use of

their patent is to the exclusion of the

national interest.

A company retaining patent rights

must also prove that it is seeking to

exploit the invention within a reason-

The National Aeronautics and
Space Administration's procurement for

some time to come will be research

and development with no requirements

for production-type contracts, according

to Procurement Director Ernest W.
Brackett.

Outlining NASA's procurement sys-

tem before industry leaders in Wash-
ington last week, Brackett said NASA
so far hasn't adopted the systems man-
agement by contractor concept, but

that it may do so in an individual pro-

gram where it is necessary to place

full responsibility on one contractor to

integrate a complete project.

He said NASA has found out that

in research and development the nego-

tiated cost-plus-fixed-fee contract is

more suitable. He said the agency has

made a few negotiated fixed-price con-

tracts with a price redetermination pro-

vision but as yet has made no incentive-

type contracts, either fixed-price or cost-

plus-incentive-fee .

Stressing that NASA's procurement

system is decentralized, he pointed out

able period time. If the company fails

to do so, all rights to the invention

would be returned to the government.
The only two areas whereby NASA,

under the modified law, may take more
than a non-exclusive royalty-free li-

cense are when ( 1 ) the importance of

the invention or process to the welfare

of the country is such that title should

be retained; or when (2) the invention

or process has to do with atomic en-

ergy and AEC patent policies are in-

volved.

that the place to go to be considered

for business is the seven NASA centers.

Over 80% of the total appropriation

for FY 1961, he said, is planned for

contracts. Brackett said there is a big

field for small business concerns in

doing subcontract work, and NASA
will ask larger contractors to see that

small business shares.

The fixed fee, he said, is only one
element of the overall cost factors. He
said NASA uses a great deal of care

in considering the experience, facilities,

technical staff, and engineering plan as

well. The major point in selection of

a contractor, he said, is technical supe-

riority. When two or more proposals

are comparatively equal in technical

respects, the proposal having the most

reasonable cost estimate will be the one

selected, he added.

Brackett said NASA is reviewing

evaluation procedures in detail, includ-

ing how it may debrief companies

which lose competitions, in a way that

will be of assistance to them in pre-

paring later proposals.

Production-type Contracts

May be Let in Some Programs
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"This missile age of ours requires vast scientific and engineering technology.

MISSILES AND ROCKETS keeps us posted in this market that expands daily."

D. M. Tenenbaum (left), Mgr., Test Division, Sacramento Plants.

"Technical news developments concerning the industry are a day-to-day

occurrence. MISSILES AND ROCKETS keeps us right up to date." Dr. R. H.

McFee (right), Dir. of Research, Aerojet-General's Avionics Division.

WHY DO SO MANY KEY PEOPLE AT AEROJET-GENERAL
READ MISSILES AND ROCKETS?

438 PAID SUBSCRIPTIONS! One of

the outstanding leaders in the research,

design, development, and production of

both solid and liquid propellant rocket

engines, Aerojet-General ranks 19th

among all major defense contractors.

Naturally, there are a large number of

paid subscribers to MISSILES AND
ROCKETS at Aerojet-General—438, to

be exact. And since many of the copies

have high pass-along readership, there is

an even larger number of readers at Aerojet-General.

Some of the many reasons why M/R commands intense

readership among key people at Aerojet-General are given

in the picture story. They were obtained as a result of a

recent visit to the company by M/R Editor Richard Van
Osten (insert).

These comments and those of other key readers in other

missile/space companies clearly show what M/R has known
all along . . . that the missile/space industry is a separate,

distinct market with rapidly changing requirements that can

best be met by undiluted, weekly technical/news coverage.

It is this kind of coverage that makes M/R unique . . .

explains its deep, penetrating readership and acceptance.

"Todays missile industry evolved from the old concept of the aircraft-missile

business but each is now a separate and distinct industry. We read MISSILES

AND ROCKETS for that very reason. It deals 100% with Astronautics."

M. L. Stary, Director, Aerojet-General's Systems Division.

"In this young industry it is absolutely necessary that engineers be filled in

on new data as it develops. MISSILES AND ROCKETS provides a complete,

clear picture weekly of what's happening in the field of World Astronautics."

Dr. G. Moe (left), Aerojet-General's Space Technology Division.



Technical Countdown

ELECTRONICS

Cosmic Radiation to be Studied

Biological effects of outer-space cosmic radiation will

be studied under a new AF contract with Controls for

Radiation, Inc. Representative mammalian cells will be

bombarded by simulated cosmic rays generated by high-

energy cyclotrons and linear accelerators to evaluate

radiation effects on future space travelers.

CCTV Operates in Rocket Blast

A closed-circuit television camera developed by Gen-
eral Electric can be mounted within a few feet of a

rocket engine to monitor firing and launching. The
super-ruggedized camera has reportedly operated suc-

cessfully in tests located in the maximum noise zone

only eight feet from the engine.

Thermoelectric Coolers Into Production

AiResearch Division of Garrett Corp. has announced

the first of a new line of thermoelectric cooling units for

aircraft/ missile electronic system components. The new
Peltier-effect device dissipates 65.3 watts of heat to sea-

level ambient air at 140°F.

GROUND SUPPORT EQUIPMENT

Saturn Recovery Delayed
A reputed $23-million transfer of funds from Saturn

program to other NASA space projects by Director T.

Keith Glennan will delay booster recovery-system

development. Cook Electric still has a recovery-system

R&D contract, but hardware production contract award

will be delayed temporarily. Subsystem development has

progressed rapidly. Cook recently tested its huge conical

inflated retarder at the Tullahoma Wind Tunnel. Wearing

its own nose cone (for re-entry), it withstood Mach-5
velocities successfully.

Polaris FCS Simulator Ready
First Polaris fire control simulator, developed by

General Electric will be installed aboard the USS
Theodore Roosevelt. Its 5 cabinets and master console

can simulate all firing conditions. Used for training at

sea, malfunctions can be programed into the system.

The almost 5 x 5 ft. dimensions of the computer/ console

require its installation through the side of the sub's hull.

In development 1 year, three prototypes have been built.

ASW ENGINEERING

Emphasis on Acoustics

One former Naval officer estimates there are more
than 10,000 persons in the 26-odd Naval laboratories

working on the ASW acoustics problem alone.

Packaged Liquids for Torpedoes?
Navy is not at all happy with solid propellant torpedo

results. Problem basically is how to get enough solid

propellant into almost standard 24-inch torpedo diameter

and still meet the newer requirements of more burning

time for longer range. Navy thus is taking a long hard

look at encapsulated liquid fuels.

Systems Push by General Mills

Back of the recent acquisition of Magnaflux and
Daven Companies by General Mills' electro-mechanical
division, insiders say, will be a major push for ASW
systems capability. Daven has been strong in electronic

components development work while Magnaflux has ex-
perience in ultrasonics.

Second Attack Sub Commissioned
Navy's second attack-type submarine, USS Scorpion,

was commissioned last week in Groton, Conn. Built by
Electric Boat Div. of General Dynamics, Scorpion joins

its sister ship, the Skipjack, which was first of this class

of high speed, high performance nuclear boats. Both
subs have nuclear-power plants of advanced design,

streamlined hull forms, and single propellers.

PROPULSION
Max. Saturn Thrust by 1962

First use of 1.5-million lbs. thrust in Saturn booster
will be in late 1962, says NASA. This will be the fourth
flight test, but first to launch live second stage with
dummy third. First three flights will carry dummy upper
stages and use only 1.3 million lbs. thrust.

Fuel Needs Computed Electronically

Rocket-fuel performance data for use in determining
missile and rocket requirements can now be produced
rapidly by computers. The service, offered by IBM's
Service Bureau Corp. in Los Angeles, can provide data

on fuels with 20 atomic species, 250 molecular species,

and 20 condensed phases.

MATERIALS

Largest Hopkins Ingots in Production

High-temperature alloy ingots, 20 in. diameter and
weighing 8000 lbs., are being produced at Firth Sterling

Inc. through the Hopkins process. The electrode is melted

under a slag blanket, protecting the metal against the

atmosphere and insuring against the addition of undesir-

able properties.

Minuteman Motor-Case Award
First-stage Minuteman motor cases will be produced

by the Allison Division of General Motors. The contract

was awarded by Thiokol, manufacturer of the missile's

first-stage engine.

Polaris Motor Cases Deep Drawn
Second-stage Polaris motor cases will be turned out

by Lyon Inc. through a proprietary deep drawing method.

A $1.45-million contract was granted because of the

firm's ability to produce the chamber and aft closure in

one piece—eliminating welding and three-dimensional

machining.

High Energy Formed Antennas
Explosive forming technique will be used at Ryan

Aeronautical Co. to fabricate a large number of aircraft

and missile radar antennas. The major order came from
the Dalmo-Victor Co.
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Lear Builds a Space Vehicle 'Cockpit

by Charles D. LaFond

Grand Rapids, Mich.—A complex

man-machine study to develop reliable

and practical control-display panel de-

sign procedures for the Air Force has

just been completed by Lear, Inc.

To demonstrate application of the

rigid design methodology, Lear has built

the Mark IV space vehicle crew station.

Revealed to industry and the press re-

cently, the mockup purports to be the

four-man cockpit of some future gen-

eration boost-glider carrying SLBM's
(space-launched ballistic missiles).

Efforts to identify the futuristic dis-

play with any scheduled follow-on to

the Dyna-Soar boost-glide space vehicle

brought forth conflicting answers. One
official said further discussion was clas-

sified; another said the weapon system

application was purely hypothetical.

Whether for real or just for fun,

the mockup nevertheless is the culmi-

nation of 17 months effort and $400,-

000. And Lear had done similar studies

for a year and a half prior to award of

this contract. This phase of the pro-

gram ends this month.
Next step in the program is to

prove, disprove, or improve instruments

and displays. This will involve a more
detailed study of requirements for de-

orbiting and re-entry with the "hypo-

thetical" vehicle.

• For 4-man crew—The problem
as seen by Wright Air Development
Div.'s Flight Control Laboratory is the

great lag between efficient cockpit de-

sign and other spacecraft technological

advancements.

The goal is to develop a disciplined

procedure for designing cockpits that

will provide the best possible instrument

configuration and selection for optimum
operator efficiency. A second, but

equally important aim, has been to im-

prove flight safety by reducing the

probability of pilot error. To do this,

essential and interpretable data during

critical periods of flight must be pro-

vided rapidly and accurately for proper

pilot support.

With the physical limitations im-

posed on the pilot during angular ac-

celeration and re-entry, controls and
readout design must correspond to op-

erator ability to manipulate or inter-

pret.

The hypothetical vehicle around

which the study attack is centered is

described by WADD as an "orbital

bombardment system." Carrying a 4-

man crew, the ship is designed for a

30-day mission in a roughly circular!

orbit, altitude 300-350 miles. The five

missiles aboard would be dropped when
employed and ignited after separation.

A major task in the problem is that

of re-entry. Initiated by retro-rockets,

the vehicle would have to be maneu-
vered to penetrate the Earth's atmos-

phere through a precisely defined, nar
row corridor. Fine control must be

maintained to dissipate the enormous
aerodynamic heating.

Deviation from the re-entry corri-

dor would result in either the destruc

tion of the vehicle and crew or at the

very least in missing the launching site.

Following re-entry, the glide path would
cover roughly one-third of the globe.

• Singling out problems—The
WADD/Lear team is comprised of

both engineers and psychologists. To-

gether, they have studied mission re-

quirements and human factors to de-

velop a "time-line analysis." This is an
instant-by-instant definition of tasks

necessary for a successful mission.

I
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DISPLAY DEVELOPMENT Procedure Diagram is blueprint for MK-TV design method.
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As shown in the accompanying di-

agram, display development requires an
exhaustive and comprehensive investi-

gation process.

The application of this design

|

methodology points out new and often

unrecognized problems long before the

hardware stage is reached.

For the future, WADD intends to

further refine the method of analysis

of time functions. Another question to

be solved is how and when should all

of the various inputs be directed to the

overall system designer. Further study

also is required to learn what panel in-

strumentation is really needed by the

pilot and what functions are better per-

formed under computer control.

MARK-IV COCKPIT features instruments and screens grouped for easy readout

Soft colors used—green, yellow, blue—are non-fatiguing. Controls are operated solely

by wrist and finger movements.

ALLOCATION CHART shows organization of operators' display panel,
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EIA Finds Satellites Can
Share Earth Frequencies

Space satellite communications sys-

tems operating on the same frequencies

as point-to-point systems on earth will

not interfere with each other, accord-
ing to the Electronic Industries Asso-
ciation. This conclusion was based on
an intensive study of radio frequency
requirements for space communica-
tions in the bands above 890 mc.

Based on the findings, EIA has
recommended that the FCC use its

present frequency allocations system—which provides for channel sharing—for allocation in the above-890 mc
bands.

The EIA comments were filed in

the form of a statement to be included
in FCC's Docket 11866. The Associa-
tion's position was supported by some
28 pages of technical calculations.

The study was conducted by EIA's
Microwave Section, headed by L. G.
Walker, manager of communications
and controls systems of Raytheon.
These specific conclusions were
reached:

• Satellite communications systems
utilizing either the passive or active

type of satellite repeater will not cause
harmful interference to surface point-

to-point communications systems oper-
ating on the same frequencies, provid-
ing reasonable systems engineering
judgment is exercised.

• Surface point-to-point communi-
cations systems will not cause harmful
interference to satellite relay systems
operating on the same frequencies,

again providing reasonable systems en-
gineering judgment is exercised.

• Based on the feasibility of co-
channel sharing between satellite com-
munications and conventional point-

to-point systems, it is not necessary
for separate allocations to be made for
this new use of the spectrum.

• Any non-government authoriza-

tion for satellite communications pur-
poses should be confined within the
present allocation structures for fixed

services.

Japanese May Put Rockets

On Their Helicopters

Japan's Ground Self-Defense Force
has begun studies on arming medium
sized helicopters with radio controlled

guided missiles as part of ground
support operations.

The present fleet of H-13 heli-

copters is expected to be equipped
soon with rocket guns of 2.36 in. or
3.5 in. caliber. The GSDF plans to

arm the Japanese-made craft with

Japanese-made air-to-surface rockets

and anti-tank rockets.
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Planets to be Colonized in 50 Years

Rocket authority predicts routine, scheduled space

flights resulting from improved utility and vastly lowered costs

by Robert C. Truax*

Space flight is due for an explosive

expansion over the next 50 years.

Within that period there will be

permanent colonies on the moon, Mer-

cury, Venus, Mars and, perhaps, on

the moons of Jupiter and Saturn. Nu-
merous manned artificial satellites or

planets will have been placed in our

solar system. Interplanetary space will

be filled with ships making routine,

scheduled trips between planets.

This increased activity will result

from two main factors:

-An increase in utility which will

justify a several-fold increase in finan-

cial support.

—A decrease in the cost of space

operations which will permit more
flights for the same number of dollars.

We all remember Vanguard I, when
a three-pound satellite (Khrushchev's

"grapefruit") had to be substituted for

the original 20-pounder to save 17

pounds of weight. Seventeen pounds

—

out of a gross takeoff weight of some
20,000 pounds—meant the difference

between success and failure. Yet now,
without any obvious major advances
in technique, payloads in excess of a
ton can be placed on orbit.

• Improvement on cost as well as

engineering basis—The primary reason
for the improvement, and the reason
which can lead one to be optimistic

about the future, is that we continu-

ously find means for improving the

performance of our equipment on a
cost basis, as well as improving it on
an engineering basis. Over the past ten
years, the improvement in items critical

*Robert C. Truax, USN (Ret.), is

director of the Advanced Developments
Division of Aerojet-General's Liquid
Rocket Plant in Sacramento. He is a
widely-known rockc authority and for-

mer national president of the American
Rocket Society. He is credited with a
key role in development of the Navy
Polaris fleet ballistic niissile, as well as
other long-range missiles, tie has pio-

neered sea-launched rocket vehicles.

to the performance of a rocket, such

as propellant consumption and struc-

tural weight, has not been decisive.

The principal change has been an

increase in size, and a reduction in unit

cost because of an expanding utility

which permits one-time costs to be

spread over a larger number of units.

This is a self-propagating procedure

which leads to explosive growth. An
increase in utility spreads out the cost,

which in turn opens new spheres of

application, and the cycle begins anew.
• Effects of size increase—An in-

crease in missile size has two important
effects. The first is that the proportion

of useful load which may be carried

increases. This increase results from
the fact that many of the items of

equipment which must be carried for a

vehicle to fulfill its mission are of fixed

size and weight, regardless of the size

vehicle to which they are attached. The
guidance equipment is a notable ex-

ample. In addition, there are certain

practical limits to the thicknesses of

the metal which may be used, imposed
by limitations in fabricating techniques.

As a result, large structures can gen-

erally be made somewhat more efficient

than smaller ones.

• Cost advantage—In addition to

these purely engineering advantages,

there is a cost advantage as well. In

general, for a given degree of com-
plexity, it costs no more to design a

large structure than it does to design a

small one. Nor does it usually require

a proportionate increase in the testing

cost. In the manufacturing phases, the

cost increase is not usually in direct

proportion to the weight.

Very frequently, although larger

machines must be used in the fabrica-

tion process—and a larger capital in-

vestment is necessary—the labor costs

do not go up in proportion. For ex-

ample, it normally requires one man
to attend a lathe, whether this lathe be
large or small.

Similarly, when reaching the flight

testing or operational phase of a space

vehicle program, there are many fac-

tors which do not vary with the size of

the vehicle, or which vary in less than

a direct proportion. In general, the

time and manpower required to con-

duct pre-flight checks is a function of

the complexity of the missile, rather

than of its size. In erecting and serv-

icing a vehicle, somewhat larger equip-

ment will be required, but usually the

increase in manpower will be small.

After a vehicle is launched, many
of the functions still to be performed

do not vary at all with size. These func-

tions consist primarily of tracking and

communications. Certainly it requires

no more expensive an operation to

track a large missile than it does to

track a small one. In fact, cheaper and

simpler equipment may sometimes be

used for the larger missile.

These are all qualitative factors
which tend to justify and explain the

past history of increasing size for space

vehicles. That history has been so

short, however, that the end point can-

not be readily perceived. It is interest-

ing to note that the trend toward an

increase in size of ships has continued

over hundreds, even thousands, of

years. The first fifty years of flight have

seen a constant increase in the maxi-

mum size of aircraft.

It may be argued that the difficulty

of transporting a very large space ve-

hicle from its point of manufacture to

its launch site may constitute a major
deterrent to the construction and use

of really large space vehicles. The
current Saturn vehicle is already too

large to be transported either by air or

by land. It is perfectly possible, though,

to transport the Saturn by barge from
Huntsville, Alabama, to Cape Canav-
eral. Similar techniques may be ap-

plicable to boosters of vastly larger

size.

These facts indicate that an increase

in vehicle size may make a major con-

tribution to reducing the cost and im-

proving the utility of space operations.

The possibility and potential in this

direction should be carefully explored,

from an economic as well as an engi-

neering point of view.
• Reusable boosters necessary—In
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an attempt to find additional means

for reducing the cost of the space pro-

gram, the reuse of vehicles must be

considered.

The science of space transportation

is historically related to the guided mis-

sile. In such use, the vehicle is either

automatically destroyed at the end of

the flight, or is used under such cir-

cumstances as to make its recovery

extremely difficult.

It is true that space vehicles are,

in general, of relatively fragile con-

struction and that they reach velocities

and altitudes incomparably greater than

those attained by any other vehicle.

Nevertheless, if we examine the tech-

nical problems of providing a multiple

use capability, these difficulties do not

seem insurmountable. In the case of

the first stage of multi-stage rockets

—

which, because of their size, represent

a major faction of the total investment

— recovery and reuse seem relatively

simple.

Since the velocities acquired by suc-

ceeding stages are progressively greater,

the difficulties associated with their re-

covery and reuse also increase. In all

cases, however, the loss of payload

which results from the incorporation of

recovery provisions can be offset by the

economic gain associated with reuse of

the vehicle, provided that the reuse fac-

tor is sufficiently high.

Current indications are that the

number of flights required to effect this

amortization of recovery provisions is

far below that associated with normal
aircraft operations, for example. Since

final stages frequently contain complex

payload equipment, a disproportionate

share of the total cost is contained in

these final stages.

As an intermediate phase in the

development of completely recoverable

vehicles, we may find that three-stage

combinations in which first and last

stages are recoverable and the inter-

mediate stage expendable, may find

wide utility. In such a case, of course,

the intermediate stage should be made
as cheap as is consistent with reason-

ably good performance.

There is, throughout the industry,

a gradual awakening of interest in re-

coverability. In most studies made to

date on the economic recovery associ-

ated with the physical recovery, it ap-

pears that the missileman's point of

view has dominated the thinking. In

some cases it has been assumed that

the missile would have to be entirely

rebuilt, returned to the factory, com-
pletely disassembled, defective or dam-
aged parts replaced, reinspected, re-

tested, and shipped again to the launch-

ing site. The cost saving associated

with such a procedure is naturally rel-

atively small.

Whether rocket vehicles will ever

attain maintenance schedules compar-
able on a time basis with aircraft may-

be open to question. There is sufficient

similarity of a general nature between

aircraft and rocket structures to make
it unwise to disallow such a possibility,

however.

A rocket vehicle designed to be

reusable may differ markedly from an
expendable one, or the differences may
be in detail only. Depending on what

manner recovery is to be effected, a

booster vehicle may have wings and
auxiliary air-breathing power plants,

and may be very much more like an

airplane than a rocket. Or it may be

designed very much as it has been in

the past, and equipped only with para-

chutes, braking rockets, or other aux-

iliary devices to increase the probability

of successful recovery.

• Simpler recovery methods look

best—Because of the large financial

investments associated with airplane

type recovery systems, it appears prob-

able that the simpler methods of boost-

er recovery will be investigated first. In

considering the recovery of first stages

by parachutes and retro-rockets, it

would appear that a booster designed

to be recoverable would place rather

heavy emphasis on simplicity and reli-

ability—at the expense of performance

if necessary—since it appears probable

that the total number of flights attain-

able would be a direct function of the

reliability.

Even granting the development of

very large recoverable vehicles, it may
still be difficult to visualize space oper-

ations being routinely conducted on a

large-tonnage basis. The rocket vehicle

appears to be such an enormous thing

for the amount of payload carried.

It should be noted, however, that

80 to 90% of the total mass of the

rocket is propellant which, at least in

the case of conventional liquid-fuel

rockets, is very cheap indeed. Liquid

oxygen and kerosene, such as are used

in Atlas and Titan missiles, are avail-

able in unlimited supply, at a cost in

the neighborhood of two cents a pound.

Even with our present relatively ineffi-

cient vehicles, the propellant cost per

pound of payload put into orbit, for

example, is less than two dollars. Were
this the only factor, beefsteak could be

obtained at our satellite commissaries

for less than three times the price at a

terrestrial supermarket, a quite modest

increase under the circumstances.

As stated earlier, the successful ex-

ploitation of space will depend on an

increase in utility and a decrease in

the cost of space operations.

The decrease in cost-per-ton mis-

sion will stem first from an increase in

vehicle size which will give increased

payload without a proportionate in-

crease in cost.

A second major cost reducing fac-

tor will be an alteration of concept,

abandoning the use of one-shot ve-

hicles and going to those which are

suitable for hundreds, or even thou-

sands, of flights in the course of their

normal lifetimes. This ascending spiral

of utility and economy will make pos-

sible the support of hundreds of peo-

ple at extra-terrestrial locations in the

foreseeable future.

Nuclear Turbo-Ram-Rocket Concept

GE ARTIST'S CONCEPTION of a nuclear-power, turbo-ram-rocket in flight. Main
nuclear power-plant is center of cluster of booster powerplant. Boosters could be

dropped off at 100,000 ft
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Tiny Rocket Yields

Big Charge for Tests

Los Angeles, Calif.—The minia-

ture rocket motor pictured here is not

much bigger than a shotgun shell but

delivers nearly 10 times the recoil. It

has been used by the Columbus Divi-

sion of North American Aviation, Inc.,

for impulsive excitation during in-flight

vibration testing of the Navy's Mach
2 A3J Vigilante. (M/R, July 11, p. 39).

The cartridge is fabricated out of

4140 steel in two pieces. One is a base

unit which is bonded directly to the

aircraft structure. The other is the

motor unit which is attached by means
of a shoe fitting to the base.

North American says the two-piece

design minimizes the exposure time of

both the aircraft and personnel to the

live rocket motors. The propulsion

units can be stored in a magazine until

just prior to the test flight.

• Versatile design—The design also

permits a high degree of interchange-

ability as well as simple replacement

of the rocket motors after firing.

Propellant (M-2) consists of several

cylindrical single-perforated grains.

Total charge weight varies from ap-

proximately 1.1 grams for short dura-

tion impulse units (7 to 9 milliseconds)

to 2.8 grams for longer duration im-

pulses (28 milliseconds). This compares
to approximately 3 grams of propellant

in a typical 12 gauge shotgun shell.

Propellant grains are individually

selected by hand to minimize burning

irregularities and each grain is oriented

in a special direction to the rocket

motor.

To achieve a maximum burning

rate of the propellant prior to the re-

lease of energy, the main propellant

is sealed from the combustion chamber
by an aluminum disc. Between the

aluminum disc, which ultimately rup-

tures, and the exhaust nozzle is a

screen to prevent plugging of the nozzle

by propellant particles.

Ignition is by an M52A3 electric

primer (lead styphnate) which becomes
unstable when an electric current is

passed through it and triggers a black-

powder igniter charge (type A4BP),
which in turn ignites the main pro-

pellant.

• Improvement by delay—A thin

magnesium disc separates the igniter

charge from the main propellant. By
delaying release of the energy gener-

ated by the igniter until a more com-
plete burning of the charge occurs,

the disc serves to improve the repeat-

ability of ignition time. It also provides

a moisture seal for the black powder
igniter.

When the seal is ruptured, the

igniter sets off the main propellant.

An aerodynamic fairing around the

motor reduces drag. Latest units pro-

vide peak thrust values between 200
and 800 pounds and thrust durations

between 7 and 150 milliseconds. Ap-
proximately 700 units have been fired

during the program.

V. L. Beals and S. R. Hurley of the

Columbus Division reported on the test

program at the recent meeting of the

Institute of Aerospace Sciences in Los
Angeles. They said the use of the

rocket motors provide a completely

adequate in-flight vibration test. They
indicated that problems encountered in

Britain and France in development of

acceptable rocket motors for this tech-

nique have been overcome.

Basic ordnance engineering of the

rocket motors was done by Ordnance
Engineering Associates, Inc., Chicago,

111.
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ground support equipment

Polaris Has Fast Umbilical Cutoff

HIGH-SPEED camera catches umbilical

disconnect sequence in 200 millisecs.

Los Angeles—A drastic departure

from usual ballistic missile umbilical

connector design has been applied to

the Polaris system by E. B. Wiggins

Oil Tool Co., Inc.

The connector—which could be

more accurately described as a contac-

tor—utilizes no electrical pins to enter

the missile frame. Instead, a sliding

plug utilizing spring leaf contacts is

used to effect a reliable contact be-

tween the missile and its submarine.

Mechanical contact is made between
the launch equipment and the flight

vehicle through a latch pin in the center

of the plug. The plug retracts com-
pletely in substantially less than 200
milliseconds within the first half inch

of missile movement upward.
Incorporating a large number of

unique design features, the unit at-

taches to the shoulder of the Polaris,

just above the second stage. Contacts
consist of 126 pins (4 through 20 con-

tact size) and two Vi-in. water meth-
anol cooling lines for the electronic

systems within the missile.

A special wheel-like tool is used to

connect the umbilical to the missile, at

the same time pulling the internal con-
tact face against the flush-mounted

receptacle in the skin.

Release of the latch pin at launch
frees the external umbilical to be
snapped into its housing by cam action

of the missile's shoulder and also al-

lows spring action to disconnect the

internal contacts from the inside sur-

face of the receptacle.

Pat Stone, product manager for the

system, concedes that this "dead-face"

function adds expense to the umbilical,

but says this is more than offset by
elimination of the need for switches on

missiles and rockets, August 8, I960

Photo at left shows connector in pre-

launch position. Contact head is free of

individual circuits within the missile.

The dead-facing therefore serves the

function of a master switch bank.

Use of spring leaf contacts was
adopted because of the anti-contami-

nant insurance afforded, as well as the

insurance of having at least four con-

tact points available for each connec-

electrical pins. Connector (right) moves

to retracted position.

tion, instead of the one or two avail-

able from a pin and socket design.

Upon making contact, the spring leaves

wipe the surface of the connector, in-

suring a clean contact.

The complete device consists of the

mounting bracket, cable and spring leaf

inserts all molded into a single unit.
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Navy Balks at Pre-packaged Torpedoes

NSIA committee urges switch to fixed ammunition concept

but service insists that one-shot 'fish' await better reliability

by Donald E. Perry

Some designers are pushing for solid

state guidance and the "fixed ammuni-
tion" concept as in the Bullpup pro-

gram for torpedo development, but

so far the Navy officially doesn't con-

sider the proposals—to use an old

torpedo firing phrase
—

"hot, straight

and normal."

A recommendation that Navy tor-

pedoes be pre-packaged under the fixed

ammunition concept for immediate use
without further testing was made re-

cently by the Anti-Submarine Warfare
Advisory Committee of the National
Security Industrial Association.

The recommendation was cham-
pioned and authored by Thomas E.

Lynch, general manager of Clevite

Ordnance and principal designer of
the Mark 43, Mod. 1 torpedo.

It's Lynch's contention that the com-
plexity of the modern homing torpedo
is making impractical demands upon
the skill and training of shipboard
operators. He, and other torpedo engi-

neers, believe that torpedo performance
is more degraded than enhanced by
the present Navy practice of repeated
check-out and testing, where a well-

trained shop will produce a good hit

record and poorly trained technicians

a poor hit record. They further con-
tend there are no technical obstacles

standing against an entirely sealed tor-

pedo, featuring primary battery pro-
pulsion and solid state electronics.

But Navy acceptance of this is

entirely another matter. The ASW Divi-
sion of Bureau of Weapons' RDTE,
takes the position that the torpedo can
not be a one-shot weapon with only
one firing in its entire life. BuWeaps
personnel stress that the one-shot fish

is not in sight yet because Navy hasn't

achieved sufficient reliability through
inwater testing.

•
. Checks not enough—"We have

to have more than one run," according
to Cdr. L. H. Keater and G. R. Moltrup
of the ASW Division. Moltrup, the
division's chief engineer, doubts very
much if the Navy can depend on just

42

manufacturing checks.

"The key in torpedoes is numbers.

If we were building thousands—which
we are not—we perhaps could just rely

on strict quality control and checkout

at the manufacturing site," he said.

So the Navy relies on what is

termed production proofing. It has

three phases performed at Navy Test

Stations. In the first phase, let's say

24 torpedoes are each run about three

times. Through this Navy gets a small

hint of reliability, the likeness of runs

and the characteristics of the lot. This

allows the Navy to further firm up
proofing specs.

In the next phase, a number of fish

are divided into groups with each fish

being run once. Out of this might

come an allowance of three failures

out of, say, 40 firings. In this phase,

speed, depth criteria are pretty firmly

established for proofing.

Now if the production quantity is

large enough, proofing will enter a

third phase, a sampling process where
say, 10 out of a lot of 100, will go

(Continued on page 46)

NATO's Standard ASW Plane-

France plans to buy 27 Breguet
1150 Atlantic antisubmarine patrol

planes within the next four years. Well
over 100 of the aircraft will be pro-
duced for NATO member countries.

The Atlantic will be a land-type

plane with a semi-low wing, having a

cruising speed of about 323 knots and
able to fly at very low speeds. It will

be fitted with electronic gear and the

latest ASW kill weapons, and powered
by two Rolls Royce turboprops.

NATO announced last January that

the Atlantic was chosen over a British

proposal developed by Avro. NATO

had opened the competition for a

standard ASW aircraft in 1958; some
18 projects were submitted by 26 com-
panies representing eight nations.

When the prototype is completed,
Fokker Co. in Holland will take over
the entire development of central wing
section and nacelles. Dornier in Ger-
many will be in charge of rear section

and tail unit. Sud Aviation in France
will provide the wing. ABAP in

Belgium will be responsible for series

production. Breguet will be in charge
of nose section, fuselage, general

assembly and flight test.
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Special Feature: An ASW Glossary

The following glossary of ASW ter-

minology was compiled as a service to

Missiles & Rockets readers. The editors

realize that it may be far from complete,

since new words are being coined all

the time in this field. Readers are invited

to contribute words and expressions—and
their definitions—which have been omitted,

for listing in subsequent glossaries.

Able. See Weapon ALPHA,
antisubmarine attack. ( i ) coordinated.

General term covering all possible types of

ASW attacks involving the coordination of

more than one ship, submarine or aircraft.

(2) creeping. Coordinated attack involving

a noiseless approach wherein all target In-

formation is furnished by an assisting ship.

(3 ) deliberate. An attack on a submarine

made when the tactical situation allows time

to obtain accurate attack data. (4) urgent.

A harassing attack on a submarine delivered

with maximum rapidity, made when the

enemy submarine Is in an Immediately men-
acing position.

antisubmarine screen. Arrangement of ships

or aircraft, or both, around a force or con-

voy to protect it against submarine attack,

array. A group of hydrophones arranged so

that incoming signals may be processed

and/or correlated.

Asroc. Minneapolis- Honeywell surface-to-

underwater rocket-assisted torpedo or depth
charge for deployment on destroyers and
cruisers.

Aster. Ford Instrument ASW rocket launched

from surface ships; marriage of Terrier and
torpedo.

Astor. Westinghouse underwater-to-under-

water rocket torpedo, nuclear warhead.
ASW. Antisubmarine warfare,

bathythermograph. Device that automatic-

ally records water temperature as a function

of water depth.

6DI. Bearing deviation indicator. A system
that permits a sonar operator to determine
with a single echo whether his transducer

is trained to right of target, left, or squarely

on target.

Betty. Airborne atomic depth charge,

bottom bounce. A technique for increasing

sonar range by directing the transmitted

signal down so that it reflects off the ocean
floor, thereby minimizing refraction losses,

cavitation noise. Sounds from collapsing

voids or cavities in water. Propellers "cavi-

tate" as a function of speed and depth,

classification. Examining the sonar and other

data inputs and determining their probable
origins, particular attention being given to

enemy submarine sources.

datum/datum time. The last known position

of a submarine is the datum, and the time

at which the submarine was at the datum
is datum time. If a ship has been torpedoed,
and no additional information is available,

the position and time of the torpedoing are

respectively used as the datum and datum
time.

detection. Process of determining presence
of submarines.

ensonify. To sensitize a sea area with sonar
detection gear.

fixed system. Group of hydrophones arrayed

on sea bottom, terminating in a shore facility

that processes the incoming data. System

used for ocean area surveillance.

Hedgehogs. Multiple ahead-thrown bombs
generally used by destroyers to lay out a

bomb pattern.

Hold down. An operation designed to

keep a submarine submerged, thereby limit-

ing it to its submerged capabilities for

gaining intelligence and for communicating
and winning attack position, and also forc-

ing the vessel to use up battery power.

HUK operations. Hunter-killer operations.

Offensive ASW operations in a submarine
probability area, combining the best avail-

able searching, tracking and attacking cap-

abilities of air and surface units in a co-

ordinated action.

hydrophone. Underwater transducer for con-

verting acoustic energy to electric energy,

hydrophone effect. Impingement on hydro-

phone of underwater sounds originating from
own shipboard sources, sounds such as screw

beats, machinery noises, etc.

layer depth. Depth from ocean surface to

the top of a water layer of sharp temper-
ature gradient.

layer effect. Interference with echo-ranging
detection by a water layer of sharp _density

gradient resulting from a pronounced
temperature and/or salinity change. Targets

in or below this layer are partially or com-
pletely obscured.

localization. Pinpointing the position of an

enemy submarine.

MAD. Magnetic airborne detection; magnetic
anamoly detection. Detection of magnetic
materials In the sea through the distortion

they produce in the normal magnetic field

of the earth. Although MAD gear has a

relatively short range of initial detection,

the equipment is useful for developing
contacts originally made by other means of

detection or Intelligence.

Mark 37. Westinghouse acoustic-homing

torpedo.

Mark 44. Genera! Electric acoustic-homing
torpedo.

Mark 57. Submarine-laid antisubmarine mine.

RDT. Rotational direction transmission. A
modification to existing fleet sonar equip-
ment which, by concentrating the outgoing
acoustic energy, increases the detection
range of the equipment.

refraction. Bending of sound waves owing
to changes in water density, salinity or

temperature.

reverberation. Energy returned to the listen-

ing transducer or hydrophone by reflectors

other than the target, for example, by the

ocean's floor, surface, etc.

SAR. Search and rescue. Use of aircraft, sur-

face craft, submarines and other equipment
for search and/or rescue of personnel.

SAU. Search attack unit. Surface unit com-
posed of two or more ships separately

organized or detached from a formation to

localize and destroy submarines,

scattering. Loss in propagation of acoustic

energy caused by reflections by foreign

bodies in the medium.
shadow zone. Region where refraction ex-

cludes an echo-ranging signal,

snorkel. A retractable air-intake and exhaust

tube permitting submarines that operate on
diesels to charge batteries while craft cruises

at periscope depth.

Sofar. Signaling method. Aircraft or ships

in distress drop small charges set to explode
in a sound channel. Hydrophone listening in

same channel can pick up acoustic energy
as far as 2000 miles away from its source,

sonar. Sound navigation ranging. A system

analogous to radar in which underwater
acoustic energy is used chiefly for detection

and locating underwater objects, and for

communications.
sonar, active. Echo-ranging sonar which

sends out a single short pulse of acoustic

energy, usually at an ultrasonic frequency.

Upon striking a target, the energy is reflected

back to the source as an echo. Time taken

for transit is a measure of the range,

sonar, passive. Direct-listening sonar which

depends upon the target to generate its own
sound, usually in the form of machinery
noise, propeller cavitation, flow noises, etc.

sonar projector. Underwater transducer for

converting electric energy to acoustic energy,

and then radiating this energy out.

sonar range, effective. Range used for

selecting screen plans and for determining

sonar sweep width. It is based on predicted

range but represents a reduction of predicted

range (200 to 500 yards under average con-

ditions) to compensate for human errors,

ship's speed and weather conditions,

sonar screen spacing. Distance between
ships in sonar screening and search opera-

tions. The standard plans for both screening

and search call for a ship spacing of I %
times the effective sonar range,

sonobuoy. A buoy-mounted instrument used

for detecting underwater noises and trans-

mitting them for radio reception,

sound channel. Horizontal water zone

bounded by layers where the speed of sound

Is greater than any place in the zone. Zone
traps and channels acoustic energy. Phe-

nomenon accounts for Instances of extremely

long-distance sonar ranges,

submarine operating depths. ( I

)
periscope

depth. Operating with periscope or radar

exposed. (2) semi-surfaced. In the process

of diving or surfacing. (3 )
snorieeling. (4)

Operating with the snorkel exposed. (5)

submerged. Fully below water surface, (6)

surfaced. Fully above water surface,

submarine speeds. (
I

)
high. Capable of

submerged speeds of 20 knots or more.

(2) medium. Capable of submerged speeds
up to 20 knots. (3) slow. Capable of max-
imum submerged speed of about 9 knots,

the speed of conventional early World War
II submarines.

Subroc. Goodyear underwater-to-surface-to-

underwater missile, nuclear warhead.

Tenoc. Ten-year contract research program
on oceanography started by Navy in fiscal

year I960.

turn count. Method of estimating target's

speed through the water by counting the

rpm of the vehicle's propeller. Sonar equip-

ment brings in the propeller noise.

VDS. Variable depth sonar or echo-ranging

sonar. System uses a transducer at end of

cable.

Ventriloquist. An ASW countermeasure.

Weapon ALPHA. Avco 500-pound surface-

to-underwater rocket-propelled depth charge
deployed on destroyer escorts. Formerly

called Able.
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products and processes

Voltage Generated From Graph
The Model 750 Analog Pro-

gramer manufactured by American
Measurement & Control, Inc. is an
arbitrary function generator wherein

any single valued function (Y) drawn
on graph paper with conductive ink

is converted to a proportional voltage

as a function of time (X). The unit

has an accuracy of ± 0.5% and a

response time of less than 10 micro-

seconds to full scale.

An external reference voltage is

applied across the potentiometer and

a portion of this voltage is picked off

Component Heaters

Constant-temperature component
ovens for computer and test equipment
applications are available from Palmer
Instruments.

A stability of ±1°C is assured in

a range of -20 °C to 10°C below set-

ting temperature.

With a maximum power consump-
tion of 15 watts, heaters can be wound
to accommodate input supplies of from
20 to 115 volts. Boosters are also

available.

Circle No. 226 on Subscriber Service Card.

Dual Output Battery

A new, dual battery in a single case

is available from Cook Batteries. The
two battery sections in the Model
P82A provide for a heavy peak cur-

rent demand as well as a steady power
supply for equipment with non-fluctu-

ating requirement. One section han-
dles fluctuating loads with less than

5% voltage variation.

A 20-cell section provides a current

44

at the point of contact between the

potentiometer and the drawn, con-

ductive function curve. Thus, at any
specific instant of time, the output

voltage (Y) is proportional to the

drawn curve.

The X axis varies linearly with

time when the drum is driven by the

constant speed synchronous motor pro-

vided. However, a servo motor can

be incorporated to provide the driving

force and the drum position can then

be a function of an independent

variable.

Circle No. 225 on Subscriber Service Card.

of 25 amp. at 28 v. Maximum cur-

rent is 100 amp. with a discharge time
of 4 min. at 25 amp. Capacity is 1.7

amp./hr.

The second 20-cell section supplies

28-volt power at 46 amp. Maximum
current is 125 amp. Discharge time is

4 minutes at 46 amp. Capacity is

3 amp./hr.

Circle No. 227 on Subscriber Service Card.

Frequency Divider & Clock

A frequency divider and clock,

which makes possible precise time com-
parisons between stable oscillators and
standard WWV or other transmitted

time signals, is now available from
Hewlett-Packard Co.

The clock has a 10 microsecond
time comparison capability, resulting

primarily from the use of a directly

calibrated, precision phase shifter and
a unique, jitter-free optical gating sys-

tem. Regenerative dividers, a phase-

stable motor and precision gear train

provide fail-safe operation not attained

by pulse counting systems.

Circle No. 228 on Subscriber Service Card.

Blind-Mounting Locknut

A blind-mounting aircraft and
missile locknut is being marketed by
Standard Pressed Steel.

Called the Davis Press Nut, this

one-piece self-locking threaded fas-

tener is installed from the one side in

a single drilled hole by a simple

pressure tool. The nut is embedded
flush in one surface of the metal while

gripping the other by a swaging action.

Made of austenitic stainless steel,

it is intended for use with 125,000-psi

tension and shear bolting such NAS
333,517 and 1303 and AN-3 series.

Circle No. 229 on Subscriber Service Card.

Tiny Pressure Transducer

A pressure transducer only three-

fourths inch in diameter, one-third

inch high and eight grams in weight

has been developed by the Transducer

Div. of Consolidated Electrodynamics

Corp., a subsidiary of Bell & Howell

Co.
Pressure ranges are from 10 to

100 psi absolute, 2 to 100 psi gage,

and + 2 to ± 50 psi differential.

Pressure limit is 1.5 times rated pres-

sure without calibration shift and two
times rated pressure without perma-
nent damage.

Circle No. 230 on Subscriber Service Card.

Rosette Strain Gage
A single plane rosette strain gage

has been developed by Electronics In-

strumentation Division of Baldwin-

Lima-Hamilton Corp.

It is a very thin gage thus mini-

mizing errors encountered in bending

measurements. It has a maximum of

sensing elements in a given area.

The gages are made from materials

specifically selected and treated to

minimize temperature effects when
bonded to several different types of

materials.

Circle No. 231 on Subscriber Service Card.

Pressure Regulators

Grove Valve and Regulator Co. has

available a line of compact, light-weight
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pressure regulators which are designed

to handle an unusually broad range of

pressures.

The new regulators are available

for pressure reducing, back pressure,

and combination pressure reducing and
relief service.

Pressure reducing models, produced
in sizes ranging from Y\ in. through

Vi in., can be used for inlet pressures

as high as 10,000 psi and adjustable

controlled pressures up to 6000 psi.

Circle No. 232 on Subscriber Service Card.

Tiniest Gearhead
A tiny "size five" gearhead and

speed reducer unit weighing only a few
grams and measuring three-fourths in.

in length, has been developed by Bow-
mar Instrument Corp. It is capable of

producing step-up or step-down ratios

of from 10:1 to 2025:1.

Circle No. 233 on Subscriber Service Card.

Pressure Relief Valve
A valve, model PRV-29, which

relieves excess pressure in small solid-

propellant gas generators, is available

from Marotta Valve Corp. It features

close cracking-to-reseat characteristics

and an adjustment which allows the

valve to be set at any cracking pressure

between 1250—1650 psig, with op-

erating line temperatures to 2000 °F.

The outlet fitting can be positioned to

any angle in a plane parallel to the

base of the valve.

Circle No. 234 on Subscriber Service Card.

Test Console

Kearfott Division of General Pre-

cision, Inc. is producing a semiauto-

matic console which performs tests on
400 cycle resolvers, synchro trans-

mitters, differentials, and control trans-

formers. The unit consists of a phase

sensitive voltmeter, filtered vacuum
tube voltmeter, relay module, signal

module, transformation ratio module,
and power supply module.

Circle No. 235 on Subscriber Service Card.

Packaged Vacuum Pumps
A series of "packaged" vacuum

pumping systems is available from F.

J. Stokes Corp.

The systems are coraposed of an
oil-diffusion pump or an oil-booster

.'. \ *

pump, plus a mechanical backing

pump, mounted together on a com-
mon baseplate, along with a fully-

instrumented control console and all

interconnecting to the customer's

water, air, and electricity supply lines.

Circle No. 236 on Subscriber Service Card.

DC Power Supply Unit

The Potter Company has avail-

able a high voltage dc power supply
unit that provides infinitely variable

output from to 30,000 VDC at 1.0

MA rated current output. Designed for

operation up to 85° C, the unit, model
PHV30-1M60V, has all components
immersed in high quality oil and sealed

to insure long life, minimize corona
and provide dependable operation.

Circle No. 237 on Subscriber Service Card.

Molding Composition

Crane Packing Co. is producing a
molding powder of DuPont's Teflon

100-FEP Resin compounded with in-

organic reinforcing materials.

Very similar to Teflon-TFE, Teflon

100 has been primarily developed for

injection molding.

Circle No. 23S on Subscriber Service Card.

new literature

FLAW DETECTOR—Ultrasonic flaw

detection is the subject of Bulletin

T200, offered by Branson Instruments,

Inc. The booklet includes operation,

techniques, and a complete list of

specifications for the Sonoray® 5 flaw

detector. In addition to describing tech-

niques, such as use of straight beams,
angle beams, and surface waves, the

bulletin discusses application of con-

tact, immersion, and water column
testing methods. All recognized pulse

inspection techniques are applicable to

the Model 5 Sonoray, and some of the

most commonly used are tabulated for

easy reference.

Circle No. 200 on Subscriber Service Card.

ELECTRON BEAM WELDING—

A

12-page catalog has been released by
Air Reduction Sales Co., Special Prod-

ucts Dept., on its newest welding tech-

nique, electron beam welding. Illus-

trated throughout, the brochure covers

all of the salient features of electron

beam welding, how the process oper-

ates, the principal advantages, and the

equipment required. A full page sche-

matic drawing of the electron beam
gun is of particular interest.

Circle No. 201 on Subscriber Service Card.

ALLOY PREFORMS—A booklet on
Designing for Alloy Preforms is avail-

able from Lucas-Milhaupt Engineering

Co. More than a booklet, it is actually

a treatise on design considerations and
examples of metal joints which lend

themselves to use of brazing alloys in

preformed shapes.

Circle No. 202 on Subscriber Service Card.

CHEMICAL MILLING—Reprints are

available of a comprehensive article

on the state of the art in chemical mill-

ing from Chemical Contour Corp. The
four-page, two-color reprint describes

how chemical milling is now used in

processing steel and other metals on a

mass-production basis.

Circle No. 203 on Subscriber Service Card.

AIR FILTERS—A booklet describing

the uses of air filters in the missile in-

dustry has been published by the Cam-
bridge Filter Corp. Definitions, sche-

matic drawings and specifications are

included. High-efficiency filtration tech-

niques are described.

Circle No. 204 on Subscriber Service Card.

ELECTRICAL CONNECTORS— A
series of Electrical Connectors designed

and developed for heavy-duty envi-

ronmental usages under military stand-

ards is described in Bulletin 2711 from
Crouse-Hinds Co. Engineering data

and charts are included.

Circle No. 205 on Subscriber Service Card.
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Torpedoes

(Continued From Page 42)

through a stipulated number of runs.

In many fish, Navy says higher per-

formance comes in the third run. All

proofing is separate testing before fleet

evaluation by Commander Operational

Test and Development Force.

Many torpedo designers, on the

other hand, agree that proofing sup-

plies data, but add it's merely because

many torpedoes have been run. They
say there is little or no data supporting

a conclusion that torpedoes are better

or more able in their final job be-

causing of this proofing.

• Proofing activity—Some designers

agree that proofing allows the Navy
to know more about them, a very

desirable asset. However, they say the

training and confidence is built up in

the wrong place—in the proofing ac-

tivity rather than with the users, the

fleet.

These designers recommend that

more fleet runs be made. If the torpedo

is pre-packaged and expendable there

is no problem, they contend. And even

if it isn't, it could be sent back to a

shore establishment for reworking. They
add that performance data should be

done in Navy's Operational Test and

Development Force because proofing

will not do it.

Lynch believes if production must

be monitored it could be done with

a 10% selectivity. This 10% would

be assigned to a fleet quality control

activity, capable and assigned to derive

from the proofing runs a projected per-

formance level. Fleet experience would
then be checked against this derived

level. "Oh, what a wonderful set of

figures you would obtain," he said.

Navy says the cost of torpedo

proofing varies widely and with limited

production quantities—300 to 400 in

a lot—proofing can not be eliminated.

They point out that the torpedo's tar-

gets require longer range and faster

running and the expensive Cadillac-

type torpedo is needed for the kill.

With more cost involved to get this

kill capability, production numbers will

be going down rather than up, Navy
says. And with a dependence on in-

ternal storage of data, expendable tor-

pedoes have budgetary considerations

against them.

On the other hand, designers say

Navy must face the fact that when a tor-

pedo fails to work when it should, it is

indeed expensive. They say the question

is not the dollar and cents saving which

would be inherent in the encapsulated

torpedo. They maintain the question

is whether function—which is influ-

enced by the budget—is better served

by the concept of fixed ammunition.
• More torpedoes per dollar—It is

also the opinion of some designers

that the number of torpedoes per dollar

would be nearly doubled if the fixed

ammunition concept were adopted, and
torpedoes were designed solely for

function. They say this approach could

be particularly attractive if used tor-

pedoes were salvaged, permitting re-

covery of expensive components.

Navy today, however, is buying

some of the fixed ammunition concept

because of the difficulty in training

and adequately equipping the fleet-

at-sea to handle the newer and more
complex devices. It feels that torpedoes

should be delivered to launching ves-

sels without further checkout. Even on
tenders and shore stations, Navy says

it doesn't want its personnel performing

repairs on critical items such as gyros,

depth mechanisms, etc. Rather it wants
critical items furnished, preferably for

modular replacement.

But some in the Navy—the de-

signers term them "graybeards"—ques-

tion whether solid-state electronics is

far enough advanced for torpedo

guidance. Nevertheless, Navy is con-

scious of the problem and today has

two solid-state torpedoes in early de-

velopment stages, although not fully

encapsulated. While industry is main-
taining Navy should make a quick shift

to encapsulated solid state torpedo com-
ponents, Navy, on the other hand,

maintains it is doing as much as pos-

sible, within complex circumstances of

the problem.

But design engineers still maintain

that a solid state device permanently

encapsulated is about as dependable
and foolproof as the hand and mind
of man can produce. They cite the

swing to the solid state device by the

computer people, the telephone people,

and yes, the military. But they add
there's reluctance by the Navy for such

acceptance in torpedo development.

Designers say there are no circuits

in modern torpedo guidance and

homing which cannot be done in solid

state, with the possible exception of the

transmitter where the power level may
be a bit high. And even here they

question whether transmitter power
should be vacuum tube developed,

feeling there are newer and better ways.

The problem of the encapsulated,

solid-state torpedo has many sides.

Many designers feel torpedo develop-

ment within 10 years will be all fixed

ammunition and solid state guidance.

But the "when" of starting the task,

they say, will have to be decided by the

Navy.

IS A NEEDLE But for waveguide installations

AND THREAD f requires skill and experience.

Since 1939 Ets-Hokin & Galuan

have been specialists to the electronics industry in DESIGN
INSTALLATION / FIELD ENGINEERING
FIELD TEST I N G / D O C U M ENTATI O N

ETS-HOKIN & GALVAN
"Installation Specialists to the Space Age"

551 Mission St., San Francisco / Los Angeles, San Diego, Monterey,

Oakland, Sacramento, Stockton, Vandenberg AFB, Fresno and San Jose,

Calif. / Cape Canaveral, Fla. / Omaha, Neb. / Phoenix, Ariz. / Salt Lake

City, Utah / Las Vegas, Nev. / Seattle and Spokane, Wash. / Minot,

N. D., / Wichita Falls, Tex. / Honolulu, Hawaii.
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contracts-

NAVY
$1,700,000—Telecomputing Corp., Los Angeles, lor airborne radar

systems.
$195,135—B. F. Goodrich Aviation Products, Bialto, Calif., for labor,

material and facilities to load and assemble 5 in. rocket motors.
$144,305—Ampex Data Products Co., Los Angeles, for magnetic tape

recorder/reproducer.
$65,814—Northrop Corp.'s Radioplane Division, Van Nuys, for target

drone engineering services.

$52,075—United Electrodynamics, Inc., Pasadena, for telemetry sys-
tem for Terrier fuze.

$48,345—CalVal Research and Development Corp., Woodland Hills,

Calif., for services, material, facilities for research study on
launching systems.

$44,983—Measurement-Standards, Inc., Phoenix, to design, develop
and evaluate electrical, electronic, electro-mechanical and op-
tical measurement systems, techniques and apparatus.

$40,000—Leach Corp., Inet Division, Compton, Calif., for precise
power generating equipment to check out instrumentation of
missiles.

AIR FORCE
$2,400,080—General Electric's Electronic Specialty Capacitor Products

Section, Irmo, S C., for research and development of materials
and methods to produce extreme-high-reliability capacitors for
the Minuteman.

$1,200,000—The Marquardt Corp., Pomona, Calif., for development
of two missile launch trains for the Green Quail and the
Hound Dog.

$283,000—General Precision, Inc., GPL Division, Pleasantville, N.Y.,
for modification of radar navigational sets.

$125,334—Aerojet-General Corp., Sacramento, for design and devel-
opment of special LOX H2 injectors and thrust chambers.

$125,000—Leeds & Northrup Co., Philadelphia, for highly specialized
temperature and dew point indicators and resistance ther-
mometers to be used in a network of weather stations. Sub-
contract from The Winslow Co.

$96,226—Bendix Corp., Pioneer Central Division, Davenport, Iowa,
for propellant utilization systems.

$75,000—Hughes Aircraft Co., Culver City, for engineering services
and supplies for P-106/MA-1 SAGE integration program.

$52,059—Thiokol Chemical Corp., Elkton, Md., for universal metal
container applicable to the IM-99 missile.

$38,720—Thiokol Chemical Corp., Reaction Motors Div., Denville,
N.J., for propellant shutoff valves.

$33,000—General Electric Co., Cincinnati, for uncooled rocket thrust
chambers.

$28,800—The Garrett Corp.'s AiResearch Mfg. Co. Division, Los
Angeles, for LOX converters.

$27,380—Aerojet-General Corp., Azusa, for rocket thrust chambers.

ARMY
Nuclear Development Corporation of America, White Plains, N.T.,

for an investigation of specialized methods of thermal protection
or rocket nozzles. Amount not disclosed.

$18,000,000—Western Electric Co., New York City, for furtherance of
work on the Nike-Zeus missile system.

$181,088—Cornell Aeronautical Laboratory, Inc., Buffalo, for research
and development services covering the study of properties of
ultimate ballistic missile target.

$149,027—The W. L. Maxson Corp., New York City, for preparation
of the technical manuals for the XM90E1, Hawk, adaption kit.

$138,730—Eastman Kodak Co., Rochester, for missile infrared acqui-
sition system including scanning optics system.

$138,668—Hayes Aircraft Corp., Birmingham, Ala., for engineering,
design, computation, illustration and drafting services on rocket
and guided missile systems.

$111,580—Melpar, Inc., Falls Church, Va., for application of dynamic
tester T12 to Nike system.

$106,992—Western Electric Co., Inc., New York City, for Nike spare
parts and components.

$105,000—ITT Laboratories, Nutley, N.J., for modifications to ground
stations for Courier communication satellite system.

$100,000—California Institute of Technology, Pasadena, for develop-
mental engineering program relating to the Sergeant missile
system.

$98,100—Librascope Div., General Precision, Glendale, Calif., for
prototype, digital computer.

$95,378—Lockheed Aircraft Corp., Missiles and Space Div., Sunny-
vale, Calif., for basic research in field of fuel cells.

$89,990—The Martin Co., Orlando, for Lacrosse engineering services.

$84,975—University of Southern California, for research program on
"Radiation produced by hypersonic objects in the upper
atmosphere."

$83,743—Telemetric, Inc., Gardena, Calif., and J. Arnoux Corp., Los
Angeles, for camera remote control programer system for use
with "Drone Program."

$76,524—The Martin Co., Orlando, for technical representatives for
Lacrosse weapon system.

$76,140—Western Electric Co., Inc., New York City, for Nike spare
parts and components.
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WELDED DIAPHRAGM

Outstanding As Pressure

Sensors In Force

Rebalance Systems

CHECK THESE UNIQUE FEATURES:

1. LINEARITY of .3% for pressure versus force output

over full pressure range.

2. HYSTERESIS of .25% for pressure versus force out-

put over full pressure range.

3. UNIFORMITY from unit to unit — maximum area

variation not more than plus or minus one per cent

in production quantities.

4. REPEATABILITY — force versus pressure output will

remain constant from test to test.

5. HIGH SENSITIVITY for high pressure application.

6. LONG LIFE at high pressure; 10,000 to over

1,000,000 cycles at pressures from vacuum to

7,000 p.s.i.

Ask for details on these leak-tight, heat and corrosion

resistant, light weight welded diaphragm bellows for

pressure sensor applications.

On-The-Spot Design and Manufacturing Services now available to

West Coast customers from our new Pacific Division.

New Welded Metal Bellows
Literature on Request

METAL

103 MICA LANE, WELLESLEY HILLS 82, MASS.

Pacific Division: 20979 Knapp Street, Chatsworth, California

Circle No. 7 on Subscriber Service Card.



names in the news

HOPKINS DELUCA HULL TINDALL REA

Gene Hopkins: Named vice president-

marketing for Avien, Inc., responsible

for all marketing operations including

aero-space, undersea and missile systems

programs. Was previously executive vice

president of the Electrada Corp., and
prior to that corporate manager of the

midwest office of the Martin Co.

Frank P. DeLuca, Jr.: Who joined

Acoustica Associates, Inc., in 1957 as

project manager for the company's Atlas

missile program and more recently exec-

utive vice president, elected president of

the corporation and its subsidiaries.

Frederick B. Hull: Joins the Process

Equipment Division of the Bethlehem
Foundry and Machine Co. as a process

engineer. Was formerly a chemical engi-

neer in the research department of the

U.S. Naval Propellant plant at Indian

Head, Md.

Kenneth V. Tindall: Recently ap-

pointed systems marketing specialist for

Data-Control Systems, Inc., has been
placed in charge of the firm's new Wash-
ington, D.C. office.

J. R. Rea: Named manager of the

Joplin, Mo. plant of the Aero Hydraulics

Division of Vickers, Inc., a division ot

Sperry Rand Corp. Previous activities in-

cluded production management of the

Nike Hercules missile APU program,

Goose missile generator drive program
and the Minuteman missile APU program.

Dr. Stanley Grand: Former director

of research and development for the

Radiation Research Corp. joins Vitro Lab-
oratories as head of the Chemistry and
Arc Research Dept. Richard W. Griffiths

has also been named director-western

marketing and will head the firm's newly
established west coast facility in Los
Angeles.

Lyle A. Jakus and James C. Evans:
Appointed senior scientists in the newly
formed systems laboratory at Hughes
Aircraft Company's ground systems group.
Jakus will be in charge of the laboratory's

communications systems staff and Evans
is assigned as the system laboratory's

technical field coordination office repre-

sentative to USAREUR headquarters,
Germany.

Richard G. Walsh: Former director

of engineering elevated to vice president-

engineering at Titeflex, Inc. Prior to

joining the firm was manager of engi-

neering test and design engineering de-

partments of the Aircraft Engine Divi-

sion of Ford Motor Co.

John F. Scully: Appointed manager,
Computer Systems Design Department,

Information Technology Division, Lock-

heed Electronics Co. Previous posts:

Group leader of the Digital Systems

group of Vitro Laboratories and special

projects manager of Monrobot Labora-
tory.

A. Franklin LaBarbara and John C.

Schmidt: Appointed Customer Liaison

Engineers for the Military Products Divi-

sion of Tempo Instrument Corp.

Dr. Nicholas E. Golovin: Elected vice

president and general manager of Rabi-

now Engineering Co. Inc. Dr. Golovin
has been Deputy Associate Administrator

of NASA.

Charles W. Bozarth: Joins Telemeter

Magnetics Inc. as sales manager of their

Components Division replacing R. David
Miner, resigned. Was formerly with

Sanders Associates, Inc. and Minneapolis-

Honeywell Regulator Co.

C. Harold Hannan: Promoted to the

position of director of research at Minia-

ture Precision Bearings, Inc. directing

activities of the firm's new Research and
Development Laboratory and the Special

Engineering Dept.

David M. Snow: Joins American
Electronics, Inc. as corporate director

of industrial relations, succeeding Robert
L. Mathews, who has resigned. Was for-

merly director of administration for Hall-

amore Electronics Division of The Siegler

Corp.

D. G. Wilson: Appointed manager of
the Torrance, Calif, plant of the Aero
Hydraulics Division of Vickers Inc. divi-

sion of Sperry Rand Corp. Was formerly
industrial engineering manager of the

firm's division in Detroit.

Murray Ginsberg: Named chief engi-

neer, development, for Loral Electronics

Corp. Previously held engineering man-
agement positions with Republic Avia-

tion Corp. and project engineering and
advanced planning posts with Weapons

j

Systems Division of Wright Air Develop-
ment Center.

George Clement: Formerly with the

National Aeronautics and Space Admini-
stration, re-joins the staff of The Rand
Corp. as assistant to the president in thei

Santa Monica offices. He spent one year
with NASA as scientist for vehicle de-

sign in its office of Program Planning i

and Evaluation.

Richard P. Gaunt: A senior member
of Space Electronics Corp.'s technical

staff for the past 12 years, elected assis-

tant to the vice president.

Howard B. Van Dagens: Joins Century
Electronics & Instruments, Inc. as assis-

tant chief engineer. Was formerly asso-

ciated with the Instruments Division of

General Time Corp.

Daniel E. Keller, Jr.: Joins Amcel
Propulsion Inc. as the firm's Washington
marketing representative responsible for

technical liaison on missile and ordnance
programs with contractors and govern-

ment agencies. Was formerly chief of
the Propellants, Fuels and Lubricants
Branch, Propulsion Division of ARDC.

Richard J. Hanschen: Former field

sales manager, named marketing manager
for Texas Instruments Inc., succeeding

James F. Garland, now head of the Semi-

conductor-Components division, Interna-

tional Operations.

Vice Adm. Harry Sanders (USN-ret.):

Member of Missiles and Rockets edi-

torial advisory board for Underseas Tech-
nology, promoted at Chance Vought Air-

craft to corporate director of ASW En-
gineering, responsible for ASW in CV's
five divisions.

James R. Kerr: Named executive vice

president of Avco Corp. in charge of

a newly formed Defense and Industrial

Products Group which include the com-
pany's Crosley, Lycoming, Nashville and
Research and Advanced Development
divisions.
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3-PHASE

PLAN TO

STEP OUT OF

SPECIALIZATION

INTO TRUE
SYSTEMS ENGINEERING

Engineers with significant experience in any of the following

areas can qualify for this unusual approach:

C-W Radars

Feedback Control

Airborne Transponders

Microwave Communications

Acquisition & Tracking

Test Equipment

Consoles

Digital Data Transmission &
Recording

Power Generation & Transmission

Digital & Analog Computing

Unique systems programs underway at the Defense Systems Department

embody the engineering disciplines listed above. If you can contribute

in any of these areas, you'll have an opportunity to learn as many of the

others as your abilities permit. Here's how it works:

STEP 1
Join a system project at DSD as an expert in any of the fields

listed above.

Learn one, two, three or more of the other disciplines applying to

this system and broaden your overall systems knowledge.

Move up to higher levels of responsibility in true systems

engineering as fast as your growing capabilities permit.

Based on your interests and aptitudes, you have the oppor-

tunity to build further from systems engineering into pro-

gram management.

TAKE THIS STEP NOW! Get the full facts on how you can take advan-

tage of this plan to gain abilities and responsibilities in large"

scale systems engineering. Drop a note outlining your education,

( experience and interests, in professional confidence, to:

•-;">..>.>>>>>•• - Mr. E. A. Smith, Box 8-G )'•

STEP 2

STEP 3

STEP 4

DEFENSE SYSTEMS DEPARTMENT
A Department of the Defense Electronics Division

GENERAL ELECTRIC
Northern Lights Office Building, Syracuse, New York



editorial

How Bold, How Imaginative?

THERE has been a great deal of talk in recent

political forums, and there will be a great deal

more, about the need for "bold imagination" in

the free world today.

To put things in proper perspective, here are

Webster's definitions:

Bold: "Forward to meet danger; venture-

some."

Imagination: "The power to form mental

images of things not present."

Since the phrase "bold imagination" is almost

invariably applied to national survival—military,

economic and ideological, a composite definition

might be:

"The power to sense new and unknown
dangers and to meet them with attack (rather

than mere defense)."

We offer for consideration an idea:

Let's equip our proven allies with atomic

weapons sufficient to enable them to do their

share in defending the freedom of the world

—

while we devote more of our time and money to

exploring and defending the freedom of space.

Too bold? Too imaginative?

For several years the United States reigned

supreme as the only atomic power in the world.

Then Russia stole the secret; today she probably

at least equals our nuclear strength. Britain be-

came the third atomic power, and this year

France joined the club.

Now, we are reliably informed, Sweden is

imminently expected to announce that she has

developed a nuclear capability.

Neither Britain, France or Sweden are wealthy

nations, compared to the United States. But we
stood by and let them spend the money necessary

to develop atomic power.

The fact that they did this seems ample proof

that almost any of our NATO allies, at least,

could achieve the same development on their

own, if they so wished. Should we, then, stand

stiffly aside and let them go it alone—or should

we use a little bold imagination and help them?

Working either through NATO (M/R, July

25, 1960) or with member nations individually,

we could create a free world nuclear force so

diverse and so widespread that no enemy could

either wipe it out or defend against it.

Overly cautious planners might argue that

increasing the number of nations with atomic

weapons would intensify the danger of a general,

nuclear war. We do not believe that this fear is

realistic, when applied to our NATO allies.

Is Belgium, for instance, or France or the

Netherlands, more likely to precipitate a nuclear

attack than we are? Knowing the certain con-

sequences—and with their first-hand knowledge

of war's horrors?

After the initial expense of proving that we
trust our friends, the United States should be

able to reallocate a sizeable chunk of the defense

budget into exploring and, if you will, conquering

space.

VIRTUALLY all military men believe that the

nation which controls space will find some
way to use that control to dominate the world.

We don't want to dominate the world—certainly

not by force, but neither can we permit anyone

else to do so. We must always be strong enough

to prevent any other nation from denying us free

access to space. One way to do this is to get

established there first. This takes money—money
and bold imagination.

We have NATO and SEATO. We listen to

plans for group defenses. Are any of these really

worth a whoop as long as we, unimaginatively,

keep most of the real strength locked in our own
forces?

Is it too bold, excessively imaginative, to say

to our allies, "We'll help, but you hold off Russia

for a while—and we'll concentrate on space ex-

ploration for all of us"?

Think about it.

Clarke Newlon
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At 00h 00m 01 s GMT, August 1 , 1960, Martin logged its 624,156,000th mile of space flight

Without electronics it is impossible to design, build, test,
[

~~
;

launch, guide, track or communicate with a missile. That is why
40% of Martin's 7,500 engineers are electronic/electrical engineers. j^^tk M~K "HT"'
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ELECTRO INSTRUMENTS
can meet your systems needs NOW...
with HARDWARE,
NOT PROMISES!

Systems shown here are typical of more than 200 designed and
buik by EI and now in use. They range in complexity from data

logging systems for automatic scanning, measurement and record-

ing of data from multiple transducers... to high speed, automatic

checkout systems for missile and aircraft... to systems for auto-

mating industrial processes.

Because of the EI modular design approach, many of these

systems can be delivered on virtually an off-the-shelf basis, elim-

inating the long delivery times usually associated with system

development. This approach also results in a low cost system

because the modules are manufactured in large quantities. Cost
is almost a linear function of performance capabilities desired.

Why not talk over your digital system requirements with your

EI Sales Engineer? His system experience will be a valuable help

in solving your problem.

Sub-system for the ground support

equipment on the FJ-58 Hustler

program. Measures AC and DC single-

ended voltages and ratios, and AC

and DC differential voltages and
transients Chosen for its excellent

operating characteristics under

adverse environments.

Multi-purpose digital system for measuring a

variety of transistor parameters while the transistors

are being subjected to environmental testing.

Digital read-out sub-system of a large,

automatic, transistor production
checkout system.

you get MORE
with EI systems!
MORE VERSATILITY-AC and DC volt-

ages, AC and DC voltage ratios, ohmic
resistances, capacitance, frequency, phase,

inductance, time, or combinations of these

basic input quantities can be accepted by
the EI system.

MORE RE LIABI LITY— Maximum use is

made of solid-state and MIL-type compo-
nents which are designed into conserva-

tively-rated, field-proven circuits. All

vendor-supplied parts are exhaustively
tested and evaluated.

MORE F LEXI Bl LITY— Expansion of the

EI system can be made by simply adding
appropriate new modules. This approach
eliminates new engineering development
costs each time needs change; minimizes
system obsolescence.

Electro Instruments, Inc. In
3540 AERO COURT
SAN DIESO 11, CALIF.

3IGITAL INSTRUMENTS FOR MEASURING AC/DC VOLTAGES, AC/DC RATIOS, RESISTANCE, CAPACITANCE, AND FREQUENCY • X-Y RECORDERS & ACCESSORIES • DC AMPLIFIERS

Circle No. 5 on Subscriber Service Card.




