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A Message From The General Manager

The year of 1964 has taken on a new meaning for many people.

A need for all Americans to soberly appraise their 1'01e§ in the coming
year has been emphasized by the recent tragic death of President Kennedy.

We in the space business are particularly situated to contribute to the
attainment of many of the goals the late President sought. He displayed
utmost confidence in, and unwavering support of, the nation’s space pro-
gram.

Here in the Missile and Space Division in the past year we have come
through a difficult cycle in our business. Although we have had continued
success with our products in their intended missions and we have had
some success with new business, the news has not been uniformly good.
We have undergone contract cancellations, program postponements and
stretchouts, and personnel layoffs. We still face them. It is not difficult to
work with enthusiasm when business is thriving. Now, when the chips are
down, we are called upon to put out a full measure of effort to build our
business back to the point where the nation can take full advantage of our
outstanding capability. I’'m confident in 1964 we will do this. Significant
steps are already underway.

We now face an even greater reason for renewed effort. Probably no
one has done more to give America its place in space than President Ken-
nedy. He recognized not only the importance to national security, but also
the benefits to humanity, from the knowledge to be derived from space ex-
ploration. We must do our part on our assigned programs to meet the

challenges and opportunities he gave us in setting United States supremacy
in space as a national goal.

His successor, President Johnson, has that same vision as evidenced in
his article in the most recent issue of this very magazine, CHALLENGE.

In tribute to our late President, and in support of President Johnson

and of. all our mutual efforts in space, I urge upon you an unmatched
excellence of effort for the coming year.

H. W. Paige,
General Manager,
Missile and Space Division
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- MILITARY
MISSION

in SPAC,

By LIEUTENANT GENERAL JAMES FERG

An objective of the United States, as stated repeatedly
by the President, is to maintain peace in space. In this con-
nection the President has directly charged the Air Force to
see to it that no nation achieve a position in space which
threatens the security of the United States. We must insure
that peace is free for the peaceful pursuits of mankind, To
do so requires that we develop an ability to deal with
threats that may arise in this medium. The maintenance of
peace in space may well hinge on the availability of ready
strength applicable to this region.

The first reason the Air Force is concerned with space
from a National defense standpoint, of course, is this: The
Commander-in-Chief has directed that we be g0 concc.med
Th? second reason for military concern is that the space
region constitutes a source of Potential danger t(;ptl:z
Nation. The most letha] threat posed against the Uniteq

States today, i.c enemy ballistic miss;]
3 fon €S, would g 2
the United States through space. uld approach

Potential Danger

Space is not remote. Vostoks have trav,
?ta!cs many times. In doing so, they
lrfland cities than have any enemy cra
history, by land or §€a or air. Space js
Over every square mile of the Unijt

ersed the Uniteq
Passed closer g our
ft ever before in our
a medium that hangg
ed States, No other

medium provides routes for such rapic. -ccess to every
part of our country as does space. Thiz «>w medium is,
therefore, a potential new dimension of ds . ger, and threat,
which we cannot afford to ignore. Space vchicles can carry
megaton weapons; Mr. Khrushchev took the trouble to tell
us so in plain language. A space vehicle orbiting overhead,
carrying a warhead could be capable of executing an att.ack
in half the time of an ICBM flight. Moreover, space is a
region particularly well-suited to purposes of observation
and communications. The wartime advantage to any nation
which could have the exclusive use of space for observa-
tion and military communications would be enormous.

Space is an infinite region in which the United States
hopes to pursue great scientific explorations for the expan-
sion of knowledge and the betterment of mankind.

Our opponents might conceive it to be in their interests
10 prevent American space exploration. It is possible that
an enemy might try to demonstrate his power by imposiné
a space blockade, halting U.S. scientific progress into space-
Indeed, he might interpye; any lack of evident free WO
Strength there g5 gn invitation. Certainly if history convey ¢!
l“ useful military lesson, it is that ready strength I'f‘ impor;
,ZZ: ts .’/"e protection of our peaceful interests. This me?(;z
.rlmuldn 1;:7“?1’1 c,-apabilitiey applicable to the space :fgu
. u;ml, though we would hope they e
el 'le’ed, their mere availability may

SSity for their yse.

BIOGRAPHY

Lieutenant General James Ferguson was born in Smyrna,
Turkey on August 15, 1913 of British parents. He became
a naturalized American citizen March 1930, completed
Fullerton Junior College, California, June 1934, enlisted
in the Air Corps October 1934, was appointed a Flying
Cadet October 1935, completed flying training June 1936
and received a regular commission as a Second Lieutenant
in October 1936.

General Ferguson participated in pre-invasion aerial at-
tacks on Europe and in the final phase of World War 11 in
the Pacific. He returned to the Pacific as Vice Commander
of the Fifth Air Force in Korea during the Korean conflict.
Between February 1952 and December 1961 he held as-
signments as Deputy Commander of the Ninth Air Force
Deputy Director of Requirements, Office Deputy Chief of
Staff for Development, Headquarters USAF, and later as
Director; Vice Commander, Air Research and Develop-
ment Command and of the newly created Air Force Sys-
tems Command.

General Ferguson was promoted to Lieutenant General
and assigned as Deputy Chief of Staff, Research and Tech-
nology, Headquarters USAF on December 1, 1961. His
position was redesignated Deputy Chief of Staff, Research
and Development on 1 February 1963. His decorations
¢ the Distinguished Service Medal, Bronze Star, Dis-
{ Flying Cross, Air Medal, _Order of British
onorary Commander), French Croix de Guerre,
; rg Croix de Guerre and Korean Medal of Ulchi.
e holds a Command Pilot Raring.

were can be little doubt that the Soviet Union has mili-
; ications in mind for the space region. In a 1962
publication on Military Strategy, just translated, Marshal
of the Soviet Union Sokolovskey has the following to say:
“An important problem now is warfare with artificial earth
satellites, which can be launched for diverse reasons, even
as carriers of nuclear weapons.” Marshal Sokolovskey says
further: “Soviet military strategy takes into account . . .
the use of outer space and aerospace vehicles.” Even with
the difficulties of translation, the meaning is fairly plain.
The basic reason for this Soviet military interest ih space
is not difficult to understand.

The Soviet Union is faced with formidable free-world
defenses relative to the mediums of air, sea, and land. But
in space, the new medium, they see no evident and appli-
cable Western world defenses. In this new medium the
Soviet strategist may well hope to attain strategic ascend-
ancy. But he can only entertain that hope if we fail to
achieve the timely development of military capabilities for
space. Both we and the Soviets know that the advent of
human space activity exposes an open flank, even though
the precise dimensions of the flank are not clearly per-
ceived. Obviously, we cannot afford to ignore such a flank
and do not propose to do so.

_*—A




I have touched upon some of the military threats frrc::j
space that are within the existing capabilities of our e :
mies. Yet the foreseen dangers uss_ocmlcd with en'uT,l‘_j
dominance of space are probably minor \\'hcn com[:.lrnd
with those we do not now foresee. Consxder' the I‘LCOT'
relative to other mediums. When the first aircraft ﬁm\.
only 50 years ago, who foresaw the nuclear bomber? W hc_n
the first submarine put to sea, who visualized the Polaris
Jauncher? But these, air and sea, are limited mediums with
which mankind has centuries of experience. How much
less likely. then, are we to foresee the military dev_el(.Jp~
ments that can emerge in a new medium, space, with which
we have relatively no experience?

Lack of Experience
Prudence dictates that we move rapidly to learn about
the military implications of space and to gain military
operational experience in the region. Firsthand experience
and knowledge are essential ingredients in performing a
military mission. Just consider. if you will, how well we
could conduct the Air Defense of this country if we were
suddenly called upon with no real experience in that field.
Only with experience can we have assurance that we can
handle the tasks which national security requires. In space
such experience can allow us to gain an elementary basis
upon which to erect defenses against those threats which
can now be foreseen or against those yet seen only dimly.
The space activities of NASA have produced and will
continue to produce highly important data which is avail-
able for application to problems of national security. This
committee is well aware of the extent of Air Force-NASA
cooperation. At the Washington level, we have the Aero-
nautics and Astronautics Coordinating Board. We also
have innumerable staff contacts. And we have a Deputy to
the Commv:mdcr of the Air Force Systems Command,
General Rnlanfj. located at NASA Headquarters. He can
call upon the full resources of the Systems Command in
support of NASA.

In secking to identify and advance the development of
military capabilitics for space, the Air Force wishes to take
{l\l” :1dvanfyagc pf the imponant knowledge NASA acquires,

¢ strongly support, in both thought and action, the
necessity and value of NASA’s scientific explorations1 But
it is not pn.x:sib‘lc for NASA to develop military capabi.lities
::H:‘l;;::mz:xollsIE)cc]cauicl (}l\ military Capil%)lll[y consists of a

. on of technica nowlc.dgc, military organizations
with operational experience, suitable milita i
tactics and doctrine. Most of these : 2 e,

erics - Mos _these are factors which can
be developed only within a military service,

At the present time, g joint plannin
NASA and DOD rcprcscjmutivis is \\'grﬁ?r?rdogotrl?pzscq g
ation of requirements of both agencics gn'[h e
GEMINI. The Air Force has miliary apie ). [SPECt to

I force has military objectives relat;
to manned space flight for which GEMINI ¢ e
useful. We, of course, will not interf; s Ve
contribution to the Lun; O GEMINTs
r 0 the Lunar project, For €xample, th

duction of additiona] vehicles, if that i re, Atic Do
no problem. The scope of oyy P Cquired, presents
has not yet been fully define
benefit from it.

Of course, we cannot rej

hand operationa) experien
Program is essential for mil

Y on this to give yg all th

! : e first-
CC we seek. A Military Space
Itary space Capabilitjes,
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To this end, there is at hand a substantiq) i
body of space technology. The success of e MleCTSc
project validated manned space possibilities and poroury
our intuitive expeqtatlons have become realitieg any of
great American achievements were corroborateq - Thegy
than matched by Russian Aaccomplishmentg = l}xlnd Mor
duration orbits of Titov in August 1967 = € longe,
launch capability demonstrated in August 1962 b Ve dug|
III and IV. Y Vostokg

Soviet Intentions

These continued successes by the Sovietg clearly g
strate their progress in space technology, ang the;
ments reveal the direction of their thoughts, Liste :
to Mr. Khrushchey after Titov’s flight: " 3gain

“If you want to threaten us from q Dosition ¢
we will show you our strength. You do noy have 50 and |
megaton bombs. We have stronger than | 00 Mmegatons Ig/O
placed Gagarin and Titoy in space and e can replgce t.h .
with other loads that can be directed to any place on earz]e’f

Lest we be tempted to believe that the Communistg CZ
be dissuaded from developing the military Potentia] ol}
space simply by avoiding it ourselves, we might consider
the lessons of history. The idea of peace without adequate
defense has not worked well in the modern world: The
United States had no military strength in Southeast Asja
before Communist aggression began in that area, There
was little evidence of American military power in Korea
when the Communists attacked therc “hen Communist
forces invaded and crushed Hungary. ey certainly had
not been provoked by the presence owerful military
strength.

In contrast, where U.S. military cas
strong and evident and our intent to d d was unmistak-
able, acceptable peace has been maint d. For example,
in the eleven years since the commitme:: of U.S. forces to
the defense of NATO territory, not or inch of Western
Europe has been lost to Communist control. A more recent
example was the Cuban situation. Our cxisting, ready mili-
tary capabilities permitted the execution of the President’s
decision to take serious action to prevent the Soviet Union
from obtaining a position in Cuba which could threaten
the security of the United States. Technical knowledge
could not have done this: Ready military capabilities were
required. Fortunately, the United States had the needed
military capabilities at hand ready for instant action.

Lead-Time For Defense

In respect 10 space, we have not yet attained the flexible
military capability for which we strive. We are living in an
age of so-called exploding technology, but new capabilities
are still not attaineq quickly. We are concerned, for exanm-
Ple,. about the lead-time necessary to develop a defense
[sdinst a possible threat from space which is now unfore-
.?een. This lead-time is usually a matter of years; it is @ key
reason we seek urgently to attain maximum knowledge, €
Pegle';u-e, and flexibilry through our military space progra™.
Spﬁééﬁjzmomatic that we will learn the military mea'mngﬂ?E
military poeyort Y0 Ways. Either through exploring t1°
Oﬂslmt}i,o}:l? cnfxa]s of space ourselves or by observing S
could be l;o"ll;ltdc by our enemies. In the latter zgii;’e
Uﬂdcrstandiné € to make use of our dangerously

; medium

History recq,
p rds that 4
has been maint it an f rcﬂdy

CMop-
I com.

| strengy,

ilities have been

= acceptable peace in any
ained only through the existence ©

military strength applicable to that medium. Unfortunately,
it also records that every medium affording military possi-
bilities has been used for military purposes.

Accordingly, it is the Air Force’s objective to develop
military capabilities applicable in space which (1) strength-
en the general defense posture of the United States, and
(2) protect the specific interests of the nation in the space
region.

The military space program should develop a broad
range of capabilities to operate effectively in this new
medium. Greater knowledge of the military possibilities
afforded by space should be gained; military equipment
designed to deal with these possibilities should be devel-
oped; experience in the application and control of space-
oriented military capabilities should be achieved. All of
these fundamentals should be advanced at a rate consistent
with the fact that the time of a space-based challenge to the
security of the United States is unpredictable.

The various elements of the proposed Air Force Space
Program would combine to form a stream of advance
toward useful military capabilities in space, some of which
can be realized almost immediately, others being depend-
ent upon further technological progress.

Region of Concern
In general, the military interest in space at this time is
ion bounded by the stationary orbit: The Air

within the r
F ? ar Space Program seeks capabilities within

to learn to operate, on an effective and eco-
»asis, both manned and unmanned systems within
environment. Operational systems to meet
irements, such as communications, will extend
nous orbital distances, and we will be con-
RE ] the possibilities of even deeper space en-
vitonment, I >ver, our principal interest is focused on
insuring that the near-earth environment is not dominated
by a hostile power.

=

ecific Objectives of the Air Force
e Program

Over the next five years, the Air Force has proposed
efforts toward two objectives:

1. To augment, by use of space systems, the existing
military capabilities of United States terrestrial forces.

2. To develop a military patrol capability for the pro-
tection of United States interests in space.

A word on each of these. First:

Augmentation:

By use of space devices, we expect to enhance the capa-
bilities of the earth-based defense posture of the United
States. For example,

— space-based communications can improve the relia-
bility and scope of command and control systems;

— surveillance of atmospheric weather from space can
provide information regarding cloud conditions in target
and refueling areas;

— space systems may furnish a means of active defense
against ballistic missiles and of

— warning that a missile attack is underway.

And about our second objective:

Military Patrol:

The term “military patrol” refers broadly to an ability
to determine at all times what is happening in near-space,
whether there is a threat present, and to deal with it if
necessary. Military patrol capabilities for the space region
could provide on-call protection for U.S. space activities,
both scientific and military in event of hostile enemy
actions in the space region. This objection includes:

— an improved detection and tracking system.

— a means of inspecting unidentified space devices.

— a means of disabling hostile satellites, if this should
be required in the national interest.

— lastly, a system for continually monitoring such space
phenomena as radiation and solar flares; the latter being
essential for prolonged space operations.

Plus Technical Building Blocks

The Air Force Space Program also includes elements
which form the basic R&D building blocks for a military
man in space program. Key elements of this group already
in development are: the Titan III launching system, Dyna-
Soar, and Air Force participation in the GEMINI pro-
gram. In this connection, I think I made it clear that the
NASA/DOD agreement of this January on a joint
GEMINI program was most certainly welcomed by the
Air Force. Another key element we propose is a military
test space station. The technologies represented by
GEMINI, a military test space station, Dyna-Soar, and
Titan III are fundamental to any future manned military
space capability.

The aforementioned portions of the Air Force space
program have primarily considered short-term objectives;
however, there are other efforts which must be pursued
now to advance basic technological disciplines if future
objectives are to be realized. These efforts involve such
subjects as advanced air breathing propulsion, electromag-
netic warfare and countermeasures equipment, possible
Space weaponry, space applications of nuclear power,
basic research, and studies and analyses aimed at finding
solutions to military problems through the use of space
systems. We are working very closely with NASA on
certain of these technological efforts. As an example,
NASA and the Air Force reached agreement this past fall
on a joint two-year program of hypersonic research: such
research can contribute much to the aerospace plane con-
cept the Air Force is pursuing. The hypersonic research
program includes aerodynamics, propulsion, structures and
materials. We know that joint endeavors such as this one
will contribute significantly to the achievement of the
necessary technical basis for broader space activity, and
thereby can assist us in attaining military space capabilities.

The military space program we have proposed would be
expensive, and it involves expenditures substantially be-
yond the current level of military space effort. Although
it includes a number of projects that are now underway, it
also includes others, some of which may involve consider-
able R&D technical difficulties.

Nonetheless, I consider the program a prudent one in a
dangerous world. If we are to insure that peace is main-
tained in the space region, the United States must acquire
a range of military capabilities in that region. We should
do this with deliberate speed, since we do not know and
cannot predict the time of need.
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In Evendale, Ohio, some ambitious minds are seeking
10 put MSD at the top of the Space Power Field—and
their record so far is an impressive one.

i It’s not often that 5 Company going into a new product
eld gets 50 years to prepare for it. .
But that's what has happened with General Electri¢
and the space power fie].

. Many firmg breaking into a new technology have mtlg
thr 1o background ¢ rely upon, and must get involv
r] ough costly trial-and-error efforts. i

1 Providing nyclea, i opulSies
power and electrical propu™.
Zillsdtcms’ General Electric has five decades of dedicatio?
“Ip’rovcn Suceess to back its bid.
agcrt;fatgmura' business for s, said Morris Zipkin, Mztl;:;,
€ Space Power ang Propulsion Section f0f

‘

Missile and Space Division’s Re-Entry Systems Depart-
ment, in speaking about power for advanced spacecraft.
From his office at MSD’s Evendale, Ohio, facility, Zipkin
points to the past and present:

“General Electric has 50 years of steam turbine, mer-
cury turbine and gas turbine experience. We were pioneers
in the jet engine business in the United States. When you
take the best of these technologies and combine the experi-
ence and knowledge we’ve gained, you find that our people
and our facilities are ideally suited right now to take on
this job.”

Add to that fact that since 1960 Zipkin has personally
been supervising a Company-backed effort to stake out
a claim in this field and you have a combination that will
warrant all kinds of consideration in the future placing of
space power business. The emphasis is on “future” be-
cause the kind of things they’re working on in Evendale
are for the post-Apollo era.

What Zipkin and his people are doing is seeking to pro-
vide the power to run spacecraft equipment on extended
missions. So far this job of providing power within the
space capsule has been provided through the use of bat-
teries and solar cells. Fuel cells will follow and then the
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nuclear power systems.

“After the successful moon shot we're almost certain
to see many deep space probes to Mars, Venus and other
points,” Zipkin said. “This ambitious space exploration
is going to require large and efficient space power systems.
On whatever man has done, he has always wanted more
and more power. It will be his key to survival in space.”

“To carry off our mission properly we must be able to
supply a space vehicle with hundreds, thousands, and even
millions of watts of electricity, and the system must be
efficient and reliable so as to last over a long period of
time, say like a year or even two at a time. The technical
complexities of such an undertaking are staggering. In
the power business man has never really been faced with
such a requirement before, especially in the reliability
area.”

Nuclear-powered space electrical systems involve the
same components as a central power station, but such
systems must operate at higher temperatures, with alkali
metal working fluids and a dramatically reduced weight.

Zipkin expands on some of the complications: “The
normal components of an earthbound power station, such

Major Test Facilities

~LOADING DOCK

5 TEST FACILITY-22005F [ A HOTOR ALTEANATOR 3000 KW TURBINE LOOP.
‘CONTROL PANEL TURBINE LOOP CONTROLS DC GENERATOR T psanvaros
S pams e come © s coe bt
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This drawing indicates some of the elaborate facilities that have been set up in Evendale to help MSD seek a prominent

role in the space power field.




Joe Longo, Manager, Heat Transfer Components, describes the
function of the 100 KW Columbium Heat Transfer facility, part
of the impressive network of operating equipment for the space
power business in Evendale. Division General Manager Hilly
Paige with other Company officials toured the facilities.

as the boiler, turbo-generator, condenser, and pumps, are
required in these space systems, but their design is com-
plicated by the use of the highly corrosive, alkali-metal
working fluids, the presence of nuclear radiation, the
absence of gravity forces in space, the need to radiate
waste heat, and the necessity for start-up and long-time
reliable operation while unattended.”

“Maintenance, of course, is a problem. Chances are
for awhile there just won't be any, so reliability must be
assured. If the system fails in space you don’t just bring
it back to the shop and repair it. It's got to work.”

Facing up to this task is welcomed by Morrie Zipkin
and his people. When you talk with them about the
individual work steps required you may hear uninspiring
non-_glamorous words like heat transfer, boiling and con:
densing, turbine pumps — They're not the kind of terms
that choke you up with excitement, But when they com-
ment on the end product and what it'll do in furtherin
man’s quest for space knowledge, it’s easy to get intcrestcg
and to share their abundant enthusiasm.

They not only have their own eagerness and knowledge
plus some funding support by the National Aeronaut'g
and Space Administration’s Nuclear Systems and S =
Electric Power Offices and the Air F s
Powcr(l])ivision. but they also have stro

ort. i i i
S Efii?ilflsﬁgcc e Gk 10 imvest money

; lale cs, making Zipkin’
uniquely equipped to pursue their efforts.
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“We're certainly encouraged by what we've discoy,
about applicable alloys, upout our thpusands of hourcred
successful testing in alkali-metal bOl’l,Ing and COnden; of
about our component developments. ing

The Space Power Laboratory in. Evendale Mmakes
able to both NASA and the Air Force the
facilities. Zipkin's section has already outgrown its orjg
test laboratories, a buil.ding formerly used ip the Fgl}nm
Propulsion Division’s high energy fuel Program, Mlg'ht
test facilities located in Evendale now include: ajor

__50 KW, 1600°F Alkali Metal Test FaCiIity\ﬂ.

dual-loop system with a maximum operating tep, his
ature of 1600°F is presently in use for the invgey.
gation of alkali metal boiling and Condensing hstn.
transfer and for materials corrosion studies, Pcat
liminary data on the effects of temperature and Prze_
sure on alkali metal condensing will be obtained S=

—100 KW, 2200°F Alkali Metal Boiling and Con.
densing Test Facility — this is a single loop SySIcmh
which can operate up to 2200°F. The loop has been
designed primarily for high temperature eXperimen-
tal investigation of boiling. Operation  at these
high temperatures requires the use of a high strength
refractory alloy containment material, which in turn
requires that the loop be protected from utmospherié
contamination. For this reason, the test loop s
enclosed in a high vacuum chambe:

avaj].
nest

—300 KW, 1850°F Alkali Metal B:ilng and Cop.
densing Test Facility — this alkali 1 al test facility
will operate continuously at tempera:: 5 to 1850°F.
The initial use of this two-loop Systc in the inves-
tigation of boiling and condensing h ransfer char-
acteristics of alkali metals in segmc or simulated
portions of space power boilers condensers.

Physical arrangement and enclosurc rovides ample
space for sizable test sections and c ponents.

—3000 KW Alkali Metal Component 7 st Facility —
This is a single closed-loop boiling #nd condensing

system operating on the Rankine Cycle. The boiler-
superheater will produce high quality alkali metal
vapor for driving high speed development turbines
up to full scale prototypes in tests of performance
and operating characteristics. Vapor quality, flow,
temperature, and pressure can be independently
GOY}tfolled. The large capacity and versatility of this
facility will provide extremely useful and desirable
means of evaluating full size space power components
such as radiator, condensor, vapor separator, pumps,
and other high temperature components, in addition
fo complete turbo-generator sub-systems.  This
facility will e initially operated at a maximum tem-
perature of 1600°F. Provisions have been made in
}h; design of the facility for higher temperature Oper-
ation (up to 1900°F) after modification of the facility

boiler,
A“Hglucm\t\)/}c]ridof olh?r excellent supporling.f:ﬂcilities are
! Provide background capabilitics. AmOng

=\ e ‘
o CSST{)ILF‘IY equipped metallurgical laboratory
Space r;y“d'.cs of alkali meta] corrosion on potenti3
aterials gre conducted at temperatures UP L0

‘

2200°F under vacuums of 10 torr; where studies of
the purification of alkali metals by hot trapping, cold
trapping and distillation are conducted. The labo-
ratory has demonstrated capability in high temper-
ature technology, alloy development, alloy processing,
mechanical testing and joining of refractory materials.

—Alkali-metal chemical analysis facilities in which
standard techniques for measuring contaminants in
alkali metals are being improved and new, more
accurate techniques are being developed.

—Computer facilities with unique programs for the
design of turbines, pumps, and other high speed
rotating equipment, mission analysis, heat transfer,
ion optics, to name but a few.

—A Hydraulics Laboratory set up for water or steam
testing of pumps, boilers, separators, turbines, bear-
ings and seals prior to alkali metal testing.

—A 1400°F Scal Test Facility — A multi-purpose
system capable of evaluating high speed alkali metal
seal configurations.

Development of these test facilities has given Zipkin’s
ple a leg up on the investigation of critical problem
that must be defined and solved before large space
- systems become practical.
claim to a share of this space power business
on sound considerations.
¢ past three years we've put into operation the
d two-phase alkali-metal facilities in the
50 KW, 100 KW and 300 KW facilities,
ing alkali-metal boiling ands condensing data
have accumulated thousands of hours of suc-
ition in providing data of unmatched quality.
ence isn’t based on paper studies or unproven
( but on actual experimental operation.”

sccondly, the large alkali-metal component test facility
0w in operation is unique in its ability to provide engi-
ring data. It's the only industrial facility of its kind.”

“A third point — time and cost — General Electric has

spent over three million dollars and three years of time to
establish and prove its facilities. Repeating these facilities
in other places at similar costs would be unnecessary.”

“In short, with our proven technical capability, and
our extensive experimental facilities, we are in an excel-
lent position to compete and contribute in all phases of
nuclear space power work.”

Though our studies and experiments have been encour-
aging, Zipkin acknowledges that problems still remain.

“Right off I guess you’d have to point to the technical
problems which are rather immense. What’s required is
a considerable advance in the state of the art beyond
what's been done. The testing, the exacting designs, the
delicate nature of the equipment, the reliability factor, all
of these create technical hurdles which must be overcome
gradually and skillfully.

*“A second major problem is a management one. You’ve
got to decide how much to commit in the way of dollars
and manpower to this kind of pursuit. We've

v -
The vital turbine facility at Evendale gets its moment in the spot-
light as Test Project Engineer Spud Eckard explains the operation
to MSD General Manager Paige, Re-entry Systems Department

General Manager Mark Morton, and Space Power and Propul-
sion Manager Morrie Zipkin.

got to keep in mind that the demand for this kind of
equipment is some years away, so we must balance off
our enthusiasm for successful discovery and test with some
practical considerations of just when this equipment will
be needed by the customer.

“A third problem is personnel. The people you have
must be highly qualified and motivated. Keep in mind
that you may work for years in this field without seeing
the end product. You’re working here with new materials,
with new components, with endless testing, and to keep
motivated during these years requires a particularly dedi-
cated kind of person.”

That Morrie Zipkin has found such people is evident.

“They’re easily the best damn team in the space power
business. They are the most competent people I've ever
worked with.”

The feeling is mutual among Zipkin’s people. They
have an unusual respect for this man, especially in a busi-
ness where disappointment can be a steady diet, where
thoroughness and detail are constant requirements.

Says one associate, “You can’t help but be impressed
by his approach to this whole business. He’s completely
confident, extremely thorough and does not panic. He
has a group here that will back him all the way.”

Morrie Zipkin didn’t just stumble into his managerial
skills. He’s a two-degree holder in engineering, picking
up a bachelor’s degree in mechanical engineering from
Newark College of Engineering and following that with a
masters in aeronautical engineering from Case Institute of
Technology.

He worked with the National Advisory Council for
Aeronautics, (forerunner of NASA) and with Goodyear
Aircraft where he did work on the cooling of reciprocating
engines, theoretical and experimental studies of jet engines




Test Project Engineer Spud Eckard describes the vortex boiler
operation to MSD General Manager Hilly Paige through use of
a plastic model in the Hydraulics Laboratory.

and analyses of engi icati i
dcwmpﬂ{;g:. of engine applications and engine component
With General Electric in Evendal
of Thermodynamics in the Advancecdhlir::,;?SIsaionma(r;agcr
ation, later went on to manage the Advanced Pro, ]Rer-
Systems, responsible for developing new pro, u]s'pu o
tems. With .Gcncral Electric's emergence intg tthn s
power field in 1960, Zipkin was named mana; cre S;tpaCc
Z;Fa;gn fc(;:::cr operation responsible for the de%elogmf:}:;
5 Cmd.;tr reactor-turbogenerator space power syst
S success so far to unfailing support fr)(;mcr&s'
e
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Company (“Mark M(})]rton,‘Hllly Paigg Daye G
the whole Company Das glven us solid Suppo, Ohrgy
to the skill of his team. Hls staff includes: Drt. ) ﬂn(i
Bromberg, Managcr—Eleancal SPace Propulsion .P anyj
Russell Edwards, Consulting Engineer-Power &p Oject
Planning, Robert Wettach, = Manager-May, fr Ulsio,
Facilities & Test, Dr. J. William Semmg Ufactyy;
Materials & Processes, Bob Brooks, Manager.g,., - 2hager.
Systems, Hal Brown, Manager-Mission Analysisﬂ &° Poyyer
ation, Erwin Schnetzer, Managcr-Dcvclopmem E E aly.
ing, Al Wilson, Manager-Marketing, and R, Ngineey.
Manager-Accounting & Administration, s Ky

“These men have demonstrated the twg thi
require most in this business—enthusiasm andlng§~‘ve
They know space po;ver and they believe in jt Vision,

“They can see its future and its man e
Are t){lere any down-to-earth uses fgrret(}]lglr\?r?ekms"i
done? X being

“Well, there’s use for this kind of a power g
topping equipment for a central power statiog’mem-as
most other things that involve space, there are. ]lee
certain to be benefits right here on earth from th >
that is being done to help improve our knowlefj
outer space.”

Some people wonder why Zipkin has ;
DRl et o the Missile: and Soacs. Dl
located in or near Philadelphia. ‘ N

It's another “natural” as far as Zis:in i
Evendale is the home of the large jet lnclsblclts)lr:'lcees?e?
;va§'}vhere ﬂ}e technology evolved. has exten.sivel
eéfli?(;i'ltt,les especially suited for supportir: the space power

lee most everything else these da;
bu(sjmess is getting competitive — almosi
and more firms are inni a
e beginning to get :

«
= gfr Szay ahead of competition we mu-: exhibit success
governmel:)ire}[:t efforts. The success we in industry and
S ta;’f on this program has a bearing on

Easily visi(!)) I ; _crehwnu be large dynamic power systems.”
i in the futlire is the use of these advanced
e T systems for “permanent” space stations, on

Mce vehicles, for manned moon stations.

SOme(t)}:ir;e Zaxgkm can see all of this, and he’s quietly doi.ng
G pgc rsooult it. He’s an uncomplicated person with
e adel:/atl(rjlvolvc.:ment in his work. He is highly
enormou,s amosnet ffa g e, ar_ld L ELY who puts in a8
considerable curiosict) g o fus job. o noniy

“Real satisfaction?:, St e IRV d
What you already k Omes’from coing Fhose e beyonl
here in EVenda]z hnow. it ke 0 .thmk thatiers Poby
tribution to the nat?ve’ been, and will be making, a 0%

lon’s leadership in space exploration.

hey have .
success backing tg:gl ;h:y will. They have 50 years of

most
work
ge of

he space power
* the hour. More
ve in the space

USIA

tells the
SPACE
STORY

For just over a decade, the United States Information
Agency has served as a spokesman for America around
the world. Its men and women, assigned to 239 posts in
106 countries employ many techniques of communication
to explain the people and policies of the United States to
overseas audiences in languages, climates and cultures far
different from our own. USIA is in the front line of the
ideological confrontation with Communism — ensuring
that our way and our point of view are understood abroad.

To get a first hand report on how the U.S. space pro-
gram is being communicated abroad and the response of
other peoples to American scientific achievements, Chal-

lenge interviewed USIA Director, Edward R. Murrow.
*® * * *

EDWARD R. MURROW




were presented

Newspaper readers in Istanbul, Turkey. e s

a dramatic confrontation of Opposing Joase, en-
spring. A United States Information szrwcc rele > ils i
titled The Choice, consisted of side-by-side pROIOBIZZTE -
President Kennedy and Premier Khrushchev an d”gr
tioned with a quotation from public addresses mace Y
both heads of state. : :

The quote from the President’s State of the Union mes-
sage read: :

“We seck not the worldwide victory of onc nation or
one system, but a worldwide victory of man.”

The Khrushchev quote was from a specch made. the
same day in East Germany in which he said:

“The future belongs to Communisni. For others — get
out of the way. Death is waiting for you.”

Twelve Instanbul newspapers carried The Choice —
giving their readers an insight into the cold war.

Another example of how the Agency operates took
place in February when a number of African students
angrily left Bulgaria. The students said their defection
from the University at Sofia, Bulgaria, was compelled by
intolerable racial discrimination and abuse.

USIA reported the incidents fully through press, radio
and film on a worldwide basis.
~ The Voice of America, USIA’s global radio network,
muiu(.cd daily coverage to Africa in English, French,
S\}‘ullx]i._ and Arabic as soon as the news was known.
I“n:)nri‘i\;i:k vE’?glish broadcasts and those in foreign
anguages gave prominence to the unfolding events and
cyewitness accounts by the students of the mistreatment
they had received.

]]Tllgogfc:a;a(\j“;ljsi File carr.icd the story _in full to

1 posts abr : eported student interviews and
editorial reactions from each country to the rest of the
network. Photos and taped interviews with the student
were nch available worldwide to commercial media Af
R e i e

Rl ° seas newsreel distributors,
(% | organizations around the world issued protests
gainst Communist treatment of the students and denunci
atory cables were sent to Sofia from a number of counlrig:

Few Friends in Moscow
hﬁ]Thcgc aﬁd numerous other examples of USIA’s activitie
t};, pCz(())mpr]a‘m U. S. policies and expose weaknesses irsl
the munist system. Naturally the: ¢ 0

in Moscow’s Official circles, e

: MSD COOPERATES WITH usia
T.he Missile and Space Division has a |
policy of cooperation with the United State org
f\gencyfund the Agency has broadcast s
information about many of Msp' i
achievements.
D'uring the past year, for exam le
::’:::ie:l:?':' h'he wor.k condu:?edpb'y ";\:ii":‘:"e: f’DZEn
s Sen |:°s’ as received such world-wide dissern'gm?ers
) eign language brochures Prepared bl;ﬂl;lso'rx

for distribution ov i
i erseas carri
tions of MSD activity. 4 thogﬂ‘lphs 35 descrip.

; In z_:ddi!ion, several MSD scientis
interviews for USIA to use in
native countries behind the Iron

-standing
formation
s published
s technical and scientific

ts have tq

Pe recorde
broadcasts back 1o 4 d
Curtain, =

For example, in June, R{ttlio MOSCow ]“mcntcd
USIA “provokes sleepless nights in Socialigt e th
In the Soviet Plenum later Fhat m_onth, Party Firs Sncs‘“
tary Leonid 1llichov told his audxcan.ﬂml S
perialists have seen the folly of relying on militr.] g
cconomic Superiority to subdue ﬂlc Socialist \vorlaJy S
have instead turned to psychological and idclOgiml !
fare.” Al war.

The principal journal of the Communist Cepg,
mittee, Komnunist, charged that the USIA «
entire arsenal of the means of mass influence qy
minds of men.” Konsomolskaya Pravda, the daily ICr the
of Soviet Communist youth, called USIA officers i Tfn?Or
“specialists in the psychological seasoning and the j dc()]rlc'a
cal corruption of the population.” ogi-

al Con,.
uses  thy

The Space Story

“To remove the guesswork from Communicming with
people overseas, USIA constantly surveys public Opinio;:
abroad. Knowing the reaction to U. S. policies is always
important as a guideline in formulating the Agcnc;‘s
operations,” Murrow said .

The field of space exploration is a good example of how
such surveys are used in planning future programs.

Periodic surveys have long been tiade to evaluate
trends in Western European attitudes ard a variety of
issues and problems. Dramatic shift: 0 opinion often
result from events that capture public in  “ination.

Popular views on space exploratior: y in the public
mind there, and the relative progress « e Soviet Union
vis-a-vis the United States hinges, upon asion, on which
of the two has recently achicved a d atic advance.

In 1960, for instance, most Briton: clieved that the
USSR led the United States in all fiv:. classes of space
development, despite a long series of Ar  rican space con-
quests. What are the facts?

“The Russians did lead in ability to lzunch the biggest
and. heaviest satellites. However, the United States had
orbncc! a greater number of satellites. In addition, those
launchings h.z\d produced far more scientific information
:Eiclllsltl)l\cl:iestovlct shots. Similarly British respondents thoug;“
dcpcndqulsilwcrfc ah(fad of the U..S. when mgas.ured' t)’
e t(imc y o rocl\vets and .Cﬂ‘ectl\’CnCSS of mx.ssﬂcs, yets

¢, information publicly available was insufficient
to determine the issue.

linc?j—hchsc r'msconccptions," Murrow continued, ‘“‘under-
o l'cAf.m' that the American space story Was not
gf ISI:)gv;lcCtm]“ in Englzmd and that the popular B.ritish wcl“c’
s Cj‘}dcrfl’lp was based largely on umdcqlff[l]’
iﬂCI’casc(% He o remedy the situation, the USIA gfc‘l,v)c
factual infos ?‘}‘Pul, through all media, of .crsunsllg
S Wbrmduon about American space ach{c\'cm.cnh'c'
R sequently showed more understanding @i

e Sog[ed
d tele-

Europea
an awar ss of i
When Telstyr, th PR 5. strength In SEE

Vision prop. hc communications  satellite, relaye
i cmg ;mzjs between the United States and
e Produced ap extraordinary impact O puon_

urope and elsewhere. It showed ‘;hcr

- S. does more than just match QCC

in certain fields it demonstrably €X

Union,

Space achievemens.
and Jeads the So\'ict‘

Cooper Shot Project

“Earlicr this year, the USIA went all out to provide
extensive worldwide coverage of the two-day orbital
flight of Astronaut Gordon Cooper. As a result the flight
attained greater dramatic impact than any previous space
cvent,” Murrow stated.

The Voice of America was on the air with the story
continuously for 36 hours — a new milestonc in its life-
time and a first in the history of broadcasting. The normal
4-hour-a-day transmission of the Agency’s Wireless File
was cxtended to 18 hours to recount the running story.

Two Voice teams provided the bulk of this coverage,
one at Cape Canaveral and the other in the Washington
studios. Their work was augmented by special reports on
overscas reaction from VOA reporters stationed around
the world, other correspondents, interviews with Congres-
sional leaders, and background material voiced by three
NASA officials who worked in shifts around the clock.
At Cape Canaveral, teams of VOA reporters broadcast
live coverage in English, Russian, French, German,
Spanish, and Malay.

VOA employed the largest radio network ever assem-

Bolivian school boys stop and pause while on their way #
coming to life. They look at the USIS produced exhibit on

bled, with 55 transmitters at strategic points around the
globe and a total power output of 5,673,000 watts, equal
to the aggregate power of 113 of the largest U. S. standard
radio stations.

It was estimated that the event drew the largest over-
seas radio audience in all history. Direct feeds were made
by VOA to the national networks of Denmark, Finland,
France, Germany, Greece, Iran, Israel, the Netherlands,
Spain, Turkey, and many African countries. In addition,
individual stations throughout the free world were sup-
plied by air with a total of 3,235 reels of tape recordings
from both English and foreign language VOA programs,
a production output which kept 55 high-speed tape
recorders fully occupied during the peak period — turning
out some 730 miles of taped programs.

Compared with the previous orbit, twice as many
stations abroad picked up and rebroadcast VOA’s run-
ning account of the Cooper flight. In Latin America alone.
230 stations in Bolivia, Brazil, Colombia, Guatemala, El
Salvador, Uruguay, and Venczuela rebroadcast on medi-
umwave the Spanish and Portuguese newscasts.

A half-hour TV program about Astronaut Cooper had
been preshipped to posts abroad. Copies of a world map in

o school to get their first glimpse of fantastic space stories
the 4th U. S. Astronaut in Space. The Cooper in orbit

exhibit attracted much attention throughout the three days that it was on display in the heart of La Paz.
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ch the paths of the planned ?2 ortii‘;sl}vcge
anel full color exhibit CZ}“L > s CC.
h. which had been sent in advan

color, on whi
traced, updated a 7-p
Astronaut Orbits Eart
of the shoot.

The Agency's TV service
networks and stations aroun
were included in Panorama Pd
news and feature show presente
in 48 Latin American cities. ;

A 10-minute film, Profile: Gordon Cooper was quickly

a 6-minute

o 500 theaters abroad. Additionally,
eaters in 36 coun-

s maga-

also provided coverage to
d the world and sequences
\namericano, the \\'e.ekl_\'
d at peak viewing tmes

released t
cdited version was sent to newsreel th
tries, and included in the Agency’s monthly new:
zine, Today, shown in some 2,400 African theaters.

The Agency’s printing plants in Manila, Beirut, and
Mexico City, along with many individual posts, pro-
duced leaflets and pamphlets dealing with the flight, the
Mercury program, the preparations for the event, and the
training of the astronaut. Thousands of color pictures of
Cooper were mailed to posts where they were used as
covers for a pamphlet telling the story of the flight and
distributed within 24 hours after Cooper completed his
historic and brilliant feat.

Posts abroad reported enthusiastically about use made
of the full and speedy coverage. Ankara signalled:
“Thanks for the exceptionally fast Cooper coverage which
enabled USIS to dominate front pages of all Turkish
papers.” USIS Bonn cabled: “Our German output based
on this file-was heavily used by DPA (German Press
Agency) and thereby distributed by teletype nationwide.”

The post at Sao Paulo reported: “Placed 2,644 column
inches of 84 items plus 65 photos, most on front pages
or first inside. Several full pages of USIS material.” USIS
Rome said: “Speedy complete coverage Cooper flight . . .
wrap-ups, chronology particularly useful. Most gravtifying
press utilization of text and pix material.”

Far East posts reported equally heavy play on the story.
Canberra said: “Australian interest high in Cooper flight
Media giving story very extensive coverage.” Manila wrolc.
that each of 4 papers front-paged a different color picture
of Cooper, supplied by USIS, before the launch. Tok )
related that the story “commanded the front pages of 21]1
editions and spilled over onto the inside pages of some.”

F'rqm‘Phnom Penh came the report that Radio Cam-
bodia’s interest in the flight exceeded expectations ‘and
even mqrc‘mntcrial was requested. Seoul said that th
flight coincided with a Korean national holiday anq :
thousands of viewers saw the USIS exhibit ir{ t}? lhat
Hall plaza where local army teams were putti e
military drill. It added that crowds continued rig =
sn.dcwalks and streets in front of the USIS libra O'MCk
night watching an exhibit of Faith 7. gt

In Latin America, Agency i ibi

press n?atcrials were \vidgc]y 3scl;?,d12; ;‘}']Z‘a;xhnlzlts,‘ and
entry time approached, crowds gathered in r?nautg =
USIS d_owntow_n office in Santo Domingo, the 1;0”[- gf 2
Republic, to view a special exhibit, fo]]o,w tel Om]mcfm
pat.chcs dxspluycd in the windows, and hc'C coped dis.
Voice Spanish broadcast over ]oud;pcakers i(:lr ﬂic Sp[ccial

h street,

An cxcited laborer made an emotional speech sayj
i ying
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B e e

ar evidence of the difference bet

S : .
an way of doing things. “Her, W‘Jceen the

that this was c]e'
U. S. and Russ!

i in front of the cultural apq ; i

Santo Domingo, 10 > ral and ipfyp, o.M
section of the U. S. Embassy, l}Stcnmg to ever "Matjoy
hearing about difficulties with P of

this flight and e
1o aid. “We know this is rea
controls,” he said. cally trye, Hoy

we know the Russiaqs really sent somebody w 0
The crowd enthusiastically applauded. Cre.”

Saturation coverage by all media was reporteq by

ﬂulommic

throughout Bolivia and rcs_u]tcd .in what wag describclziUSlS
USIS La Paz as “a positive identification of Bo]iyb“"
vian

public opinion with a n_mjor Western effort.” The
reported “the Cooper ﬂlght thus became the pride 12,?,3(}
delight of Bolivians. Burning kerosene pots, Stretched f,
a mile along/the slopes of a mountain adjacent to T, Pa(;r
and visible to everyone in the city, spelled out the woory
“Cooper en Orbita. Salud.” )
All USIS posts in India reported that news coverage far
exceeded that of previous orbital flights. Hundreds of
phone calls with questions and congratulations clogged
switchboards. The Government of India’s central telephone
exchange in New Delhi told USIS that its own special

service section was unable to handle the calls, so the post
rushed over a full file of releases and cther informational
materials to the exchange. Record intc st was evidenced
throughout India at USIS exhibits a indow displays.
Editorials and columns were replete phrases such as
“copybook flight,” “pinpoint landing man’s triumph,”
and “magnificent flight.”

The USIS teletype operator in Cc b0, Ceylon, re-
ceived a call from a maternity hos; soon after the
launch. The caller wanted confirmatio it the flight was

underway and said he was “just bles with a son and
was going to name him Cooper.”

In Africa, interest was also widespre: . USIS Salisbury
reported extremely high curiosity on the part of the
general public and all media. The Federal Broadcasting
network of Rhodesia remained on the air for 2 days to
carry the full.Voice relay and the Cooper message fo
Africa. All papers ran headlines and photos. The Daily
News stationed one of its own editors in the USIS news-
room to expedite relay of Wireless File materials. Cr0\§'d5
attended a special film showing and an exhibit at a special-
ly constructed Space Information Center.

More than 12,000 people congregated at a S
ceremony in Nairobi to await the astronaut’s messd
Africa. When direct transmission via the Zanzibar 6 ¢
lr/lg. station failed owing to atmospheric conditions: ;
Voice recording of the message was broadcast i
highly enthusiastic gathering.

13\::]}--lc Is Up Above” was the headline in a populaf e
in daily. For morc than 214 million people ther® 2%

pecial
gc to

?cidrcjt of Western Europe, no further identification W?‘S
Osloct }f)(?r‘Astronaut Cooper. From Rome tO = 05;
Volkﬁt?], anis, all media hailed the flight. As the S
“fh att in Berlip editorialized:
e fr cper
American €¢ world has a front row seat Whenevcopen

astronaut js [ i i 23
o o Is lifted into orbit. Instant erl-
Will tell the world the results of an nt the

Can space v
enture, be i ome
results are knoyyp » t successful or not, the m

... and the most versatile as well. This is VUL-
POD (official nomenclature is SUU-16/A), the
newly holstered Vulcan aircraft machine gun
designed and developed for the United States Air
Force by General Electric’s Missile and Arma-
ment Department in Burlington, Vermont. The
world’s fastest gun, with its new holster, now has
tremendous . flexibility combined with the firing
speed and unparalleled reliability and accuracy
proven by the 2700 Vulcan guns already built for
the air forces of the Free World.




::\il;: zgng}, Vulcan cannon peds (VULPOD) slung under wings of an Air Force F-100 during in-flight |
, together pump out rounds at a rate of 12,000 shots per minute. Spent cartridges can be seen i

the jet aircraft.

A quick-change specialist, the VULPOD can be rapj
fitted to = an_d talfcn off — high-performance jet all-?cpr]z?flty
The tactical situation determines the weapon and VUL.
POD permits easy conversion for the aircraft's role ;
day superiority fighter to a close support gun platf e
to a light bomber by simply switching pods, B

A Century-Old Patent . . .

.The VULPOD with its six revolvin
mixture of past, present and future,

It is based on the Civil War’

r's famous i

was patented in 1862. e

Single-barrel machine

I el n guns soon oversh

Qatlmg, despnc its cffectiveness, and the pr?sg' W]ed e
n} eff%c‘:’t. retired for nearly one hundred years, }1_}{)0(: b
after World War I1, as jet aircraft accelerated .bc S
speed of .sound, conventional aircraft armame, e l‘hc
adequate in terms of mission requirements, Rl

g barrels is a curioys

ng gun that

16

ast evalu-

g behind

2 In 1946, the .Army Ordnance Corps initiated 2 weapon
eneral Electric team then brought the it
gUdl}-’ d;velopment program and the Army Ordnance/-
0 aédl“i idea out of retirement, modernized it, and “
pE the Vulean. It went into production in 1957
i \rlsn L}}en, many thought that the Vulcan would be the
=t achine gun to be developed for the Armed Forees:
conv:r%te' of tactical and nuclear rockets was at hand 7
cor 1onal weapons were supposedly headed for =
;, alongside the crossbow.
B uct(,n}genr.ed war, brushfire engagements, guerrilla actu;n
insurge; i 3
conventiona] wea%or;cs)., e e
A New Perspective . .

Accordi ) !
“The SU({J{lg t0 John Ulrich, Manager-Armament SdleS;

versatilit [16,/~A is designed to give high firepower put
Y to aircraft operating in close support of fron

line troops or counterinsurgency forces.

Rated for 6000 shots per minute, the VULPOD’s
steady-state rate is 6400 shots per minute during factory
firing tests. The gun has tested satisfactorily at 7200 shots
per minute. There is no cook-off hazard for the 1700-pound,
fully-loaded gun pod since the weapon is automatically
cleared after cach burst and is automatically reset on the
next burst.”

Versatility Vital . . .

In addition to the flexibility gained by switching from
one type of pod to another, the VULPOD has its own
inherent versatility. Choice of ammunition used with the
VULPOD — armor-picrcing or high-explosive — make it
cffective against fortified locations and troop concen-
trations.

The VULPOD feed system is essentially the same, yet
simpler than, the linkless feed now in use on the Republic
F-105D jet aircraft. It is basically a conveyor belt that
carries ammunition to the gun. Reliability is substantially

better than other high-rate feed systems.

The self-contained power supply, a ram-air turbine,
extends from the pod into the airstream as the pilot pre-
pares to fire. It brings the M61 Vulcan gun to its 6000
shots per minute firing rate in less than .25 seconds.
Control power is provided by the aircraft.

General Electric engineers emphasize that the new
VULPOD SUU-16/A, utilizes the same M61, 20mm
Vulcan cannon now in world-wide service. The linkless
feed system is a development of the standard system but
reduced in diameter to minimize aerodynamic drag.

Also In the Family . . .

General Electric has incorporated similar principles in
the Minigun which is now under development. The seven-
foot Minigun pod weighs less than 750 pounds, fully
Joaded, and fires 7.62mm ammunition at rates up to 6000
shots per minute. With a minimum of weight, and a
maximum of reliability, the Minigun is especially designed
for lighter aircraft.

‘ CUN PO SUU—/()'/A
61, 20

Ram-air turbine automatically extends from VULPOD, 20mm Vulecan cannon in a detachable pod, when pilot prepares
for firing run. Turning at a constant 12,000 shots per minute, it transmits power to the gun and feed system, bringing
the gun to its 6,000 shots-per-minute firing rate in 0.4 seconds.
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Governor William W. Scranton

F.acing a new age of science and technology, Pennsyl-
vania has embarked on some ambitious new programs to
provide a.technological facelift.

The programs are designed to mobilize the state’s re-
sources in a vigorous campaign to bring new science-
oriented industries into the state and inject new vitality
into traditional manufacturing operations.

A key part of this effort is the host of tasks confronting
the Governor’s Council of Science and Technology—a
group of twenty-two of Pennsylvania’s leading scientists
engineers, educators, and executives of new science:
oriented industries.

Purpose of Council

Set ;p by Governor William Scranton in April this
year, the purpose of the Council—in the go 2
words—is this: o

“The Council will provide for new and existing indus
tries, .mformatlon concerning availability of technica] a (}
scientific personnel for employment or consultants :
I'f\boratory or other facilities. . . . (It will) also be re; o
sxl?le for developing a program to support and encoupon_
scientific and advanced technological activities andr a%e

0

greate new employment opportunities in the filds of elec
Ics, biology, space, the n 0 =
fields.” LEeS uclear sciences and relateq

To achieve these objectives, the governor assigned th
e
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and

TECHNOLOGY
COUNCIL

FACELIFT FOR THE FUTURE

Council, chaired by University of Penn
Gaylord P. Harnwell, some fourteen tas}
: These tasks range from preparing inventories of scien-
tific and technical personnel, facilities and natural re-
sources in the state to suggesting ways to improve the
climate for the production and commercial exploitation
of new ideas in science and technology—as well devel-
oping mechanisms which will systematically bring together
venture capital, management skills and new inventions
and technology.
. One vital part of the Council’s work is to develop and
implement programs for the establishment of science
research complexes which combine the total resources of
industry, government and education.
1 ]Sduch centers, according to Governor Scrantol, “now
[0iC great promise to keep Pennsylvania in the fOl’ef{'ont
lrr;]'lhe new sciences and to spawn industries and jobS
rcs:t;dhto these new sciences, . . . Occupants Of suclh
tnearch and technological facilities would be 10t 00}
o they personnel but industrial research Pefsoml
members g;etf;]teand ﬁs g ensy lvania'corp oratlons’e:rg
foundations i Ppro and ‘nc,’,n'PTOﬁt science and €S
One such R d for
the Universit; c?jtifr’ - examplc?, B be.ing planﬂio the
University of peg, Sl est Phlladelphla—"’loses stems
Center of the nnsylvania and the Re-Entry Y
issile and Space Division.

vania president

Committees Established

The Council has set up six committees to accomplish
certain immediate objectives contained in the Governor’s
charge. The Council also recognizes that basically the
development of appropriately trained and educated per-
sonnel is the key to encouragement and support of science
and technology. For this reason, committees of the Council
are concerned with the promotion of technical and scien-
tific education and the identification of future trends in
rescarch that offer promise of important economic poten-
tial in the future.

Scientific Industry Promotion Committee: to explore
all types of associations, mechanisms and financing pro-
grams for promoting research and development capabilities
in Pennsylvania and recommending ways in which gov-
ernment support at all levels and the resources of univer-
sities, technical institutes and research corporations can be
related to one another and focused upon promoting scien-
tific and technical industry in the Commonwealth.

Members are Messrs. Litchfield (chairman), Bonnell,
Hanson, Paige, Price and or Simpson, and Roddis.

Personnel Inventory Committee: to locate the names
of knowledgeable scientific and technical personnel in the
State so that the Council is able to reach, in turn, for
advisory and technical purposes, those persons in the
State who arc specialists in their particular areas who

would be ilable to assist in any problems that arise.
Also, to =i the kinds of scientific personnel data that
should 1 cilable and the methods of assembling these.

Merm « Messrs. Perlis (chairman), Chambers,
Hallic isard.

Arc ) Legislation Committee: to consider, with
Deput of Commerce Jones, the problems in-
volves sylvania’s atomic energy legislation.

M 15 essrs. Roddis (chairman), Chambers,
Shapi: Simpson.

Ed: Committee—Post High School and Graduate
Researc! consider the relationship of educational insti-
tutions i the State to the purposes of the Council—in

two broad aspects. One, the availability of persons who
have had post high school education qualifying them for
technical and scientific aide positions. Two, the relation-
ship of the services rendered in the field of the Council’s
interest to research and senior technical consultation and
advice.

Members are Messrs. Warner (chairman), Dessen, Far-
ley, Isard, Kraus, and Walker.

Screening Committee: to consider the names of persons
who would be likely candidates for federal scientific ad-
visory committee appointments as well as ways and means
to present these names to the appropriate appointing
officers.

Committee on Research Trends with Future Important
Economic Potential: to assess the potentialities of presently
known fields of science and technology as well as new and
emerging technologies which hold potential and to identify
those which present large or unique opportunities for the
immediate and more distant future, as well as to consider
what steps, if any, would be appropriate to assess. these
potentialities and prepare for them.

Members are Messrs. Fox (chairman), Price, Shapiro,
and Williamson..

COUNCIL MEMBERS

Dr. Allen T. Bonnell
Dr. Carl C. Chambers
Dr. Edgar L. Dessen
Dr. Eugene S. Farley

Dr. Thomas G. Fox

Pr. David Halliday
Mr. Frederick E. Hanson

Dr. Gaylord P. Harnwell

Dr. Walter Isard

Mr. Gerald Kraus
Dr. Edward H. Litchfield

Mr. Hilliard W. Paige
Dr. Alan J. Perlis
Mr. Gwilym A. Price

Mr. Richard P. Price

Mr. Louis H. Roddis, Jr.

Dr. Zal M. Shapiro

Mr. John W. Simpson

The Honorable John K. Tabor
Dr. Eric Walker

Dr.J. C. Wurn’er

Dr. Merritt A. Williamson

Vice President, Drexel Institute of
Technology, Philadelphia,
Pennsylvania

Vice President for Engineering
Affairs, University of Pennsylvania,
Philadelphia, Pennsylvania

President, Hazleton Community
Area, New Development Organiza-
tion, Northeastern National Bank
Building, Hazleton, Pennsylvania

President, Wilkes College,
Wilkes-Barre, Pennsylvania

Mellon Institute, 4400 Fifth Ave.,
Pittsburgh, Pennsylvania

Dean, Division of the Natural
Sciences, University of Pittsburgh,
Pittsburgh, Pennsylvania

Western Electric Company,
555 Union Boulevard,
Allentown, Pennsylvania

President, University of Pennsyl-
vania, Philadelphia, Pennsylvania

Wharton School of Finance and
Commerce, University of Pennsyl-
vania, Philadelphia, Pennsylvania

Dean, Gannon College,
Erie, Pennsylvania

Chancellor, University of Pitts-
burgh, Pittsburgh, Pennsylvania

General Manager, Missile and
Space Division
General Electric Company

Computation Center, Carnegie
Institute of Technology,
Pittsburgh, Pennsylvania

Chairman of the Board, Westing-
house Electric Corporation,
Pittsburgh, Pennsylvania

Vice President, Hammermill Paper
Company, Erie, Pennsylvania

President, Pennsylvania Electric
Company, Johnstown, Pennsylvania

Nuclear Materials and Equipment
Corporation, Apollo, Pennsylvania

Vice President, Engineering and
Research, Westinghouse Electric
Corporation, 3 Gateway Center,
Box 2278, Pittsburgh, Pennsylvania

Secretary of Commerce, Common-
wealth of Pennsylvania,
Harrisburg, Pennsylvania

President, The Pennsylvania State
University, University Park,
Pennsylvania

President, Carnegie Institute of
Technology, Pittsburgh,
Pennsylvania

Dean, College of Engineering, The
Pennsylvania State University,
University Park, Pennsylvania

19

R RN e e e T




T e

From Campbell Ave

nue to Cape Kennedy .- -

BUILDING

A BUSINESS

When national security is at stake, wise men don’t
gamble. 3

And in 1955 the United States Air Force was not
in a gambling mood. It knew that the nation’s safety
depended upon the designing and building of an effective
long range missile system.

: But it also knew that it was faced with a problem
in building this system that many experts said was
“insoluble.”

The problem? To develop a missile nose cone that
would survive extreme conditions of pressure and temper-
ature when it re-entered the earth’s atmosphere after its
ballistic flight—temperatures higher than the surface of
the sun, and aerodynamic pressures approximately 100
times greater than that exerted on piloted aircraft.

The press referred to the development of re-entry
vehicles as ““an industrial challenge unequalled in modern
rcsez%rch and manufacturing”. Air Force General Bernard
Schriever described the return and recovery of vehicles
from orbit as the most complex development ever under-
taken in this country.

A myriad of technical problems had to be solved—
:-:r'd .lsol\vcd fast—bin many phases of this top priority

issile program, but non
i rc_cr[];r}:gpmb]cm‘ e caused as much concern as
Re‘s\?t;:ces and Reputation
ith scientists divided in opinion
not re-entry could be achicvcd,pthe Ai?'SFt(())rCI:thccthrdor
contractor that was: T
(1) able to provide the across-the-|
lgch'nical and scientific know-how ?ntht;:ova;gictdcplfh 'Of
ciplines involved in the re-cntry problem; in n);\: o
nologies such as aerothermodynamics; aer‘oballistic =
hypersonics (generally applied to speeds in eAxcS &
Mach 10) and in more traditional fields such S
lstr():;)phy.]sics, metallurgy and electronics - T
2) willing to stake its enginceri et
ta}ion on its ability to comg llc;:rl\[\]/igthant(i‘les‘:l?ntlﬁc WL
within a crash time schedule. e
It was not a time for the timid. Backed
a-century of engineering and scientif AP by half-
ry of engineering and scientific leadership, General
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Electric felt it had the resources necessary to tackle such
a problem.

The Air Force found in General Elecirvic in 1955 an
outfit willing to invest its vitality and resc ices in solving
these new problems so essential to thc ccurity of the
nation. General Electric’s participation \s inevitable,
The Men

About that time five engineers were sj
the country following varying pursuits
working on jet engines in Cincinnati; .
reputation in the atomic research bus: in Hanford,
Washington; a third one adding to a career with
General Electric at Johnson City, Nev. vork; one in
Pennsylvania becoming a missile expert fc the Navy; and
thc fifth man was in the right place (Sch. :ctady) at the
right time (1955).

The eight years between then and now have brought
these five together in a joint leadership role which they
f“l]fill with the Missile and Space Division. And the names
Paige, Beaton, Ridgley, Morton and Cowles are familiar
ones to all employees. Of the five Logan Cowles, now
General Manager of the Advance Space Projects Depar 7
meyt, was the only one in on the start in ’35.

I don’t think any of us back in 1955 ever dreamed
that|the space program would get as much of the national
ffort as it has,” Cowles said. “The programs the nation
ha§ underway now were beyond the most optimistic expec-
latlj)ns we had then,
busiInets}s]m}é) I've learned two important things in ;]:,i
be [ bcrcle’ you should never say somcthlr’lg df) i
some c(;m ct""tu = By can o ol 1 et;
ol lfavlc(;r will come along and see that 1t i%)l?n
Secondly, you gt 19 f(?resce oL SgeCt ! hg unpossiness
of chan, o, Must maintain flexibility. This is 2 businz;

“hange. What stand i d about this
business is the s out most in my mind ab ment
to help Pcoplcgromh P ucE NegPIou o e

e P meet many new challenges.” ing
a lot of names to drop if you Were £

issile « g a
much Further ey < d space business. They £3 oy

955 and you couldn’t name the

d out around
cre was one
her getting a

They go back to the closing days of World War II in the
mid-forties and they bring up names like Hosmer Norris,
Dick Porter, Art Robinson, and a lot of others. Norris,
the man who became an explorer of caves, specifically
one cave where a good deal of data on Germany’s V-
bombs was available. Porter, the man who led a five-man
General Electric delegation into Europe and compiled
considerable data before being invited by the Russians
to pack his bag and “get the hell out” of the eastern part
of Germany in a hurry just after the war ended. Robinson,
now Manager of MSD’s Advanced Requirements Planning
Operation, the man who stayed home, and built enthusi-
asm, new facilities, and a confidence in the future of the
business.

A First For General Electric

The work these men did, and others, and the data they
accumulated made it possible for General Electric to
move into the Hermes Program. The Hermes contract
was certainly one of the first—if not the very first—
prime contract with industry for guided missile research
and development.

By mid-1945, with the war in Europe already ended
and the war in the Far East coming to a close, Project
Hermes was already on its way. The team of scientists
headed by Dick Porter had made a thorough study of

Germanv's V-2 rocket program and equipment. In Schen-
ectady, rimental rocket motors had been designed,
built an «d and theoretical investigations were under-
way oi .crodynamics, electronics, thermodynamics
and th ure of rockets and guided missiles.

Whi Proving Ground in New Mexico in the
Spring & was the scene for the launching of the first
large n flown under the Hermes Program. It was a
Germa Five years later when the V-2 phase ended
67 roc \ad been fired with a success percentage of
nearly But mostly, the V-2 effort provided valuable
missile « o data, experience in handling and firing large
missiles, 4 a vehicle for operational tests of future

missile components.

Next step for America and the Hermes Program was
the Bumper Project which started in 1946 and four years
later resulted in the first launching at Cape Kennedy (for-
merly Canaveral). That was in July of 1950 and the
Project Engineer was General Electric’s Bob Haviland.

“Cape Kennedy was little more than an isolated sandy
stretch of land between the Banana River and the Atlantic
Ocean,” Haviland recalls. “The only structures on the
strip were a lighthouse, a few houses and the wood and
tarpaper blockhouse erected for the firing. It seemed
like you were firing from the middle of a desert.”

Haviland, now one of MSD’s leading space scientists,
said the Bumper Project which General Electric managed
for the Army, gave us valuable data, for example, on
such things as the use of plastic in the nose cone. It led
to further use of plastic on capsules and re-entry vehicles.

The view of the Cape then might appear a little crude
to television audiences used to seeing the elaborate equip-
ment now available at the launch site. The Cape had
been selected as a launching site only a few months before
that July, 1950 firing. Not all families had been moved
off the strip yet. The only approach to the site was on
sandy paths which were later converted into gravel roads,

- a forerunner of today’s well-paved accesses.

Painters’ scaffolding, about $6000 worth, was used
for the gantry. The working platforms were made of
plywood. The blockhouse was made out of one-inch pine
and tarpaper and was erected 300 feet away from the
launching site. Today the blockhouses are built with
concrete walls that are 12 to 16 inches thick.

Nimbus weather satellite engineering test vehicle being lowered
into huge space simulator chamber at Valley Forge Space
Technology Center.

Other phases of the Hermes Program followed. There
was Hermes A-1, Hermes A-2, Hermes B, Hermes C,
Hermes A-3—all contributing to the fund of knowledge
that would later put General Electric into the big time
missile and space business.

In the early 50’s the development of an intercontinental
ballistic missile began to get emphasis in the nation, but
primary concern was with the development of a large
reliable booster. Some materials testing for re-entry
vehicle environments was undertaken, but it wasn’t until
May of 1955 that the first Atlas/Thor Re-entry Vehicle
Contract was awarded to General Electric.

From Campbell Avenue To The Cape

Its a long ways from Campbell Avenue to Cape
Kennedy.

A key man on Campbell Avenue in Schenectady was
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Division General Manager Hilliard W. Paige presents Mrs. Esther C. Goddard with model
of monument erected near Space Technology Center to commemorate contributions to
American rocketry by her late husband, Robert Goddard.

George F. Metcalf, a veteran of more than 20
years of General Electric experience with credentials that
included managing radar and clectronics research and
development teams.

His first task: to bring together the best men available
in General Electric to develop a formal proposal on the
re-entry problem for the Air Force—and to do this in
less than six weeks.

Temporarily headquartered in the Campbell Avenue
plant in Schenectady, the new Special Defense Projects
Study rapidly assembled its team—drawing from the
General Engineering Laboratory, the Research Labor-
atory, as well as the Company’s pioneer group in the
missile field—the Guided Missiles Department.

First man hired by Mr. Metcalf was C. D. (Duff)
Greentree, whose experience with the Engincering Lab
huq covered a variety of technical and resources
assignments.

Other key members of the group included men like
Logan Cowles, Art Robinson, Bob Haviland, Russ McFall
Bill Eaton, Charlic Botkin, and others. ;

“Preparing that study was simply the first in a series
of round-the-clock efforts to meet schedules on the pro;
gram,” says Duff Greentree, now MSD Manager of Buysj-
ness Practices and Effectiveness. ;

Once the study was subiitted to the

Air Force
g : : and
with it the Company’s formal commitme

nt of resources,
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three major problems faced the new Geieral Electric
team: one, the solution of the technical re-ciiiry problem;
two, the recruitment of large numbers of new people to

carry out the work; and three, the acquisition of adequate
facilities to house the people.

On May 31, 1955, with the winning of the re-entry
vehicle contract the Special Defense Projects Department
with Mr. Metcalf as General Manager was cstablishgd.b)’
the Company. All the personnel of the Guided Missiles
Department (except manufacturing) were transferred t0
the new organization.

These people plus the original study team gave the new
SDPD a nucleus of 293 employees — some of them with
a background of nine years of missile work.

The Search For A Home

Almost immediately, plans were made to relocate the
Department to a site suitable for the growth and realizas
tion of the extensive, highly specialized research an
development cffort necessary to meet the contract 1equire
ments. A relocation study team headed by Duff Greentr¢®
Was sct up to determine the best spot for a permanent
facility.

The team faced a difficult task — to find the best
!chl]o”_“'ilhin the continental United States for the 16V
;lr?cntrdifi”({]y cxpanding Special Defense Projects DcPart:

- Headed by Greentree, and with the aid of the Co™

pany’s Real Estate Seryices and other Services components:

the team developed a set of location criteria as a guide in
selecting a site for a permanent facility.

Because of rapid growth in numbers of employees, the
team decided to cover the move and Department growth
in two steps:

(1) to lease suitable temporary quarters for the next
few years until space and facility requirements could be
determined on which to plan and design a permanent
building;

(2) to purchase land on which to build the projected
permanent Department headquarters.

In the words of Hilliard W. Paige, General Manager of
MSD, “General Electric made a nationwide search of loca-
tions and chose the metropolitan Philadelphia area for our
business for a variety of meaningful reasons.”

Primary advantages of locating in this area were: (1) a
heavy concentration of technical manpower — half of
the engineers in the United States were located within
a 200 mile radius of Philadelphia; (2) good com-
munication with customers and other General Electric
components; (3) excellent residential neighborhoods,
schools, and educational institutions — making the area
attractive to professional personnel; (4) the availability
of a variety of competent subcontractors and vendors in
the area; (5) the availability of land for the construction
of a permanent facility as well as available space for

shorter term leasing and (6) a pool of skilled peoPla
that could be hired for supporting and administrative
positions.

“Once we had selected Philadelphia, we had to find
immediate space to lease,” says Duff Greentree. “For
several weeks we scoured the city with various local real
estate agents. When I saw the former A&P warehouse at
32nd and Chestnut Streets, I knew this was it. Although
it was a musty, dirty, dark building then — it had the
space and the flexibility we needed.”

“We signed a lease for 230,000 square feet (parts of
three floors) there and shortly after with an eye to t.he
future we purchased about 100 acres of ground in King
of Prussia,” Greentree said.

With the selection of Philadelphia and the leasing of
space at the 3198 Chestnut Street building, plans for
relocating the Schenectady employees went ahead.

Early in 1956 about 500 employees and their families
moved to Philadelphia.

Rapid Build-Up

As contract requirements increased and new taslfs were
undertaken by the Department, the work force rapidly in-
creased. By the end of 1956, Philadelphia employment
of the Department had reached 2170 peoplt_:_— and the
Department was now leasing over half a million square
feet in the 3198 Chestnut Street building.

Continued on page 26

ile stands ready at opera-

Mark 3 re-entry vehicle for Atlas interc
tional base in mid-West.

tal ballistic
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The Beginning

Schenectady, 1955 ... a national
need: development of a ballistic
re-entry vehicle . . . the Air Force
turns to General Electric . . . Com-
pany stakes its reputation and its
resources to solve re-entry prob-
lem . . . Special Defense Projects
Department organized under
George F. Metcalf . . . the nation
surveyed for a permanent home
for the new Department . . . Phila-
delphia selected . . . heat sink
approach under development to
solve re-entry problem . . . nation’s
first ballistic re-entry vehicle, the
Mark 2, declared operational by
mid-1958.

Today

A multi-product Missile and Space
_under the leadership of

Division . «
General Manager Hilliard  W.
Paige - - - with headquarters at the

$30 million Valley Forge Space
Technology Center, the nation’s
largest privately financed space
facility .« - four separate product
. the Spacecraft
Department . . . the Advanced
Space Projects Department . . . the

Deparimems s

Missile and Armament Department

in Burlington, Vermont . . . the Re-
Entry Systems Department . . . the
Space Sciences Laboratory — the
research arm of the Division . . .
doing work on programs such as

Orbiting  Asironomical Observa-

tory, Mark re-entry vehicle,
Nimbus, Vu . Bio-Satellite, and
others.

VALLEY FORGE
SPACE TECHNOLOGY CENTER
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L. B. COWLES

C. D. GREENTREE

R. P. HAVILAND

The F ople

A nucleus of 290 people in 1955
.. . technical talent drawn from the
research laboratories of General
Electric, the then-existing Guided
Missiles Department, and advanced
engineering groups . . . drawings at
left show some, not all, of the origi-
nal team still with the Missile and
Space Division . . . rapid expansion

.. hundreds of en-
re-

the keynote .
gineers and support people
cruited from within General Electric
and elsewhere . . . by the end of
1956, a work force of moré than
200 people . . . by 1960. @ busi-
ness with more than 6000 peop|e~

i

The Future

The science of change . . . more
sophisticated space and missile
systems for the coming years . . .
Missile and Space Division engi-
neers and scientists helping toshape
the future . . . with work on such

advanced study programs as Voy-

ager—a spacecraft which would
be capable of orbiting Mars or
Venus and landing a sizeable in-
strument payload . . . and a Solar
Probe study for a spacecraft that
would perform scientific missions
close to the sun—to unlock solar
mysteries that could help man im-
prove weather prediction and con-
trol and communications on earth.
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The Department’s basic and applied research opcrﬂ"lo“-
B o oo Taboratory) (nowithe

then known as the Acrosciences L e
Space Sciences Laboratory under Dr. Leo Steg s
transferred to another leased facility at “D and Luzerne
Streets in north Philadelphia. This 75,000 square foot
facility was renovated to include office space and to house
special test equipment, including the world’s large:
vance hypersonic shock tube and tunnel. e

Pending the acquisition of additional space at 3198
Chestnut Street, 60,000 square feet of office space was
rented at the downtown Suburban Station building. As
space became available at 3198 Chestnut Street, personnel
were moved back to that facility.

In October 1956, the Special Defense Projects Depart-
ment was joined with Naval Ordnance Department 1n
Pittsfield. Mass.. to form the Missile and Ordnance Systems
Department under General Manager Metcalf.

By early 1957, a Department facility study indicated
the need for a capability for the production of nose cones.
And on May 3 of the same year. the resources of the
General Electric plant Burlington, Vermont were made a
part of the Missile and Ordnance Systems Department.
This plant was designated the Missile Production Section.

Facilities planning in 1956, 1957 and 1958 was based
on the premise that a permanent facility would be con-
structed by 1960 or 1961. Therefore, Department facilities
growth was marked by the piecemeal acquisition of short
term rental space as dictated by personnel growth and
contract modification. We began to fan out all over town.

By the end of 1957, the Department Philadelphia
operations employed 3063 people and occupied 657,000
square feet of facilities.

By the end of 1958, Department manpower had grown
to 3705 and 715,000 square feet were occupied in
Philadelphia.

Because of the reorganization of the Defense Electronics
Division, the Missile and Ordnance Department was re-
named the Missile and Space Vehicle Department on
September 1, 1958 — and the Ordnance Section was split
off and became the Ordnance Department.

There was little expansion in employment or facilities
in 1959. However, in 1960, manpower and facilities began
a major upswing. Investment in plant and equipment at
Philadelphia almost doubled the amount acquired through
the end of tl!c previous year. Manpower gained by 2400
or 65% while the owned and leased space gained by
217.000 square feet.

st ad-

Valley Forge Investment

In 1960, also, the Company committed itself to con-
struction of the 30 million dollar plus Valley Forge Space
Technology Center — the largest and most complex of its
kind and requiring investment of General Electric funds
unmatched by any other private investment in a defense
or space facility.

By the time the new Space Technology Center was
ready for occupancy, a variety of locations in Phi]adclphié
and suburbs were being used to house the ever-increasin
number of employees. At one time, five floors ofithi
Sheraton Motor Inn at 39th and Chestnut Streets were
leased. Space in the Girard and Mall buildings in down
town Philadelphia as well as onc of the Penn C 2
buildings was rented. oy
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s the product progress that was makin
expansion necessary? In \|‘{If1'l “’.ﬂ.\’/ "‘;US f;w, f)us::nes.s ron
ing? Many people who were IC"-GIH m[ t.u Pe8inning loop,
back and say it was a pretty logical, orderly growth, thoug},
at the time it may not have S(’L’"fﬂ[ So.

When that first re-entry. vehicle contract was awardeq
the problems were staggering. Ballistic re-cntry presenteg
material problems, fuzing prob.lcms. Instrumentation prot,.
lems, structural problems, weight Pl:Oblpms, acrodynamic
and thermodynamic problems, stabilization problems, cost
problems, stress and vibration problems, mz\nufz\ctuﬁng
problems — the list goes on. .

General Electric was well equipped to search for some
solutions. We had 10 years of the H?rmcs Program,
recognized technical competence, and the financial slabilizy
and capacity to support an effort of such magnitude,

The major technical problem to be overcome was to
design and develop a nose cone that would shield the
ICBM warhead and instrumentation through the heat of
re-entry into the carth’s atmosphere. Our scientists and
engineers received many suggestions for coping with the
problem and decided that two had the best chance for
success:

o The heat-sink method, in which the nose cone would

be clad with a material, such as copper, that could
absorb a great amount of heat.

What wa. 8 this

o The ablation method, a phenomeno: i1 which the
surface of the material melts or porizes, an
extremely thin layer at a time, and (! Apor carries
off the heat.

Exhaustive Air Force/Industry studics icated that

the surest solution in the required time w cmploy the
heat-sink principle as a “first-generation™ oach. With
the proper heat-sink design, the heat inp: ild be con-
ducted from the heat shield surface into | ass sink of
high-heat-capacity material to an extent su’ “icnt to keep
the shield temperatures below the melting point of the

shield material. Intensive investigations resuited in the
selection of copper as the heat shield material.

Mark 2 Flies

Only 30 months after receiving the contract, the j.Ob
was completed. About 70 test fights were made during
this period. The result was the Mark 2 re-entry vehicle.
It was deployed operationally all around the world on
both Thor and Atlas missiles.

Its maximum diameter was about five feet, and was
about five feet long. The vehicle weighed over a ton and
incorporated several major systems, such as arming an
fuzing, instrumentation and telemetry, heat protection an
structure, and trajectory control.

The total Mark 2 research and development program
Wwas concluded in March, 1960, an eminently successful
K/;l-sihgdulc program that included 36 flights in Whic}‘; t]he

ark 2 was placed in proper trajectory by Thor and Atlas
booster missiles, o e
s Thc succcs;ful return and retrieval of the initial Mark 2
fatd capsule in 1958 marked the first return of a payload
lro(r? outer space —and the Country’s initial mileston®
fca Ing to recovery of large and more complex vehicles
rom space. Thirteen of these capsules were successfully
recovered throughout the program,

puring the Mark 2 program, research had already

arted on higher-performance, advanced vehicles. Tests
Ly rinued on the ablation method as offering greater long
w”, promise. Hundreds of potential materials were tested
’..‘””’i-i rocket engine exhausts and gas torches.
4 flll“,h(l;lprimm'y objective of the test program was to
demonstrate successful re-entry at ICBM range and to
obtain materials and cnvu‘oqmcnlul information under
ICBM conditions. Recovery ol'lhc ABLE vehicle in 1957

a5 needed in order to cxamine physically the burn-off
w‘{c and characteristics of the ablation material. Accord-
?sgly: a complete recovery system, consisting of a strobe
light, radio beacon, dye marker, paruchu!c, f!ot;mon bal-
Joon and shark repellant, was (lcsggncd and incorporated
into the vehicle. Two of three vehicles tested were placed

in successful trajectory. Alt.hough recovery was not

achieved, tclemetry was received throughout the entire

mission on both flights and the ablation concept could be

considered to have been demonstrated.

The ABLE program was followed by the RVX-1 pro-
gram and the RVX-2 programs. The RVX-1 was an
ablation vehicle with a new shape — sphcrc—conc:cy]mder-
flare. The program was very successful. Four vehicles were
placed in trajectory, all provided excellent telemetry and
two were recovered successfully — the first recoveries of
vehicles from space at ICBM range. The design informa-
tion on materials and shape permitted the design of the
Mark 3 vehic sccond generation re-entry vehicle for
the Atlas. The @V X-2 program was begun in 1958. The
vehicle was of onventional sphere-cone configuration.
It was five f¢ ‘iameter, twelve feet long and weighed
more than a ! july, 1959, this vehicle was recovered
— the larges icle and largest payload ever to have
been recover¢ hace. Data obtained from this pro-

gram led to : -lopment of the Mark 6 R/V —the
re-entry vehic nie Titan 11 missile. o
So the deve ent of the business progressed “logi-

[ollowed more recently by the Mark 6
o only to be a valuable part of the nation’s
defense arsenal, but served to enhance our Own tech-
nological ab and lead to the awarding this Fall of the
Mark 12 contract to MSD.

Flying Laboraiories :

As ecarly as the Mark 2 and RVX programs, 1.t becz}me
apparent that efficient use could be made of'vehxcle flight
tests for scientific purposes in conjunction with the weap-
on’s system flight tests. The vehicles became flying space
laboratories using the free ballistic flight through space
during the time between booster separation and re-entry
into the earth’s atmosphere. For example, on a full range
Atlas flight, the re-entry vehicle reaches an altitude of 700
miles and experiments could be made for nearly 25
minutes. The real purpose of the mission could b.e accom-
plished and experiments could go along for the rld.e.

The Space Laboratory Program participated in_more
than 44 flights as part of the regular IRBM and ICEM
programs. More than 140 missions were flown of which
more than 60% returned useful data. : K

Without interfering with the primary flight objectives,

cally.” The M
have proven 1«

vehicle, the Mark

Nation’s most advanced operational re-entry
1l ICBM at Cape

6, is launched on a fest flight on the Titan
Kennedy.

[
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aining meteorolog-
materials an
ace environ-

space hardware and experiments containin;
cal, space environment. hypersonic re-entry
structures were flight tested in the actual sp:
ment.

Tllm success of these experiments is generally regarded
as being highly significant in the obtaining of. a nllnl?cr
of new contracts ;flong the way — some of which _\f'ork]cq
out well, some of which didn’t — contracts llF;C ll‘“r
Orbiting Astronomical Observatory, NERV (Nuclea
Emulsion Recovery Vehicle), Nimbus Weather suytelllte.
Advent communications program, and Skybolt. We had
moved naturally from the missile business into thc. space
business and employment figures moved right up with the
expansion, exceeding 10.000 in the Philadelphia arca alonc
in 1962.

In each of the cight years of MSD history there arc a
number of key highlights. It would be difficult to pick a
pivotal year. You might point to 1955 and the first con-
tract.

Or you might look at 1956 and the establishment of
a promising business in Philadelphia and the development
of the Mark 2.

There was 1957 and the addition of Burlington and
the Space Sciences Laboratory.

And 1958 with the Mark 3. and the naming of Hilly
Paige as Department General Manager, and the renaming
of the Department to Missile and Space Vehicle Depart-
ment.

Or 1959 and the real beginnings of expansion into space
projects followed by the 1960 groundbreaking for the
Valley Forge Space Technology Center.

Since then the Department has become a Division, has
witnessed rapid growth, disappointing cancellations, ag-
gressive marketing, severe competition. A great wealth of
people talent has migrated into the Division. Most are still
here seeking to help MSD establish a solid business base.
Some have left — including some highly capable people.
in some. You lose some. It's the nature of the

It’s a business where the customers are few in number,
and their needs frequently changing. Because of the nature
of the business they seldom can specify their exact require-
ments. Rather they expect ingenuity from the contractor.
The dollar volume of a contract can be very high, but
can fluctuate dramatically during the life of the contract,
There can be outright cancellation or stretch-out, or
substantial expansion and speed-up. It's a difficult busi-
ness to predict.

Alt\ a business requiring a large concentration of
scientific and engineering personnel who are constantly
on or beyond the frontiers of the state of their particular
art. Skill. imagination, willingness to experiment, to take
technological risks — these have been standard equipment
for eight years.

Bob Haviland. that project engineer in 1950 who stood
on the sands of an unknown place called Cape Canu.vcm]
commented: -

“Until 1958 e expecte ¢ the spe
bloom forth the ifzjx‘;“i':hh:;. z'LilL}!]uljhc“J{u;;C' iy

4 Y ping on the band-
wagon by science and industry.”
_‘M SD's historical role is a proud one. Unfortunately
it's not the kind of business where you can dwell long I;‘I’
yesterday's successes, because a whole lot of Ihnmrrzm\rz-
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lie ahead, the competition is keen, the technical chqj,,

are increasingly difficult. ;

From a few p-coplc who guth.crcd( in the Campbu"
Avenue building 10 _dencctady in !)55‘ 2 i
General Electric Division has grown into one of the s
tion’s most prominent contributors — a Division th
“firsts”” like:

Ngey

at hag
postcd
COvery e vehicle from
—Recoy Lr).of space 1 outer space and
from orbit

__Successful ablation re-entry over ICBM range
__Infrared measurement of Earth-space interface

__Measurement of Earth’s magnetic flux from
outer space

—Recovery of complete re-entry vehicle over
ICBM range

—_Color and black-and-white motion pictures of
Earth from space vehicles

__3-axis (individually) stabilized space platform
—Re-entry vehicle to travel 9,00¢ miles ‘

—Successful technique for telemei: - transmission
through re-entry blackout

—Largest weapon system re-enti. ~chicle to be

successfully flown

—Control and stabilization syste:: demonstrate

accuracy of one second of arc

Make-up of the Division now looks like

The ReEntry Systems Department, Ic d in Phila-

delphia, headed by Mark Morton, dev ops ballistic
missile re-entry systems for the Air Forc: and orbital
re-entry/recovery vehicles for the Nation: Aeronautics
and Space Administration. In addition, the Department
conducts a continuing program of advanced research and
experimentaticn leading to future generations of aerospace
systems.

The Spacecraft Department, located at the Valley Forge
Space Technology Center, headed by Dr. Roy H. Beaton,
is responsible for the development and manufacture of
long-life satellites, satellite subsystems, and space probes.
The Space Center’s test facilities include all those neces-
sary for the development and demonstration of long-life
reliability requirements which will enable space vehicles
1o operate reliably for years in the hostile environment of
outer space. The Center’s manufacturing facilities were
also designed and equipped for the building of space O™~
ponents and systems to meet these long-life reliability 1€
quirements,

The Missile and Armament Department, headed by €.
llcrbcr[‘ Ridgley, located in Burlington, Vermont, has
rCCSpOpr’”W for the design, development and productlon
;L“::;g:':"ﬂfhcéld safing, arming and fuzing %Y;ttﬁ:]::
it \w”cr“({?;{lﬁl‘t‘r}l, tuctxc_::l aircraft urm:m_wnt, and S
also pmvidcdsl nd STt i oF supP(l for
nose cones 'mdor lh? R/ ystems D.L‘punm?’nr the
Atlas ,”“; L0 dcr()s!)u'cc ground cqmpmcnl o

» thor and Titan ballistic missiles.

The Advanced Space l’rojcg!s Department, located at
of Prussia, Pennsylvania, headed by Logan B.

?2:\%1051 is responsible for the design, development, pro-
ductiolh and opcrzmonul systems support of advanced

ace vehicle systems.

The Space Scwncgs.l“ul)()rmory, a component of the
Missile and Space DlVl‘Sl()ll, h.cz\dcd by Dr. Leo Steg, is
the Compunyis center for basic 'rcscarch and exploratory
development 1n _spﬂcc.—rcl;ltcd.Sc1cnccs and technology. It
works in the national interest in: Plasma physics, Environ-
mental phenomena and interactions, Ccl_cslm] mechanics,
High-temperature and solid state materials, Shock wave
and superpressure phenomena, Biotechnology.

It is the mission and objective of The Laboratory to
advance the frontiers of knowledge on research problems
central to the space technology of the future.

The Advanced Requirements Planning Operation, lo-
cated at the Valley Forge Space Technology Center,
headed by Arthur W. Robinson, Jr., is composed of
advanced systems engineering, marketing and manufactur-
ing scctions, and is rcsponsiblq for planning and prelimi-
nary studies of products to achieve growth beyond present
MSD products.

The Finance and Contract Management Operation, lo-
cated at Division headquarters, headed by Edward L.
Hulse, is cot cd of accounting, computer, financial
planning, info jon systems, management practices, and
contract prac cctions.

The Oper -rforms accounting work on a pooled
basis for the n and operates the Division computer
facilities in t! delphia area.

The Lega! ion, located at Division headquarters,
headed by i H. White, provides legal advice and
service to Ui ision at all management, professional
and supervi vels with respect to all phases of the
Division’s ac

MSD has | i quite an enviable impact on the Phila-
delphia area tircugh its substantial payroll, through its
dealings with thousands of small businesses, and through
the contribution individual employees have made to their
various communities. "

Directing the Division is Hilly Paige who has said:

“The resources of MSD are directed e.\'clusivel_\: 10
programs essential to national defense and to the nation’s
international posture in space. Current principal programs
within MSD include: re-entry vehicles for Thor, Atlas and
Titan II ballistic missiles; re-entry target vehicles for t{xe
Nike-Zeus - program; recoverable satellites; Biosqtell]te
vehicles; Nimbus weather satellite; control and stabilization
system for the Astronomical satellite; arming and fuzing
systems for tactical missiles; vulcan gun for the F-104,
F-105, B-58 and B-52H aircraft; helicopter armament;
and other study, design, and experimental projects related

to missile and space programs.” 3

“Performance, abways a key in this business, is more
important than ever before. Performance is measured m]
terms of performing within costs, staying on .S(‘/M’(II.IIL’ ‘lII”f‘
meeting specifications. Any company in this business n
going to have its ups and downs, but the ones that are
going to grow steadily over the years are those rlu{l-
establish, and maintain a reputation better than !./{f,{’
competitors for dependable performance in 1/1‘u three criti=

cal areas of costs, schedules and specifications.

sPp:

Model of a vehicle for a manned mission to Mars using nuclear
propulsion.

is test fired from White Sands
builds target vehicles for the Nike-Zeus

Nike-Zeus anti-ICBM _missile

Missile Range. MSD
program.
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When t} 851
e . 3
e Missile and Space Division’s four tery
sned a mo = 4
[ wnth-long space environment and 'a'””
agement test a few weeks ago, it marked !
ful completion of an experiment co S

tions closer
ons closer to actual long-duratios
other such test ey

Success-
nducted under condi-

1 space flight than any

ited States. The four
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: : . "'om the outsi, :
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he f{lll = nie
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poclar of the Advanced Space Projecs Deparimert
ments Plannin on, and Harry Lucas of Advanced R
it adverf ——lder.nonstraled that a crew could oP® m.lel
atmosphere wli,‘lp 1ysical or mental effects in an artiie

e conducting the highly complex g

demandin sk
o 8 tasks necessary to maintain and control ait
g space station,

To get
a first-, 1 igni
% hand explanation of the SIgmﬁCa”Ce of

e test, Chal 5
of MSD’s 4 ;Cnge tnterviewed Richard Passman, Manager
a@vanced Systems Engineering Section, T

condy,
cted the test, i ere’s what he said

“The cmphnsis in our test was decidedly on man and
how he can perform over a thirty-day pcriod within the
nccurﬂwly Slmllllilicsl confines of a space station. The prob-
lems involved in this llz}vc bc@ somcw]?zlt open questions,
we did not know man’s performance limits and capabili-
tics under these conditions. We could .mukc some educated

uesses, but We needed actual cxp.crlmcnml data so that
we could plan to usc man within his capabilities.

«Beyond this, we also w:mtcd.to know just how far
man’s limits could be extended in an emergency situa-
tion. How much stress can he take and still be able to

erform?

«Another purposc of our test was to evaluate our own
selection of atmosphere for the space cabin — to answer
such questions as how man’s well being and performance
vary with his gascous environment. We maintained the
same OXngn content as we have in our sca level air and
reduced the nitrogen to get about a 50-50 mix. This ‘7
pound’ atmosphere is the pressure equivalent of being at
18,000 feet above sca level. We proved man performs
well in this atmosphere and has no significant adverse
cffects cither biologically or psychologically.

simulated Miss
“A variety ©f
Using the cont:
the ‘cabin, the
ties such as ret
tasks. One of
was how muc
safety margin.
tasks well. In
time but they

s were carried out by the terranauts.
nd instruments on the upper level of
wrformed typical space station activi-
s, docking, maintenance and mission
Ltestions we wanted to answer here

man do and still have a sufficient

. our answer. The men performed all

cases they would have liked more

srformed them in the time allowed.

“In analyzii test, we have already come up with
two improvemc One, mission and station management
tasks should be :cparated. Two, the sleeping quarters of
the terranauts should be isolated from sounds elsewhere
in the cabin. These are measures that would make it easier
for the terranauts to maintain a high level of efficiency.

“Also, there was limited opportunity to observe group
relationships in our test. Our four men were on a 24-hour
schedule with one asleep at all times and the others either
carrying out mainly individual tasks or on rest periods.
Future tests might well program two-man team tasks to
provide opportunities to observe more group interaction.

“We are pleased with the performance of the terra-
nauts. I think the careful selection process W¢ went
through, evaluating more than 60 volunteers, paid off. We
picked men of astronaut caliber — high 1.Q., engineering
skill, emotionally stable, aviation experience, €tc.

“And the men responded as astronauts. For example,
\V.hcn they came out of the cabin after thirty days, they
didn’t shout “Whee . . . we're out” — they were anxious
to tell us how they were affected, to give us suggestions for
the kinds of things that would be useful in future tests, and
to offer a variety of other constructive comments.

Test Could Have Continued . . -

“Overall, the test was extremely successful — sO SUC™
cessful in fact that I believe it could have been substan-

RICHARD PASSMAN

tially extended. Nothing occurred to the men or equipment
that prevented the test from continuing.

«The second major goal of the experiment — to es-
tablish and shake down this engineering test tool — has
been accomplished. Our space cabin has proven to be
the capability we sought with uses ranging from engi-
neering concept evaluation and design validation through
to operational crew training.

“Both public and customer interest in the test has also
been gratifying. In fact, discussions of results of the test
with Defense Dept., Air Force and NASA officials have
been taking place.

“There are many possible future uses for the space
cabin. Right now we are evaluating a number of these
possibilitics with different crew complement, different
durations, different work/rest cycles, different equipment
and so forth.

“The vital point is that this type of testing is mandatory
NOW if we are to proceed on a timely basis to L:‘C-\’L‘lop
a space station. We must reduce to an absolute minimum
the unknowns of this complex manned system bcforc. we
orbit it — and this type of high fidelity system level simu-
Jation is the best available approach we have found.
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Several centuries of speculation may b,
o9 1 1 ' 5
Zﬁ‘::vc;fs ;’\(/Jla[lin?er probes of‘ space cari brinsgcntlxcsd src:Ier)l(t
Sin,ce B ;)(. many mysteries that have fascina(cd :
el nir;:nc;ﬁg studying the skies. e
century discoveries sti Is i
o : s stirred man’s
orbitedT[};; :'1\:2 dls?;)\'cr)'—that the planet waznl:e'm.
Deimos_cxci[eds'mdl moons, now called Phobog mg
e éztercst among scientists. But the secan
S mnu;;)vcn:sml Martian canals — j Or;ld
fodder for séicnc? frc. Widespread fancy and ided
¢ fiction writers for nca'rly a ccPr)ll;?JVIdCd
ry.
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Now with Mariner probes set for 1964 and 1966, and
a proposed manned landing on Mars in the mid-80's, mar
is about ready to cross that threshold from speculation 10
actual observation. i

_“It might be a little bit premature to climinate the Poss”
bility that intelligent life exists on Mars.”

The words are from Prof. Frank Salisbury, & profas
of plant physiology at Colorado State University- Scientists
have said there are no certain experts on Mars, but if there
was one, Prof. Salisbury would probably be him. He e
gzllspi\l?(? ha.Sn"t just relied on his own studies, bu; rth
! opinions from leading scientists all ove
M:rlsc zr}lmowhfcc.ls so strongly about the possibility o hfcr\gi
o, att ] e is vigorously encouraging thorough Obszd a
robot yc ClcscoPCS and fly-by probes before WE B 0ssi-
bilty of }(pf: oration vehicle. In examining ¢’ 4
tions the ifc on Mars, he and others recognize thaticy

Vergs R ha e Know them on Al ER
axis, Its Pser?:gllt 4200 miles in diameter inclined ©"

i 40f rotation is about 25 hours. 2arth's:
ars year is 687 days, about twice the Ear

s much cooler than earth, being 42 million miles
further from the sun.

__The air is thin, mostly carbon dioxide.

__There are white caps, figured to be snow because
they expand .durmg the cold season and shrink during
{he warmer times.

The temperaturc ranges from 90 below to only 50
above ZCr0 Ful}rcnhgt. Atmospheric pressure at the
Martian surface 1s csllmulc.d to be only about one-fiftieth
that of carth and t}]c gruvxt;.mo.nal pull only about three-
cighths of the carth’s. There is virtually no water or oxygen
in the atmosphere. i

«pespite these handicaps,” Dr. Salisbury says, “Life
could survive — in fact, it probably could thrive.”

Fred Kochendorfer, chief of NASA’s Mariner Program,
s hopeful that we won’t have to wait too long to find out.
Television pictures flashed to carth from the upcoming
Mariner probes should provide specific information on
any vegetable or animal life on the planet. The probes will
also test the atmosphere around the planct.

“Sure, we're confident man can land on Mars by the
1980's, but the key to manned flight to Mars is money.
11l take 12 times the power needed to put a man on the
moon.”

To get a man i Mars, NASA first must place a space
vehicle in a “par’ ing” orbit around the planet. Then the
astronaut would Jasted off from the vehicle to Mars,
along with a I ket to be used to later blast him
back to Earth.

Manned inte
competition foi
launch vehicle:
possibly milita

‘ary flight has to take its place in the
jace dollar with such things as large
orbital space stations, a lunar base,
> programs and others. With budg-
etary consider in mind as well as the technical
hurdles involv mid-80’s have been forecast as a
logical man-to-\ date.

Let’s go bact ‘he sparking of interest in Mars that
occurred in 1877 when Phobos and Deimos were first
noticed making their trips around the planet. The theories
on these two are abundant.

_Phobos and Deimos are very small, about 10 miles in
dna_meter, Both satellites revolve around Mars in its equa-
torial plane, along orbits which are circular. The origin of
these two is a considerable riddle. Here’s some of the
speculation.

They were separated from the mother planet.

_ (This onc quickly gets debunked because of their dis-
similar density and mass. In addition Phobos circles Mars
faster than the planet rotates.)

These satellites were captured from outer space.

(This one is discouraged because it's figured the orbits
LVzﬁu)ld lie in different planes and would be strongly ellipti-

Now for a theory that may go further out for some. It’s
followed by romanticists, science fiction writers and some
Scientists. These satellites were launched into orbit _fr.om
Mars. This conveniently explains why these weren’t visible
when Mars was near in 1862, but was visible in 1877.

‘ After an extensive world-wide search by astrcznomers
f‘;zoMgrtian satellites during the 19th century S'drzroesn;
& rable opposition of 1862, it was upwersally consk

at Mars had no moons. However, in 1877, when Mars

Was again in opposition, its satellites Were suddenly de-

g;t:gan—y.“‘;tu% one astronomer at one observatory but
S i chnC'rmore’ the two moons have 'bcen seen
i Ccrta’i e ln. telescopes of a small resolving POWET,
Herschel andyL'ess powerful t}mn the ref}cctors. which

i 'dssell cmploycc! in 1862 (48-inch m\rr(?rs).
ey St: usion naturally arises that Phobos and Deimos
i cen prior to 1877 simply because they didn’t

We get a simple explanation if we suppose that Phobos
and Deimos are artificial satellites which the Martians
made and launched into orbit. This idea was first voiced
in 1951 by the American astronomer Gerd and elaborated
in detail in 1958 by Prof. L. S. Shklovsky of Russia.

Mars' satellites have near-circular orbits close 10 the
[)I!l{lé‘l. From the point of view of thrust the alignment of
artificial satellites in an orbit coinciding with the planet’s
equatorial plane presents the greatest advantage, using
rotation as a “gift”" launching velocity. Phobos and Dei-
mos, as already remarked, travel along orbits that are set
precisely in Mars’ equatorial plane.

In its revolution around its primary, Phobos undergoes
a queer acceleration which can be explained, Shklovsky
claimed, only if this satellite is a hollow sphere — which
would be out of the question were the celestial object of
a natural origin.

And if Phobos and Deimos are metallic with a polished
mirror-like surface, their diameters should be much less
than indicated carlier, of no more than a mile or less.

Given a high technical standard in Martian space capa-
bility, artificial vehicles of such dimensions should not be
thought impossible. Space scientists and engineers here on
carth are already designing large permanent satellites, in
the form of wheels, the diameters of which will be much
longer.

The second discovery in 1877, this one by the Italian
Schiaparelli concerned peculiar dark lines he called
“canals.” The discovery of the mysterious lines or “canals”
on Mars sparked such interest in the planet that it lead
to the building of new and improved observatories. In
Flagstaff, Arizona the renowned astronomer Percival
Lowell set up the now famous Lowell Observatory. The
location was chosen for its unusually clear sky, and today
the observatory is one of the best equipped in the world.
In 1894, when Mars again orbited closer to the earth
than its usual distance, Lowell made an intensive study of
the planet and was able to sketch more than four hundred
different canals. As far as he was concerned, they were
irrigation canals, built by Martian inhabitants to carry
water from the melting polar snowcaps to the desert
region near the equator.

The famous French astronomer Camille Flammarion
had another idea. He maintained the lines showed culti-
yation along the banks, not the canals themselves, but this
also argued for the existence of life on Mars.

Many astronomers dismissed both ideas. Some said the
lines were not lines at all, but stretches of land irregulari-
ties blending together. Others, while Aagrccing that the lines
were solid, did not feel they necessarily meant the presence
of intelligent life. Father Moreux, director of the Observ-
atory of Bourges in France, dcclf\red: “Nature offers
examples of nearly perfect geometric forms ... the study
of crystals, cells and tissues will enlighten you on that

poim.”
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b argued otherwise. TO

ician Alan Webl :
The mathematician ) et random, as in @

istinouish between a network tra d .
S:;tckgd vase. and one deliberately l“{d out, \ Vebbﬁ?:;g:
a mathematical criterion, and accordmg to it the
canals appeared to be intentionally desn'gnedi e o

Science fiction writers were like a c{uhl wnllz ar M(u‘A"
with the stimulating idea that life might exist 7” o
and for a while books and mngazinex‘ b,\j the ”";; o
speculated on the nature of the planet’s "ma[{,;a”(mnge
the possibility of their invading the earth u'l!{ S e
ships and weapons. Most fanous such story "(%98 b
War of the Worlds,” written by H. G. Wells in 1898,
which Martians landed in space ships and began 10 “}’”{;
quer the world with huge robots. Mankind was Sﬂ\?’
only because the invaders proved vulnerable to the world's
[()u:e_y[ form of life — the common germ. 1

In 1939 the story was made into a realistic radio pro-
gram by Orson Welles causing near-panic among many
listeners who became convinced they were hearing the
sensational news of an actual Martian invasion. AIFhough
the program was clearly identified as a fictional radio play
when it began, people who tuned in late heard onl_y the
voice of a terror-stricken newscaster giving an eyewitness
account of Martian monsters destroying everything in
their paths as they advanced on New York City. New
York, in all its majestic strength, survived this threat and
prohibition and the Mets.

It is fairly certain that plants can live on Mars, and
since plants produce oxygen it is possible there may also
be some forms of simple animal life. Some scientists be-
lieve that Mars once was able if not now, to support even
human life. The reddish color of the planet is thought
to be iron oxide — rust — which could have been pro-
duced in some remote past when oxygen and water were
plentiful. And this possibility leads to the interesting
speculation that Mars once may have had inhabitants who
perished when the planet’s supply of water and oxygen
was exhausted.

Some writers have even suggested that the Martians
foresaw this, and built subterranean cities engineered for
comfortable atmosphere, humidity and temperature, where
they live to this day manufacturing their air from the
oxygen-rich soil. A Russian astrophysicist, Chklowski, is
angthgr who n}aintains that the planet’s moons are actually
'il)n'lﬁcml satellites launched long ago by highly intelligent

cings.

His countryman Shklovsky thinks that Mars’ satellites
were orbited in ancient times — many millions of years
ago — and today are merely mute monuments to
extinct civilization.

Bl{t the story of the discovery makes it seem logical
L};altsx;/t.hcy were launched it was less than a century ago,

There are other factors to support the recent origin of
the. Martian §alellltesA Phobos and Deimos would be
subject to an incessant hail of micro-meteorites which ;
the course of millions of years would h i

LT, : ave complete]
destroyed the Martian Sputniks.” BEtel

Want to go further out? Mars
ap;?greqtly lend comfort to those
cxyxhzanon on Mars. When the
winter, a permanently observable
the middle of each. Could this be

a long

adds bits of evidence that
who believe in 3 current
apparent oases fade i
dark “core” Temains ip
a Martian city?
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ers suddenly detected an .

In 195211‘ f::;r?\;]lggl. This odd formation darkuc?,fsamlllar
grecrn grfscerving meanwhile its general shape. g 1h?svea
iyreriilg’ated and plant.ed Marrit::lr; cslle;i:l‘.;ng i n

time to time cu N s flash oy

M;rs?n:urface, to be followed (;Jy tiny clouds ‘Vllich[ 2{}
closely resemble what happens grxpg a large dcmnatio,l_
These phenomena Were observed in 1937, 1951, o35
and even quite recently. Mqrcover‘ they lasteq ol
minutes at times. Wou}d atomic bomb tests look ke T
from space? Prof. Salisbury comments about the i
phere of Mars. There are three important atmospheric
features he says about Mars: the blue haze, white clouds,
and yellow clouds.

The surface features of Mars are visible when the
planet is photographed in rc?d light but usually not whep
the planet is photographed in b!ue light. T_herc seems to
be a haze with high light-scattering properties in the blye
region of the spectrum. I't can best_ be nccounte_d for on the
assumption that it consists of minute water ice crystals,
although carbon dioxide ice and c_arbon or hydrocarbon
smoke have been suggested. Occasionally the haze disap-
pears on-a continental or even planetary scale. During
this blue clearing, ultraviolet light would penetrate to the
surface of the planet at intensities which would probably
be lethal for the majority of our earthiy organisms. An

interesting feature of the blue clearing = ihat it seems to
occur most frequently at opposition, * cu the sun, the
earth, and Mars are nearly in a direci . It would be
extremely interesting, Prof. Salisbury s “ilates, to know
if the position of the earth can thus in! ce the Martian

an illusion, as

climate; this apparent influence may .
ound the time

most observers are watching Mars on
of opposition.

The second important atmospheric fc . :re concerns the
“White clouds.” Sometimes white cloi :© can be seen,
especially over the polar cap. These -y be similar to
earth clouds, although they probably alvays consist of ice
crystals. There is some evidence that they produce rain on
rare occasions.

The third feature is the “Yellow clouds.” Occasional!y
yellow clouds obscure certain portions of the planet, as i
1956, when nearly all of the markings were covered by an
extensive yellow cloud formation during opposition. ’rhe}s{e
clouds are usually thought to be a fine yellow dust. Mafr s
ings on the planet may be temporarily tinged yellow @ l]ir
such a cloud has passed over, but within 1 to 2 Wee s
they are again visible. ;

None of this is direct evidence for life or intelligent “'ff&
Dr. Salisbury said, but it is enough evidence tO i
further consideration of landings in our space prograr:

Man may not have to wait much longer to lear? g::es
answers to many of the planet’s mysteries. Space prdo ta
launched from carth will soon be radioing back avé

perhaps even pictures, that may tell us about the s[ranuet
markings called canals. Fromi what we know of the pla:l e
NOW and despite some adventuresome SPeculation b ts
contrary it seems too much to hope that any inhabltzlrxlle
évcl)llib:)ewfound. But as Schiaparelli said when t};en(s)t to
as suggested in 1877, “I am very careful n%%

. L
combat - this supposition, which includes nothing
possible , ., »

... from South Philadelphia to outer space

BIOGRAPHY OF A SPACE ARTIST

d From a 6th grade desk in South Philadelphia's An-
drew Jackson §chool to the outer reaches of spheric
Sens‘ty' the paintbrush of Peter A. Bertolino of the

pace Sciences Laboratory has touched a surface, there
to Ie;ave an indelible mark.

Since Winning the first prize in a city-wide com-
petition in his grammar school days, Pete Bertolino has
l?een steadily encouraged to develop his artistic abil-

% Encogragemem came mostly from his teachers and
it came in many ways— an oil set, classes at the
Philadelphia Art Museum, et cetera.

Then, World War Il . . . Bertolino served with the
Headquarters Company, 41st Armored Infantry Regi-
ment, 2nd Armored Division which, incidentally, par-
ticipated in The Big Lift to Germany from Texas last
fall. Twenty years ago, it brought the first American
troops to Berlin and was the Honor Guard to the
Postdam meeting of the Big Three (Stalin, Churchill,
and Truman) .

With this Division, Bertolino saw action 1; nortth_l
ern France, the Rhineland, the Ardennes and centra
Europe. At the front for nine months, he found his
past training and ever-present ability being put to use
__sketching the terrain of the front lines for staff
meetings. Having been wounded in action in Novem-
ber of 1944, Bertolino was awarded the Purple Heart.

The War soon ended and Bertolino returned to
civilian life.
Gl Bill Aids Training

After serious consideration, he realized his artistic
interest and the encouragement of the past l.eft only
one path to be followed — that of art. Bem_)hno ’rhgn
enrolled in the Hussian School o; Art in PQH?.delphl;a.
There he studied advertising design and ftine arts
under the Gl Bill of Rights. While there, his prachf:al
experience included numerous m\{rals — one of whlch
he is especially proud and which is now dnsplayed in a
doctor's office. Of course his experience also_mcluded

an_introduction to the industrial arts of flip charts

and posters which was to serve him in good stead a

few years later. T

szing joined General Electric in July of 1956,

Bertolino has had several positions, the most current

of which is that of technical illustrator in the Space

Sciences Laboratory. He mhode;ﬂy §a);s his 1;3b ::So'r35|}s_lt(s5

& i ientifi ts into pictures.
of ‘‘putting scientific t ough
i i lasses:
teqorizes these into two main €

& ”gro]ects currently being developed b_y General

Electric, and concepts which may develo‘p.mt.o fut_ure

space p'ro]ects." In both of these, the vivid ||rr:jagma—f

i i i led with his knowledge o

tion of this artist, coup )

dlescriptive scientific data plays anflrr;;_)orta‘—l"\t rdole_. 2

i i tisfaction he -deriv
mmenting on the main sati \

fof: his work, Bertolino said: the most important

t[ﬂn is that | am communicating. There is something

abougt any artist which makes him want to comment
sees.” ]

= [\’t\/};:te}:ﬁdent then, that Bertolino reflects an open

d an active paintbrush as shown by his pene-
eye el ina look at space age concepts. From
and searching loo p .

?:hnghave emerged some imaginative and highly-

ese

exciting work.

)
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has appeared and been exhibited both
nd internationally. Nationally, his space art
e rt has been exhibited often in the Delaware
an ey area: He has been featured in numerous maga-
Val e)’and newspapers including the Philadelphia In-
o i e occasions. Also, last June his work ap-
qu|red in the Boston Sunday Advertiser in full color
pfq?sr S accompanied an article whi;h pointed out the
1r'ole of the Missile and Space Division in space re-
sealr:gmationally, Bertolino's work has been featured
k HABLEMOS' the Sunday magazine supplement of
IIO leading Latin American newspapers. |t recently
featured an article on space travel and was highlighted
by a two-page spread of space illustrations depicting
oY ce vehicles, complex lab experiments and abstruse
scientific concepts. :

Again, nationally, the 16th and final volume of the
American Heritage series, an illustrated history of the
United States published by New York's Dell Publish-
ing Company, Inc., includes a pictorial portfolio of
The World of Outer Space. Bertolino art, in full color,
illustrates the new ventures and new techniques and
suggests how busy the realms of space may one day
become.

The sound training Bertolino has acquired has given
him the best that i past has to offer, thus enabling

iot of
Varie tolino

naﬁona”y a

him to make his through seeking a new means
of artistic express This expression lies in his forte
with water colors . embodies the richness of oils
with the fine ar hnique of the classical water
color. The result hnique creates a forcefulness
and three-dimen strength that has caught the
eye of numerous \ge enthusiasts, largely due to

Saturn rocket with Apollo

hi : S
'T:Sg htivm-g a great feel of distance. With special light-
is e illusion of depth is heightened even furt ebr.
ServeomlcaI phenomenon has astonished casual ob-
'S Who think they are oils because of the fine

art quality,
n
Worl, these pages are shown samples of

Bertolino’s

Van Allen Belt
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TECHNOLOGY

“The ingenious man, the ingenious organization and the
ingenious nation — other things being equal — have the
best prospect for survival and success in the world today.”

—Luis De Florez, NATION’S BUSINESS

Other people’s probl and ac list
ning reading. Weekly status reports are circul
our tec}'\nology community to aid in technical
Otto Klima and his managers read the progri

all thirty-four of the syste n; e
tem and
] technolo

make good eve-
ated throughout
communications,
ess reports from
9Y management
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Otto Klima was doing the talking:
“Two Defense Department policies :
that have a pronounced influence o
e No major operational weapons
ment will be committed wher
tainty in the state of the art exis

now in effect
ur  business:
tems develop-
major uncer-

o A large percentage of research development
shall be accomplished under 1 price con-
tracts.”

“Our challenge is to do business in t limate — we

are meeting it head on and it looks to us it’s good for
both the customer and ourselves. To cosi ‘¢ in this busi-
ness we first meet our contracted comr:iments ‘by the
numbers’ with each detailed task treated as a fixed price
contract. Secondly, we put the critical new technol-
ogies ‘on the shelf’ to minimize future risks. When we
bid we have solutions to the critical problem areas already
in hand and our customers know we will meet the per-
formance requirements for the dollars quoted.” 1
Otto Klima manages the Systems and Technologies
Section at the Re-Entry Systems Department and _I”"
guides his team by this effective two-way approach. Klima
has been with the General Electric Company since 1946.
With the Hermes Program he did the Aerodynamic De-
sign of various missiles. He became Manager of A erody-
namics in 1955 when what was to be the Missile and S
Division got its start. It was Atlas and Thor then, A" it
has been many programs since. He speaks his "1{”‘1’
kfzmv& the aerospace business, is impatient With medioc-
nity, and is convinced his two-way approach 10 the JO
of "“f"’”gi”g the Systems and Technology Section 15 mne
best: It's working out just fine. We're meeting the cule‘y
!ner's requirements on current programs and are ready
and able to handle his future needs.” :
K“'::afvilsanﬁlger of.thc Systems and chhnolqgies ‘Sim?lfé
Technical Dcispon.slblC for the System SpeCl'ﬁcmflot’e
sign in the terehctlon GUIystem, the acalysis 2 aluation
e b'? nology areas, and a continuing €V ek
apability of the system through test and flight

; o insure that this responsibility is met pe del
uanoﬂ{hc direct program rcsponsjbility to one of hig ﬁ“l’.
gate? 1 Managers, who worked directly with his fiye tcche-
aboratory managers.
he responsibility of the System Manager to im-
urrent programs and to determine the technica]
direction of im‘]')m%fq P"r;r\(;:l':l(l]l:u li.llld new business for
his product ared: "]5’ 1o 1 “CI ion is combined with

orall Department planning through the Advanced Tech-
°‘1oy Operation working with Marketing’s Advanced
?’?m?ﬂﬂg functions. Tl]c direction is then related to the
nc‘CCSSHry tcclm_ologxcgll developments  required by the
aboratory functions of the Systems and Technologies Sec-
tion. The five Laboratory Managers zlnq the Manager of
Advimccd chhnqlogy are lhgn responsible for establish-
ing the tcchnologlcgl base to insure thnt. the required im-
rovements in performance czm.bc attained. This can be
visualized as @ chemical reaction between the System
Manager and the Laboratory M.ur'u‘lgcr.s with Klima as the
catalyst. The catalyst’s responsibility in normal reactions
s delegated to the Manager, Adv‘anccd Technology. For
cxplosive reactions, _Kllqm himself is the stimulant.

“Advanced planning is concentrated on those elements
of the business that we can do something about. There
are several echelons of influence in regard to this business,
and on some you can have an impact and on others you
can't. There’s no point in investing energy in those things
you can’t do anythin; about. Whether or not there will be
a certain type of ons system may be determined by
world problems. It ! war tension increases, the devel-
opment of certais ms may be required. If the ten-
sions ease it might a re-routing of our defense efforts.
The point is that :re can’t affect this decision.”

“When the dec cach the level of defining generic
or specific weapo ems and identifying their mission
requirements, the is our business, and it’s at this
point that we wan ipply our manpower, our facilities
and our experience ¢ of the many things we must do
is anticipate the tc.inologies advances that will be re-
quired by these syst %

To accomplish the job of putting a competitive tech-
nology base in place, the Laboratory Managers are respon-
sible for accomplishing work in each of the future system

is t
lement €

2 ¥
nagers, Ed Ulmann, Frank Nistico, and Archie Peru-
t o critique of the road maps for Target and Test
Development generated by Ewen Cameron (second
t). The road maps for all generic systems are e
evaluate our capability to meet the critical problem

Sy:

stems Mg
gi conduc
ehic]e
from righ
V'*Wed to
Ureqs,

Critical
problem areas, Budgets for this work are es-

tablish, §
i e Conp [,y s, by kg
instituting feasibility gttt pems e, P OB 204 Y

“Advanced tcchy llght £ homns ;
dollars on the 1 nology management — or placing the
. on the right critical item — consists of getting the
right mix of skills, the facilitie bl anl e ikt fisn
effort to the ke Ycrit‘ 'l s needed, and applying this
systems hardwary ical problem prior to preparing a
many candidat ¢ proposal. To establish the priority of the
el tl(': [;roblcms for _technology development,
vl wolﬁ! orce changes in the future systems are
s gcnc.ric rking with our Market planning operation,
T t]:)’StCn} has been examined to determine the
S f\t might be required in the future. These
b s place requirements on the technologies and
clements of the system that are being met by planned ad-
vanced work going on within each section. This can be
illustrated by projecting the effective life of a strategic
re-entry system. Since this effective life is largely depend-
ent on the development of anti-missile defense systems,
the timing of these defense developments identifies when
and to what degree critical problems must be solved to
permit orderly development of advanced weapon systems.
These driving functions have been established and are con-
stantly examined. Relating these developments to skills is
accomplished by establishing a roadmap of the technical
direction in each product area.”

Five Phases

In the dual role of applying RSD'’s re-entry technology
capability and of developing future capability, Klima's or-
ganization is in a unique position to make maximum use of
manpower and facilities. In each major program in RSD
these are five phases of effort: Analysis, Design, Manufac-
ture, Test, and Operations. For each of these phases an
effective set of operating tools has been developed.

The analysis phase deals with defining the mission,
determining the operating environments and establishing
design and performance requirements. System tradeoffs
must be conducted to establish the best configuration and
design approaches to accomplish the total required mis-
sion. The tools available for this analysis effort are many,
and include such items as computerized simulation models,
a configuration selection program, systems specifications,

\

4

" a——u |

m of dynamic instability is being studied by
ie Marshall, on contract with Aeronavutical System? Division

L:nt:IeeAir Force. Performance on these study contracts is insured

o b

y periodic eviews by management. Consulting services
b iodic reviews b RSD g se
from :I:e entire General Electric Company are often invited to
T f

the reviews.

A critical proble
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. —

ment control, reli-
and the technol-
mance predictions,
ysis calcu-

risk analysis techniques, energy manage

ability and operational analysis tools,

ogy programs used for material perfor :
stress analysis and trajectory and dynamic anal

Jations. These tools (including some 180 general purposc

computer programs) are in working order. ready to be’
used — they don’t have to be re-invented for each new
program. : :

The same depth and scope of operating tools~ is avail-
able for the other phases. In design, the tool_s include a
four-stage drawing release system, configuration con!_rol.
design change control, design reviews, parts standardiza-
tion. design evaluation, development labs, mockups — ﬂn_d
the list goes on. Built-in to RSD’s method of operating Is
a continuing series of measurements to make sure that all
of these units of operation are functioning properly.
Through all five phases of the program, the checks and
balances are elaborate, so that the finished product has
the benefit of combined analysis and test.

A key asset in the design area is the stage release sys-
tem where the particular design progresses through four
stages, each stage becoming more defined, more precise.
The stage release system provides a formal, understand-
able method for communicating design interface informa-
tion in a timely fashion.

The third phase is manufacturing. Here, again, some
tools are required to insure adequate communications and
control. The Department can quickly call upon production
planning. producibility methods, the “make or buy” struc-
ture, sound vendor surveillance, purchasing and subcon-
tracting, stock control, material disposition, final assem-
bly. Again, all of these have a well-worked-out set of
measurements to guarantee maximum results.

The fourth phase — testing — utilizes an integrated
test plan encompassing ground, flight, and qualification
tests, failure reporting, reliability data reporting, system
calibration, flight evaluation. Taking just one of these —
the integrated test plan — you find that this outlines the
Department plan for obtaining basic development data,
reliability information, logistic data and a demonstration
of design capability.

Fred Schultz, Jack Stewart, and Otto Klima dis
rial ples under develop

L CUSs some mate-
t. Fre as i

NASA to apply our reaction kinetics computer :r:::t:::::u T
dict the behavior of ablative material for application in T Pk’e'
noule. design. Dr. Stewart, responsible for material dev:l‘ 4
ment in the Department, is Chairman of the Division Mat D.P'
Pur.:el, and is the Technical Area Monitor for materials s
entire defense business of the General Electric Company, e
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s is the fifth phase and it involves fj;
. 1 istics and facilities plannin

ns planning, 10gis INZ, Compyyns
tclz?ziong planning, launch and recovery requiremenys n;gm-

mand and control plans, training plans, and Tetrofig 2

Opemlion ght Opery.

ons. )
S"%-Chtése five phases and the mechanics for carrying e
off successfully are all‘ backcd‘uplby a proven set of ma:]
agement tools. Effective applfc'a!mn u'f all these I'III('I‘—L(,.
lated operational tools ref‘ulrs in a continuous and thoroy /-
evaluation of technical risk versus cost and effory app[,‘(,gll
“The complicated nature pf this work requires e )'0‘.
have, on a ready-to-go basis, the capability for COnst;ml;
implementation and then measurement of what o
done.” Klima said. “It’s the only logical approach to get.
ting success in this business.”

Varied Talent

The Systems and Technologies Section can offer out-
standing talent right now in such things as acrodynamics,
trajectory mechanics, energy management, aero-thermo.
dynamics, structural dynal:mCS. materials, clcctro-magnm_
ics, man-machine integration, systems engineering, relia-
bility ~engineering, guidance, environmental control,
command and control, instrumentation, computer pro-
gramming, energy conversion, weight and balance control,
processes and fabrication. And that, -of course, is only a
partial list.

With these critical skills available, pl.c sufficient ex-
perience and tools to make the proper t: - ‘coff decisions,
RSD is in a position to offer the custome: - great deal for
his money. This capability is imperative the competi-
tive nature of our business continues to w tighter and
tighter.

“We're in excellent shape with peop!
offer the customer a great deal for his m
constantly with him to see that futurc
available when needed.”

“Our organization allows an individu
his specialty on a wide variety of tasks srovides both
a built-in motivator and a continual traiing device.”

The Systems and Technologies staff hus a wealth of
people with high credentials in the field. The staff organi-
zation is simplified, reflecting again the logical approach to
this complex business.

The five Systems Managers include Ewen Cameron,
Target and Test Systems; Frank Nistico, Orbital Sysiems;
Chuck Jamison, Strategic Weapon Systems; Ed Ulmann,
Scientific Experiments; and Archie Perugi, Maneuvering
Re-Entry Vehicle Systems. These men set the direction for
systems engineering and the requirements for future
growth. They provide technical direction to both the oper-
u'lionul and R&D phases of a program., They're respor-
sible for the evaluation of the capability of the systems aII[(
[or the balanced utilization of technical resources m("/l“ &
ing financial and schedule considerations. They must I(/é’";
tify long range product trends and indicate the need AN
timing of new technical skills.

There are five laboratory managers.

Heading up the Radiation and Space Physics Labora
oy 1 Dr‘ Pat Friel, His people must solve the fundameﬂ;
ff’l physics and environmental problems related to Pfesfa:_
:Egcimuf re-entry systems. They deal with elcctroc‘}flr:j_
o ‘t‘hpdsmd physics, radar, nuclear weapons te o
&Y, thermo-chemistry, chemical kinetics, bio-physics
other special areas.

The Systems Synthesis and Analysis Laboratory is m

d facilities to
and we work
nologies are

) concentrate

an-

Rowe Chapman. Using systems models and simy-
285C i 1;|borutory_pmv1dcs subsystem environmens
fatio: "= em analysis. These people are responsible for
and 10 al Sv)’-g stem tradeoffs and establishing total system
c‘rl'()rlllll"bt~g for the program. They must determine the
rcquircmf” ii uration that will best meet the required
gystem “o?clf%o,-mzmcc. and determine the complete per-
cllS[O'":i‘lc Lupuhi]ily of the system evolved.

'”mmf ACroI'I'ICChu”iCS and Materials Laboratory under

Th.L -k Stewart defines the detailed vehicle requirements
pr. J‘.l.t-r to meet the system performance in the areas of
"Cccss‘lll),”.unics, environmental control, aerodynamics,
[]}crnlo;)n';mic& materials and structural mechanics, A
flight Q;, = program of advanced analysis and technique
Comllnmmim insurcs the placing of new technologies “on
dlcviﬁglf." An cxtensive laboratory capability insures the
ir:ﬁidmion of the analytical. .

The Flight Opcml_lons Lflb.n‘rumry. is mzm.ugcd by Art
Flathers. They provide definition of operations systems
and mission and ()pu'u'tmn.ul analysis for all systems from
Jaunch to recovery. rhClI"I‘CSpOI!SIbIlI[y includes such
things as man-machine rclatlons,' flight test, data systems,
range measurement, and real time command and con-
trol capability.

The Systems Simulation and Encrgy Management
Laboratory is managed f{\,( Jack Ca_rpcntc;'. They provid'c
systems analysis and requirements for guidance and atti-
tude control, system dcsign for feasibility studies, comput-
er programming, mai itical analysis; and he also must
enhance Departmen vth in specific technology areas
such as energy ma: nt, reaction systems and com-
mand control technic

future is Wes Anderson who

fechnology. He sets priorities
larketing in evaluating the total
nine areas where the Section may
Jogical contributions. Anderson
s investment funds and study

The man lookin;
is manager of Adv
and works closely
technical market to d
make its greatest tc
also manages the Sc
contracts.

The section has two consulting engineers. One of them
is Dr. Fausto Gravalos, who is a consultant on applied
mechanics and has the responsibility for advising and re-
viewing technical activities in the ficlds of fluid mechanics
and dynamics.

_The other consulting engineer is Jim Carroll who spe-
Clalizes in planetary entry problems, providing guidance
and consultation on engineering techniques and methods.
He carries out carly investigations related to new product
9Pportunities, and serves as chairman of the Department

A (Development Authorization) Council.

ShThs3 manager of Administration for the‘S_cctiop is_Bob
ti cets who handles budget and other administrative func-
slcoclts~lnC|Uding manpower planning, pcrs:onncl records,

“lrlty, procedures, and facilities and equipment control.
m(lrf/fe {ur 5 ,f‘(”l('.eme(l we have a ('a[)u.hil.ily l.l'I]I'-_
s a”l[mzyw/wre, Klima said. “The men, Skll[:S, f(l;lrl?
give I/w( "”"‘Ib'lll‘emem tools make us better equipped I

customer what he wants.”

“These skills

applied i - systematic procedure for
Tunnip applied in our systematic p

Ogies ,i-a-Pfogrﬂf.n and establishing off-the-shelf technrool:
gram Tlln‘]mlzcs risk in cost and performance on a ?blc
USin.cy“'S ma_kcs the fixed price contract an Vacccph}zc_
Ntry Ss Tisk with an attractive profit potential for the
Y Systemsg Department.”

K!lmu discusses Mark 12 decision points with Dr. Jack Gilstein
(right), and Dr. Cos Botje (left), the Mark 12 Systems Engineers.
Ttne Mark 12 contract is a chall to the professional tech-
nical man, It is a fixed price contract with the attendant fee
commensurate with the risk. Each task must be done to contri-

bute to the end product and is treated as a small fixed price
contract.

= - = XD
Jack Carpenter and Rowe Chapman (right), discuss the mission
profile for an advanced flight feasibility test which should vali-
date the analytical solution obtained from a study contract
performed by Dr. Fausto Gravalos, Consultant-Applied Mechan-
1cs.

Wes Anderson (standing), discusses the proposal effort calleﬁ
for in our Systems Road Maps, with (left to right) Chuck Ju.ml-
son, Art Flathers, Jim Carroll, and Ed Hilbert from N.\ur!(ehng.
Jim Carroll, Chairman of the Department’s PA Council, insures
that the company investment dollars put us in a sound position

to get the desired study contracts.

T

T working on problems associated with
et B"’U“_f'ef :l.lot;sli:gee:f re-en'rj vehicles for some five years.
'rﬂnSP"‘““|°“ hown have been successfully tested in the rocket
Tt I:e Malta Test Station. Company investment has put
ex.hﬂUS' u! ’ue in the “ready for flight testing phase.” Dr. Pat
'hfs e r-Radiation and Space Physics Lubora!o'ry, and
e Mun:‘::?:emly working up the direction of this flight test
Matt are

Progrum.
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" earth he’s been walking on for thousands of
Tears is more of a mystery to man than outer

ce.

g ;or thousands Ql' years man has poir‘ltcd his biggest

estions upward into the skies, achieving in the past
qu ~years the ability to hurtle a man upward many miles
fC:‘O zpncc to learn its secrets. e
ke The best he has been able to achieve in the other direc-
ion is to sink an oil drill bit five miles and a mining shaft
two miles. Now some scientists are preparing to look not
0 outer but to inner space. They hope that their findings
will tell them how the plzlpcts were formed, when this
took place, and what the future holds for them. There
are scores of mysteries to be unraveled from inner earth.
For example:

» What creates the earth’s strange magnetic field?

» How old are the oceans? Life itself?

o Why are we jarred by a million earthquakes each
year? Why do they occur at such great depths as

500 miles? !iow can we detect quakes like the
convulsion in 556 that killed 830,000 people in
China?

o What caused ! <rakatoa explosion in 1883, in
which a Pa sland actually disintegrated with
a blast that I rocks 34 miles into the air and
used a hun mes more power than the largest
H-bomb det ns?

o Why did a 40 long section of the earth’s crust
sink 1,300 i the area of the Dead Sea? Could
it ever happ« rain?

o Do continents der? Sir Francis Bacon suggested
land masses may move about, after he noticed

that the coastiines of South Africa and South
America roughly “fit” like separated pieces of a

h ¢
T(;llzll(l)‘(‘:lcgilllllr W:lh “bSCPﬂrzlte fiery core at the ball’s center.
of Halley’s éonzot rought Dr. Edmund Halley (discoverer
coReeE e S )ﬂ, Who avowed carth consisted of “three
o Tt Sphcricq(iw spheres without any openings and with
wihd "somC(;n core in the center,” and Darwin, who
e a e would bqrc a hole so we might scedt
rigid bz;Il “:hs_cilcncc'has since learned, is a solid, but not
i s i weighs 5,887,613,230,000,000,000,000
tons. We also know it get hotter the deeper we descend
into it, lp the world's deepest gold mine at Robinson,
S.Out'h Africa, the walls are so hot a $500,000 air-condi-
tioning plant had to be installed to keep the miners from
being roasted alive. Yet the total heat coming up from
below the surface is so slight it is 30 million times smaller
than the amount the earth receives from the sun.

Not entirely unlike their forebears, most modern geolo-
gists believe the earth consists of a number of concentric
shells of different materials, arranged in the order of in-
creasing density. On the surface there is a thin crust of
solidified granites and basalt, then the mantle, a thick
layer of heavier rocks in a fairly plastic state. Next, comes
a liquid outer core. Finally, there is a solid ball within the
liquid, called the inner core. This supposed separation of
materials probably took place in the earth’s early youth.
When it was still quite liquid, or even gaseous, the
heavier materials easily sank to the center of the ball,
where they remain still. The crust cooled off and solidified
perhaps five billion years ago, but temperatures in the
deep interior are believed to have been unchanged during
all this time.

The crust, which varies in thickness from three to 40
miles, is thought of as a thin, comparatively soft veneer
of lightweight rocks. Its most abundant metal is aluminum,
estimated to make up 7.85 percent of the crust. Beneath
the sea the crust’s composition differs radically from that
under the land masses. The continents are seen as thick

puzzle. blocks of relatively light granite rock, the ocean basins as
Hopefully, in a few years a team of top U. S. earth floored with a much thinner, but heavier basaltic rock. But
scientists will begin to get answers to these questions. But both crust types act as though they are floating on the
ﬁr.sl they will have to complete ““Project Mohole.” They much denser rock of t}'\c. mantle. ;
\Yl]l have to push present engineering knowledge to the The mantle, comprising 85 pcrccnt (_)f the‘ earth’s bulk,
limit — and beyond, to drill for the first time through the is, of course, ‘the Jargest section. It is estimated to b'c
earth’s crust and into its mantle. The precious sample they 1,800 miles thick and made of basalt (dark volcanic roc};i
Will then obtain will be studied for years and will yield or something even heavier. We know less abouf the m?nth‘:
hgndrcds of secrets about the earth. Long-held theories and the part itl Qltays in our events than we know of the
adout this and 4 4 f ults of sections beneath it. ! 3
' entire lifetimes glfh\frgil H\lvcill?bT:Jnc};t?é)gldcnllgrc srlf;poned The mantle’s rocks probably CleSt'u}r]‘tdCL taonp;ijurse
\rol:,yhlhc small core of rock (no larger than 2 inches) cquivarllintiéc;cth%iosfiﬁ()t“?iocl;‘:':c;’m‘:ﬁ'ﬁc tepmperatures. %
urli ts::ezl:i::ig?‘cc by BrojcchMahiciEld it :finlszs[ 2000 degrees above zero Fahrenheit. Thus, the

rock bends, twists, and possibly even flows like bread

Peculation, if not much action, concerning the earth’s dough, and the mantle may well be the reservoir of molten

Interior, has

always been popular. In 1678, a Dutchman feeds volcanoes. Seismologists are convinced
named Athanac; S PODILAL: Jee . matter that feeds og
an S hty vo o ces originate.
Umes devotedailxl::ir Iferherhpu‘thth aiglo Itllilcgh )(,)f his it is where the seviqcszseiﬁtehg;}ﬁc’: ouigcr core. It is about
‘Vrlting o ely to the inner e kd. e » Bclow.lhc mgn'c‘ N o liquid iron i
but he also cacons angi Gy d'ar e 50 have 1,300 miles thick an ¥ heat there is caused by the
been sine suggested theories of which at least nickel. Part of the cnorm_(n}llst B e o e
€ proven b logi f the above weignt, a :
Th y geologists. e ressure Ol
tician: Il-9t1}% century saw British and German mathels lpu:at originated when the planet was born.
eslie

and Euler both writing that the earth was @
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X CONTINENTAL CRUST

INNER CORE

Scientists believe that the earth’s
interior consists of several
concentric rings, each composed

of a different material. They hope
current experiments will

confirm this theory and reveal even
more of the earth’s secrets.

CONTINENTAL CRUST

Phase 1 test hole Mog‘}’leouo o
Deepest hole yet drilled Deepest mine (273t S35 '
25,340 ft. 11,003 feet

OCEANIC CRUST

Continental shelf

A 2L A,
\ S
"/III I\

WINTE
Z/ 3R

GRANITE-LIKE ROCKS

MANTLE
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in this liquid ls the inner core, a solid ball of
Jes diameter which may be made of iron and a
],600 l]ﬂkc‘l The pressure (which kccps‘ the ball com-
jittle nic 1'1 solid) is about 4,000,000 times the carth’s

Floating

prSSCd] 2510 pressure at sea ]cv.cl. A professor in Cali-

atmospY Jttempting to prove the inner core can be moved,
ja is @

forﬂlﬂ

oved toward Japan as a result of a “kick”
by the Chilean carthquake of 1969. ‘HcHis waiting
suppli thor strong quake to produce a “kick” that his
for anoily can measure. )
univers uakes (the results of rocks fracturing under

Earlqulltqvc seemingly proved this crust-mantle-core
stfcssc‘s)f tle carth’s composition. Seismologists have ob-
thcol'i/j ?hﬂt when an carthquake wave enters the core, for
servel T Lit bends twice, once as it goes in and again as it
examp’ ut. From this they've concluded that there is a
comcsqr:’d that its texture and weight differ enormously
core ‘thc mantle. Some types of quake waves won’t go
fron:l h the core at all. Scientists studied them and found
:{:L‘;’ %von't g0 thrq%h liquid either. T_hcrcforc, it seems
Jikely the core is liquid, perhaps as thick as hot asphalt.

Among other clues to the nature of the inner earth,

there is the fact that the carth acts like a great magnet.
Tron is the magnetic clement, so the bulk of the earth
should be iron. Meteorites, generally assumed to be

pieces of some broken
carth” theory.

These come in tw«
up to 90 percent iz
similar in chemical
earth’s surface. The
geologists that the dif
meteorites is due to
depths of the disinteg
tains a like compositio

planet, also support the “iron

ategories: meteorites containing
nd stone meteorites which are
iposition to the rocks of the
iclusion seems inescapable to
nce between the two types of

having originated at different
| planet and that the earth con-

Although much of tlic foregoing is not new, the sur-
prising thing is that at this point in world history very
little of it has been proven. Until man can journey deeper
into earth than he has, or obtain temperature measure-
ments and composition samples, he will simply have no
factual knowledge concerning 99 percent of the planet he
llVes on.

That's why the 1957 announcement of Project Mohole
created world-wide scientific interest. Mohole is sometimes
described as “a plan to drill a hole in the bottom of the
Sea.” Actually, it is a considerably complicated experiment
Which will cost the National Science Foundation up to

8 million and probably won’t be completed for another
several years — perhaps 1967 or 1968.

The plan calls for a hole which would reach through .thc
frust, Pass the Moho, and enter the mantle. The project
(< its name from the Moho, the popular term for

o?lh?ijCiC Discontinuity. The latter is the naow
for Itlh ary between the crust and the mantle. It was narvrvltelo
diScovee ugoslav seismologist, Andrija Mohorovglc,‘n :
Qe ™ed the discontinuity in 1909 when, duritg 2
creaSe’d € noticed the seismic-wave spee@s abr}lllp L):Ioho
Was the Ltc Today some geologists believe the
he Prlmordlal' surface of the earth. e o
Casiest Project directors have decide i
throy Toute to the Moho, and thence the man e
8 the ocean floor. There the crust averages just ©

third of the aver: ’
the aim s to smzi‘l: (Bickness un
1.'ncnt layers on th
should be an imporf
to contain g con
have evolved,
s i, e e S oyt 0 e
30,000 to 35,000 feet long, The strin g 1-(1S o
through 15,000 to 20,00 el e
15,000 f g 0 20,000 feet of water, then about

- eet of crust, The only hole which comes even
close to this — a Texas oil probe which came up dry —
went down just under five miles — 25,000 feet.

Though lh‘crc‘still remain many problems to be worked
out, the project’s study of American offshore petroleum
technology and its own test drillings in the Pacific both
hilyc proven the feasibility of using the standard rotary
drill common to the oil industry. But this record-depth
ﬁri]lindg will entail many peculiar and unprecedented

azards.

For one thing, the floating drill platform will have to
maintain its position — perhaps for years — within a
500 foot radius circle in an average of 18,000 feet of
water. Even minor drifting could snap the 4% inch pipe.
Radar targets mounted on floats and an array of sea
floor stationed sonar targets will help keep the drilling
vessel positioned. And to re-enter the hole, an act com-
parable to threading a needle through 18,000 feet of
water, the drillers may possibly use a funnel-type target
at the entrance in conjunction with television and still
more sonar equipment.

The bold scope of Mohole has sparked intemation.al
enthusiasm. This was verified when last year the Soviet
Union decided also to begin a subterranean stu@y. Thus
a race to conquer inner space appears in the making.

The Russians will attempt holes at five lgmd sites —
one of them up to nine miles deep — ‘solelyl in the crust.
Although they will be connected with oil anc.l metal
prospecting, the principal reason for the hol<_:s \‘,1'111 be to
make scientific discoveries. “Such penetration,” asserts
the head of Russia’s Geology Ihnstitute, “z,s just as gran-

i < ing into the cosmos.
dIO;C : file\s?l:agler;gtrrﬁzglilzgonal Science Foundatiqn in
Washirrl)gton, D.C. is equally confident ,S)f the proleit’cs1
s. “All we really know about earth, he has pointe!
e direct methods of geophysics. Now man will
ot s DI les . . . to confirm or deny some of his
SENC ‘f,ctﬂoif\g;ppos;{b}my is that the first mantle core
g:z?lz‘e;' to the earth’s surface may also answer questions

no one has yet asked.

der the continents. While
e the mantle, examination of the sedi-
¢ sea floor as the drilling progresses
tant by-product, The layers are believed
tinuous record of all life forms that
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Tom Shaw... :

Tom Shaw is a man who believes success is never
permanent and neither is failure —and he encourages
his people to enjoy a little of each. As Manager of
Thermodynamics for the Re-entry Systems Department
he deals in heat, and in problems. And out of any particu-
lar advancement his crew may make in the “management
of heat” may well develop a dozen new problems.

“The more problems we develop, the better it is,” he
comments, “Providing these are new problems and they
lead us to new intelligence. We aren’t just in the business
of combatting the heat of re-entry into the atmosphere
or overcoming other heat problems. What we really are
seeking to do is to use heat to our advantage — put it to
work for us.”

Tom Shaw sometimes talks like a chronic optimist
(which he is) and sometimes like a Maine farmer (which
he wouldn’t mind being), but always like an engineer who
finds the difficult enjoyable and the complex irresistible.
A versatile manager who has obligations to the Depart-
ment’s program managers, to the customer and to the
development of his own people, Shaw would like to
“uncomplicate” engineering. He urges colleges to present

more about what engineering is all about. “We need to
teach that it’s a matter of common sense and logic mixed
with fundamentals.”

He got his common sense and logic and fundamentals at
Bowdoin College in his home state of Maine, and at MIT.
He feels most engineers should supplement technicai
courses with touches of economics and business manage-
ment. Shaw encourages his people to develop their busi-
ness skills, and their ability to get on their feet and give an
acc;zptl:lblefexhibition of communications and poise.

they follow the leader. A g 7 i

his crow)ded schedule Tom’St}?zf\):vlf]isgsol}i\r?l% tiOtI)HEWhere =
ecome one
of the most requested public speakers in the Philadelphia
area. (“I'm selfish— the appearances give me valuzbl
expe‘nence. in speaking before crowds.”) ¥
It’s an interesting, exciting world for Tom Shaw,
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Dick Katucki . ..

Preparation is the password for l?ick Katucki.

“[ think the engineering profession is very satisfying »
he says, “And I'd certainly encourage my children to
follow it. But to be ready to do something worthwhile in
this business you have to prepare yourself both academi-
cally and through on-the-job learning.”

Dick prepared himself well for his current assignment
as manager of the PACE (Passive Attitude Control Engi-
neering) Project for MSD’s Spacecraft Department. His
combination of scholastic achievement at Brooklyn Poly-
technic Institute and a dozen years of diversified assign-
ments in General Electric have gotten him ready. Dick puts
a high premium on an engineer continuing iiis education
on the job, and he has demonstrated what means.

After a tour at Lynn, Mass., in the v 50’s he
participated in the Advanced Engineeri: rogram in
Schenectady and also completed the Cos /s unique
System “C” Course. The following year hi asked to

supervise the course. An MSD pioneer, he
delphia in 1956, watched and helped this

Dick Katucki calls himself an enginee:
and got there the hard way. He worked h
school finishing his final year at night whil
time days. He believes most any young
financially through college if he has the iniciligence and
ambition it takes. His wife June is no stranger to this
business (a B.S. in Chemistry) — she was a mathemati-
cian for General Electric on the HERMES Program. She
adds different figures these days — 3 (boys) + 1 (gir) =
a full schedule. Add to that a husband who not only con-
centrates on his current job, but is continually getting him-
self ready for the next one, and you find you have a busy
household. One of Dick Katucki’s associates may have
summed it up best: “He shows a real mental maturity I
his approach to the job.” It’s all a matter of preparation.

rking full-
1 can get
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jugh Raymond - - .

be not, but chances are Hugh Raymond is the only
Mayb® al Canadian Electrical and Mechanical Engi-
former R};}’ Missile and Space Division. At least he’s the
ho is Manager of Navigation and Controls
Engineering and when you look at his back-

ound you get the idea that he’s been planning to be just
r

long. g i
ma}t{zllaic‘i) hgis people concern themselves with terms like

ioation (“The art or science of figuring out where
navigatio 2 iy : §
ou are’), guidance (“The technique employed in Se-
{ermining Where you want {o go and how to get Fhere ),
and control (“The tcclpn-‘ ies cmployed.m moving you
where you want to go 1n most effective apd efficient
way.”). The tasks in thic iness are complicated, yes,
but insurmountable, no. mond figures we're getting
smarter all the time, anc i of the credit goes to the
snatural intellectual curios' - f engineers.”

There’s a certain “love mplexity” among these peo-
ple, he says, and the cha of dealing with things they
can't see is stimulating en to lead to the sophistication
required. Raymond and ! ople don’t spend their time
on far-out futuristic guit concepts. “Our most im-
portant task is to make su Jat our current projects work
and the demand for reliab is constantly on the increase
a each mission gets a little r:ore advanced.”

You can run through the roster of Hugh Raymond's
career and find milestones like the University of Toronto,
d radar and communications stint with the Canadian
;\rmy during World War 11, Willys Electronics, Minne-

;illt:hsill‘{oneywell. These are some of the stops he madg.
Careeerltf approach to the job, Hugh's approach to his
e as been a logical, well-planned series of experi-

H .
mong’W do we get the best use of engineers? Hugh Ray-
at t es comments, as usual, are brief: “Get them to think

Proper level of abstraction.”
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John Brainard...

John Brainard has probably had to make more decisi9ns
about “coffee, tea, or milk” than most any man in America.
John is Manager of Field Operations for The Advance
Space Projects Department and in th.e pz}st year ].'1as
logged over a quarter million miles flying time shuttling
between his job on the West Coast and ASPD head-
quarters in King of Prussia, Pa. ) )

Responsible for the initiation andilmplementatmn 'of
all ASPD field activities he must .be in cl_ose toqch with
progress and plans back in the Philadelphia area in orc:]er
to carry out his field assignment. It takes a comprchens%e
technical knowledge, an ability to organize men and ffitl:} i-
ties and, of course, an intricate knowledge of airline

hedules. )

i "eI was attracted to General Electric because of tpe
obvious abundance of technical talent, and the: opportunity
to contribute directly at the systems level in thed_space
i i his ground to discuss
. Meeting the customer Of | :
gﬁilzeoisls and problems is 2 rewarcfiimdg i{perllelnze;ngz nfic;
i i i 1. I find that all co
the thuseSip e lyses — cost is a real key
are going through rigid cost anaiys
these days.” h ears with the Missile
is nearing the end of three ¥ - I
glognalsenDivis%on. He advanced from anEeﬂgl{‘:nee'm‘;
an : n?s Experimentation 0 Manager OfA]lxpfm:his )
o ering and then to his current job. Romo-Wool-
lelfelgebetter than 10 years with Thompson Ra
0 SE
: ke, Virginia. . :
o o e o b TS 5
£5 i f the job. He
» in all phases O ] Ch o
o perfloﬁlj::;er‘;sgafr’l Cowles’ plea for reliability, cost
a 5
Goer?secriousness and meeting schedulees;1
; John Brainard in three sho:t‘zi)rl1 22
know-how, the talent the man;ﬁ o pRyO
him admiration
__and airlines peopic:

rs has exhibited the
ills that have \;{c])\n

jals alike
from customer ffici




challenge

A Message on Space ...

o We were enthralled by the fall issue of
“Challenge,” particularly President
Johnson's statement. We have been as-
sembling data for a long time indicating
the reluctance of the public to accept the
need for space and their feeling that every
other dollar that was spent was thrown
away on the space effort.

This is the first time that we have
seen the space cost put in a perspective
that made sense. We would like very
much to carry this in all of our house
organs and wonder if you can give us
the approval.

R. O. Day

Advertising Manager

Thiokol Chemical Corporation
Bristol, Pennsylvania

o I was recently elected as editor of “The
Register”, a publication of our national
honor society in chemistry, Phi Lambda
Upsilon. Our publication is issued twice
yearly and includes information concern-
ing our active chapters and non technical
articles of general interest to our members.
Is it possible to obtain permission to

reprint President Johnson's message?

Dr. Thomas J. Clark

National Editor — The Register

Detroit, Michigan

-] These letters are typical of the many
received praising Lyndon Johnson's mes-
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sage about the space program .in'llzc Fnl{
issue of “Challenge.” Permission was
granted to all such requests.

Space Sciences:
The Not So Silent Partner

o The article about the *conversation”
with my son, Edgar M. Cortright, was
most interesting. The library of his alma
mater in Jenkintown is anxious to have
a copy.
If possible will you mail a copy to the
Librarian at Jenkintown High School.
I read the article while visiting my son
in Bethesda.
(Myrs. E. M.) Janet P. Cortright,
Jenkintown, Pennsylvania

B Thank you for writing, it was a great
pleasure to hear from you. As you re-
quested, copies have been sent to the
Librarian at Jenkintown High School.

o We appreciate your kindness in send-
ing us a copy of the fall issue of “Chal-
lenge”. The lead article was of particular
interest because the material was pre-
pared by one of our graduates here at
Jenkintown. The other articles were also
of value to our science teachers and stu-
dents.
We would be happy to receive copies
of this publication in the future.
John E. Rice
Supervising Principal
Jenkintown School District
Jenkintown, Pennsylvania

Smithsonian Report ...

o This will acknowledge, with thanks,
the set of seven photographs of the young
;oup]e at the National Air Museum, look-
ing at missile exhibits. They are all
charming — it comes as a shock to me,
even yet, that a generation is growing
that takes space travel matter-of-factly, as
my own generation embraced Radio!
(Mrs. Robert H.) Esther C. Goddard

B Mrs. Goddard is the widow ¢
pioneer Robert H. Goddard. jasdacdhel

e My sincere thanks for the Copies of
“Challenge”. It was a source of pride to
me to be associated with you in this en-
deavor. We consider your magazine to be
one of the outstanding publications which
are issued by the various industries, The
content and format are always a source
of pleasure and I look forward to each
issue.

Kenneth E. Newland

Curator

Smithsonian Institution

National Air Museum

Career Guidance Panel...
opy of “Chal-

ial on GE's
on Sullivan’s

o Many thanks for the
lenge” and for the
cooperation with Rey
training and research pr

John A Yy
Bureau or Standards
Regiona /1t Consultant
US. D 'nt of Labor
New Y« Y&

Generally . . .

o Today I was delig! » be given a
copy of “Challenge”. W & most appre-
ciated of your usage of Sirathmore Pas-
telle on the cover, and say the least,
we are elated with the results that you
have achieved.

Aside from the fine printing and sharp
die cutting which the picce displays, the
thought that went into the layout and the
planning must also be recognized as
quality art. )

Finally, congratulations once again on
an outstanding job and many, many
thanks for utilizing Strathmore Pastelle
for such a handsome presentation.

John M. Pierce,
Strathmore Paper Company
West Springfield, Massachuset!s

o I have had an opportunity to read

the Fall 1963 issue of Challenge. May )
obtain a set of back copies of this publi
cation? T
This is a very interesting publlcatl‘;ﬂ
indeed. It contains some articles I Wou :
like to display on our bulletin board fo!
the benefit of our engineering students-
Edward V. Krick o
Associate Professor of Indus!! i
Engineering:
Lafayette College,
Easton, Pennsylvania
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FACTS ABOUT PROGRESSLAND
:“:::gn:::::‘:'::?::NT HIGIHI.IGH'!'S OF PROGRESSLAND?

‘ :‘;:;:lml e rmonuclear fusion, the first ever witnessed
tronic” m-ﬁmznzat uses Disney-designed “audio-anima-

; moving humanlike replicas that are
y lifelike and entertaining.

.f:‘f:ﬂtlon £k nuf.ure’s energy sources that uses the

Cv.rv.ed pavilion dome as a projection screen.
e ed projectors, controlled by intricate
ey be. used in the “Skydome Spectacular”.
al design that marks the first fime certain

haeof

IBIT?
WHAT 1S THE THEME OF THE PROGRESSLAND EXHIE

; x "
progresslqnd R i World's Fair by using the theme “Peace

Electric Power”. It will
i-a. Progress through
Through Understanding; Prog grels way, t role electricity

: . i and e .
interpret, in an educational g condifions. In a dra-

‘s livin:
has played in the petterment of mm:"s5 L .
m i it wi where man’s W ! \
atic climax, it will show

may go from here.

?
WHO CREATED PROGRESSLAND.

General Electric Company anL eliDisney's
= |

Joint teams from the 2
WED Enterprises, Glendale, CaliT-

"Progressland” — How General Electric Company’s Pavilion at the New York
W.orld's Fair will look when completed. The Pavilion was created by Walt
Disney for General Electric. Its 200-foot-diameter dome will be crowned
with more than 1,000 lights providing a special night-time effect in which
the entire roof will seem to rotate. Rising 80 feet high, the three story
building is the first of its kind in the world.

OTHER FEATURES OF THE WORLD’S FAIR \

o LOCATION: Flushing Meadow Park, Queens, N.Y., (same site as for

the World's *Fair of 1939-1940, and less than one day’s drive for

50,000,000 people). Mailing address is Flushing 52, N.Y. Telephone:

area code 212, WF 4-1964.

o DATES AND HOURS OF OPERATION: from April 22, 1964—October

18, 1964; and from April 21, 1965—October 17, 1965. Open daily

(including Sunday) from 10 a.m. to 10 p.m. (some night spots are open

until 2 a.m.).

o OBJECTIVES:

A. an exhibition of the best work and products of all nations

B. a performing arts program jointly sponsored by the Fair and Lincoln
Center for the Performing Arts, Inc.

. celebration of the three hundredth anniversary of New York City

. completion of the metropolitan arterial system

. entertainment

. restoration and improvement of Flushing Meadow Park.

o SPONSOR: N.Y. World's Fair 1964-65 Corp., a private, nonprofit
organization headed by Robert Moses, President.

Mmoo

o THEME: “peace through understanding.” The fair is dedicated to
“Man's achievements on a shrinking globe in an expanding universe."”

o PREDICTED ATTENDANCE: 70 million people; however, based on

the success of the Seattle’s Fair, predictions have ranged as high as
100 million.

o ESTIMATED COST OF THE FAIR: $1,000,000,000 — over one-half
of this is in structures and materials. The fair was financed by the
sale of $35,000,000 worth of 6% promissory notes sold to private
investors. Other financial facts: estimated costs to be borne by the
fair — $131,600,000; estimated revenue — $184,710,000; reim-
bursement of New York City — $24,000,000; and estimated surplus
— $29,110,000.

o EXHIBITORS: More than 45 foreign countries from 5 continents will
have booths (more than any other exposition). There will be more than
32 states and 240 industrial companies — more than 30 of these
companies will build pavilions of their own; (for example, General
Electric’s Progressland). The remainder are making use of multiple-
exhibitor pavilions. In addition, for the first time there will be religious
pavilions highlighting the *‘Peace through Understanding’' theme.

o WORLD'S FAIR SYMBOL: the symbol is the UNISPHERE, a global
representation of the world. Towering 14 stories high, this stainless
steel symbol will live on for generations. It is being given the Fair Corp.
and New York City by U.S. Steel and will stand as a permanent fixture.




SEE PAGE 35



