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Only 5 years ago, the Congress of the United
States was still deliberating the role that the

\ULS. should take in the newest extranational

‘arena, the arena of space. It was to be as a
result of those deliberations that NASA would
i Five years ago there was little positive basis
for forecasting the future in space. The Soviet
Union had launched two satellites; the U.S.,
‘three. Both Russian satellites had already gone
to a fiery grave on reentry. The three U.S.
-satellites were all that remained aloft.

Nothing better illustrates the dynamic rapid-
ity with which space has come of age than the
ifact that only 60 months after this uncertain
{status of space no one finds it incongruous that
‘thenation’s second city should be host to a Mid-
:west Space Month and that NASA, which did
‘mot exist 5 years ago, should devote a solid day
‘and a half to a brief and fragmentary review
of some of the highlight elements of the na-
tional space program.

The NASA presentation to the Third Na-
tional Conference on the Peaceful Uses of
iSpace, when completed, will give a fair appre-
iciation of some of the U.S. accomplishments,
‘hopes, and aspirations in the space arena. In
‘this introductory survey an attempt will be
‘made to convey an understanding of the frame-
fwork on which the NASA program is built

d which ties it together.

In its broadest context the NASA program
fean be classified into three complementary
jparts. First, we have those phases of the pro-

which are aimed at the exploration of the
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very nature of space. This part of our pro-
gram is founded on the concept that space, as
an operating arena, is here to stay and that as

" a mature, responsible, capable nation we can

do no less than provide a secure foundation for
future space activities, whatever they may be,
by a careful, thoughtful, and comprehensive
determination of the properties of space itself.

The second major element of our program
is aimed at the earliest practical utilization of
space for the benefit of mankind. At the
moment the most immediately useful systems
appear to consist of unmanned spacecraft.
However, a large share of our program is aimed
at a rapid determination of man’s capabilities
in the space environment based upon the firm
conviction that future developments will in-
volve men in a dominant role, whether as opera-
tors of near-Earth spacecraft or as explorers
of our solar system.

Complementing our programs to understand
and define space and our programs to utilize
space is a third major program element aimed
at developing and improving the highly com-
plex technologies which will enhance our future
capabilities in space. Although our efforts in
this category are directly aimed at the enlarge-
ment of our space capabilities, we are acutely
aware that the concepts and devices emerging
from this effort may well, in themselves, be-
come the basis for new industrial and commer-
cial applications totally dissociated from the
space environment,

Our fundamental knowledge about the nature
of space, which is a necessary foundation to
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future activities, is acquired by a broad spec-
trum of missions. Figure 1-1 summarizes
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Ficure 1-1.—Space sciences.

these. Our basic approach is through the use
of sounding rockets, which may be defined as
relatively small, relatively inexpensive vehicles
for lofting simple payloads from a few score
to a few thousand miles above the Earth’s sur-
face. Payload instruments measure selected
properties of space near the Earth in the few
minutes of flight before the rocket plunges back
to the Earth’s surface. This sounding rocket
technique was highly developed in the decade
following World War II and was our only
technique for on-site measurement of space
properties until Earth satellite flight was
achieved in 1957. In spite of the more exten-
sive and more dramatic capabilities of satel-
lites the sounding rocket remains a basic tool,
both for acquiring local instantaneous meas-
urements of space properties and for providing
a relatively inexpensive flying test bed to eval-
uate instruments contemplated for more com-
plex payloads.

The Earth satellite is, however, our major
tool for acquiring long-term measurements of
properties of space near the Earth. By vary-
ing the orbital inclination and the ellipticity of
the satellite paths it is possible to acquire grad-
ually a basic understanding of space properties
in all directions at distances up to several hun-
dred thousand miles from the Earth’s surface.

For measurements of spatial properties at
greater distances from the Earth we cease to
use the Earth as a focal point and escape from
its gravitational attraction with vehicles that
we call “probes.” When exploring the Moon

or the regions of space near the Moon we sub-3
classify our spacecraft as “lunar probes.” In}
flying to or near other planets of the solar sys-
‘tem, we designate our flights as “planetary §
probes” and in those instances where we are
measuring the remote properties of space at
distances very far from any planetary bodies, J
we simply refer to our “interplanetary probes.”
Although trajectories and spacecraft differ
for the various missions they are unified by
common scientific objectives. We are inter-
ested in understanding the nature of space§
whether influenced by the presence of a plane- }
tary body (i.e., what is known as Geophysics) ; }
whether relatively uninfluenced by the pres- §
ence of planets as in Interplanetary Science;
whether concerned with the special properties §
emanating from or primarily influenced by the |
Sun as in Solar Physics; the properties of the
larger universe as in Astronomy, the peculiar §
properties of the Moon and planets; or in the :'_
effects of space on living matter. In all of 4
these areas our objective is to know more about

space itself.
/
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F16URE 1-2.—Observatory satellites.

Figure 1-2 indicates, in a general fashion,4§
the kinds of uses to which we put Earth satel- -

lites in this process of acquiring a fundamental

understanding of the properties of space. In !

March 1962, we launched our first Solar Ob-
servatory. A 450-pound spacecraft with about |
a dozen correlated experiments aboard to make *
long-term observations, it is still functioning ¢
and 1s still yielding useful scientific observa-
tions 14 months after it was launched. Some- 3
what contrary to the concept shown in figure %
1-2, the spacecraft is stabilized in flight so that
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fthe instruments are focused on the Sun when-
‘ever the Sun is in view.

£ A second kind of observatory which will be
Emmking its first flights near the end of this
 year is the Geophysical Observatory. In this
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i spacecraft a score or more of related experi-

ments will examine the properties of space
up to a distance of about 60,000 miles from the
- Earth’s surface. It will be oriented and stabi-
§ lized so that the same face always points to the
i Earth. Thus, the interrelated properties of the
,energies and particles streaming from the Sun
'and the magnetic, gravitational, and electrical
 fields from the Earth can be determined.
. The third spacecraft, the Astronomical Ob-

servatory will be flying in a few years. Where- -

bas:the Solar Observatory points at the Sun and
the: Geophysical Observatory at the Earth, the
 Astronomical Observatory will point to the
Suniverse outside our solar system. On com-
i mand from the ground it will map our universe
iin energy wavelengths that cannot penetrate
to the surface of the Earth.
: These three spacecraft have been selected for
'general discussion in this paper because they
illustrate our developing desires and capabili-
tties for understanding the nature of space. Our
%acientiﬁc explorations up to this time have
flargely been conducted with single purpoge
gpacecraft and while such devices will continue
'be flown in the future for special purposes,
great volume of data will be derived from
observatories. We have deliberately
chosen to call the spacecraft illustrated here
“observatories” because each will have the in-
iterdisciplinary scope and capacity that one as-
‘sociates with ground observatories. Succes-
igive and continuous use of these observatories
through at least the next decade should give
tus a fundamental understanding of space for
hatever purposes space may hold for us.
The Moon as our nearest heavenly neighbor
Ids a special attraction for scientists, adven-
rs, and romanticists alike. The unmanned
#pacecraft that we will be using in this decade
a forerunner to, and in preparation for,
ed exploration of the Moon are shown in
re 1-3. Although the Moon is our closest
peighbor, it is at the same time so remote from
pur earthbound scientific devices that
knowledge is indeed meager.

our
We do not now
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F1eure 1-3.—Unmanned lunar spacecraft.

have the data to understand its origin, its com-
position, or its detailed surface features. On
the latter point, for example, we do not know
how flat are its surfaces, nor indeed whether
flat surfaces truly exist, nor do we know whether
it is rock-hard or dust-soft in its surface com-
position. Our best optical observations from
the surface of the Earth cannot discriminate
terrain features less than several thousand feet
across and hence we have no way of knowing
whether landing sites for manned spacecraft
will be as flat as an ordinary floor, strewn with
huge boulders, or laced with Sun-baked cre-
vasses. To acquire this information we must
extend our sensory perceptions to the vicinity
of the Moon and this we shall do with the
spacecraft shown here.

Project Ranger will, in the few moments
before its destructive impact upon the Moon’s
surface, give us our first closeup look at the
Moon. As it plunges downward on a collision
course the spacecraft will orient itself about
1,000 miles above the Moon and take a succes-
sion of photographs. On a successful flight
we can expect an excess of 3,000 photographs
to be transmitted back to the Earth prior to
impact. Each photograph will yield succes-
sively greater detail until we should be able
to detect surface objects no more than a few
feet across from the final photographs.

The Surveyor Lander spacecraft shown in
the center of figure 1-3 will be our second gen-
eration lunar exploration vehicle and will yield
correspondingly greater information. Instead
of plunging into the Moon at thousands of
miles an hour as will Ranger, the Surveyor will
be decelerated upon approach by a large retro-
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rocket and will be landed gently on the Moon’s
surface. Stabilized by its outrigger legs it will
yield continuing surface data about the Moon.
In addition to numerous instruments for deter-
mining lunar surface properties, it will con-
tain real-time television cameras that will trans-
mit panoramic pictures of the vicinity of the
landing site back to Earth.

Project Ranger has already begun, although
we have not performed successful missions up
to this time. The Surveyor Lander flights will
start within the next 2 years. We are currently
evaluating the possibilities of yet a third lunar
unmanned spacecraft that is here labeled a
Surveyor Orbiter. We have not yet made a
final determination as to how we should proceed
or if we should proceed at all with such a
mission. The concept we are studying, how-
ever, is to place a spacecraft in orbit around
the Moon to acquire reconnaissance photographs
of large segments of the lunar surface. There
is a strong motivation to obtain this overall
reconnaissance view to complement the local
terrain photographs from Ranger and the
Surveyor Lander. There are major technical
considerations to be evaluated, however, before
a final project determination can be made.

The last part of our current program for
understanding space relates to the nearby
planets. Figure 14 indicates our present con-
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Ficure 1+4.—Planetary exploration:

cepts. The launch energies required to reach
either Venus or Mars are so great that the
resultant payloads using current launch
vehicles are limited. Consequently, the kinds
of missions we can fly are limited. On the
left is illustrated the kind of spacecraft that

we flew by Venus in 1962, Although the actual-:
instrumentation was limited, we acquired a
tremendous wealth of information about Venus. 3
So successful was this flight, as a matter of -
fact, that we canceled our plans to make a 3
second similar flight in 1964 because we felt
that there would be little more to learn within
our present payload capabilities. We will,}
however, make a similar fly-by of the planet 3
Mars in 1964. e

With the current limitations of propulsion }
systems, it is not possible to investigate the i
planets at the convenience of the scientists.
Ratbher, it is necessary to leave the Earth within §
a 1 to 2 month launch period every several .
years when the Earth and the target planet
have favorable relative positions. In the case of
Venus, this only occurs about every 19 months §
and in the case of Mars, every 25 months. At
the present time the other planets in the solar 4
system are beyond our energy capabilities for ;
useful spacecraft. Although our present capa- |
bilities are limited, they will become enhanced
as new launch vehicles become operational.
We, therefore, anticipate that our next step in |
planetary exploration will be with a spacecraft ¥
something like that shown on the right in figure 4
1-4. In addition to flying by the planet and ac- |
quiring data in transit, we will detach a capsule | _
or pod to enter the planetary atmosphere. Cer- 1
tain artistic liberties have been taken in this |
sketch. We would not fling the pod overboard
as we go by the planet but would, instead, detach 3
it while some millions of miles from the inter:
cept point. ]

We are beginning to study even more ad-
vanced missions than those shown here. When
the very large launch vehicles being deyeloped *
in support of our manned lunar program §
become operational, it will be possible to send 9
large enough spacecraft to Venus and Mars §
to permit us to enter a satellite orbit around $
the planets and to make long-time observations §
of the planetary features. The energies re-
quired to reach the planets with sizable space-
craft are so great, however, that these un-
manned investigations will probably constitute
our only means of planetary exploration for
several decades to come.

Although the prospects for manned flight to
the planets are now remote, just the opposite is




. the case for lunar exploration. In May of 1961,
President Kennedy established a goal for the
i Nation of landing men on and returning them
.from the Moon before this decade is out. The
‘overall program to achieve this result is firmly
underway. A discussion of the many detailed
steps in this overall program will be given in
?i;nhmquent papers and are reviewed briefly
i as follows.
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Fievre 1-5.—Manned space flight.
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The three major projects involving men are
:summarized in figure 1-5. Project Mercury,
our first attempt at manned space flight may
conclude with the projected flight of Astronaut
Gordon Cooper for 1 day or more. We will
then move into Project Gemini, in which two
iastronauts will fly together for extended
‘periods of time. In this project we will begin
to perform technological projects during orbital
flight to complement the observation of man’s
behavior which has been the prime objective of
Project Mercury. The third project now under-
way is Apollo. Three men will participate in
these flights and as a final phase the three will
fly in satellite orbit around the Moon and two
of the astronauts will descend to the Moon’s
Burface.
¢ The spacecraft to be flown by Astronaut
Cooper, shown in figure 1-6, is the now familiar
ene-man Mercury configuration. His flight
will give us additional valuable data on the
#ctions and reactions of astronauts when ex-
Posed to the unnatural condition of zero
gravity associated with space flights. Although
enough data have now been accumulated from

§
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F1oURE 1-8.—One-day manned fifght.

our own and Russian flights to indicate that
no incapacitation appears to result from
flights of several days duration, the Cooper
flight will give us valuable physiological and
psychological data on the details of human
behavior during the weightless condition.

We will follow the one-man Mercury pro-
gram with flights of the two-man Gemini
capsule illustrated in figure 1-7. Aerodynami-
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Ficure 1-7.—Gemini spacecraft.

cally similar to the Mercury capsule, the Gemini
will also be limited to Earth orbital flight. It
will have system capabilities, however, that
will permit flight durations of a week or more
and thus will provide us with behavioral data
over the periods of time required for flights to
the Moon and return. As an important addi-
tion, moreover, Gemini will give us the capabil-
ity for developing the art of rendezvous and
docking in space flight. “Rendezvous” is here
defined as the art of placing two separately
launched objects into close proximity in space,

and “docking”, as the art or technique of cou-
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pling these two objects together to form a single
composite spacecraft.

In Project Gemini we will initially place a
modified Agena stage into Earth orbit using an
Atlas launch vehicle. After the ephemeris, or
orbital trajectory, is accurately determined the
two astronauts in the Gemini capsule will be
launched by a Titan II rocket into a closely
proximate path, thus accomplishing the rendez-
vous. The astronauts will then control both
their own spacecraft and the Agena target vehi-
cle to accomplish a docking maneuver. As part
of the Gemini program, provision is being made
for one astronaut to climb outside the capsule
to evaluate his capacity to perform simple con-
struction or repair procedures during space
flight.

The technologies acquired in the Gemini pro-
gram will be directly applied in the A pollo pro-
gram. Figure 1-8 illustrates the several
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F1eUre 1-8.—Apollo spacecraft.

missions which now make up the Apollo pro-
gram and shows the total spacecraft configura-
tion for the final lunar landing mission. At
launch, thres astronauts will be housed in a re-
entry capsule known as the command module.
This is the only section of the spacecraft that
will be recovered after reentry to the Earth’s
surface. The command module will sit atop
a service module which will contain expendable
supplies and auxiliary equipment, including a
rocket stage suitable for slowing down the over-
all spacecraft configuration as it approaches
the Moon and accelerating the command module
from lunar orbit on a trajectory back to the

Earth. The actual descent to the lunar surface §
will be made by two of the astronauts using§
the lunar excursion module at the bottom of the j
payload package. 3
The mission profiles will be described in de- 3
tail in subsequent papers. Here it may be §
pointed out that in the accomplishment of the ;
final lunar mission it will be necessary to sepa-}
rate the command and service modules fromj
the lunar’ excursion module during transit to}
the Moon, to turn them end for end, and to §
dock them so that the command and lunar
excursion modules are connected face to face.§
After the lunar excursion module descends to?
the lunar surface it will have to be launched §
back into a lunar orbit rendezvous with the or--}
biting modules and will have to dock with the §
command module to permit retransfer of the $
two lunar surface explorers back to the com- §
mand module. This illustrates the importance
of the early development of the rendezvous and 3
docking technologies. 1
In the conduct of the Apollo program it will §
be necessary to proceed with an orderly devel- &
opment of our flight techniques. The earliest
flights will be Earth orbital missions using only %
the command and service modules. These i
flights will permit an extension of our zero grav- %
ity observations of astronauts to time periods ‘&
on the order of a month; they will provide us &
a technological checkout of the configuration %
and will, very importantly, provide us with a %
crew training device for pilot familiarization
of the three-man crews.
Subsequent to these flights we will launch the 3§
entire lunar configuration into Earth orbit and §
will, in that orbit, practice the docking maneu- #
vers ultimately to be required for the lunar &
mission. Then and only then will we be ready
to undertake the terminal mission.
Our program for evaluatmg and extendmg
the capability of men in space flight missions %
embraces much more than the spacecraft devel- %
opments just discussed. A whole new series =
of launch vehicles is also being developed. All
of our space activities to date have been accom-
plished using launch vehicles based upon mili- *
tary missile boosters, except for some small :
spacecraft launched with the Vanguard and the -
Scout vehicles. New launch vehicles, shown in -3?
figure 1-9, are now under development to :
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:»‘ Fieure 1-9.—Large launch vehicles.
secomplish the Apollo objectives and to give
g8 the potential for a broad spectrum of future
" As a standard of comparison let us use the
capabilities of the Atlas booster used in Project
Mercury. It has a takeoff thrust of less than
400,000 pounds and will place a payload of
about 3,000 pounds in a low Earth orbit. The

I vehicle, which has undergone four
ﬁ;’; successful first-stage flight tests, will
develop 114 million pounds of thrust at take-
ff and will place about 20,000 pounds in Earth
wbit. This is the launch vehicle that will be
ased! for the initial flights of the command and
#rvice modules. By using an improved second
gage we will achieve about a 30,000-pound
Barth orbit capability with the Saturn IB and
‘*is'vehicle will be used for the Earth orbital
#6ts of the entire Apollo configuration includ-
ng the docking experiments with the lunar
weursion module.

In order to perform the lunar landing mis-
ton we are developing the Saturn V vehicle.
Fhe 714 million pounds of thrust it develops at
akeoff together with the 1-million-pound
scond-stage thrust will enable us to place over

0,000 pounds of payload in Earth orbit. This

1 be about 70 times the payload capability of
Be Atlas. With a 200,000-pound payload in
Sarth orbit we will be able to launch approxi-
@ately 90,000 pounds of Apollo spacecraft to

Moon.

§In addition to being the necessary tools for the
#complishment of the Apollo missions, these
Bree launch vehicles will give the United
ta.tes unparalleled capacity for the accom-
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plishment of other space missions of the future.

Our immediate goals for the utilization of
space will not in themselves require this tremen-
dous power. In two technological areas the
applications of small, unmanned spacecraft
promise early beneficial returns from our space
efforts. We are beginning the examination of
other attractive possibilities.

Meteorological satellites hold promise for
providing a valuable data supplement to our
conventional weather observational techniques.
Up to this time we have flown six of the explor-
atory Tiros spacecraft shown on the left in fig-
ure 1-10. Though of limited utility because
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F16URE 1-10.—Meteorological satellites.

of the space orientation, which only allows the
cameras to record cloud cover over a portion of
the Earth on each revolution, the more than
200,000 cloud pictures transmitted by Tiros have
clearly indicated the value to be achieved from
overhead observations.

The Tiros experimental spacecraft will soon
be replaced by the more advanced Nimbus,
which will be stabilized to provide Earth orien-
tation of the cloud cover cameras at all times.
(See right side, fig. 1-10.) By flying Nimbus
in a near polar orbit it will be possible to have
daily observations of cloud cover over most of
the Earth's surface. Although Nimbus will
only fly for the first time late this year, it is
already conceived of as having a preprototype
potential for an eventual, and not too distant,
weather observational system.

The startling possibilities of communication
satellites have been dramatically impressed
upon the peoples of the world by the perform-
ance of Telstar and Relay within the last year.
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