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THE WHITE HOUSE

TO THE CONGRESS OF THE UNITED STATES:

In accordance with Section 206(b) of the National Aeronautics and
Space Act of 1958, I am transmitting herewith the second annual report
on the Nation's activities in the fields of aeronautics and space.,

During 1959, the Nation's space effort moved forward with pur-
pose and its accomplishments were many, as this report recounts. In
the short period of a single year, a program of great complexity and
scope was aligned so that the scientists of many organizations in and out
of Government could pool and coordinate their knowledge and skills,
Much information of far-reaching significance was acquired on the
frontiers of science and technology; substantial gains were made, rang-
ing from advances in aircraft and s pace vehicle design to greatly im-
proved understanding of the environment in which our planet exists and
by which its natural forces and life are conditioned.

The year was also one of transition. The national space pro-
gram grew in breadth and depth -- benefiting greatly from the tremen-
dous efforts of the American scientists, engineers, and technicians who,
in the short space of the past five years, have performed miraculously
in developing United States rocket technology.

This Report details the steps taken during 1959 to establish a
firm foundation for a dynamic program of space exploration, and it

summarizes the contributions of Federal agencies toward the para-
mount goal: the conquest of space for the benefit of all mankind,

DWIGHT D. EISENHOWER

THE WHITE HOUSE,

February 22, 1960,
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U.S. AERONAUTICS AND SPACE ACTIVITIES
INTRODUCTION

SECOND ANNUAL REPORT
- - 1959 - -

Nineteen fifty-nine witnessed substantial accomplish-
ments in the United States space exploration program and
revealed with increasing clarity the nature and dimensions
of major problems confronting the effort.

During the year, extensive changes in organization and
in program responsibility were effected, resulting in con-
solidation of the nonmilitary space program under the
National Aeronautics and Space Administration.

The United States carried out a vigorous operational
,space program by means of earth satellites, space probes,
and sounding rockets. Immediate focus of the national space
program was upon Project Mercury, first phase of the manned
satellite program, which gained considerable momentum during
the year.

Progress was made in the development of a small family
of high-thrust vehicles, with emphasis on increased thrust
and improved reliability and guidance; they will be used
first for lunar missions and ultimately to power missions
to the planets. Tracking and data-collection networks are
being constructed in support of earth-satellite, Project
Mercury, space-probe, and sounding-rocket programs.

In aeronautics, research went forward across the entire
speed range from hovering aircraft, ground-effect systems,
and VTOL (Vertical Take-Off and Landing) and STOL (Short Take-
off and Landing) to experimental aircraft capable of near-
satellite speeds and altitudes.

Underlying the entire effort are basic and applied
research programs in space sciences and technology.

During the year, United States activities toward achiev-

ing international cooperation in space affairs increased
markedly.
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In summary, the Nation's aeronautics and space activi-
ties -- both military and nonmilitary -- gained in momentum,
scope, and positive direction during the year under review.*

U.S. Space Program Milestones

During calendar year 1959, the National Aeronautics and
Space Administration (NASA) successfully launched four satel-
lites and one space probe in 10 attempts. The Department of
Defense (DOD) successfully launched six satellites in nine
attempts.

These experiments, together with the earlier Explorers,
Pioneers, and Vanguards, have provided a vast quantity of
valuable data on such phenomena as the Great Radiation
Region surrounding the earth, the earth's magnetic field,
micrometeoroid density in space, and other factors involved
in problems of space travel.

Knowledge gained from these experiments has enabled
NASA to prepare more realistic and comprehensive short- and
long- range (nonmilitary) space goals than had been possible
during the early phases of the Nation's space drive.

The following experiments and activities highlighted
the U.S. space year in the nonmilitary realm.*x

Seven astronauts for Project Mercury were selected and
began intensive training. All military test pilots with
engineering backgrounds, the astronauts are contributing
their knowledge and experience in design and construction of
the Mercury capsule and supporting equipment.

An Atlas booster propelled a Mercury capsule model to
an altitude of 100 miles and a range of 1,300 miles, a flight
that culminated in a successful test of capsule instruments,
stability, and heat shielding.

The Pioneer IV space probe achieved its primary mission,
an earth-moon trajectory, and traveled on to orbit the sun.

Two monkeys, Able and Baker, survived a space flight at
speeds as great as 10,000 mph and to a peak altitude of 300

#* This report does not include activities of the Federal
Aviation Agency and the Civil Aeronautics Board which are
concerned primarily with operational civil aviation matters,
nor does it cover details of the research and development
accomplishments of the Department of Defense.

#% Details of the NASA year are to be found in Chapter 1; the
Department of Defense program is in Chapter 2.
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miles. The monkeys were part of a biomedical experiment
carried in a Jupiter nose cone in a flight conducted by the
Army under NASA sponsorship.

The X-15 rocket-powered research airplane completed
successful initial glide- and powered-flight tests.

Explorer VI, the “paddlewheel satellite" (so-named
because of its solar vanes or paddles), was successfully
launched into orbit, relaying a crude photograph of the earth's
cloud tover and transmitting valuable new data on radiation,
micrometeoroids, radio waves and earth's magnetic field.

Vanguard III, last of the Vanguard satellite experiments,
was launched successfully; it has supplied information on
solar X-rays and has transmitted other valuable data.

Explorer VII, a highly instrumented 91.5-pound satel-
lite, was launched into predicted orbit, all equipment work-
ing as programmed. From its transmissions, scientists are
learning new facts about the trapped solar radiation and
cosmic radiation near the earth.

In addition to numerous sounding rocket and upper-
atmosphere wind velocity experiments, NASA successfully
launched a test vehicle carrying a 100-foot-diameter inflat-
able sphere on a suborbital flight over the Atlantic Ocean.
The sphere, which was seen throughout a wide area of the
Atlantic Seaboard, is a prototype of spheres that will be
used in passive communications satellite experiments. -

Military Space Activities

The Department of Defense placed special emphasis on
its Discoverer Satellite Program in 1959. 1Its objective:
the testing of components, propulsion and guidance systems,
and techniques for several U.S. space prnjects. A capsule
recovery operation, so far unsuccessful, is a principal
technique being tested in the program.

Eight of the nine military space launchings were of
Discoverer vehicles (six attained orbit); the ninth, in the
Transit navigation satellite program, failed to achieve
orbit but yielded useful operational data.

Also included among key Defense Department projects
were the following: Project Argus, in which the effects of
nuclear explosions in the exosphere are being studied;
Project Notus, a communications satellite system for long-
range radio communicationj Project Shepherd, a combined
Minitrack-Doploc fence to serve as a space surveillance
system for defense purposes; and Project Longsight, a research
study concerned with military needs in space technology.



Consolidation of the Nonmilitary Space Program

A fundamental achievement of 1959 was further consoli-
dation of the nonmilitary space program under NASA with the
transfer to that agency of several projects and research and
development organizations from the Department of Defense.

As specified in the National Aeronautics and Space Act
of 1958, NASA's mission is to conduct U.S. aeronautical and
space research and development, apart from military projects.
(In aeronautics, as a matter of practice, NASA restricts
itself to research.) The legislation stipulates, however,
that NASA should cooperate with the military in defense-
related space research and development. As a result, NASA
scientists and engineers are at work on problems connected
with many military launch vehicles

On April 13, Project Tiros, a meteorological satellite,
was transferred to NASA from the Department of Defense. And
on June 1, Project Centaur, a high-thrust, Atlas-based
booster, was shifted to NASA from the Advanced Research
Projects Agency (ARPA) of the Defense Department.

Most notable expansion and consolidation of NASA's mis-
sion came in the field of super-boosters. In late 1959 the
President announced his intention of transferring to NASA
the Development Operations Division of the Army Ballistic
Missile Agency at Redstone Arsenal, Huntsville, Ala., along
with Saturn, the l.5-million-pound-thrust (clustered) rocket
engine under development by the Division.

Subject to Congressional approval, the transfer will
become effective 60 days from formal notification of the
Congress on January 14, 1960 (after the period of this report).
The transfer will include the 4,300 scientific and technical
positions from the present Development Operations Division
and a provision enabling NASA to recruit up to 815 individuals
from ABMA or Redstone Arsenal supporting personnel. The total
supporting personnel requirement of 1,200 for the Saturn group
cannot be filled entirely from the Redstone personnel because
the Army requires their continued service in military programs.

In a message to the Congress discussing the Saturn trans-
fer, and recommending changes in the Space Act, the President
emphasized that the assignment of super-booster development
to NASA was being made regardless of the vehicle's ultimate
military or nonmilitary uses.

In order to speed development of super-boosters, NASA
decided to divide its Office of Space Flight Development into
two offices -- the Office of Space Flight Programs and the
Office of Launch Vehicle Programs. The former will be respon-
sible for mission planning, payload design and in-flight
research and operation; the latter will direct booster develop-
ment and launchings.
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Other NASA divisions under the reorganization include:
the Office of Advanced Research Programs (formerly the Office
of Aeronautical and Space Research) which is charged with
advanced research in aeronautics and space; and the Office
of Business Administration which continues with the same
name and functions.

International Cooperation in Space

The National Aeronautics and Space Act of 1958 states:

"...The Congress hereby declares that it is

the policy of the United States that activ-
ities in space should be devoted to peace-

iul purposes for the benefit of all man-
ind..."

The Act further states:

"...The aeronautical and space activities
of the United States shall be conducted so
as to contribute materially to cooperation
by the United States with other nations

and groups of nations in work done pursuant
to this Act and in the peaceful application
of the results thereof..."

- Looking toward implementation of these provisions of
the Space Act, the United States has taken initiative in the
United Nations, and NASA has found that the spirit of cooper-
ation engendered during the International Geophysical Year
(IGY) had carried over into 1959 with numerous positive
results. Furthermore, U.S. requirements for worldwide track-
ing and data-acquisition networks increased the opportunity
for international cooperation in space affairs.

The Department of State and NASA began discussions with
other governments leading toward the acquisition of sites
for eight Project Mercury tracking stations abroad. Prelimi-
nary site surveys have been made.

Discussions with both the United Kingdom and the Canadian
Defence Research Board were initiated regarding cooperative
space research programs.

In September, Dr. Hugh L. Dryden, the Deputy Administrator
of NASA, took part in discussions with a number of scientists
and officials of the European scientific community. His mis-
sion had a twofold purpose: to assess space-connected activi-
ties in Europe and to indicate NASAt's interest in discussing
potential cooperative space research programs.

On December 7, the Administrator of NASA offered the
services of the U.S. worldwide tracking network in support
of any manned space flight the USSR might have under way or

plan to undertake.
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Summary Evaluation; Problem Areas and Goals

While NASA's operational goals continue to expand, its
fundamental mission remains constant. As broadly expressed
in the Space Act (sec. 102), the agency must pursue aeronau-
tical and space research and development for "...the expan-
sion of human knowledge of phenomena in the atmosphere and
space" -- for mankind's benefit.

Following this objective during the 15 months of its
operational life, NASA has carried out its mission across a
broad research and development front. Alrsady on the hori-
zon are practical benefits in the fields of meteorology,
communications, navigation and geodetics, while unforeseen
rewards of today's basic research undoubtedly lie still
further in the future.

As it has simultaneously built up its organization,
carried out an operational space program and set goals,
NASA has uncovered and isolated many major problem areas.
For example, the nonmilitary space program has been plagued
by a lack of high-thrust, reliable boosters designed specif-
cally for space missions. The experiments have been launched,
for the most part, by rockets originally designed and devel-
oped for military purposes.

Lack of reliability has been a corollary problem of
equal magnitude. During both military and nonmilitary space
experiments in 1959, there was all too often little or no
margin for even the slightest deviation from planned per-
formance.

In 1960 and the years immediately ahead, NASA will con-
centrate upon:

...Development of a small family of highly reliable
medium and high-thrust boosters.

...Development of midcourse and terminal guidance equip-
ment and techniques.

...Research into the performance of materials and fuels
in the temperature extremes and stresses of space flight.

«..Communications experiments over interplanetary dis-
tances.

...A substantial program of scientific research using
earth satellites and space probes, with increasing emphasis
upon lunar missions to develop technology for later, more
advanced flights to the planets.

...Associated tracking and data-collection networks.
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In the coming months, areas of concentration will inevit-
ably be affected in both DOD and NASA programs as unforeseen
problems -- and opportunities -- arise in this highly fluid
technology. Both programs are subject to continuing review
and re-evaluation. But the year-end stocktaking reveals
that, in sum, United States achievements in space during

1959 add up to a substantial base upon which to build for the
future.

- ix -



| CHAPTER 1
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The mission of the National Aeronautics and Space Administra-
tion (NASA) is to conduct the government’s nonmilitary activities
in aeronautics research and in space research and development,
and to cooperate with and support Department of Defense ac-
tivities in these fields. The basic objectives of the Nation’s
space program are exploration of space to extend knowledge of
the solar system and the universe, to use this knowledge for
peaceful ends, and to share its benefits with all mankind.

Initial steps toward these goals are the continuing series of
scientific satellites and the probes dispatched into space to
transmit basic information on conditions that coming genera-
tions of spacecraft and, eventually, human crews will encounter
and must cope with.

Essentjal to the key objective is Project Mercury, to which NASA
has given high priority. Mercury will place a manned satellite in
orbit around the earth, recover the astronaut-pilot and make
possible the study of human capabilities under the stresses of
acceleration, weightlessness, deceleration, and landing.

Beyond Project Mercury, it is planned to dispatch highly instru-
mented robot devices to the moon, followed by manned expedi-
tions. Further still in the future are deep space probes to Mars,
Venus, and eventually to more distant planets. Sustaining NASA’s
space flight operations are extensive programs in space sciences
and technology. From these fields is emerging knowledge for
designing and developing more powerful and more reliable space
vehicles, and more accurate guidance for them.

Accomplishments and developments in major NASA programs
during 1959 are summarized below.

OPERATIONAL MISSIONS

NASAts achievements in operational space flight were
substantial during the period January 1, 1959, to December 31,
1959. Of 10 attempts to launch spacecraft into orbit or on
deep space trajectories, five have attained a large propor-
tion of the objectives set for them.

These United States experiments have yielded data of
great importance to science in general and vital to the
future of man's venture into space -- such as findings on
the range and intensity of dangerous radiation in space, the
makeup of the earth's magnetic field, and micrometeoroid
density.



Except where Qgherwisé noted, all launchings were from
the Atlantic Missile. Range, Cape Canaveral, Fla.

Major Satellite and Space Probe Experiments

«..February 17 -- Vanguard II, a meteorological "Cloud Cover"
satellite, was successfully launched into orbit. The 20.74-
pound sphere contained photocells to produce images of the
earth's cloud formations. Although the payload developed a
precession (wobble) that scrambled the transmitted images,
Vanguard II proved the feasibility of the weather satellite
concept.

««.March 3 -- Pioneer IV, a conical instrument package of
goldwashed fiberglass, was successfully launched by a Juno II
rocket. Pioneer IV achieved its primary mission, an earth-
moon trajectory, yielded excellent radiation data, and pro-
vided valuable tracking experience. It is now orbiting the

sun.

The 13.40-pound probe passed within 37,300 miles of the
moon on March 4, 1959. It reached its perihelion (nearest.
point to the sun) -- 91,700,000 miles -- on March 17, 1959,
and its aphelion (farthest point from the sun) -- 106,100,000
miles -- on October 1, 1959.

The probe was tracked for a total of 82 hours and four
minutes to 407,000 miles, the greatest distance a man-made
object had been tracked up to that time.

«e.April 13 -- An attempt to launch a Vanguard satellite, con-
taining a magnetometer experiment and an inflatable sphere,
failed when the second stage did not operate properly.

...dJune 22 -- An attempt to launch a Vanguard satellite, con-
taining a heat-balance experiment,failed because of a faulty
second-stage pressure valve.

«..July 16 -- The range safety officer destroyed a Juno II
rocEet,Eearing an Explorer satellite,after 5% seconds when
it tilted sharply because of a power supply failure to the
guidance system. The satellite contained a radiation bal-
ance and Lyman-Alpha X-ray experiments.

.. .August 7 -- Explorer VI -- the "paddlewheel satellite,"
so-called because of its four vanes or paddles studded with
solar cells -- was launched into orbit by a Juno II rocket.
Explorer VI contained 14 scientific experiments and was the
most advanced U.S. experiment to date. It reported a new
region of high-energy protons in the Great Radiation Region,
and enough new measurements to show considerable variations
in radiation intensity and distribution. Equipped with a
photocell scanner also, Explorer VI transmitted a crude
picture of the earth's cloud cover from a distance of

20,000 miles. )



+esAugust 14 -~ An attempt to launch an inflatable satellite
of micro-thin M¥lar plastic film and aluminum foil with a
modified Juno II failed because of premature fuel depletion
in the booster and a malfunction in the attitude control

system for the upper stages.

...September 18 -- Injection of Vanguard III into planned
orbit marked the end of the Nation's first scientific earth
satellite program. . Although the launching phase of Project
Vanguard has been completed, the personnel, techniques, and
hardware developed during the program are continuing to
contribute substantially to the U.S. space effort.

Vanguard III, weighing 50 pounds, consists of a magne-
sium sphere 20 inches in diameter with a 26-inch tapered
tube attached. The payload includes twin ionization chambers
(responding to radiation in the range between one and 10
angstroms) to measure solar X-rays. It has revealed valuable
data which are being analyzed.

...0ctober 13 -- Explorer VII, a 91.5-pound satellite con-
taining radiation balance, Lyman-Alpha X-ray and heavy primary
{-ray experiments, was successfully launched by a Juno II
rocket. The satellite went into predicted orbit, all equip-
ment working as programmed. It has revealed valuable data
about trapped radiation and cosmic radiation near the earth,
indicating a possible correlation with solar events and geo-
magnetic storms.

...November 26 -- An attempt to launch a Pioneer lunar probe
with an Atlas-Able 4 rocket failed when, about 45 seconds
after launching, the plastic shroud covering the probe fell
off. With the shroud gone, the payload was torn off and,

at 104 seconds, all telemetry was lost.

Other Experiments during 1959

During the year, NASA carried out numerous sub-orbital
experiments with sounding rockets, sodium flares, inflatable
spheres, and scientific and biomedical instrument packages.

On March 3 and June L, six-stage rockets were fired from
Wallops Station, Va., to study the effects of extremely high
temperatures on a vehicle reentering the earth's atmosphere.
Three stages are employed on the upward leg and three on the
downward leg of the trajectory. The vehicle reaches a maxi-
mum speed of 16,000 mph on the downward leg. The first shot
malfunctioned; in the second, all stages fired as programmed.
On December 22, a 48-foot, four-stage Javelin sounding rocket
was fired from Wallops, carrying a joint U.S.-Canadian exper-
iment to measure the intensity of galactic radio noise.
Another purpose of the experiment was to test operation of
the X-248 rocket engine (to be used in the Delta vehicle) in
the space environment.
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U.S. Satellites, Lunar Probes, and Space Probes, 1959

[Weight Altitude
Name Lifetime Dimensions Shape (1bs.) Type Perigee (miles) | Apogee (miles)
:Vmg\urd II Feb, 17, 1959V (10 or more years) | 20 inches in diameter Spherical 20,74 |Satellite 37 2,064,
Pioneer IV Mar. 3, 1959 (Lifetime unknown) |20 inches long; 9 inches in diameter Conical 13.40 |Planstoid in | 91.7% millien |106.1#% million
solar orbit
Discoverer 1 Feb, 28 ~ Mar. 5, 1959 19.2 feet long; 5 feet in diamater Cylindrical-. 1,300 |Satellite 99 605
Discoverer II Apr. 13-26, 1959 Do Do 1,610 Do U2 220
Vanguards 3A and 3B | Apr. 13, 1959 (0) Vanguard 3A: 13~-inch diameter sphere See dimensions. 23.3 Do 0o 0
topped by a 178 x 24 inch cylinder;
Vanguard 3B; 30-inch diameter inflat-
able sphere
Biscoverer II1 June 3, 1959 (0) 19.2 feet long; 5 feet in diameter Cylindrical 1,600 Do 0 - 0
Vanguard. June 22, 1959 (0) 20 inches in diameter Spherical 2.5 Do 0 0
Discoverer P June 25, 1959 (0) 19.2 feet long; 5 feet in diameter Cylindrical 1,70 | Do 0 ]
Explorer. July 16, 1959 (0) 28 inches long; 30 inches in diameter Bi-conical 91.5 Do [ 0
Explorer VI Aug. 7, 1959 (Over 1 year) 39 inches in diameter and 55 inches deep| Spherical with flattensd U2 Do 156 26,357
. bottom and four solar vanss
mami‘or'v Aug. 13, 1959 - Sept. 16, 1959 19.2 feet long; 5 feet in diamster Cylindrical 1,700 Do 136 450
Bescon Aug. 1, 1959 (0) 12 feet in diameter when inflated Spherical 10 Do 0 0
Discoverer VI Aug. 19, 1959 - Sept. 16, 1959 |19.2 feet long; 5 feet in diamster Cylindrical 1,700] Do 139 537
Transit I Sept. 17, 1959 (0) 36 inches in diamster Spherical 25 | Do 0 )
Vanguard IIT Sept. 18, 1959 (30-40 years) 20-inch-diemeter sphere from which See dimensions 50 Do n9 2,329
26-inch tapered tube extends
Explorer VII Oot. 13, 1959 (20 years) 30 inches in diameter; 30 inches long Bi~conical 9.5 Do 342 680
Discoverer VII Nov. 7- 26, 1959 19.2 fost long; 5 feet in diamster Cylindrical 1,700| Do 104 550
Discoverer VIIX Nov. 20, 1959 (estimated at 19.2 feot long; 5 feet in diamster Cylindrical 1,700 Do 120 1,000
S . several months) :
Picneer Nov. 26, 1959 (0) 39 inches in diameter; 55 inches deep Spherical with flattened Lunar probe Unicown
. | bottom and four solar vanes| 372 | - |
#Perihelion



The Javelin rose to an altitude of 650 miles and went
down in the Atlantic, 600 miles from Wallops Island. The 48-
pound payload contained a 3-mc radio receiver which telemetered
the galactic radio signals to the earth.

On October 28, NASA launched a test vehicle carrying a
100-foot-diameter inflatable sphere on a sub-orbital flight
over the Atlantic Ocean.

The sphere -- Mylar plastic, coated with micro-thin
vaporized aluminum -- reached an altitude of 250 miles and
traveled 500 miles across the Atlantic Ocean. Weighing 130
pounds, the sphere provided a high degree of reflectivity to
light and radio signals. It was seen from Maine to Florida
and as far west as Ohio.

The sphere was launched by a two-stage test vehicle, pro-
ducing an initial thrust of about 130,000 pounds. The first
stage consisted of a cluster of three solid-fuel rockets. The
second stage was a solid-fuel rocket developed under the Van-
guard program. Similar 100-foot spheres will be used in a
passive communications system in future experiments.

On May 28, an Army Jupiter launched a nose-cone package
carrying two living passengers -- Able, a seven-pound rhesus
monkey, and Baker, a one-pound South American squirrel monkey,
both females. Among purposes of the mission were recovery of
the nose-cone and obtaining physiological and psycho-
physiological data on animals of primate level under the
stresses of space flight. The nose-cone package also con-
tained specimens of low-order life.

Medical portions of this cooperative, NASA-sponsored
experiment were carried out by the Army Medical Service and
the Army Ballistic Missile Agency, with the assistance of the
U.S. Naval School of Aviation Medicine and the U.S. Air Force
School of Aviation Medicine.

After a 15-minute flight at altitudes up to 300 miles, the
nose cone and its payload were lowered by parachute -- as
programmed -- into the South Atlantic, 40 miles north of
Antigua, West Indies Federation, some 1,500 miles from the
Florida launch site. Ninety-three minutes after liftoff, the
nose cone was hoisted from the ocean by the crew of the U.S.
Navy tug Kiowa.

NATIONAL LAUNCH VEHICLE PROGRAM
Goals: Greater Simplicity, Reliability, and Payload Capabilities

Emphasizing maximum practicable simplicity, greater pay-
load capabilities, and increased reliability, the National
Launch Vehicle Program made significant gains during 1959. Vega
a two- and three-stage vehicle, was cancelled on December 1ll.
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A modified version of the Agena, the highly successful second
stage used in the Air Force Discoverer program, has been sub-
stituted for Vega. The Atlas-Agena will be ready about the
same time that the Vega would have been ready.

The vehicle program consists primarily of Scout and
Delta, "workhorse" vehicles for launching small-to-medium
payloads in the near future; Atlas-Agena; Centaur, a general-
purpose vehicle for later and more advanced experiments;
Saturn, a cluster of boosters designed to deliver l.5-million
pounds of thrust; and the F-1, a 1.5-million-pound-thrust,
single-chamber rocket engine.

Scout is a four-stage, solid-rocket vehicle that will
be capable of launching payloads of about 200 pounds in
circular west-east orbits at altitudes of 300 miles, and of
launching probes with 100-pound payloads to altitudes of
6,000 miles. Because of its relatively simple components,
launching, and handling requirements, it does not need an
elaborate launching complex, but can be fired from a number
of sites, including NASA's Wallops Station. Development and
procurement contracts for Scout components were awarded
early in 1959 and most of these have now been fabricated and
are being tested.

Delta is a modified three-stage Thor-Able that will be
capable of placing 100-300 pounds into circular orbits of
1,040 miles and into highly elliptical orbits (between 156
and 46,100 miles). It will also be able to reach the moon
with a 65-pound payload. Delta will be used to launch the
100-foot sphere for communications experiments (Project
Echo), a meteorology experiment (TIROS II), radiation and
spectroscopy experiments, a deep space probe, and several
atmospheric and ionospheric experiments. All major elements
of the Delta are on schedule, with first launching to take
place early in 1960; other firings will continue through

1962.

Centaur is a two-stage vehicle consisting of a modified
Atlas booster and a second stage powered by the XLR-115, a
two-barrel, turbopump-fed, rocket engine which may be fueled
with high-energy liquid hydrogen. The engine, producing 30
percent more thrust than present engines using kerosene and
liquid oxygen, was recently test=fired at full thrust. This
powerful second stage will enable the Centaur to accomplish
missions now requiring more stages, such as placing a com-
munications satellite in an equatorial "fixed"™ orbit about
22,300 miles above the earth. The vehicle will also be
- employed for earth-satellite and lunar and planetary scien-
tific missions. The first Centaur launching is scheduled
for mid-1961.

Saturn is a clustered rocket intended to produce 1l.5-
million pounds of thrust, to lift a 30,000-pound satellite
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into a 300-mile-high orbit, or land a 7,000-pound payload on
the moon. This vehicle, still in the early design phase, will
use the XLR-115 as one of its upper stages.

F-1 Engine, also in an early design phase, is an extremely
powerful single-chamber engine, intended to produce l.5-million
pounds of thrust.

MANNED SPACE FLIGHT PROGRAM

Project Mercury

Goals -- One of the top-priority goals of the U.S. space
program, this is the first phase of a continuing effort to
demonstrate that manned space flights is feasible. Three-fold
in purpose, Project Mercury is designed to place a man in orbit
around the earth, to recover him, and to test human capabili-
ties under the stresses of acceleration, weightlessness, decel-
eration, and landing. The Department of Defense is assisting
NASA in several areas, including capsule launching and recovery
and biomedical studies.

Astronauts Selected -- Much progress was made on the
program during 1959. Seven Mercury astronauts, all volunteers
and all highly trained, superbly fit military test pilots,
were selected early in the year and have been intensively
training ever since. Contracts for the capsule and related
equipment were signed, and development is well under way.

Mercury Capsule -- The capsule, constructed by McDonnell
Aircraft Corp., St. Louis, Mo., will have a nickel-cobalt
outer shell and a titanium inner shell separated by insulation
to protect its passenger from heat, cold, and noise. The
astronaut, clad inaa pressure suit, will recline on a specially
fitted couch that will absorb much of the stress of launching
and reentry accelerations. The capsule will be fitted with
communications and navigation devices, equipment to provide
oxygen and remove carbon dioxide, attitude control jets, an
ablation heat shield to protect against severe reentry heat-
ing, three solid-fuel retrograde rockets to reduce the speed
of the capsule in orbit, and main and emergency parachutes
for landing.

At launch, the capsule will be topped by a pylon-like
arrangement containing an escape system. If the booster mal-
functions at any time from pad to staging, and escape rocket
can be triggered to carry the capsule away from the booster.
Parachute release and recovery will then take place.

Tests of Capsule and Components -- Tests have been made
of the escape system, the parachutes, and the aerodynamic
qualities of the capsule. One of the important tests was a
launch termed "Big Joe," held on September 9, when an Atlas
booster lifted a %uII-scale instrumented boilerplate model
of the capsule to near-orbital speed and to an altitude of
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about 100 miles. The purpose was to test reentry capabili-
ties; chiefly, performance of the heat shield, flight
characteristics of the capsule and its instruments, and
capsule recovery. The capsule was picked up by a Navy
destroyer in the Atlantic Ocean north of Puerto Rico. The
test was successful, even though the capsule'!s flight
deviated from the planned trajectory.

2Little Joe" is the name given to a fin-stabilized,
clustered, eight-rocket booster made up of four solid-fuel
Sergeant and four solid-fuel Recruit engines. The system
was designed to test boilerplate models of the Mercury capsule
in ballistic flight.

Little Joe is capable of boosting a full-scale capsule
to a distance of nearly 130 miles at speeds up to 4,000 mph.
Little Joe has 250,000-pound-thrust capability at liftoff.
The system provides an economical means of testing the capsule
escape system over a wide range of dynamic pressures.

A successful test of the Little Joe launching system was
carried out on October L. Atop the booster was a boilerplate
capsule model with an escape rocket system. Neither the cap-
sule nor the escape system was instrumented for this launch.

The next Little Joe booster launching took place on
November 4, at Wallops Station. In a successful test of the
escape system, the booster-capsule combination,and operation
of recovery parachutes, the Mercury capsule moéel was fired
to an altitude of 35,000 feet and to a distance of five
miles. :

The escape rocket was actuated 30 seconds after launch,
carrying the capsule several thousand feet away from the
booster. After a 20-second coasting period, the escape tower
was jettisoned; 10 seconds thereafter, the drogue parachute
was deployed. Three minutes after liftoff, at an altitude
of 10,000 feet, the main parachute deployed and eased the

one-ton capsule into the Atlantic Ocean.

The Navy salvage ship Preserver recovered the capsule
L5 minutes after launch.

On December 4, a seven-pound rhesus monkey survived a
55-mile flight into space in a third successful test of the
Little Joe emergency escape mechanism. :

Attached to the outside of the container was a package
of biological specimens including barley seeds, molds, and
tissue cultures to provide data on radiation and weightless-
ness in space flight. ' -

At 100,000 feet the emergency escape rdacket was fired,
carrying the capsule away from the bqgsggg;»ghe;ggpqule"
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coasted to an altitude of 150,000 feet where the escape
tower was jettisoned. The capsule continued to coast to an
altitude of 55 miles, some 20 miles short of the original
test objective. Recovery was successful.

Mercury Tracking and Communications Network -- Project
Mercury tracking and ground-instrumentation stations will
provide complete radio tracking, communications (including
voice), and data acquisition during launching, flight, and
recovery of the Mercury capsule. The Project Mercury net-
work will comprise 16 stations (some of them existing mili-
tary facilities) located between latitudes 35° North and 35°
South in the path of the manned capsule. NASA's Space Task
Group will manage the network. Langley Research Center,
Hampton, Va., is responsible for establishing the tracking
network and monitoring contracts. Western Electric Co.,
Inc., New York, N. Y., has been selected as the prime con-
tractor to equip and manage construction of the NASA stations
in the network. For most ground communications, existing
military links and commercial facilities will be utilized.

Astronaut Engineering and Training Activities -- On
April 27, the astronauts reported for full-time duty with
the NASA Space Task Group at Langley Research Center. Each
is specializing in and contributing to a different aspect
of the project -- communications and navigation, control
systems, cockpit layout, life-support system, tracking and
recovery, Redstone booster, or Atlas booster. Each man is
responsible for assuring, within his particular area, that
the Mercury system is suitable for manned operation.

In addition to their specialty assignments, the pilots
as a group attend lectures on rocket propulsion, space
mechanics, gyroscope theory, stable platforms, space naviga-
tion, communications, meteorology, astronomy, and physics
of the upper atmosphere. They also receive status briefings
from the NASA Mercury Project engineers and visit the various
contractor and service facilities. Individually, the pilots
visit the sub-contractors within their own specialty areas.
During these visits, they are briefed on the Mercury systems
and on advanced programs that are under study and develop-
ment .

Pressure Suit Selected -- A modified U.S. Navy Mark IV
pressure suit was selected on July 24 as the closest approach
to the type of life-support garment which the astronauts will
need in suborbital and orbital flights. NASA scientists are
conducting developmental work on the suit, which is made by
B. F. Goodrich Co., Akron, Ohio. Factors in the decision
were comfort, mobility, compactness, reliability, impermea-
bility, resistance to temperature, pressure, ease of donning
and removing, and noise reduction. The suit will serve as
a back-up safety feature; it will automatically inflate
should the capsule pressure system fail. A coating of silver
spray will act as an additional heat buffer and radiation
shield. 9




X-15 Research Airplane

X-15 program objectives are to determine intensity and
effect of aerodynamic heating on aircraft materials, to
obtain stability and control data regarding aircraft per-
formance in the upper atmosphere, and to observe effects of
weightlessness on the pilot. The Air Force and Navy provide
contract funds for the X-15 program while NASA provides
technical direction. '

During 1959, the X-15 was still under test by the con-
tractor, North American Aviation, Inc., Los Angeles, Calif.
The airplane is designed to reach altitudes of 250,000 feet
or more and a 4,500 mph speed. It is launched from a B-52
"mother" plane. Tests were conducted at Edwards Air Force
Base, Calif.

The X-15 made its first captive flight on March 10 and
on June 8 successfully completed a glide flight from an
altitude of 38,000 feet and at a speed of Mach 0.8. On
September 17, the X-15 reached a speed of Mach 2 and altitude
of 50,000 feet on its first powered free flight.

SPACE SCIENCES PROGRAM

Research in the NASA Space Sciences Program is devoted
to learning more about the fields of geophysics and astro-
physics, making use of the data-gathering capabilities of
such space research tools as satellites, space probes, and
sounding rockets. Principal areas of research are: L)
atmospheres -- including daily, geographical, and seasonal
variations in composition and behaviorj 2) ionospheres --
study of the origin of electrically charged (ionized) par-
ticles of air beginning about 35 miles above the surface of
the earth, to learn their origin and how they vary with
altitude, time of day, and latitude; 3) energetic particles --
including those forming the Great Radiation Region* sur-
rounding the earth, cosmic rays, and the particles involved
in the aurora borealis and aurora australis; 4) electric and
magnetic fields -- the strength and direction of the earth's
magnetic fields and its changes, some slow and gradual over
periods of several years, others very abrupt, lasting for
hours or days; 5) gravity fields -- obtaining precise geo-
detic data over a long period of time; 6) astronomy --
including gamma ray astronomy, relativity investigations,
orbiting astronomical observatories, radio astronomy, solar
probes, and a solar observatory; and 7) lunar science --
including a variety of planned missions to the moon, such
as probes and satellites, instrumented "hard" and "soft"
landings, instrumented circumnavigations with return to
earth, and eventually, manned versions of these missions.

* Belts of high-energy, charged particles, trapped in the
earth's magnetic field, first reported by James A. Van Allen,
of the State University of Iowa.
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Perhaps the most important discovery in the space

sciences field during 1959 was that the structure of the
Great Radiation Region is more complex than was previously
supposed. A new region of high-energy protons was reported
by Explorer VI, the "paddlewheel"™ satellite, and enough new
measurements were obtained to show considerable variations
in intensity and geographical distribution of the radiation.
The new proton layer is about 310 miles thick, (centered at
an altitude of about 1,250 miles) and extends for about 20
degrees on either side of the geomagnetic equator.

It now appears that the Great Radiation Region may be

-an extensive area of energetic particles, rather than the

two rather distinct "doughnuts" or bands indicated by
earlier experiments. A possible hazard to astronauts will
be pockets of radiation that fade in and out, probably as a
result of solar disturbances; the entire region varies con-
siderably in intensity of radiation and geographical dis-
tribution over relatively short periods of time.

SATELLITE APPLICATIONS*

The goal of the satellite applications program is to
apply space research to practical, beneficial uses. As the
program advances, it is expected to improve weather fore-
casting, make navigation for air and sea travel more exact
and timely, and provide worldwide television and telephone
services.

Meteorological Satellite Program

NASA has established this program to determine the
effectiveness of weather satellites in observing and report-
ing to ground stations worldwide weather patterns as they
generate and develop. Execution of the program is the
responsibility of Goddard Space Flight Center. Payload
development and fabrication is carried out by contractors.
Military participation and coordination are through the
Joint Meteorological Satellite Advisory Committee, having
representation from the three military services, ARPA,
Weather Bureau, and NASA. Substantial research by the
Weather Bureau for utilizing satellite data is being sup-
ported by NASA.

On April 13, 1959, the meteorological satellite, Project
TIROS, initiated by DOD, was transferred to NASA. The first
TIROS experiment will carry two television-type cameras to
take clearer, more comprehensive pictures than could the

* For current progress in these fields, see Operational
Missions.
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photographic devices in Vanguard II and Explorer VI. A

later version of TIROS (TIROS II) will include both scanning
and non-scanning infrared detectors to report detailed radia-
tion information and gross radiation picture.

Geodetic Satellite‘Program

In this program, NASA will develop specialized geodetic
satellites, and conduct extensive ground observations and
analyses leading to use of these satellites as precise tools
for mapping, geodetic, and other geophysical investigations.

A preliminary design for a geodetic satellite has been
prepared: a sphere 36 inches in diameter, weighing about
150 pounds, the satellite will be equipped with a very intense
flashing light system. By photographing the light flashes
against the stellar background, it will be possible to deter-
mine the satellite's position within about 50 to 100 feet,
at an altitude of 1,000 miles. Three separate techniques may
be used with a satellite of this type to obtain geodetic
data: 1) observing the flashing light simultaneously from a
number of ground stations; 2) using the satellite orbit as
an interpolation device to connect non-simultaneous obser-
vations from ground stations; 3) using purely dynamical meth-
ods, based on analysis of the perturbations (disturbances)
of the orbit.

Communications Satellites

To test the feasibility of passive reflecting satellites
as global teleradio-transmission links, NASA has set up
Project Echo, managed by the Goddard Space Flight Center.

On October 28, NASA launched a 100-foot diameter in-
flatable sphere of the type to be used in Project Echo.
Purpose of the experiment was to test ejection and infla-
tion mechanisms. Results of the test were satisfactory.

The big sphere,made of micro-thin aluminized Mylar plastic,
rose to an altitude of 250 miles. It was visible throughout
most of the Eastern Seaboard. v

Later one of these spheres will be launched by a Delta
vehicle and placed in orbit at an altitude of about 900
miles. On entering orbit, the container will separate from
the third stage and open, and the sphere will inflate.
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Plans call for communications to be established via the
satellite between the Jet Propulsion Laboratory's facility
at Goldstone, Calif., and the Bell Telephone Laboratories
at Holmdel, N.J. The Naval Research Laboratory will par-
ticipate in the experiment. The Project Echo satellite
will also afford industrial and private scientific research
organizations the opportunity to conduct communications and
related experiments of their own. :

SOUNDING ROCKETS

Two Prototypes Being Developed

NASA space science investigations require a family of
sounding rockets to carry scientific payloads of numerous
types to different altitudes. Prototype rockets of a pro-
jected series are "Arcon" and "Iris." Initially, they were
projects of the Naval Research Laboratory (NRL) and the
Navy Bureau of Ordnance. Transfer from the Navy to NASA was
arranged in January 1959, after a transfer of personnel work-
ing on them. The program is directed by NASA's Goddard Space
Flight Center. :

Arcon

The Arcon solid-fuel rocket, six inches in diameter and
eight and one half feet long, is topped by a 40-pound instru-
mented payload. Over-all weight of the vehicle with payload
is 254 pounds. Arcon is designed to lift its payload to an
altitude of. 70 miles. NASA has improved rocket chamber insu-
lation and fuel-charge design, and is planning further devel-
opment to increase power. :

Iris

The Iris, solid-fuel rocket, one foot in diameter and
13 feet long, is designed to llft its 100-pound payload to
an altitude of 185 miles. Over-all weight of the vehicle
with payload is 1,290 pounds. Tower-~launched, Iris will be
given extra 1n1tlal thrust by a small clustered booster.
Aims of current NASA work are to increase engine reliability
and to improve the fuel charge. Engine ground tests are
scheduled for early 1960 and actual flights are planned for
spring at Wallops Island.
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INTERNATIONAL CCOPERATION

Tracking Network Negotiations

NASA and the Department of State began discussions with
other governments toward acquiring sites for eight Project
Mercury tracking stations abroad. Preliminary site surveys
have been made.

Space Research Arrangements

Discussions with the United Kingdom regarding coopera-
tive space research programs are in an advanced stage. It
is expected that the United Kingdom will provide several
instrumented satellites for launching by U.S. vehicles.
This country may furnish some two or three vehicles for the
cooperative program which will probably extend over two to
three years. Selection of scientific experiments will be
subject to joint agreement. No exchange of funds is involved.

Other negotiations with the Canadian Defence Research
Board have resulted in arrangements for a satellite project
for "top-side" sounding of the ionosphere. Thus far, iono-
sphere sounding has been conducted from the ground; this
would be the first instance of sounding from above. Labora-
tories in the participating countries will develop suitable
instrumentation for the experiment by Jjoint agreement.
Again, no exchange of funds is planned. :

In addition, NASA recently initiated several small
grants or contracts for tracking and data analysis services
in the United Kingdom, West Germany, and Japan.

Several grants were made to foreign scientists under a
NASA-sponsored, post-doctoral Resident Research Associates
Program administered by the National Academy of Sciences.
These are for basic space-connected research in the United
States and afford recipients opportunities to take part in
NASAt's scientific programs.

In September, Dr. Hugh L. Dryden, the Deputy Adminis-
trator of NASA, part1c1pated in discussions with various
scientists and officials of the European scientific com-
munity. The purpose was to inform NASA of space-connected
interests and activities in those countries and to indicate
NASA's willingness to discuss possibilities of cooperative
space research programs.
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NASA is supporting preparations for the First Annual
Space Science Symposium, sponsored by COSPAR, scheduled to
be held in France in January 1960. Its purpose is to present
: and discuss scientific results obtained by rockets, satel-
; lites, and space probes during and after the International
: Geophysical Year.

On December 7, the NASA Administrator made clear

Americat's willingness for international cooperation in space

activities by offering the services of the United States

worldwide tracking network in support of any Soviet manned

space flight program. The NASA Administrator also announced
4 that the United States would launch three inflatable spheres
| into orbit during 1960 in communications satellite experi-
ments and invited world scientists to participate in the
experiments. The first of these spheres is scheduled to be
sent aloft from Cape Canaveral in late spring, 1960. The
purpose of this very early announcement was to afford sci-
entists of other nations an opportunity to set up equipment
to take advantage of the experiment.

NASA officials took part in meetings of the International
Telecommunications Union in order to cooperate in assignment
of satellite and space-probe tracking frequencies and other
: telecommunication matters. They also were active in meetings
3 of the NATO Science Committee.

TRACKING AND DATA SYSTEMS

During 1959, the Minitrack system, established for the
International Geophysical Year (IGY), was being expanded to
high-latitude coverage; a network of deep space stations was
begun; and preparations for the Mercury network were inaugu-
rated. Each of these spacecraft tracking stations has a
specific function. Minitrack can track earth satellites.
Mercury will be used for maintaining communication with the
Mercury capsule and its astronaut-pilot. The deep space
network will track vehicles traveling into the far reaches
of space. All networks have stations located both in this
country and abroad. Site surveys were made, some construc-
tion began, and diplomatic arrangements for sites were under
way during the year.

A new tracking frequency of 135-136 mc was assigned
nationally to the Minitrack stations to replace the 108 mc
tracking frequency assigned for IGY.

The Goldstone, Calif., receiver -- currently, the only
deep space station -- is being enlarged to send as well as
to receive signals. All deep space stations will have both
receiving and transmitting capabilities.
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In addition to these tracking systems, NASA has use of
the Baker-Nunn Optical Tracking Network which is under the
technical direction of the Smithsonian Astrophysical Observa-
tory. No new Baker-Nunn stations were established or con-
templated during 1959.

ADVANCED RESEARCH PRIMARILY IN SUPPORT OF SPACE ACTIVITIES

Propulsion

To the forefront of space exploration requirements is
propulsion, an area in which NASA is conducting a comprehen-
sive program of research and development. Future space
propulsion systems under NASA study include chemical, nuclear,
and electrical systems. Nuclear systems -- as visualized at
present -- and chemical systems are capable of generating
enormous power. These systems can 1ift heavy payloads from
the earth but are exhausted in a short time.

Electrical Engines -- Electrical rockets are incapable
of 1ifting heavy payloads from the ground into orbital
velocity. Yet rockets of this type have potentially long
lives and -- in current theory -- are capable of sustaining
the movement of a vehicle that is already moving at high
velocity through space. Other uses of electric rockets are
for attitude orientation or stabilization, for position con-
trol or orbital correction of satellites, and as vernier
rockets to control the velocities and trajectories of lunar
or interplanetary vehicles. Electricity to power spacecraft
equipment and instrumentation may be generated by nuclear
systems. (See Chapter 3, U. S. Atomic Energy Commission.)

NASA is investigating three electrical engines: an ion
rocket in which ions rush rearward toward an e%ectrostatic
field; a plasma rocket in which electreomagnetic fields
propel a mixture of ions and electrons rearward; and an
electro-thermal rocket in which electrically-heated gas is
ejected rearward. Two experimental ion engines have been
operated for a total of 70 hours at the NASA Lewis Research
Center, Cleveland, Ohio, without component failure. The
Center has procured five vacuum tanks in which conditions
approaching those in space can be simulated in order to
conduct research on electric rockets.

F-1, 1.5-Million-Pound-Thrust Single-Chamber Engine —-
The F- as been under development at the Hocketdyne Division,

North American Aviation, Inc., since January 1959. This
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single engine will develop as much power as the eight-engine
cluster known as Saturn. Because the engine is so large,
suitable test facilities and measurement facilities are a
problem. This problem has been emphasized both by the lack
of adequate test stands at Edwards Air Force Base and suit-
able measuring facilities at the National Bureau of Standards
in Washington. These problems are in process of solution.

The need for propellants in great quantity is being
solved partially by the construction of a new oxygen-
generating plant in the vicinity of Edwards Air Force Base.

A thrust chamber has been modified so that the engine
can start reliably, and operate under relatively limited
conditions. Other components are still in the design and
fabrication stages.

Advanced Liquid Rockets;~-- NASA is seeking to learn
more. about-.nsing such high-energy propellants as hydrogen
(with oxygen or fluorine as the oxidant) in space vehicles.
It is.also studying combustion, pumping, cooling, and other
factors involved in increased rocket performance. As a
combination of liquid fluorine and liquid hydrogen shows
promise of high performance among chemical systems, exhaustive
work is centered in this area. Separate thrust-chamber and
turbopump tests have demonstrated that a pump-fed, hydrogen-
fluorine engine should be feasible at the present stage of
technology. -

Liquid Hydrogen-Oxygen Rocket Engine ~- An exceptionally
high-powered engine being studied is fueled by iiquid hydrogen
and oxygen in combination. Successful test runs of this
engine at full power have been made by the Pratt & Whitney
Division of United Aircraft Corporation. Known as the XLR-
115, the engine has 30 percent greater thrust than present
engines using kerosene and liquid oxygen. Research is also
in progress on individual components of hydrogen-oxygen
vehicle systems (lines, valves, controls, etc.). Program
aims are to obtain basic answers to flow-system and other
problems of interest in the Centaur project, which involves
utilization of the XLR-115 engine. Two methods have proved
successful in igniting hydrogen-oxygen engines: electric
spark plugs and spontaneously combustible chemicals.

Solid-Propellant Rocket Engines -- Solid-propellant
rockets have advantages of reliability, simplicity, and
economy. In addition, they have the potential for very
high percentage of propellant to over-all rocket weight, and
for developing exceptional thrusts (one million pounds or
more). Present disadvantages are poor thrust-level control
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during burning and poor thrust-direction and cut-off quali-
ties. NASA has awarded research and development contracts
to several companies for improved solid-propellant motors.

Thrust cut-off is a standard feature of many solid-
propellant rocket motors, but control of thrust level and
re-start is largely unexplored. Acoustica Associates, Inc.,
Plainview, N.Y., has a NASA contract to determine if the '
thrust level of a solid rocket can be controlled satis-
factorily by sound waves (acoustical energy). Experience
has shown that the combustion rate in solid rockets can be
radically affected by energy waves generated in the combus-
tion chamber. If research is successful, a variable sonic
energy generator -- a whistle or siren of special design --
will be emplaced in the solid rocket chamber to control
burning rates.

NASA is also conducting research aimed at developing
superior high-impulse solid fuels for space flight. A
radically different fuel system being developed under con-
.tract by the Callery Chemical‘ Company, Callery, Pa., has
been shown to be feasible. Most details of tgis work are
classified.

Auxiliary Power Units

Space vehicles must have a self-contained power supply
for radios, research instruments, environmental c¢ontrol-
systems, and the like. To meet weights, packaging, and life
requirements, such a source must be efficient, long-lasting,
light, and compact.

Present-day electrochemical and solar batteries are too
bulky and heavy for space requirements. Therefore, research
on improved power sources must be continued. Nuclear power
sources (described in Chapter 3, United States Atomic Ener
Commission) appear most practicable for very high systems
demands. o

Another type of power unit being considered is called
a "solar collector." This is a device -- folded before
launch -- which opens like an umbrella once the vehicle is
in orbit. This collector -- 300 square feet in area --
will capture solar radiation to be converted into electric
power by thermal or direct processes. NASA has re uested
proposals for a 3-kw collector (called Sunflower-
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ADVANCED RESEARCH PRIMARILY IN
SUPPORT OF AERONAUTICS ACTIVITIES

Typical Advanced Aeronautics Research

Research to make aircraft faster, safer, and more effi-
cient continued to be an important NASA activity during 1959.
Most research went forward at Langley Research Center,
Hampton; Va., Lewis Research Center, Cleveland, Ohio; and
Ames Research Center, Moffett Field, Calif. Even in this,
the Space Age, conventional aircraft powered by air-breathing
engines and operating solely within the atmosphere continue
to be the chief means of rapid passenger and cargo transport.

Langley and Ames are studying a wide variety of Vertical
Take-off and Landing (VTOL) and Short Take-off and Landing
(STOL) aircraft, including helicopters and ground-cushion
machines, the latter being unique new vehicles capable of
hovering a few feet above ground or water, supported by the
1lift of a jet of air directed downward. ‘

During the year, experimental studies were made to
develop improved designs for airplanes that cruise at super-
sonic speeds (2 to 4 times the speed of sound). Progress
was made in reducing aerodynamic skin-friction drag, and a
method was evolved that gives promise of reducing the
extremely high temperatures generated on the surfaces of the
aircraft by this friction. Incorporating these advances
into practical plane designs would improve performance in
military aircraft, as well as help bring in an era of super-
sonic transports.

Research on air-breathing engines at Lewis and Ames was
primarily devoted to problems of supersonic inlets for turbo-
jets and ramjets.

Prime attention was also being given to ways of insuring
the safety of high-performance aircraft and their crews;
special flying techniques have been developed for landing
these aircraft with and without power. Also in the field of
Iflight safety, NASA is carrying on a long-range cooperative
effort with major airlines of the United States and with
some foreign operators. Instruments have been installed
that record the accelerations, airspeeds, and altitudes of
airplanes during entire flights from take-off to landing.
Records are returned to Langley for evaluation and analysis;
information already passed on to the airlines and manufac-
turers has brought about corrections that will aid in main-
taining and improving flight safety records.
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NASA ORGANIZATIONAL CHANGES

Saturn Transferred

On October 21, the President announced his intention
to transfer the Development Operations Division, Army
Ballistic Missile Agency, Huntsville, Ala., to NASA, sub-
ject to the approval of Congress.

The action is being accompanied by transfer of respon-
sibility for Project Saturn, the l.5-million-pound-thrust
engine cluster, which will be capable of placing a 30,000-
pound payload into a 300-mile earth orbit or landing 7,000
pounds on the moon. Also to be transferred are 4,300
employees of the Division, 815 supporting personnel and
1,200 acres of the Arsenal.

The transfer of the Development Operations Division
and the Saturn Project concentrates within NASA responsi-
bility for development of all high-thrust boosters, civilian
or military.

Pending formal transfer, NASA was assigned technical
direction of Saturn under a memorandum of understanding
endorsed bty NASA and the Department of Defense on November 18.
As part of this understanding, a Saturn Committee made up of
representatives of NASA, ARPA, ABMA, and the Air Force was
established. Under the agreemenn the Director, Defense
Research and Engineering, will provide a statement of mili-
tary interest to NASA for guidance in technical direction.

The Saturn is being developed by a team of scientists
and engineers under the direction of Dr. Wernher von Braun.

‘NASA Headquarters Reorganized

A NASA reorganization announced December 8 and effec-
tive January 1, 1960, divided space flight development
respon31b111t1es to place great emphasis on development of
launching vehicles. An Office of Launch Vehicle Programs
was established and given responsibility for development
and launching of all space vehicles.

Ma jor General Don R. Ostrander, U.S. Air Force, was
appointed Director of Launch Vehicle Programs. General
Ostrander has been detailed to NASA by the Air Force. He
was Deputy Director of the Advanced Research Projects
Agency, Department of Defense. The Development Operations
Division and its Saturn project will be placed under General
Ostrander's office as a field center of NASA.
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The former Office of Space Flight Development has been
redesignated the Office of Space Flight Programs and is
charged with mission planning, payload design and develop-
ment, and in-flight research and operation. Abe Silverstein
is Director of Space Flight Programs.

The Office of Advanced Research Programs (formerly the
Office of Aeronautical and Space Research) will continue
advanced research in aeronautics and space. Its director
is Ira H. Abbott.

No change of name or function was made in the Office
of Business Administration, which is directed by Albert F.
Siepert.

The acquisition of the Development Operations Division
has made it possible to begin centralizing at Huntsville
ma jor responsibility for the bulk of launch vehicle system
development and operation. Establishment of the Office of
Launch Vehicle Programs evidences the increased emphasis
NASA attaches to developing and launching boosters for which
estimated obligations for fiscal year 1961 are more than
$250 million.
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CHAPTER 2
DEPARTMENT OF DEFENSE

The .primary space interest of the Department of Defense is in the
application of the new capability for flight in space as a means
toward achieving a more effective military posture for the United
States and its allies, rather than space flight and exploration as
ends in themselves. Therefore, the space efforts of the Depart-
ment of Defense are an integral part of our over-all military pro-
gram and will complement or supplement other military capabil-
ities. Applications of space technology appear to provide fore-
seeably better means of achieving certain military requirements.
Space technology is being developed with the intention of more
effectively achieving certain military functions by complementing
or extending non-space capabilities. In addition, as space tech-
nology and resulting uses of outer space expand, new military
requirements and opportunities for development of new military
capabilities are likely to materialize. Thus, the major objectives
of the Department of Defense efforts are development, production
and operation of systems where it can be demonstrated with
reasonable certainty that the use of space flight will enhance the
over-all defense program, or the development of components which
would be needed in such systems which cannot be clearly defined
at this time.

The military space projects conducted by the Department of De-
fense moved ahead at a rapid pace during 1959. Stirides were
made in all programs on payloads design and development,
boosters, guidance, telemetry, instrumentation, tracking, and
ground support activities. Nine launch attempts were made, with
six successfully attaining orbit. A brief summary of each major
program, with the exception of certain classified projects, follows:

MAJOR PROGRAMS

DISCOVERER

Particular emphasis was placed on the DISCOVERER
Satellite Program which has as its objective the testing of
components, propulsion and guidance systems and techniques
to be utilized in various United States space projects.
Foremost among the techniques being tested is the capsule
recovery operation. Although no successful recovery has
been effected to date, much has been learned concerning
the many complex problems associated with the technique
which is so vital to military space efforts. In the near
future, biomedical specimens will be carried in the DIS-
COVERER satellite for the purpose of gaining more knowledge
on the effects of space travel.
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Eight of the nine military space launches made during
1959 were DISCOVERER vehicles. Six of these successfully
attained orbit. The first DISCOVERER satellite successfully
achieved orbit on February 28, 1959. Propulsion and guid-
ance performance was satisfactory and test of capability for
polar launch from the Pacific Missile Range was assured.
DISCOVERERS II, V, VI, VII, and VIII also achieved orbit.
However, due to malfunction of various recovery aids, the
capsules ejected while in orbit were not recovered. Only
one of the above DISCOVERER vehicles (DISCOVERER VIII) re-
mains in orbit.

TRANSIT

One other military space project, the navigation satel-
lite, TRANSIT, progressed to the point where a launch could
be attempted in 1959. This program is designed to provide,
through use of an instrumented satellite and modified dop-
pler technique, a highly accurate global all-weather means
of fixing precisely the position of ships and possibly air-
craft.

On September 17, 1959, the launch of TRANSIT I, the
first navigation satellite, was attempted at the Atlantic
Missile Range. In spite of failure to achieve orbit due
to malfunction of the THOR-ABLE third stage, sufficient
data were attained from this shot and other study to date
to give strong indication that this program will establish
the correction factors for refraction of signals through the
ionosphere, thus enhancing the entire art of satellite com-
munications. The next launch in the TRANSIT series is
scheduled for early 1960.

MIDAS

The Missile Defense Alarm System (MIDAS) project is
aimed toward establishing a reliable, operational satellite-
borne missile alarm capability. The MIDAS project will
place in orbit payloads with infrared detection scanners
capable of keeping watch over large areas of the upper
atmosphere.

In 1959, the MIDAS project was reoriented to provide
more research and development data and to achieve higher
altitudes in earlier flight tests. The first infrared
scanner has been tested successfully and has been mated
with the first flight vehicle. Modification of the scanner
is planned to increase the operational altitude capability
of an early unit.

The first research and development flight is scheduled
for early 1960.
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ARGUS

The effects of nuclear explosions in the exosphere
are being studied under Project ARGUS.

The current program of investigation includes theo-
retical studies to devise new kinds of laboratory and space
experiments, utilizing means other than nuclear explosions.
These will be examined for feasibility and coordination with
the theoretical program to insure selection of experiments
which yield the greatest return per dollar.

Tests have indicated that high altitude nuclear ex-
plosions can affect long distance communication systems.
Further studies are in progress to determine the extent to
which this phenomenon could affect military communications.

NOTUS

The objective of the communication satellite project
(NOTUS) is the development of a communication system,
utilizing satellites to provide long range radio communica-
tion links. This system is expected to relieve presently
over-crowded trunking facilities and to improve reliability
of global communication.

The goal of Project NOTUS is the development of instan-
taneous repeater satellites. These will lead to the
development launching in 1962 of the so-called "fixed
satellite." These devices will maintain a fixed position
over a given point, revolving at the same speed as the Earth
and will provide broad-band, point-to-point communication
and ground-to-aircraft communication.

SHEPHERD

In February 1959, elements of the Active Minitrack
fence became operational on a 24-hour basis. This system
functions to detect, identify and predict orbits of non-
radiating objects in space. The objective of this program
is to obtain at the earliest practicable date a space sur-
veillance tracking system capable of satisfying military
and other requirements.

The first definite occurrence of passive detection
took place on January 22, 1959, on Sputnik III, at the
Forest City Station. Since that time, the satellites which
have been repeatedly detected by this system include DIS-
COVERER, VANGUARD, and LUNIK vehicles.
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In 1959, decision was reached to reorient the effort
of this project toward improved second generation tracking
systems. Plans were formulated for phasing out some aspects
of the interim "fence" and for implementing the reoriented
program. These plans include the closing down of some
interim stations and increasing the operational capabilities
of other stations.

LONGSIGHT

Project LONGSIGHT has as its objectives the finding and
remedying of serious short and long term gaps in study and
research relating to foreseen military needs in space tech-
nology.

In 1959 work was continued on a feasibility study
dealing with a nuclear-pulse-propelled space vehicle con-
cept (Project ORION). In contrast to earlier effort, the
current effort is directed primarily to engineering feasi-
bility studies.

Progress is also continuing on research and development
projects in the areas of power sources and collection, power
conversion, energy storage and heat rejection. Primary
emphasis is on numerous approaches to conversion of solar
and nuclear energy to electrical energy in the space environ-
ment.

In the space propulsion area of Project LONGSIGHT,
progress is being realized in research projects dealing
with electrical propulsion methods. These projects in
propulsion complement related work sponsored by other
agencies.

PROJECT TRANSFERS TO NASA

Certain projects were transferred from the Department
of Defense to the National Aeronautics and Space Administra-
tion in 1959. The first of these was Project TIROS, the
meteorological satellite designed to provide weather infor-
mation on a global basis. This transfer became effective
April 13, 1959. 1In view of the continued interest of the
Department of Defense in the results attained by TIROS, a
joint DOD-NASA advisory group has been formed.

On June 30, 1959, Project CENTAUR was transferred to
the National Aeronautics and Space Administration. This
project will provide a liquid-hydrogen-oxygen upper stage
for placing heavy payloads -- military and civilian -- in
space.
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Plans were made in the last quarter of 1959 to transfer
Project SATURN, the l.5-million-pound-thrust engine cluster
to the National Aeronautics and Space Administration. Pend-
ing Congressional approval of the transfer of that portion
of the Army Ballistic Missile Agency developing SATURN,
the National Aeronautics and Space Administation is exercis-
ing technical management and the Department of Defense
administrative management. The SATURN static tower at the
Army Ballistic Missile Agency is essentially complete and
the launch complex at the Atlantic Missile Range has been
designed and work initiated. Four of the eight engines for
the first vehicle have been successfully hot-fired at the
Army Ballistic Missile Agency.

VEHICLE DEVELOPMENT

The only satellite vehicle development project remain-
ing in the Department of Defense at this time is the AGENA
upper stage development. The AGENA is currently used as a
satellite vehicle for DISCOVERER and certain other military
programs. The AGENA is also planned to be used by NASA as
a replacement for the VEGA upper stage development, which
has recently been cancelled. It is probable that other
upper stage developments will be required for Department of
Defense application in the future but these requirements
cannot be clearly defined at this time.

DYNA SOAR AEROSPACE DEVELOPMENT

DYNA SOAR is expected to consist of a manned, aero-
space test vehicle which in its first tests will be boosted
by a TITAN ICBM booster. These tests on the Atlantic Mis- .
sile Range will first be unmanned and then manned, and will
explore and solve the problems of flight at near orbital
speeds. It will be able to make a controlled re-entry into
the atmosphere and to make a normal landing.

The major effort during the past year was expended in
studies, preliminary design and tests. Material and struc-
tural testing was accomplished. Samples of nose caps and
wing leading edges were tested in wind tunnels to define
temperature and heating rates, which will be encountered in
actual flight. Results to date look very promising; how-
ever, careful evaluation is preceding developmental effort
to insure an adequate technical approach.

The Department of Defense and NASA are cooperating in

the DYNA SOAR development but it is funded and managed by
the Department of Defense.
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SPACE FLIGHT SUPPORTING RESOURCES

During Calendar Year 1959, nineteen (10 NASA and 9 DOD)
space vehicles were launched from the National Missile
Ranges. To a substantial extent these launchings were sup-
ported by existing facilities and equipment which were
initially provided for missile requirements.

Procedures such as joint use of facilities are being
actively implemented to obtain maximum effectiveness of space

flight support resources.
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CHAPTER 3
UNITED STATES ATOMIC ENERGY COMMISSION

Contributions of the Atomic Energy Commission (AEC) to the
National Space Program center about Project ROVER and Project
SNAP, two concepts for attaining nuclear rocket propulsion and
nuclear-generated auxiliary electric power systems for space-
craft, respectively.

PROJECT ROVER

Reactor development in Project ROVER is under the tech-
nical direction of the Los Alamos Scientific Laboratory
(LASL). The first phjectives of the program are to: 1) de-
velop test reactors to explore the problems involved in
achieving high-power density; 2) develop reactor materials
capable of withstanding high temperatures; and 3) investigate
concepts for conversion of nuclear energy into useful pro-
pulsion forms.

During 1959, the first facilities at the Nevada Test
Site were completed,and on July 1, the first test reactor
(Kiwi-A) was tested to full power. Kiwi-A is a heat-
exchanger device in which the propellant, heated in the
reactor core, is expended to the atmosphere through a noz-
zle. The second reactor in this series is being fabricated,
and construction of additional test facilities for subse-
quent experiments is being initiated.

PROJECT SNAP

The SNAP (Systems for Nuclear Auxiliary Power) program
has been developing compact, lightweight nuclear-electric
auxiliary power units for space vehicles. Two approaches
have been followed: one, the development of radioisotope-
powered units and, two, the development of small reactor
powered units.

The radioisotope units are being developed by the Martin
Co., Baltimore, Md. The reactor units are being developed
by Atomics International, a Division of North American
Aviation, Inc., Canoga Park, Calif.
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Advanced Heat-to-Electricity Converslon Systems

In addition to developing compact sources of nuclear
power, the SNAP Program also sponsors the development of
advanced heat-to-electricity conversion systems capable of
operating in the space environment. The SNAP Program has
demonstrated a unique Rankine cycle, using mercury both as
the working fluid and machinery lubricant, and utllizing
solid-state thermoelectric elements and thermionlc devices.
Extensive work will be necessary to provide the long-term
reliabllity essentlial to operation in space.

Companies participating in the energy conversion portion
of the SNAP program are Thompson Ramo-Woolridge, Inc., Cleve-
land, Ohio; Minnesota Mining and Manufacturing Co., St. Paul,
Minn.; Thermo-Electron Engine Corp., Cambridge, Mass.; United
Electronics Co., Newark, N.J.; and Westinghouse Research
Laboratorles, Plttsburgh, Pa.

Thermoelectrlc Generators

The first complete SNAP 3 thermoelectric generator, de-
livered to the AEC by the Martin Company in January, welghed
five pounds, had no moving parts, and produced 2.5 watts of
electricity from 1495 curies of Polonium-210. SNAP 1A, a
125-watt extension of the SNAP 3 concept, is beilng developed
as a ground-demonstration unit only. An electrically heated
unit will be completed this year.

Nuclear Reactor Space Power Systems

The SNAP 2 space power system is based on a small Zirconium
hydride moderated reactor, homogeneously fueled with 3 kg of
U-235. The reactor weighs approximately 220 1lbs. and produces
50 kw of reactor power at 12000F outlet temperature. It was
tested at design power and temperature on November 9. Develop-
ment of advanced turboelectric machinery to convert reactor
heat to electricity is proceeding at a rate to permit the first
integrated reactor and power conversion system tests during the
first or second quarter of FY 1961. The over-all weight of
SNAP 2 is expected to be about 500 lbs., exclusive of shielding.
A test facility is under construction at the AEC's site in Los
Angeles County which will provide for testing the complete SNAP
2 unig. This facility is scheduled for completion early in
FY 1961. .

SNAP 8, a joint AEC-NASA program has been initiated thils
year. The reactor developed will be handled by the AEC as
an extension of the SNAP 2 reactor concept. NASA is proceed-
ing to negotiate a contract with industry to develop the
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energy conversion equipment. This space power plant (produc-
ing 30-kw of useable power) is expected to include a reactor

weighing approximately 250 lbs., and associated power conver-
sion equipment for a total of approximately 900 1lbs., exclu-

sive of shielding.

Thermoelectric Generator Systems

SNAP 10, an AEC project to produce a completely static,
reactor-powered, thermoelectric generator producing 300 watts
of electricity,has been designed. Disc-shaped fuel elements
of the SNAP-2 material are being manufactured. The construc-
tion of a thermoelectric generator is being negotiated with
industry. A nuclear test is planned for the first quarter of
FY 1961 in the new environmental test facility.

PLASMA-THERMOCOUPLE

A method of directly converting nuclear energy to elec-
trical energy was demonstrated in April at the Los Alamos
Scientific Laboratory. The experimental thermocouple device
was composed of two "legs" —- one a cesium plasma (an elec-
trically neutral gas of ions and electrons), and the other a
high-temperature, enriched uranium fuel element. When the
device was placed in the LASL Omega West research reactor,
fission reaction in the uranium of the fuel element leg raised
the uranium to a high temperature. The temperature differ-
ence between the uranium and the cesium (which was kept rela-
tively cool) produced the Seebeck (thermocouple) effect, re-
sulting in a short circuit™ current of 30 to 4O amperes and an
open circuit voltage of about 3.8 volts.

While it is recognized that the work on this device is
still in a very early phase, the experiment appeared to demon-
strate a potentially valuable means of producing electric
power for space vehicles and for possible use in small mobile
nuclear power plants in remote areas.
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DEPARTMENT OF STATE

CHAPTER 4

In seeking the establishment internationally of a sound frame-
work for the exploration and use of outer space, the United
States has recognized two basic aspects of the opportunities and
problems arising from outer space activities.

First, the United States has expressed its willingness to par-
ticipate in a study of the possibility of assuring that outer space
be used for peaceful purposes only. In this regard, the United
States has said that if there is general agreement to proceed with
such a study on a multilateral basis, this country would be pre-
pared to join in examining the matter without awaiting the con-
clusion of negotiations in other substantive areas related to the
reduction and control of armaments. During 1959, the United
States reemphasized the importance it attaches to this aspect of
outer space considerations.

Second, as Secretary of State Christian A. Herter stated in an
address before the Fourteenth Session of the United Nations
General Assembly, September 17, 1959: ‘‘Recognizing that
progress in disarmament might be slow, however, the United
States has urged that peaceful uses of outer space be considered
as a separate step toward constructive change.’”” During 1859
significant steps forward were taken in this area.

ACTIVITIES OF THE UNITED NATIONS GENERAL ASSEMBLY

In a statement of December 11, 1959, in the United
Nations, Ambassador Lodge called attention to the fact that
events in outer space during the past two years have chal-
lenged man's political as well as his technological inven-
Ambassador Lodge stated: "It is a prime task of
governments and of the United Nations to see to it that
political progress keeps pace with scientific change. Unless
this is done, the world runs the serious risk of relying on
political institutions and arrangements that are outmoded
and inadequate."

tiveness.
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With the objective of providing an informed basis for con-
sideration of outer space matters by the United Nations, the
United States participated in and strongly supported the work
of the United Nations Ad Hoc Committee on the Peaceful Uses.of
Outer Space, which had been established by the General Assembly
at its Thirteenth Session in 1958 and which met at United Na-~
tions Headquarters during May and June, 1959. The work of the
Ad Hoc Committee represented the first international effort to
survey comprehensively the opportunities and problems arising
in connection with the peaceful exploration and use of outer
space.

Although five members, including the Soviet Union, did
not participate as a result of disagreement over membership,
the Ad Hoc Committee completed its task in an objective manner,
drawing on the assistance of scientific and legal experts from
the thirteen participating countries. The Ad Hoc Committee's
report has provided the General Assembly with a useful intro-
duction to current activities of international bodies in the
field of outer space, the area of international scientific co-
operation which might appropriately be undertaken under the
auspices of the United Nations, the nature of the legal 'prob-
lems which may arise from the exploration and use of outer
space, and future organizational arrangements to facilitate in-
ternational cooperation in this field within the framework of
the United Nations.

With respect to the question of future United Nations or-
ganization, the Fourteenth Session of the General Assembly es-
tablished on December 12, 1959, a new Committee on the Peace-
ful Uses of Outer Space to follow-up the exploratory work of
the Ad Hoc Committee by studying practical and feasible means
for giving effect to programs in the peaceful uses of outer
space which could appropriately be undertaken under United Na-
tions auspices, and by continuing the study of legal problems.
An early task of the new committee will be to work out propo-
sals with respect to convening a scientific conference for the
exchange of experience in the peaceful uses of outer space.
The United States has welcomed the opportunity to take part in
such a conference.

The new committee consists of the following members, who
will serve for the years 1960 and 1961: Albania, Argentina,
Australia, Austria, Belgium, Brazil, Bulgaria, Canada,
Czechoslovakia, France, Hungary, India, Iran, Italy, Japan,
Lebanon, Mexico, Poland, Romania, Sweden, Union of Soviet So-
cialist Republics, United Arab Republic, United Kingdom, and
United States.

Co-sponsorship by twelve countries of the resolution call-
ing for establishment of the new committee and the unanimous
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approval of the resolution by the General Assembly have laid

the groundwork for an increasingly:effective consideration of
outer space problems by the United Nations. Furthermore, this :
successful outcome of the protracted negotiations between the
United States and the Soviet Union respecting this matter re-~
presents a signal achievement from the point of view of the :
ability of the two countries to reach useful agreement in areas;
of major interest. :

s A A W iy

il
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Success of organizational efforts-in the United Nations
was paralleled during 1959 by the agreement reached among mem-
bers of the international scientific community on a charter for
the Committee on Space Research (COSPAR) of the International
Council of Scientific Unions. The charter provides for broadly:
based membership of interested national scientific institutions
and interested international scientific unions. The United
States has regarded as encouraging this development outside of °
governmental channels of the traditional methods of communica- :
tion and cooperation among the world's scientists. = ~ ;

OTHER INTERNATIONAL‘ACTIVITIES'

Discussion of outer space matters in the United Nations :
has emphasized the desirability of conducting the exploration Jg
and use of outer space in an orderly and open manner. These i
principles have been given practical effec® by the United State}
in initial international consultation regarding specific regulag
tory problems, in the conduct of this country®s outer space ef=-
fort, and in the dissemination of sc¢ientific results of this ef
fort. ‘ ‘@

Allocation of radio frequencies represents the first prac;%

tical problem of a regulatory character which has arisen in'theg
outer space field and constitutes an important element in the
provision internationally of a basis for the orderly conduct'oﬁg
outer space activities. Meeting with over eighty other .coun- .
tries in the International Administrative Radio Conference of
the International Telecommunication Union, which was held in |
Geneva, August through December, 1959, the United States called:
attention to the need for reserving radio frequencies for spacej
communications and radio astronomical research. The Conference
accorded some recognition to this problem and made minimal pro=
vigion for frequencies for these services. However, the re-
sults of the Conference can be regarded as only a first step
toward resolution of a problem which will become increasingly 4

pressing in the future.
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_ With respect to cooperation in the conduct of outer
‘space activities, the‘United States has regarded the exten-
sion of its space vehicle tracking operations as essentially -
a cooperative effort of this country and the other countries
‘Involved. Where practical, provision is made for active
‘participationi by other countries both in the special track-
ing operations required in connection with specific scien-
.tific activities as well as in the case of the radio and
“optical tracking stations which comprise the basic tracking
network. Major activities in this area during 1959 included
negotiations to place on a more permanent basis many of the
tracking stations established during the International Geo-
.physical Year, to establlsh new stations for tracking deep
“space probes, and td e'stablish the special tracking network
.,required in support of Project Mercury. The number of
.countries with which arrangements have been made or are cur-
rently under discussion on the governmental or technical
slevels is approac¢hing twenty.

Similarly, the . ‘United States has actively sought the
cooperation of other countries in the planning and conduct
-of scientific space activities. Offers of cooperation have
een extended to the international scientific community
hrough the Committee'on Space Research and to scientists of
'NATO countries through the NATO Science Committee in recog-
-nition of the fact that the common interests of NATO countries
go beyond military matters. On a bilateral basis, the pos-
sibilities of scientific cooperation have been discussed with
a number of countries which possess séientific and technical
‘competence bearing on ‘the conduct of outer space activities,
ut which are not themselves engaged in the launching of
£arth satellites or deep space probes. :

i Looking to the future, the United States played a lead-
ng role during 1959 in bringing to the attention of the

orld Meteorological Organization the operational as well as

he research potentialities of meteorological satellites.

he United States has thus recognized the interest of all

‘nations in sharing the benefits which may ultimately

result from service activities of this type.
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g | CHAPTER 5
NATIONAL SCIENCE FOUNDATION

One of the principal objectives of the National Science Founda-
tion (NSF) is to support basic research of a pioneering nature in
all areas of science. In the main, this is done through grants to
non-profit institutions for the support of research projects pro-
posed by staff scientists of the institutions involved. A few
special grants and contracts have been let for the development
of special instrumentation or facilities which are deemed par-

 ticularly important for the advancement of research in particular
fields. A substantial part of these efforts is devoted to the
support of scientific investigations that seek an understanding
of the fundamental laws of the physical universe.

BASIC SCIENCE PROGRAMS RELATED TO SPACE

NSF Encourages Work in Underemphasized but Important Areas

In the areas of space science, NSF activity consists
primarily in supporting basic research which contributes to
an understanding of the physical and biological processes
occurring in the space environment.* An effort is made by
NSF to give particular encouragement to needs of the funda-
mental sciences for scientific observations and experiments
which can only be met by use of space vehicles such as satel-
lites, space probes, high altitude rockets, etc. 1In specific
cases, the Foundation provides support to study the character
and feasibility of experimental equipment suitable for re-
search in outer space, recognizing that research for space
exploration as such, and provision of venicles and their
scheduling are essentially an NASA responsibility.

The more basic a research result, the wider is the area
of its potential application. For this reason, it is diffi-
cult to set down exact criteria for determining whether a
particular project has "close" relation to space science.
The problem is most apparent in the case of physics research
projects, where it is difficult to think of an area of in-
vestigation which does not have some application to space
science or technology (consider, for example, mechanics,
nuclear physics, fluid dynamics, plasma physics, low temper-
ature research, and solid state research). Similarly, in

% N3F-Crants for Space-Related Basic Research Program are in
Appendix A.
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the biological and medical sciences programs, difficulties

are presented in determining a "close" relationship with

space science. The Foundation, however, supports a very sub-
stantial program of research in the biological and medical
sciences, much of which will find important application and
use in space science. In constructing the tabulation given

in Appendix A, the rule has been to include among the projects
active as of November 20, 1959: '

(a) All projects in the Astronomy Program.

(b) Only those projects in the Atmospheric Sciences
. Program which deal with the effects of objects out-
side the earth's atmosphere (such as the sun) upon

the earth's atmosphere, or which employ extra-

terrestrial vehicles in the research procedure.

(¢) Only those projects in the Chemistry Program which
deal specifically with the behavior of substances at
extremely high or extremely low temperatures.

(d) Only those projects in the Earth Sciences Program
which deal with geophysical properties affecting
the earth as a whole or with properties which are
detectable at great distances above the surface,
such as the magnetic field.

(e) Selected projects from the Engineering Sciences
Program dealing directly with meteoroids, mate-
rials at high temperature, combustion, and elec-
trohydrodynamics.

(f) No projects in the Mathematical Sciences Program,
although the Foundation's support of computers
for research will find application and use in many
phases of space science - orbit computation, aero-
dynamics, and the like.

(g) Only those projects in the Physics Program con-
cerned with primary cosmic ray phenomena.

(h) No projects at present in the Biological and Medical
Sciences Program although, as noted, much of the
supported research will find application and use in
space science.

In some instances a project will be listed under one pro-

gram when the name of the project would imply that the research
is in the area of another program. In these cases, it should
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be assumed that the background, interests, and- special tech-
niques of the investigators stem frbm an area :of the Program
under which the listing is made. . ‘

Several of the projects in the regular programs in sup-
port of basic research are of sufficient interest to warrant
special mention. - '

The National Radio Astronomy Observatory

This facility is located at Green Bank, West Virginia.
The location has been especially selected because of the low
level of the local radio noise interference. The instrumenta-
tion includes one 85-foot equatorially mounted radio telescope
(now in full operation) and one 140-foot telescope similarly
mounted (planned to go into operation in 1961). Both tele-
scopes are or will be usable over the entire range of wave-
lengths employed in radio astronomy down to 3 centimeters.
At present receivers are operating at 3.75 centimeters (broad-
band traveling-wave tube type), 21 centimeters and 68 centi-
meters. The Observatory is being constructed and operated
under contract by the Associated Universities, Incorporated.
All qualified U, S. astronomers have access to these facili-
ties, with priorities determined by the scientific merit of
their respective projects.

The Kitt Peak National Observatory

This obeervatory hae been established on Kitt Peak,
Arizona, LO miles southwest of Tucson. Extensive site surveys
indicated that Kitt Peak appears to offer the most promising
site in the southwestern part of the United States for research
with very large astronomical telescopes. The instruments now
flanned include a 36-inch reflactor and an 80-inch telescope

scheduled for completion in 1960), and a 60-inch solar
telescope (glanned for completion in 1961). The solar tele-
scope will be several times larger than the largest instrument
of this kind now in existence. The Observatory is beinf con-
structed under contract by the Association of Universities for
Research in Astronomy. All qualified United States astronomers
will have access to these facilities, with priorities det