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PREFACE 

This White Paper is a result of an a-week study of the 
contributions of the DOD Space Test Program from 1967 to 

1976. The purpose of the study was to identify the benefits 

the Department of Defense accrued from the experiments sup
ported by the Space Test Program. Due to limited time and the 

vast amount of data, we assessed the military benefits of 

the experiments mainly through conversations with the princi

pal investigators and/or other knowledge8Ple individuals 

and with the personnel from the Space Test Program Office and 

the Aerospace Corporation. In all, we talked to more than 

106 individuals and gathered varying degrees of information 

on 96 out of 98 experiments . 

We assessed only the benefits derived from the experi

ments and did not evaluate any programmatic, procedural,.pr 

~rgan~zational matters of tfe program; nor~id we exam1ne 

any trends in the philosophy of the Space Test Program. 
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INTRODUCTION 

After Sputnik ushered in the era of space in 1957, the 

national space program devoted most of i•:s efforts to the 

exploration of outer space. During the 1960s both the 

National Aeronautics and Space Administration (NASA) and 

the Department of Defense (DOD) were investigating the 

space environment, while space systems t•~chnology continued 

to develop at a rapid pace. Soon, space systems began to 

demonstrate new capabilities, and it bee.~~ apparent that 

space systems could be immensely useful ~o the DOD. How

ever, before developing and deploying sp.1ce systems for 

operational use, the systems needed to b·~ tested in space. 

In the 1960s, no adequate organi?.ation a:1d funds were 

readily available to provide timely spac:flights for mili

tary space systems. Thus, in 1966, a 00)- wide Space Test 

Program was established to provide spaceflights to the 

military systems and investigate the spa~e environment. 

By 1969, man had landed on the Moon, and the near-Earth 

space began to be populated with a multitude of space 

systems performing a variety of functions. Now, space 

systems have become indispensable to DOD, providing such 
critical support to its forces as communications, navigation, 

surveillance, warning, and weather prediction. However, 

much systems testing and space research still needs to be 
done to develop more capable, reliable, and survivable space 

systems. By providing the necessary spaceflight support, 

the Space Test Program, therefore, has been playing a vital 

role in the development of military space systems. 
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SPACE TEST PROGRAM 

The Space Test Program (STP), originally called the 

Space Experiment Support Program, was established by a 

memorandum dated 15 July 1966 from the Director of Defense 

Research and Engineering (DDR&E) to the Assistant Secretary 

of the Air Force for Research and Development. The memo

randum designated the Air Force as the executive agent of 
the program, and the Space Test Program Office was established 

at the Space and Missile System Organization (SAMSO) co 

execute the Space Test Program. • 

The objective of the Space Test Program is to provide 

timely spaceflights for the DOD research and development 

payloads and certain operational payloads that are not . 
authorized their own means of flight but demonstrate the 

potential to provide data to improve military space systems. 

The program provides its own spaceflights for the so-called 

primary payloads and arranges for space for the so-called 

secondary payloads or. other DOD or NASA flights. The STP 

support for primary Fayload flights includes centralized 
management and funds for the launch vehicles, launch services, 

spacecraft, payload integration, and orbital support. 

Until 1969, with an annual budget of $2 million, the 

primary function of the Space Test Program was to integrate 

experiments into spacecraft acquired by the other DOD 

agencies or by NASA. However, beginning in 1969, the STP 

began laun~hing its own primary flights . This increased 

responsibility caused the manpower and technical support of 

the program to increase by a factor of about 10 and the 

average budget to increase from $2 million to $16 million 

by 1975. 
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SPACE TEST PROGRAM FLIGHT HISTORY 

Since the first STP flight on 29 June 1967, more than 

394 experiments* were proposed for spaceflight under the 

Space Test Program. These experiments have been sponsored 

by the following six Government agencies: the U.S. Army, 

the U.S. Navy, the U.S. Air Force, the National Security 

Agency (NSA), the Defense Advanced Research Projects Agency 

(DARPA), and the Defense Nuclear Agency (DNA).+ The exper4-

ments were selected a~d ranked for flight according to 

their flight urgency, mission relevance, and program impor

tance. 

As of December 1976, 98 of these experiments have 
b~en launched on 26 flights, of which 12 were primary 

flights and 14 were secondary flights. Of the 98 experi

ments, B were sponsored by the Army, 17 by the Navy, 67 

by the Air Force, 1 by the NSA, 3 by the DARPA, and 2 by 

the DNA. 

Figure 1 shows the launch record of the STP flights. 
Twenty-two of the 26 launches--10 primary and 12 secondary-

successfully placed 39 satellites containing 82 experiments 

4n orbit. The number of experiments is subjective because 

it depends upon whether one counts the multiple purposes of 

the same experiment package as separate experiments or as a 

*The term "experiment" here refers to both space environ
ment measurements and space system or subsystem tests. Pay
load is defined as one or more satellites each containing 
one or more experiments . 

• Formerly the Defense Atomic Support Agency (DASA). 
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FIGURE 1 
SPACE TEST PROGRAM LAUNCH RECORD 

82 Experiments 
on 

39 Spacecralt 

Into Orh01 

98 Experiments on 
48 Spacecraft on 

26 Launches 

launches 
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single experiment . In this paper we counted a multiple

purpose experiment as one experiment. 

Figure 2 shows the STP launch schedule from 1967 through 

1976, and Figure 3 shows the STP cost history of each STP 

flight. Experiment costs funded by the sponsoring agencies 

are not included. In the flight designation numbers, the 

first letter "P" or "S" indicates whether the flight was 

a primary or a secondary flight, the following t\vO digits 

indicate the year in which the launch was planned, and the 

last digit indicates the number of the fl~ght in a particular 

year. In general, primary flights are more expensive than sec

ondary flights because launch vehicle purchases are required. 

Early primary launches P67-l, P67-2, and P69-l were exceptions 

because donated launch vehicles were used. Other primary flight 

costs reflect the acquisition costs of the various launch vehi

cles. The secondary flight costs are low because only integra

tion and orbital support are included. The exceptions are 

S73- 5, S73-6, and 574-2, which entailed the construction of 

three peculiarly shaped spacecraft· 

ACCOMPLISHHENTS AND CONTRIBUTIONS OF THE STP EXPERIHENTS 

The 82 experiments orbited successfully on 39 satellites 

by the Space Test Program can be classified into two distinct 

categories: (1) primarily system/subsystem and related tests 

( 18 experiments) and !2) ·primarily space environment measure

ments (64 experiments). These categories can be divided fur

ther into several fields. Figure 4 shows the distribution of 

the number of experiments in each field, and Figure 5 shows the 

distribution of the orbital inclinations of the satellites and 

the regions of space that were investigated by the experiments. 

Of the 39 satellites, 25 were placed in high-inclination orbits, 
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FIGURE 2 
SPACE TEST PROGRAM LAUNCH SCHEDULE 

Sp•ce launch Diitt Calendar Yt:at 
No Flight Boo!lef :Upp11 Slt!Jr P•vlood• l xl)tf 1m em~ 

Number 1967 1964 ~96; 1970 1971 ~9112 11973 ~97~ l9n 19f~ I II I I I I I 

I P67 I THOR'BURNER II 2 2 ~ 
l S673 ruORADIAGENA 1 l 0 
j S687 NASA TIIOAAD!AGENA 1 1 

~ 4 P68 I AfLAS!BURNER II 6 10 
~ P672 TITAN IIIC 4 14 0 
6 P69-1 ATLAS f!TRI OVI 4 l1 ~ 1 S69·2 NASA THOAAD.'AGENA 1 I 

"' 
8 S68·3 TITAN IIIC J 3 0 
9 S69-4 THORAO/AGENA 2 I -o 
10 Sl0-3 NASA THO RAO/AGfNA I I 0 
11 SJ0-4 1 HOR/BURI~ER II J 1 iJ 
11 P70 I LONG TANK THORAO/AGWA I 7 0 
13 P702 ATLAS FIOUAL OVI 2 9 0 
14 P71 2 THORAOIAGENA I 4 <: ~ 
15 571 3 THORAO/AGENA I 2 0 
16 Sl l -5 THORAO/AG ENA 1 2 • ~ II P72 I Al LAS F/BURNER II 2 ~ 

18 S73-7 LPC-509 I I ~ 
19 P733 ATLAS F.'2 SOLIDS I I 0 
20 S73 ~ TE M-479 I 3 <: ~ 
21 P72-2 ATLAS f I • .. 
22 Sl5 I I I ~ 73 S73-6 TEM·516 I I 
74 P74 1 TITAN IIIC 4 7 ~ 25 574 2 TE M-~21 I 7 
26 P76 5 SCOUT I I 0 

----- -- - -- -·-- - - --·- -·--- - - --- -- -- L ___ 

0 SlJCteulul • Unsute~sstul 
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FIGURE 4 
DISTRIBUTION OF EXPERIMENTS BY FI ELD 

Number of Experiments 
Field 0 2 4 6 8 I 0 12 14 16 18 20 

I I I I I I I I I I 

Advanced Communications Test I 
0 Successful Lauoc 

Spacecraft Subsystem Tem . ~ 
~ Launch Failure 

h 

Geodetic Mapping for Navigation -w~ 

Ground Radar Calibration V//fil 
1-------- - . 

Neutral Atmosphere Measurements f0 

Ionospheric Measurements w~ 

Wave Propagation Measurements t/~ 

MagnelOspheric Measuremen ts -I 

Geomagnetic Field Measurements I 

Solar X·Ray. UV, and Particle Measurements I 

Cosmic Ray Measurements l 

Background IR, UV Measurements f00/h:l 

I I I I I I I I I I 
0 2 4 6 8 10 12 14 16 1 B 20 

N.B. The total number of experiments in this figure, 104, exceeds the 98 
shown in other figures because six experiments belong to two fields each. 
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11 in low-inclination orbits, and 3 4n intermediate-inclination 
orbits. 

By their very nature, the accomplishments of the individ

ual system/subsystem and related test exper iments are directly 

related to either military system development, systems valida

tion, or system evaluation; therefore, their benefits to DOD 

are direct. The accomplishments of the individual space en

vironment measurement experiments, on the other hand, are less 

directly related to the systems development efforts; therefore, 

their benefits to DOD are less evident. Hcwever, the contribu

tions made collectively by the space environment measurement 

experiments in each field are beneficial to DOD in that they 

advance our knowledge of the space environment, which is crit

ical to the reliability and survivability of space systems. 

It is difficult to identify specific DOD systems develop
ment programs that made direct use of the space environment 

data generated by the STP experiments. Data from these 

experiments are .generally stored in the NASA or DOD data 

centers--such as the Air Force station for the prediction 

of ionospheric effects on communications in Colorado Springs, 

Colorado--and their results are published in scientific 

journals, which are used widely by the military technologists. 

We judged the military benefits of the environment 

measurement experiments by evaluating the technical success 

of each experiment and by examining how the field to which 

the experiment belongs relates to the military missions, and 

why it is important to make measurements in that field. We 

evaluated the experiment's technical success on the basis 

of our and the experimenter's judgment of the quality of the 

experimental results, and the scientific publications or 

documentation of the experimental results. 
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According to the experimenters ' own evaluations of the 

performance of the experiments relative to their e xpectations, 

46 percent of all experiments were better than 80 percent 
successful . At least 47 percent of the experimenters published 

their results in one or more articles in the open literature, 

and at least an additional 15 percent published descriptive 

documentations of their experiments or techniques. Data from 

many of the recent e xperiments are still being gathered and 

analyzed and therefcre have not yet been publi shed . 

ACCOMPLISHMENTS OF THE SYSTEM/SUBSYSTID1 AND RELATED ~ESTS 

Nineteen expe--iments conducted tests in the follc•,;i:~g 

four major fields: advanced communications, space subsystem 

technology. geodetic mapping, and ground rada~ calibration . . 
Three communications experimental satellites-the Lincoln 

Experimental Sate~lites LES 6, LES 6 , and LES q--contr:~u ~ed 

significantly to the field of ~ilitary communications . ~hese 

experiments, designed and built by the MIT/Lincoln ~abora~ory 

a:~d launched by the STP , have advanced space communications 

technology by a generation. LES B a nd LES 9 success~ully 

•d•emonstrated com

munications among small and mobile ground terminals, fixed 

qround terminals, aircraft, and ships; they validated tech

nologies to survive and continue dependable operation ~n a 

hostile environment by using radioisotope thermoelectric gen

erators; their on-board signal process ing demonstrated an 

antijamming technique; and they demonstrated the use of a 

hi~h~y stable, long-lasting, self-contained attitude-con~ro: 

<;yros.:-:ope for :uture spacecraft. A!l of these acco::1plishmencs 

valicated the technologies to make future military space 
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communication systems more capable, reliable, and survivable. 

Eight other experiments contributed to the advancement 

of space subsystem technology by testing: (1) a cryogenic 

system for advanced IR sensors for surveillance satellites; 

(2) a cadmium cell solar energy source for improved satellite 

survivability; (3) a communication system for jam-resistant 

and secure operation; (4) a flexible solar array system for 

space defense systems; (5) a passive thermal control coating 
to be used in Defense Satellite Communications System (DSCS); 

and (6) a yaw sensing system for possible•use on reentry 
vehicles. 

Four other experiments launched successfully by the STP 

contributed to geodetic mapping and navigation. The Sequen

t i al Collation of Range (SECOR) experiments improved the 

geodetic survey accuracy worldwide, which is significant for 

military target location and navigation. Another experiment 

proved a new concept in geodetic mapping, and yet another 

proved to be a forerunne r to the Global Positioning System. 

Four experiments were used to calibrate and check out 

the ballistic missile defense radars. Conical, cylindrical, 

and spherical objects of known cross sections were placed 
l nto orbits to simulate typical acquisition orbits, and the 

radars were calibrated by tracking t hese objects success
fully. Thus, by helping to calibrate the ground radars, 

these experiments were highly beneficial to the Ballistic 

Missile Defense program and the Space Object Identification 
program. 

12 
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CONTRIBUTIONS OF THE SPACE ENVIRONMENT MEASUREMENT EXPERIMENTS 

Space environment here refers to the entire region 

around the earth above an altitude of approximately 10 kilo

meters. It consists of several regions with distinct 

characteristics, major regions being the upper atmosphere, 

the ionosphere, the magnetosphere containing trapped radi

ation, and the solar wind. 

It is important to make upper atmospheric measurements 

to understand and predict the terrestrial weather, the 
• 

dynamics of upper atmospheric nuclear explosions, the orbits 

and lifetimes of satellites, and the characteristics of the 

ionosphere. 

The upper atmosphere is conventionally divided accord

ing to the temperature gradient into five layers: the tropo

sphere, the stratosphere, the mesosphere, the thermosphere, 

and the exosphere. These layers absorb the ultraviolet 

radiation and X-rays from the sun and protect the earth from 

their harmful effects. This absorption , a major source of 

energy input into the atmosphere, depends upon the composi

tion, density, and temperature of the atmosphere. It is 

therefore essential to measure the solar radiation and the 

atmospheric parameters to model the standard atmosphere, to 

understand its dynamics , and to make predictions. 

Fourteen experiments orbited successfully by the STP 
measured upper atmospheric parameters using a variety of 

techniques. Some measured neutral composition and average 

densities of constituents, others measured localized density 

fluctuations and temporal density variations. Contributions 

made by these experiments may individually be modest, but 

collectively they are significant in furthering our knowledge 
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of the upper atmosphere. The data from these experiments 

have been used to revise atmospheric models and to refine 

satellite drag and ephemeris calculations. 

It is important to study the ionosphere because iono
spheric disturbances cause worldwide communications inter

ference and communications blackouts. The ionosphere, a 

weakly ionized region in the upper atmosphere, lies between 

about 50 and 1,000 kilometers altitude. It is convention

ally divided into three so-called D, E, and F l ayers. 
Ionizations in these layers are produce~ by the Lyman-cr, 

0 
Lyman-6, Solar uv (<3,000A), and X-rays. Long-range ter-

restrial communication is possible only because radio waves 

are refracted back to the earth by the conductive layers of 

the ionosphere. The wave refraction is dependent upon the 

ionospheric conductivity, which in turn depends upon the 

composition, density, and temperature of the ionosphere. 

These parameters change drastically with local time, season, 

solar activity, and after high-altitude nuclear detonations. 

Therefore, it is necessary to measure these parameters to 

understand the behavior of the ionosphere and to predict 

communications interference and blackouts. 

Eight experiments orbited by the STP contributed signi
ficantly to the advancement of our knowledge of the iono

sphere. These experiments measured the charged particle 

densities, composition, and temperatures. They correlated 
these measurements with the upper atmospheric electric and 

magnetic field measurements; investigated spacecraft 
charging, a significant threat to space system operations; 

and investigated the structure of irregularities in the 

ionosphere. Thus, collectively these experiments made 

14 
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valuable contributions to the understanding of the ionosphere, 

particularly to the understanding of the effects of nuclear 

weapons detonations on the ionosphere and communications. 

The reliability of military communications depends greatly 

upon the propagation of electromagnetic waves in the ionosphere. 

Ten experiments studied the propagation of various electromag

netic radiations. Six studied ELF/VLF wave propagation, three 

studied HF wave propagation, one studied VHF through L-band 

wave propagation . These propagation experiments are vital to 

the development of the submarine communications technology. 

One of these experiments also measured the effect of antenna

loading by the ionospheric plasma, and another collected the 

statistics of radio signal scintillations at VHF through 

S-band produced by the irregularities in the ambient iono

sphere. These statistics are important for predicting com
munications degradations produced by ambient or solar-disturbed 

ionosphere or by high-altitude nuclear explosions. Thus, these 

experiments have col:ectively obtained data that are essential 

for developing reliable military communications. 

The Earth's magnetosphere contains stably trapped, quasi

trapped, and untrapped particles with high fluxes of electrons 

with a continuum of energies up to hundreds of MeV. It is 

essential to learn more about these particles not only to 

predict satellite lifetimes in the naturally hostile environ

ment but also to predict the lifetime of the radiation produced 

by high-altitude nuclear detonations, which can damage space
craft and cause prolonged blackouts in worldwide communica

tions. 

Eighteen experi~ents made measurements of the geomagnetic 

field and trapped radiation in the magnetosphere. Some meas

ured trapped particle fluxes, others measured total radiation 
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dosage received by satellites. The data from these experiments 

are helping to develop magnetospheric models, predict magnetic 

storm effects, and investigate the feasibility of satellite 

communication with VLF waves. 

The solar wind emitted by the quiet sun contains low

energy electrons, protons, and few alpha particles. It is 

important to investigate the solar wind because it is 

responsible for many processes in the space environment. 

During increased solar activity, its particle components are 

responsible for the geomagnetic storms and< the aurora, which 

cause radio blackouts and interference. The magnetic storms 

are usually accompanied by drastic changes in the radiation 

belts, the ionosphere, and the atmospheric drag experienced 

by the satellites. 

Seven experiments made measurements of the solar wind dur

ing the quiet solar periods and during increased solar flare ac

tivity. The most noteworthy and wide-ranging contributions in 

this field have been made--and are still being made--by the 

two SOLRAD satellites. These highly successful satellites, 
designed by the Naval Research Laboratory, are currently pro

viding excellent data on all major parameters of the solar 

wind. The goal in acquiring these data is to be able to fore

cast solar activity and understand sun-earth interactions. By 

providing the necessary data base, these experiments are help

ing to achieve this important goal . 

Two experiments made measurements of the cosmic rays 

above the atmosphere. One measured high-energy particles and 
the other measured gamma rays. These measurements made a modest 

contribution to our k~owledgc of the cosmic ray background, 

which must be known to detect and assess atmospheric nuclear 

explosions. 
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The design and satisfactory operation of surveillance 
satellites require good knowledge of the background radiation 

in the infrared, visible, and ultraviolet wavelengths. A 

total of nine experiments gathered data on the Earth and 

celestial background radiation. Four of these measured the 

spectral variation of the infrared background and mapped 
celestial infrared background. Two experiments measured the 

nightglow below the experiment altitude and correlated it with 

the nightglow above the experiment altitude or with the precip

itation of high- energy particles rrom the magnetosphere. The 
' remaining three experiments mapped the sky in the Lyman-a 

wavelength and in the far and extreme ultraviolet wavelengths. 

All of these background measurements are essential for the 

design and operation of surveillance satellites. 

CONCLUSIONS AND RECOMMENDATIONS 

The 98 experiments supported by the STP have been highly 

beneficial to the DOD in that they helped advance military 

space technology and our knowledge of the space environment. 

By providing timely support to a large number of highly 

diverse experiments at a moderate cost of $119 million over 

a period of 10 years, the Space Test Program has been a 
success. The program has provided invaluable support to the 

DOD research and development community, wi thout which the 

community would have had no ready means of testing their 

systems or making space environment measurements. 

The program has thus far provided flight opportunities 

for many experiments, large and small. We recommend that 

the program continue to do so. 
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On the basis of our experience gained in collecting the 

data for this study, we further recommend that for the DOD 

users to have easy access to the STP experimental results, the 

STP require the principal investigators of the experiments to 

submit abstracts with bibliographies of their results to the 

STP after flight and data analysis. 

• 
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