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INTRODUCTION

Chester M. Lee and Glynn S. Lunney

International cooperation was the keynote of the Apollo-Soyuz Test Project.
In the 3 years since the project was initiated in the U.S.-U.S.S.R. Agreement
Concerning Cooperation in the Exploration and Use of Outer Space (signed by the
U.S. and U.S.S.R. Heads of State on May 24, 1972), the great effort expended in
coordination, communication, and integration culminated in the highly successful
flight from July 15 to 24, 1975. The 9-day flight marked the first time that manned
spacecraft of two nations have met in space for joint engineering and scientific
investigations.

The principal objective of the project was to develop a compatible docking
system and rendezvous and crew transfer procedures that might be appropriate
for future international manned space missions. This objective was successfully
accomplished.

An additional objective of major importance was the program of scientific
investigations conducted during the mission. A science program was planned
by NASA that made abundant use of the experimental opportunities afforded by
the mission parameters and spacecraft capabilities. The 2-day docked phase
of the flight was used to conduct three experiments that required joint scientific
activities within the two spacecraft. Subsequent to the docked phase, two addi-
tional joint scientific experiments were conducted that required involved, precise
maneuvering of the Apollo spacecraft relative to, and in the proximity of, the
Soyuz spacecraft. The remaining unilateral phases of the mission were likewise
used effectively by each country to perform scientific experiments on a unilateral
basis. In addition to the five joint U.S.-U.S.S.R. experiments, the Apollo crewmen
conducted 23 unilateral experiments. Two of these were provided by the Federal
Republic of Germany — a further illustration of the international scope of the
mission. Not only was scientific research served by this mission, but worldwide
space-science awareness was promoted through extensive home television broad-
casting and filming of flight experimentation and in-flight science demonstrations.

This report discusses the joint experiments and the U.S.-conducted unilateral
experiments. It provides detailed descriptions of the scientific concepts and exper-
iment design and operation. The results of scientific analyses are preliminary.
Although much analysis remains to be done by the scientists involved in this pro-
gram, the preliminary results indicate significant scientific achievements. The
Summary Science Report, to be published in the latter part of 1976, will contain
more detailed results of the experiment analyses. The scientific value of this
international venture will contribute significantly to the development of future
international science collaboration on the Space Shuttle flights and other projects.

xi



1. SUMMARY OF SCIENTIFIC RESULTS

R. T. Giuli®

The Apollo-Soyuz Test Project (ASTP) experiments package comprised 28
separate experiments. Twenty-one were unilateral U.S. experiments, five were
joint U.S.-U.S.S.R. experiments (i.e., involving participation by both Apollo
and Soyuz crewmembers), and two were unilateral West German experiments
(i.e., funded by the Federal Republic of Germany). Together, these experiments
formed a well-integrated program of complementary scientific objectives. In
several cases, related experiments used different experimental techniques in
pursuit of the same or similar scientific objectives. A comparison of the scientific
results from these experiments may be useful in defining the best technique to
pursue in future space missions.

The individual experiments are grouped in this report according to category
and topic. The space sciences experiments are presented in order of the distance away
from the center of the Earth that the objects of study.lie. The soft X-ray objects lie
deep in our galaxy and even beyond our galaxy. The extreme ultraviolet (EUV) ob-
jects lie within a few hundred light-years from the solar system, whereas the portion
of the interstellar medium investigated by the helium glow experiment lies within a few
astronomical units. The corona photographed during the artificial solar eclipse lay
within approximately 50 solar radii from the Sun. Two crystal detectors that have po-
tential application for future gamma-ray astronomy payloads were carried onboard the
Apollo spacecraft to measure their susceptibility to radioactivation by cosmic par-
ticle bombardment. The tenuous Earth atmosphere at the spacecraft altitude was
investigated by ultraviolet absorption, and the aerosol component of the atmosphere
below the spacecraft was investigated by stratospheric aerosol measurements.
Features of the Earth surface were observed and photographed by the Apollo crew,
and the structure of the Earth below the surface was investigated by two spacecraft-
spacecraft Doppler techniques.

The life sciences experiments addressed three primary topics. One was the
effects of cosmic particle bombardment on live cells: the human eye retina (light
flash) , dormant eggs and seeds (biostack), and growing fungi (zone-forming
fungi). (The fungi experiment also studied the effects of space-flight factors on
biorhythm.) The second topic was the effects of space flight on the human immune
system from the aspect of microbial transfer and ability to cause infection and
from the aspect of the ability of the immune system to resist infection. The third
topic was the effects of reduced gravity on the calcium metabolism of the killifish
vestibular system. The purpose was to assess the feasibility of using the killifish
vestibular system as a model for future investigations of space-flight effects on
human calcium metabolism.

4NASA Lyndon B. Johnson Space Center.
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The materials processing effort addressed two topics: the separation of
live cells and the improvement of physical properties of solid materials. The live
cell separation was performed by each of two electrophoresis methods in which an
electric field was applied through a buffer solution containing a mixture of cells
with different biological functions (and hence with different negative surface
charges) . The cells separated into groups of cells with like biological function,
each group being characterized by a unique value of cell surface charge. Each
group thus acquired a unique speed through the buffer solution. The solid
materials were processed both by a high-temperature (melting) technique and an
ambient-temperature (crystal growth from solution) technique.

The subsequent sections in this report describe in detail the conceptual,
instrumental, and operational aspects of each experiment and include a preliminary
assessment of scientific results. This section describes the major preliminary
results of a few of the experiments (astronomy, Earth atmosphere, Earth observa-
tions, biological materials processing, and solid materials processing) as known
in December 1975.

ASTRONOMY

The first known pulsar outside our galaxy was discovered (jointly with a
rocket experiment by the same investigator) by the Soft X-ray Experiment
(MA-048). The pulsar is contained in a binary star system in the Small Magellanic
Cloud, which is a companion galaxy located approximately 200 000 light-years
from our own. It is the most luminous pulsar known, by at least a factor of 10,
and it radiates predominantly at X-ray energies greater than 2 kiloelectronvolts.
Its period is 0.7 second, which is half that of the next fastest binary pulsar.

Only two other binary pulsars are known.

Extreme ultraviolet radiation from four stars was positively detected by the
Extreme Ultraviolet Survey Experiment (MA-083). Two of the stars are very
strong sources of EUV radiation; they are very hot, nearby white dwarf stars
HZ 43 and Feige 24. Although these stars were previously known by means of
their visible radiation, their extremely high temperatures (approximately
100 000 K) were not previously known. The star HZ 43 was also detected by the
Soft X-ray Experiment, which confirmed the high temperature. The soft X-ray
preliminary results imply a temperature as high as 150 000 K, as compared with
the EUV result of 110 000 K. There is thus no doubt that HZ 43 is the hottest white
dwarf known.

EARTH ATMOSPHERE

The space application of absorption spectroscopy as a technique for measur-
ing the very tenuous abundances of the atomic constituents of the Earth atmosphere
at spacecraft altitudes was successfully pioneered by the Ultraviolet Absorption

1=2



(UVA) Experiment (MA-059). The results compare excellently with results
obtained previously by less direct means:

UVA results Previous results
2.5 billion oxygen atoms/cm3 2.3 billion oxygen atoms/cm3
6 million nitrogen atoms/ cm3 5 to 6 million nitrogen atoms/cm

The comparison is encouraging for the continued development of an expanded
absorption spectroscopy concept for application in the Space Shuttle Program,
in which a greater number of constituents may be measured over a greater portion

of the atmosphere.

The layering of aerosols in the stratosphere was successfully measured by
the Stratospheric Aerosol Measurements Experiment (MA-007). The concentration
of aerosols was 1.5 to 2 times greater in the Northern Hemisphere than in the
Southern Hemisphere, and the peak concentration of the layers occurred at an
altitude of 19 to 20 kilometers in the Northern Hemisphere (somewhat lower in the
Southern Hemisphere). This was the pioneering space application of the solar
extinction technique for monitoring atmospheric particulates. The technique,
which uses appropriately filtered photometers to measure the extinction of infrared
sunlight as it passes through the atmosphere during orbital sunrise and sunset,
is being developed to monitor molecular constituents (such as ozone) as well.

The absorption spectroscopy and the solar extinction methods are complemen-
tary. Eventually, they may be used for long-term monitoring of the atomic, molec-
ular, and particle composition of the atmosphere.

EARTH OBSERVATIONS

An extensive northward extension of the Red Sea rift system was successfully
identified and recorded during the Earth Observations and Photography Experi-
ment (MA-136). The Red Sea rift system branches into three well-established
fault lines from a point situated north of Beirut. The photographs led to the inter-
pretation that the primary motion of the Arabian subplate is counterclockwise
rotation about the branch point of the fault lines. The Arabian subplate was pre-
viously believed to be translating eastward. This is the first observational detec-

tion of rotational plate motion.

The crew also detected and photographed an extensive system of internal
ocean waves off the western coast of Spain. The wavefronts were approximately
60 kilometers long, were parallel to the coastline, and were apparently not
associated with any islands. The wavelength was approximately 2 kilometers.
Detection of the waves was very dependent on the Sun angle and look angle; the
waves appeared suddenly and disappeared shortly thereafter. The detection of
internal ocean waves is an example of how rapid crew reactions can be utilized to

great advantage.
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BIOLOGICAL MATERIALS PROCESSING

The static-column method of electrophoretic separation of mixtures of differ-
ent live cells into zones of like cells was successfully demonstrated by the Electro-
phoresis Technology Experiment (MA-011). This experiment marks the first time
that all three phases of a complete electrophoresis operation (preflight cell preser-
vation, microgravity processing, and postflight cell preservation) were successfully
addressed. Additionally, a commercial firm participated in the experiment to inves-
tigate the enhancement of urokinase production over that obtainable by ground-based
methods. Urokinase is an enzyme with major potential application for future treat-
ment of persons with thrombotic conditions. Urokinase is cultured from a particular
type of kidney cell, and the objective of this experiment was to isolate pure samples
of that type cell to be used as starters for the culturing process. The objective was
successfully achieved, as evidenced by enhanced urokinase production from labora-
tory cultures of the ASTP samples. A significant spinoff from this experiment has
been achieved in connection with the attempt to separate different types of lympho-
cytes. The electrophoresis attempt was unsuccessful (the cells lost viability before
they could be processed); however, in preparation for the experiment, sterilization
techniques were developed that may eventually permit family members of leukemia
victims to donate blood years in advance of its intended use rather than requiring
them to donate with sometimes less than 2 days' notice, as is the current practice.

SOLID MATERJALS PROCESSING

The Multipurpose Electric Furnace (MA-010) was used to conduct several
experiments. The ASTP experiment on Crystal Growth From the Vapor Phase
(MA-085) completed an experiment begun on Skylab (M-556) in which greatly
enhanced growth rates (7 to 10 times the ground-based rates) were obtained for
crystals being grown from the vapor phase. The Skylab experiment demonstrated
that no existing model for vapor transport phenomena is adequate for microgravity
conditions. The ASTP experiment completed the parameter variations for the
experiment and yielded crystal growth rates of 3 to 4 times those of ground-based
rates. Preliminary analysis indicates the existence of thermochemical effects in
vapor transport that become dominant in microgravity conditions.

The Interface Marking in Crystals Experiment (MA-060) successfully used a
complex laboratory technique to reveal the changes in speed with which a solid/
liquid interface travels during a solidification process. The purpose was to
correlate the microsegregation of materials that occurs at the interface with the
interface speed. The interface speed was determined to increase continuously
during the solidification. Correlation with microsegregation is currently under
analysis.

1-4



2. MISSION DESCRIPTION

S. N. Hardee?
ABSTRACT

The Apollo-Soyuz mission was the first manned space flight conducted jointly
by two nations. The United States and the U.S.S.R. achieved a substantial degree
of success in (1) obtaining flight experience for rendezvous and docking of manned
spacecraft and developing a docking system that would be suitable for use as a
standard international system, (2) demonstrating in-flight intervehicular crew
transfer, and (3) conducting a series of science and applications experiments. The
Apollo and Soyuz spacecraft, with minor exceptions, were similar to those flown on
previous missions, but a new Apollo module, the docking module, was built specif-
ically for this mission. The mission started with the Soyuz launch on July 15, 1975,
followed by the Apollo launch on the same day. Docking of the two spacecraft
occurred on July 17, and joint operations were conducted for 2 days. Both space-
craft landed safely and on schedule; the Soyuz landing in the U.S.S.R. occurred
on July 21, and the Apollo landing near Hawaii occurred on July 24. Twenty-
eight science experiments were performed during the mission.

INTRODUCTION

The first international manned space flight, the Apollo-Soyuz Test Project
(ASTP) (fig. 2-1), was highly successful. The primary objectives of the joint
U.S.-U.S.S.R. project were to test systems for manned spacecraft rendezvous and
docking that would be suitable for use as a standard international system and to
demonstrate crew transfer between spacecraft. An additional objective was to con-
duct a program of science and applications experimentation. Joint and unilateral
experiments that provided data and experience in the fields of Earth resources,
Earth gravity, Earth atmosphere, astronomy, solar science, life sciences, and
space processing were conducted. (The arrangement of these experiments within
this report is given in the Table of Contents.) Some of these experiments were
conducted in pioneering fields. For example, the first measurements of atomic
nitrogen in the Earth atmosphere at orbit altitudes were made, and a search for
discrete sources of 5- to 100-nanometer (50 to 1000 angstrom) extreme ultraviolet
(EUV) radiation outside the solar system was made for the first time. In addition,
space science awareness was promoted through extensive commercial television
(TV) broadcasting and filming of flight experimentation and through in-flight
science demonstrations.

aNASA Lyndon B. Johnson Space Center.
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SPACECRAFT DESCRIPTION

An overview of the two spacecraft and the docking module (DM) is shown in
figure 2-2, and the ASTP experiment locations are shown in figure 2-3.

Apollo Spacecraft Description

The Apollo spacecraft used for this mission was similar in most respects to
those employed to ferry crews to and from the Skylab space station, but it differed
in some significant aspects that will be pointed out in this discussion. The signif-
icant differences among four generations of Apollo spacecraft are summarized in
table 2-1. -

Command and service module.- The Apollo command and service module
(CSM) flown on the Apollo-Soyuz mission was closely similar to the command and
service modules used for the Skylab flights, but some modifications were made to
fit mission needs. Additional controls for the docking system and special CSM-to-
DM umbilicals were added together with experiment packages and their controls.
Also, the steerable high-gain antenna used for deep-space communications during
the Apollo lunar missions but not needed for the Skylab missions was reinstalled on
the Apollo-Soyuz command and service module. The antenna was used to establish
a relay link with Applications Technology Satellite 6 (ATS-6) in synchronous orbit

to provide communications with the Mission Control Center for 55 percent of each
orbit.

Docking module.- The docking module was basically an airlock that permitted
the crewmen to transfer between the two spacecraft; which had different internal
pressures and atmosphere constituents. The docking module had docking facilities
on each end that enabled rigid coupling of the Apollo and Soyuz spacecraft and was
a cylindrical pressure vessel with an internal diameter of 1.42 meters and an over-
all length of 3.15 meters between the docking interfaces.

The principal external attachments to the docking module were a Doppler
transmitter antenna for the Doppler Tracking Experiment, an ultraviolet spectrom-
eter for the Ultraviolet Absorption Experiment, a docking target that enabled the
Soyuz crew to observe the Apollo docking approach through the Soyuz periscope,
three very-high-frequency (VHF) antennas, three adapter mountings, a vent
housing, and four gas storage tanks. The external and internal arrangements of
the docking module are shown in figure 2-4.

Soyuz Spacecraft Description

The Soyuz spacecraft consisted of three modules; which are discussed in the
order of their proximity to the Apollo spacecraft when docked.

The orbital module, which provided the Soyuz portion of the compatible

docking system, was used for work and rest by the crew during orbit. The module
contained a side hatch for crew entry before launch, a forward hatch for crew
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transfer to and from the docking module, and an aft tunnel for crew transfer to the
descent vehicle. Two windows were provided: one forward of the side hatch for
earthward viewing, and the other on the opposite side of the module for outward
viewing.

The descent vehicle, with the main controls and crew couches, was occupied
by the cosmonauts during launch, dynamic orbital operations, descent, and landing.

The instrument assembly module, which contained subsystems required for
power, communications, propulsion, and other functions, was located at the aft end
of the Soyuz spacecraft. Two sets of winglike solar battery panels were mounted
180° apart on the exterior of the module. |

TRACKING AND COMMUNICATIONS

Flight control personnel maintained contact with the Apollo and Soyuz space-
craft through the Spaceflight Tracking and Data Network (STDN). This network
consisted of a complex of fixed ground stations, portable ground stations, specially
equipped aircraft, and an instrumented ship. The mission was supported by 14
Spaceflight Tracking and Data Network stations, as well as by a U.S.S.R. network
consisting of 7 ground stations and 2 ships. Communications opportunities with
the use of the Spaceflight Tracking and Data Network alone encompassed 17 percent
of the mission time; but, for the first time, an Applications Technology Satellite
that increased the total communications coverage to 63 percent was employed
(fig. 2-5). The increased coverage with the ATS-6 was of significant importance
to several science experiments. The Apollo-Soyuz Test Project communications
are shown schematically in figure 2-6.

NARRATIVE FLIGHT SUMMARY

Launch and Rendezvous Maneuvers Phase

The Soyuz spacecraft, manned by Alexei A. Leonov, commander, and Valeri
N. Kubasov, flight engineer, was launched from the Baykonur, Kazakhstan, launch
complex at 12: 20 GMT on July 15, 1975. It was launched in a northeasterly direc-
tion and was inserted into a 186- by 222-kilometer orbit at an inclination of 51.8°.
On the fourth orbit after lift-off, the first of two maneuvers to circularize the Soyuz
orbit at 223 kilometers was initiated. The second circularization maneuver occurred

on the 17th Soyuz orbit.

Seven and one-half hours after the Soyuz launch, the Apollo spacecraft,
manned by Thomas P. Stafford, commander, Vance D. Brand, command module
pilot, and Donald K. Slayton, docking module pilot, was launched from the NASA
John F. Kennedy Space Center in a northeasterly direction and was inserted into a \
149- by 168-kilometer orbit, also with an inclination of 51.8°. One hour fourteen
minutes after lift-off, the Apollo command and service module was separated from
the Saturn-IVB stage, and the crew began the transposition and docking procedure
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to extract the docking module from the launch vehicle. Although these operations
were generally normal, the removal of the docking probe was hindered by a mis-
routed pyrotechnic connector cable. A corrective procedure given to the crew was
used successfully to remove the probe, and extraction was completed at 22: 24 GMT.
After performance of an evasive maneuver to avoid recontact with the launch vehi-
cle, a circularization maneuver at the third apogee, and additional phasing and
plane correction maneuvers, the first day of maneuver activities was concluded for
both crews.

Before the end of the day, several science experiment operations were per-
formed. The Zone-Forming Fungi (ZFF) Experiment, which had been photographed
at 12-hour intervals beginning July 13, 1975, was again photographed at 12: 30
Soyuz ground elapsed time (GET). Simultaneously, the Biostack Experiment was
activated for approximately 12 hours of operation. The first Geodynamics Experi-
ment data take was initiated at 15: 12 GET and continued through the next three
ATS-6 passes by the Apollo spacecraft. Major mission events and data collection
periods are shown in figure 2-7.

The second day was devoted primarily to predocking checkout activities,
rendezvous maneuvers, and science experiments. The first biostack data take
was conc¢luded at 25: 38 GET, and the killifish experiment was initiated at 27: 18
GET. Earth observations activities were initiated after starting the killifish experi-
ment and extended into the period of Ultraviolet Absorption (UVA) Experiment
lamp burn-in, which started at 27: 40 GET . Multipurpose furnace experiment
preparations were also made during the lamp burn-in period, and the ultraviolet
absorption crew optical alinement sight calibrations were made. After another
Geodynamics Experiment data take, multipurpose furnace operations were started
with the Surface-Tension-Induced Convection Experiment cartridges. Simulta-
neously, the Electrophoresis Experiment (EPE) was prepared and operated; the
Extreme Ultraviolet Survey, Helium Glow (HeG), and Soft X-Ray Experiments were
checked out; several geodynamics data takes were made; and zone-forming fungi
photographs were taken. Unfortunately, a malfunction developed in the Soft X-Ray
Experiment after only 10 minutes of normalcy during the initial operation of the
experiment on the second day of flight. However, good data were obtained again,
intermittently, during the sixth through eighth days of flight.

Joint Phase

Docking occurred on the 36th Soyuz orbit and the 29th Apollo revolution. The
time of docking was 51 hours 49 minutes Soyuz GET on July 17, 1975. The Apollo
and Soyuz spacecraft remained docked for approximately 2 days.

After docking, hatch 1 was opened, and several transfers of both crews,
television tours of both spacecraft and of the United States and the U.S.S.R., a
news conference, and official ceremonies were conducted. The Surface-Tension-
Induced Convection Experiment in the multipurpose furnace was continued during
this period, and the collection of microbial samples for the Microbial Exchange Ex-
periment was accomplished by the two crews. The multipurpose furnace was shut
down at 58: 05 GET and was reinitiated for the U.S.S.R. Multiple-Material Melting
Experiment at 58: 45 GET.
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Several other science experiments were conducted during this first docked
phase. The Zone-Forming Fungi Experiment was photographed again; several
Earth observations and geodynamics data takes were made; the Microbial Exchange
Experiment was conducted; the U.S.S.R. multiple-material melting was concluded;
and the zero-g processing of magnets in the multipurpose furnace was conducted.

After the two spacecraft had been docked for nearly 44 hours, the first un-
docking was performed normally, and the joint Artificial Solar Eclipse Experiment
was performed. A second docking was then performed at 96: 14 GET to test the
docking system with the Soyuz docking system active.

Final undocking was at 99: 06 GET, after which the Ultraviolet Absorption
Experiment was conducted to conclude the joint phase of the flight. The Apollo
spacecraft began stationkeeping 18 meters ahead of the Soyuz spacecraft. The
Apollo spacecraft then was maneuvered to a 150-meter displacement out of the Soyuz
orbital plane. At 99:40 GET, a 10-minute data take was performed as the command
and service module swept through a 30° arc at the 150-meter radius from the Soyuz
spacecraft. Similarly, a 500-meter out-of-plane data take was made starting at
101: 18 GET . After the 500-meter data take, the command and service module was
positioned back into the Soyuz orbital plane, and an in-plane final evasive maneuver
was begun at 102: 22 GET .

During the 150-meter data take, no reflected signal was detected by the
spectrometer. Assessment of the problem by ground personnel indicated a contam-
inated Soyuz side reflector or possible locking of the star tracker onto a different
light source. Therefore, the Soyuz aft reflector was used for the 500-meter data

take.

Soyuz Deorbit and Landing

The Soyuz deorbit maneuver was performed at 141: 50 GET. The reentry
vehicle was brought to a safe landing in Kazakhstan at 10: 51 GMT on July 21, 1975,
after a flight of 142 hours 31 minutes.

Apollo Orbit Continuation Phase

The Apollo spacecraft continued in orbit for approximately 5 days after sep-
aration from the Soyuz spacecraft. Following the ultraviolet absorption joint phase
data takes, one revolution of Apollo out-of-plane data was obtained and a spacecraft
test roll maneuver of 360° was performed to measure resonant fluorescence back-
ground and ambient atmosphere gas pileup. The experiment was shut down at
107: 07 GET.

The multipurpose furnace zero-g processing of magnets was concluded at
106: 50 GET, and the Halide Eutectic Experiment was initiated in the furnace at
109: 20 GET. In the interim, zone-forming fungi photographs and Earth observa-
tions were made; the Crystal Growth Experiment (CGE) was initiated; and a raster
scan for the extreme ultraviolet survey was made. After several Geodynamics Ex-
periment data takes and several Earth observations, the extreme ultraviolet experi-
ment was started. The Crystal Growth and Zone-Forming Fungi Experiments were
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then examined and photographed before the Helium Glow Experiment scans were
made. Helium glow data-take periods consisted of sweeping the 15° field of view
across regions of the celestial sphere by rolling the Apollo spacecraft about the
longitudinal axis. Several excellent roll scan data takes were made. The killifish
observations were again made during this period.

Extreme ultraviolet and helium glow scans, Earth observations, geodynamics
data takes, and crystal growth and zone-forming fungi observations were continued
at intervals; the multipurpose furnace Crystal Growth From the Vapor Phase Experi-
ment was conducted; and the Biostack Experiment was turned on at 132: 00 GET.
The Electrophoresis Technology Experiment was initiated at 147: 30 GET and was
shut down at 152: 10; it was started again 18 hours later. The Stratospheric Aerosol
Measurements (SAM) Experiment operations were initiated at 154: 30 GET, and
shutdown occurred at 158: 00 GET. The multipurpose furnace Interface Marking in
Crystals Experiment was also conducted during this period, as was the Monotectic
and Syntectic Alloys Experiment.

During revolution 109, an extreme ultraviolet finding of special significance
was made when an intense EUV source was discovered. This discovery was the
first known detection of a cosmic source of extreme ultraviolet radiation. The Light
Flash Experiment (LFE) was also initiated during revolution 109. The unmanned
portion of this experiment started at 179: 13 GET, and the manned portion was
initiated during the following revolution. These times were selected so that the
two data-take periods would include passage through the South Atlantic Anomaly
and would be descending passes (i.e., from northwest to southeast) to provide
data at the maximum available geomagnetic latitude and to provide South Atlantic
Anomaly data. Periodic zone-forming fungi, geodynamics, crystal growth, Earth
observations, helium glow, killifish experiment, soft X-ray, and electrophoresis
technology operations were also conducted during this period.

The docking module was jettisoned at 199: 27 GET to prepare for the Doppler
Tracking Experiment, which required a 300-kilometer separation of the command
and service module from the docking module. After jettison, the Apollo crew
photographed the docking module and then maneuvered the command and service
module to the same orbit as the docking module at a range of 300 kilometers. The
data-take period began at 204: 20 GET and continued for approximately 14 hours
with intentional command and service module attitude changes during the interim.
During these 14 hours, periodic crystal growth, zone-forming fungi, geodynamics,
and Earth observations operations were continued.

Apollo Deorbit and Landing

The Apollo deorbit maneuver was performed at 224: 17 GET, and, after a
flight of 217 hours 28 minutes, the command module landed approximately 1.3 kilo-
meters from the target point. The time of splashdown was 21: 18 GMT on July 24,
1975. The command module assumed the Stable II attitude for approximately
4.5 minutes after splashdown. The crew remained in the command module during
recovery operations and were onboard the U.S.S. New Orleans approximately
41 minutes after splashdown.
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After shipboard ceremonies, during which the crewmen appeared to be in
good condition, it was learned that they had been exposed to oxidizer vapors for
several minutes when an arming function and a manual backup function were over-
looked during the entry phase of the mission. The crewmen were immediately given
intensive medical care. The necessary changes in medical examination schedules
and the therapy given the crew potentially affected the Cellular Immune Response
Experiment and the Polymorphonuclear Leukocyte Response Experiment. These ex-
periments were complementary experiments that were conducted by preflight and
postflight blood sampling and analysis. Despite this impact, scientifically useful
results were obtained in these experiments.
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TABLE 2-1.- SIGNIFICANT APOLLO SPACECRAFT CONFIGURATION DIFFERENCES

System

Area of difference

Mission

ASTP

Skylab

8Apollo 11 to 14

b

Apollo 15 to 17

Command module

Electrical power
system

Experiments
Television
Communications
Environmental

control system (ECS)

Displays and
controls

Stowage

Lunar module umbilicals
Skylab tunnel umbilical
Docking module umbilicals
Drag-through umbilical

Stowable
Coldplate mounted

Cameras and monitors
Video tape recorder

Speaker box
ATS-6 equipment

Extravehicular activity
capability

Experiments

Docking module
Compatible docking system
ATS-6 communications

Apollo Block II
Skylab
Modified Skylab

P MK MM M

P M

X

Service module

Experiments

Service propulsion
system

Environmental
control system

Scientific instrument module

Lunar sounder

Doppler tracking receiver

Remotely controlled doors

Extravehicular retrieval
capability

Propellant utilization gaging
system (flight)

Propellant utilization gaging
system (ground)

Four propellant, two pres-
surant tanks

Two propellant, one pres-
surant tank

Heaters deactivated

Coldplates for experiment
cooling and ATS-6
equipment

X

X
X

()
X

MK oMW

>
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aLunax‘—landing' missions.

b

Lunar-landing missions with expanded scientific data return capability.

®ECS radiator heater motor switches placed in open position before launch.




TABLE 2-1.- Concluded

System

Area of difference

Mission

ASTP

Skylab

8apollo 11 to 14

P Apollo 15 to 17

Service module - concluded

Reaction control Propellant storage module X X
system (RCS) RCS quad heaters X X
Thermal protection Increased cork insulation X X
dAdditional cork insulation X
Communications Rendezvous radar X X
transponder
ATS-6 power amplifier system X
High-gain antenna X X X
Electrical power Two fuel cells X
system Three fuel cells X X X
Descent batteries X
Extra water tank X
Increased cryogenic storage X X
capacity
Return enhancement battery X X
Spacecraft adapter
Panels Jettisonable X X X
Deployable X
Structural Lunar module X X
support Docking module X

aLunar—lemding missions.
bLunar-landing missions with expanded scientific data return capability.

dFor long-duration RCS firings.
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Figure 2-5.- Communications with
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3. SOFT X-RAY OBSERVATION
EXPERIMENT MA-048

S. Shulman,? G. Fritz,2 D. Yentis,? R. G. Cruddace,?
H. Friedmem,aT w. Snyder,b and R. C. Henr'yb

ABSTRACT

The Apollo-Soyuz Test Project Soft X-ray Experiment was designed to observe
celestial X-ray sources in the energy range from 0.1 to 10 kiloelectronvolts. The
instrument that was used in the experiment obtained energy and fast-timing data to
characterize both the spectrum and the variability of known X-ray sources. Data
were obtained on approximately 12 sources. During the mission, the instrument
developed an intermittent high-voltage discharge problem that resulted in the loss
of approximately 75 percent of the anticipated data, including the scans intended
for mapping of the low-energy diffuse X-ray background.

OBJECTIVES

The objectives of the Apollo-Soyuz Test Project (ASTP) Soft X-ray Experi-
ment were to study the spectra of a large number of known celestial X-ray sources
in the range from 0.1 to 10 kiloelectronvolts, to search for periodicities and other
variability in these sources, and to more precisely map the soft X-ray diffuse
background. Celestial X-ray sources have been observed from rockets and satel-
lites for approximately a decade, and more than 200 sources have been located. Fig-
ure 3-1is a map of the sky in galactic coordinates showing the sources located by
the Uhuru small astronomy satellite (SAS-1). The concentration in the galactic plane
indicates a class of sources within the galaxy, and the uniform distribution at high
latitudes indicates a class of extragalactic objects.

The objective of spectral measurements in the range from 0.1 to 10 kiloelec-
tronvolts is twofold. First, detailed comparison of the spectra of many sources
would provide the capability to classify X-ray sources more precisely in terms of
the X-ray emission mechanism and the relevant physical parameters such as size,
density, temperature, magnetic field strength, and relativistic particle content.

4Naval Research Laboratory.
bJohns Hopkins University.

1Principal Investigator.
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Second, the low-energy parts of the spectra (less than 2 kiloelectronvolts) are af-
fected by absorption in the intervening interstellar material. A measure of the ab-
sorption can be used to establish a fairly precise distance scale for the X-ray
sources. The distances in turn yield the absolute luminosities and the relationship
to other features of galactic structure such as the spiral arms.

The search for periodicities and fast-time variability was conducted by re-
cording the counts in 3-microsecond intervals for three broad energy bands. The
objective was to search for new pulsars (presumably rotating neutron stars) and
for other types of sources where intensity variations on a fast-time scale might pro-
vide information on the source structure, size, and emission mechanisms.

The third objective of the experiment was to map the soft X-ray background.
At energies of approximately 0.25 kiloelectronvolt, there is an observable diffuse
emission from all directions in the sky. Figure 3-2 is a map obtained from data
taken during an Aerobee rocket flight. To map a significant portion of the sky dur-
ing the 5-minute flight, a wide field of view (10° by 10°) and a rapid scan rate were
used. As a result, the statistical precision of the map is poor, and the minimum
contrast features that can be detected are quite bright. The increased observing
time available with the ASTP instrument provided the opportunity to use a 4° by 4°
field of view and to obtain approximately 10 times as much data in each resolution
element. With increased resolution, an attempt is being made to determine the
origins of the soft X-ray diffuse background.

INSTRUMENT DESCRIPTION

The X-ray instrument is a large-area proportional counter very similar to
those that have been flown on sounding rockets by several groups. The proportional
counter detects individual X-ray photons when they interact in the detector gas.
This interaction produces photoelectrons that drift toward a high-voltage anode
and produce secondary electrons. In the high electric field region near the anode,
the secondary electrons initiate an electron avalanche, which produces an electronic
pulse that can easily be amplified and detected. In the proportional counter (as
opposed to the Geiger counter), the total charge in the avalanche pulse is propor-
tional to the original number of secondary electrons; thus, information about the
energy of the detected X-ray is preserved.

The detector gas is a standard mixture of 90 percent argon and 10 percent

methane (P10 gas) at 111 457.5 N/m2 (1.1 atmospheres). The detector anodes are
nominally operated at 2700 volts, and the instrument contains a feedback system to
adjust this voltage to keep the gain constant during variations in detector tempera-
ture. The gas is contained by a 2-micrometer polycarbonate window that requires

an elaborate support structure to withstand the 111 457.5—N/m2 (1.1 atmosphere)
pressure. This thin window is necessary to permit the detection of X-rays in the
0.1- to 2-kiloelectronvolt energy range: these X-rays would be absorbed by more
conventional window materials such as 50-micrometer beryllium. Aluminum honey-
comb is part of the window support structure and also provides the instrument col-
limation that gives a circular field of view with a full-width half-maximum (FWHM)
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response of 4° , The effective area for X-ray detection is 1200 square centimeters.
The front face of the detector, including the honeycomb and support ribs, is shown
in figure 3-3.

Because a thin window is required for the low-energy X-ray observations, a
gas supply is required to replenish gas that escapes through small pinholes in the

window. Typical leak rates into vacuum range from 10 to 100 cm3 Pa/min (10 to
100 cm3 atm/min). A 30.5-centimeter (12 inch) diameter reservoir tank was incor-

porated into the experiment and was pressurized to 17 237 kN/m2 (170.115 atmos-
pheres), approximately 35 days before launch. With this gas supply system, the
detector could also be completely emptied and refilled by astronaut command to re-
move atmospheric contaminants that diffused into the detector before launch. The
gas tank is a prominent feature in the rear view of the instrument shown in figure
3-4,

The electronic design of the instrument is shown in figure 3-5. There are
two sets of anodes in the detector, one for X-ray data and one for the veto of
charged particles. Each set has a separate preamplifier and discriminator. A data
pulse is accepted and analyzed only if no pulse is detected within a few microsec-
onds in tHe vet~ section. Data pulses that are accepted are then pulse height ana-
lyzed, and the pulse height is stored for telemetry readout. The analysis is accom-
plished by a 9-bit analog-to-digital (A-D) converter that uses a successive approx-
imation scheme. Each pulse height is also sorted into one of three energy bins for
accumulation in the 3-microsecond fast-timing bins. The electronics are mounted
on the rear of the detector as shown in figure 3-4.

The crucial parameters of gain and resolution were measured during labora-
tory calibrations. These parameters are required to determine the spectrum of
X-rays incident on the detector. The detector response is convolved with the inci-
dent photon spectrum to give the counts observed in each pulse height bin of the
spectral data. Mathematically, this is described as follows:

E,=G(Vy)
N(V,,V,) = dE/ T(E') A(E') R(E',E) N(E') dE'
E,=G(V,) 0

where N is the counting rate, V1 and V2 are the boundaries of the pulse-height

channel, T (E') is the window transmission as a function of energy, A(E') is the
gas absorption as a function of energy, R (E',E) is the resolution function, N(E')
is the incident photon spectrum, and G (V) is the pulse-height gain function. The
functions T and A can be calculated from measurements made at a number of dif-
ferent laboratories. The gain G (V) and the resolution function R (E',E) are de-

termined by laboratory calibrations with monochromatic X-rays incident on the de-
tector. The peak in the spectral data yields the gain, and the shape of the spectral
data yields the resolution function. At most energies, the resolution function is

3-3




Gaussian; however, at low energies, a Poisson function gives a better fit because
the parameters must all be greater than zero.

The gain calibration is given in figure 3-6. Energy is plotted as a function
of channel number rather than channel voltage. The instrument gain is linear to
within 10 percent over the entire range from 0.1 to 8 kiloelectronvolts. A signifi-
cant nonlinearity of approximately 10 percent is noticeable at the higher energies.
The resolution function averaged over the entire sensitive area of the detector at an
energy of 5.98 kiloelectronvolts (MnK) is shown in figure 3-7. The FWHM of the

function is approximately 27 percent. The FWHM at any single point in the detector
is considerably better (approximately 20 percent), but slight gain variations from
point to point broaden the average resolution. The FWHM resolution is plotted as a
function of energy in figure 3-8.

A quick in-flight calibration was provided by two radioactive sources mounted
on rotary solenoids, which could be switched into the detector field of view by astro-
naut command. The housings for these assemblies are shown mounted to the end
ribs in figure 3-3.

The flight window was installed on the detector in April 1975. The leak rate

measured in vacuum was approximately 3 cm3 Pa/min (3 cm3 atm/min). This rate
remained stable through testing, installation, and launch. No degradation was ob-
served during the flight.

IN-FLIGHT ANOMALIES

The X-ray experiment was activated together with the other scientific instru-
ment module (SIM) bay experiments approximately 35 hours after launch. Several
minutes after the initial activation and calibration, an excessively high count rate
was noted in the lowest spectral channels. This pattern of several minutes of normal
operation followed by a period of high count rates was observed several times dur-
ing the mission. The problem apparently was caused by a high-voltage breakdown.
Problems with high-voltage breakdown in proportional counters have been evident
in all programs using these detectors. In addition to the usual problems of compo-
nent failures and potting breakdowns, the gas gain region of the detector amplifies
any discharge or breakdown caused by sharp points, metal chips, or inadequate
spacing of elements. The following paragraphs give a brief operating history for
the flight.

The X-ray experiment was operated on day 5 during the raster scan for the
Extreme Ultraviolet Survey (EUV) Experiment. The count rates went full scale, and
a gas purge was scheduled in anticipation of a possible instrument problem. After
purging, the instrument was operated on the sixth day of flight, and 25 minutes of
satisfactory data were obtained before the problem reappeared. On day 7, a test
was performed in which the instrument was operated with the high voltage on for
2 minutes and then off for 2 minutes. The instrument operated properly for approx-
imately 3 of the 5 minutes during which the high voltage was on. The experiment
operation procedure for day 8 was revised to incorporate the 2-minute-on mode of
operation, and at least 30 more minutes of satisfactory data were obtained.
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On days 8 and 9, an engineering test was performed in an attempt to deter-
mine the cause of the instrument malfunction. At the end of the data take on day 8,
the instrument was left in a "contingency powerdown" mode, which evacuated the
gas volume of the detector. The detector was allowed to pump down to a hard vac-
uum overnight, and, on day 9, the high voltage was turned on with no gas in the
detector. No counts at all were observed for 30 minutes or longer. This result in-
dicated that the malfunction occurred in the gas gain volume of the detector. High-
voltage potting, power supplies, and the other high-voltage components external to
the gas volume of the detector were thus eliminated as possible causes of the
malfunction.

The high voltage was turned off, the detector gas volume was refilled to a

nominal pressure of 111 457.5 N/m2 (1.1 atmospheres) and the high voltage was
activated again. The detector malfunction reappeared in approximately 2 minutes,
thus reaffirming the conclusion that the malfunction occurred in the gas volume of
the detector.

The available data are currently being interpreted to hopefully obtain a better
understanding of this malfunction. Several hypotheses have been suggested, and
some laboratory tests may be needed to determine whether the characteristics of the
problem can be reproduced. At present, however, no simple hypothesis convinec-
ingly explains both the intermittent nature and the preponderance of low-energy
spectral counts.

Another instrumental anomaly occurred during the flight when a calibration
source stuck in the field of view of the detector. The problem first occurred during
the initial activation on July 21. The calibration source retracted after several mo-
mentary applications of power by the astronauts; however, the source was observed
in the field of view again several orbits later, apparently because of inadvertent
crew operations. No further efforts were made to dislodge the source because of
the astronaut workload and the number of changes that would have been required
to the Flight Plan.

In contrast to the high-voltage breakdown, the calibration source was viewed
as a relatively minor problem. In analyzing the data, most of the X-ray counts
caused by the calibration source can be subtracted because they occur in a narrow
spectral range. (The source was iron-55, which emits MnK X-rays at an energy

of 5.9 kiloelectronvolts). The subtraction, however, does introduce some addition-
al statistical uncertainties into the results.

PRELIMINARY DATA!

Analysis of the X-ray experiment data has been slowed considerably by the
high-voltage breakdown problem because considerable care is required to find the
times during which the detector was functioning properly. Extensive real-time
mission replanning was required. Without this coordinated effort, the scientific
return would have been far less than was achieved.

1Also see section 1.



The spectral data are first plotted as shown in figure 3-9. Each plot gives
the count rate in a certain X-ray energy band as a function of time. Each point rep-
resents an integration of 2,784 seconds, the spectral data accumulation time. The
high-voltage problems are readily identifiable as places where the 0.18- to 0.28-
kiloelectronvolt count rates average more than 10 000 counts/2.784 sec. To
thoroughly examine the good low-energy data, the data must be replotted on a
greatly expanded scale. The data from figure 3-9 are shown replotted in figure
3-10. Note that the X-ray source Cygnus X-2 is more readily apparent in the 0.5-
to 2-kiloelectronvolt plot. A detailed spectrum of the source can also be obtained
from the data as shown in figure 3-11. The incident spectrum that gives the best
fit to the data is also shown.

One of the most exciting observations was made during the final orbit of
prime data. Both the EUV telescope and the soft X-ray instrument were pointed at
HZ 43, a white dwarf. Both instruments detected the object in their respective
energy ranges. From the EUV measurements, the spectrum appears to be that of a
black body with a temperature of 100 000 K. The X-ray count rate in the lowest
energy range, 0.18 to 0.28 kiloelectronvolt, is shown in figure 3-12. (The occa-
sional spikes appear to be due to a milder form of the high-voltage breakdown.)
At the time the astronauts began maneuvering the instruments away from the target,
a marked decrease in the count rate is seen. The counts attributable to the source
can be found by subtracting the background level (dotted line) from the source
level (solid line). The result is approximately 10 counts/sec. This count rate
appears to be consistent with the upper range of black-body temperatures derived
from the EUV data, which was approximately 150 000 K.
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4. EXTREME ULTRAVIOLET SURVEY

EXPERIMENT MA-083

T

D Bowyer,al B. Margon,a M. Lampton,a F. Paresce,a and R. Stern?

ABSTRACT

A grazing incidence telescope sensitive to radiation in the 5- to 100-nanometer
(50 to 1000 angstrom) band was flown in the Apollo service module. On 10 nighttime
revolutions, the command and service module was maneuvered to point the instrument
at 30 different stellar targets for periods of 1 to 20 minutes, thus constituting the
first sensitive search for extreme ultraviolet radiation from nonsolar sources. Sev-
eral hours of supplementary data were also obtained during nighttime orbits when
other experiments in the scientific instrument module bay were operating.

Preliminary analysis of a small fraction of the total data indicates the definite
detection of a strong source of extreme ultraviolet radiation during observations made

during revolution 109. The source is located in Coma Berenices at a = 13h13m,

& = +29°. Positive detections have been made in the 17- to 62—, 11.4- to 15-, and
5.5- to 15-nanometer (170 to 620, 114 to 150, and 55 to 150 angstrom) wavelength

bands. The intensity is 4 pW/m2 “4X 10_9 ergs/cmzsec) in the 17- to 62-

nanometer (170 to 620 angstrom) band. The suggested optical identification is the
white dwarf HZ 43. If this association is correct, the star has the highest tempera-
ture of any known white dwarf. Regardless of the optical identification, however,
this object is the first nonsolar source to be detected in the extreme ultraviolet band.

INTRODUCTION

Astronomical observations of nonsolar sources in the extreme ultraviolet (EUV)
region of the electromagnetic spectrum (10 to 100 nanometers (100 to 1000 angstroms))
are of profound significance for studies of stellar evolution, stellar atmospheres,
and the interstellar medium. The existence of stars producing predominantly ioniz-
ing radiation (wavelengths less than 91.2 nanometers (912 angstroms)) has been
postulated to explain the ionization state of the interstellar medium. Such stars
might represent a very hot phase of stellar evolution (refs. 4-1 and 4-2). Effective
surface temperatures greater than 20 000 K have been observed, for example, among
O stars, among white dwarfs of classes DAn and DAwk, among the subdwarf OB stars
(ref. 4-3), and among the ultraviolet (UV) excess objects observed from the Euro-
pean TD-1A satellite (ref. 4-4). A major deterrent to previous attempts at celestial

aUniversity of California at Berkeley.

TPrincipal Investigator.
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EUV observations has been the opacity of the interstellar gas resulting from photo-
electric absorption by neutral hydrogen and neutral and singly ionized helium. How-
ever, recent spectroscopic studies of interstellar matter toward nearby stars (refs.
4-5 to 4-7) indicate that in many directions neutral hydrogen concentrations are as

low as 0.01to 0.1 atom/cm3. Then, the absorption cross sections given in refer-
ence 4-8 indicate that direct EUV observations of sufficiently hot stars should be
possible to distances of 20 to 100 parsecs.

Preliminary surveys at EUV wavelengths have been made from sounding

rockets and have set upper limits of approximately 10 10 W/m2 (10 1 ergs/cmzsec)
for sources in limited regions of the sky (refs. 4-9 to 4-11). However, significant
constraints on stellar emission models would require improvements in sensitivity of
perhaps two orders of magnitude. The Apollo-Soyuz mission offered the opportunity
to make extended observations of numerous candidate stars with an EUV telescope
that had the requisite sensitivity. Ten nighttime orbits were used to obtain data on
30 preselected stars, 1 planet, and the EUV background radiation. A preliminary
analysis of quick-look data has indicated that one target exhibited a particularly
intense EUV flux. A second target was also detected at a statistically significant
level above the background. Computer processing of the production data will make
weaker flux level targets also detectable.

EQUIPMENT

The EUV telescope (ref. 4-12) consisted of a 37-centimeter-diameter grazing
incidence mirror assembly, a continually rotating (10 rpm) six-position filter wheel,
and a pair of channel electron multiplier detectors. A schematic view of the instru-
ment is shown in figure 4-1.

The parabolic optics were fabricated from aluminum coated with a nickel alloy
and then overcoated with a fine layer of gold. The filter wheel included an opaque
filter that permitted nearly continuous monitoring of the detector background during
the mission. The field of view of the instrument was circular with selectable diame-
ters of 2.5° or 4.3° full width at half maximum obtained by commanding either detec-
tor into the focal position. The detailed construction of the detector modules is de-
scribed in reference 4-13. The detector not at the focal position was also monitored
to establish further the stability of the background count rates. Count rates from
both detectors were telemetered each 0.1 second together with the filter wheel posi-
tion and other auxiliary information.

The entire system was calibrated in the laboratory with collimated radiation
at numerous wavelengths between 4.4 and 265 nanometers (44 and 2650 angstroms).
Absolute intensities were established by using National Bureau of Standards-
calibrated vacuum-photodiode secondary standards above 20 nanometers (200 ang-
stroms) and propane proportional counters below 20 nanometers (200 angstroms).
The various filters, in combination-with the efficiency characteristics of the mirror
assembly and detector, defined the wavelength bands illustrated in figure 4-2. The
detailed response of the system is summarized in table 4-I. The filters and their
bandpasses at 10 percent of peak transmission, the energy-integrated effective area,
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= _f_E_A_éEi)_@ are given in

or grasp G = [A(E)dE, and the effective energy Ee =
table 4-1.

The experiment was mounted to a shelf in bay 1 of the service module (SM).
A protective cover enclosed the instrument assembly at all times when the experi-
ment was not in operation. At appropriate times in the Flight Plan, the crew activa-
ted a switch in the command module (CM) to open the cover. The remaining experi-
ment controls consisted of a POWER ON/OFF switch and a two-position detector-
selection switch. Both switches were located in the CM and operated by the crew.

The observing procedure consisted of opening the experiment cover, waiting
10 seconds to permit the ambient pressure in the SM bay to vent to vacuum, and then
turning the instrument power on. The crewmember then selected the appropriate
detector to ensure that the proper channel multiplier was always in the focal plane.
The filter wheel operated automatically and continuously whenever the instrument
power was on.

The telescope was oriented at preselected targets by using the spacecraft
command module computer (CMC) for guidance and orientation and by using the
normal Apollo reaction control system thrusters for maneuverability to point the
instrument line of sight at the desired position on the celestial sphere for predeter-
mined lengths of time. The typical target observation sequence consisted of spend-
ing equal amounts of time pointing at a target and at two background points located
3° on each side of the target. Any statistically significant differences between the
average count rates when observing target and background are then attributable to
EUV emission from the object under study. Target observations lasting from 1 to
20 minutes were executed.

RESULTS!

The EUV telescope functioned perfectly during the entire mission. The back-
ground count rates remained low and reproducible, and analysis of quick-look data
shows no evidence of degradation in instrument sensitivity from the laboratory-
measured values.

On revolution 65 at 108 hours 26 minutes ground elapsed time, a preplanned
raster scan maneuver was executed using a special erasable memory program in the
CMC. This maneuver consisted of slewing the telescope in a zigzag pattern back
and forth across a star of known brightness in the far UV (~130 nanometers (~1300
angstroms)) where the barium fluoride filter has maximum sensitivity. Because the
target position is known in celestial coordinates, a comparison of the time history of
the barium fluoride count rates during this maneuver with the known command and
service module (CSM) attitude enables the calculation of the actual (in-flight) aline-
ment of the experiment with respect to the CM inertial measuring unit. This infor-
mation could then be used to recompute CSM pointing data for mission targets to

1Also see section 1.
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compensate for any changes in alinement from the nominal values caused by vibra-
tion or thermal stresses. However, analysis of the revolution 65 raster scan data,
obtained on the stars 1 Aql and k Aql, indicated, to an accuracy of 0.3°, that no
change from the nominal alinement occurred.

Observation of the targets proceeded normally with occasional small deviations
from the observing list caused by time-line anomalies. The rationale for target
selection is discussed in reference 4-12. A list of the targets actually observed ap-
pears in table 4-II. This list is composed of 30 distinct targets. Seven targets
were observed twice during the mission, one target was observed three times, and
one target was observed during an extended crew sleep period while the spacecraft
was in a fixed inertial attitude. During the mission, considerable real-time planning
enabled additional high-quality science data to be obtained. For example, on day 4
of the mission, the American Association of Variable Star Observers advised that the
dwarf nova SS Cygni had undergone an optical outburst. As a result, additional ob-
servations of this target were obtained on revolutions 80 and 105.

The most interesting target data examined thus far were obtained on revolu-
tion 109. As part of the observing schedule, the ultrasoft X-ray source in Coma
Berenices (refs. 4-14 to 4-16) was observed for 7 minutes starting July 22, 1975, at
22:26 GMT . After taking background data for 1 minute, a 3° spacecraft roll maneu-
ver brought the center of the instrument line of sight to a point 1° north of the in-
tended target. Thus, the target was just at the edge of the 2° field of view of the
instrument. Several roll and pitch motions of approximately 0.5° resulted from space-
craft motion within the attitude dead-band box and moved the field of view off and on
the source. Finally, additional sky background data were obtained 3° off the target.

During these maneuvers, obvious increases and decreases in the detector
count rates were immediately recognized. A plot of the count rate as opposed to time
is shown in figure 4-3 for the 5.5- to 15-, 11.4- to 15-, 17- to 62—, 50- to 78-, and
135- to 154-nanometer (55 to 150, 114 to 150, 170 to 620, 500 to 780, and 1350 to
1540 angstrom) bands with each point representing the average count rate during an
0.8-second time interval. Also shown is the count rate in the opaque filter position,
which indicates that the observed instrumental background remained steady at 0.6
count/sec.

A crude estimate of the spectral energy distribution of an object can be made
by dividing the observed count rate in each band by the appropriate energy-
integrated effective area. Such an estimate is exact for continua having constant
photon fluxes per unit frequency. Listed in table 4-1 are the observed background-
subtracted count rates for the Coma source and the estimated continuum fluxes, both
raw and corrected for atmospheric attenuation at Ee based on the Committee on

Space Research International Reference Atmosphere 1965 model 2 reference atmos-
phere, appropriate for the observing conditions. The total energy flux in the 17-

to 62-nanometer (170 to 620 angstrom) band is approximately 4 pW/m2 “@X 10_9
ergs/cm2 sec).
These intensities have been plotted as a function of wavelength in figure 4-4.

Also shown is the 4.4- to 16.5-nanometer (44 to 165 angstrom) detection and 1 kilo-
electronvolt upper limit reported in reference 4-16. The data appear compatible and
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support the identification of the EUV object with the Coma soft X-ray source. This
figure clearly indicates that the spectrum peaks in the EUV band at approximately
30 nanometers (300 angstroms).

A more precise description of the spectrum can be provided by using the
observed count rates to constrain parameters of emission models. The simple con-
tinuum models chosen for these calculations had photon number per unit energy

functions of the following forms: power law, N(E) = AE" exp (—NHo); exponential,

N() = AR exp (—_EET) exp (-Ny0); and blackbody, N(E) = AEZ[exp (kE—T)—ll_l

exp (-NHU). In each case, the energy-dependent attenuation cross section per

hydrogen atom o has been taken from reference 4-8 with normal abundances,
no ionization, and no molecular hydrogen.

The collected data can be satisfactorily fit by any of these trial spectra pro-
vided that the free parameters are appropriately chosen. Figure 4-5 shows the de-
rived parameter constraints for these models. In each case, contours are drawn at
the X?nin + 6.25 level appropriate for 90 percent statistical confidence with three
free parameters (ref. 4-17). These constraints are compatible with, but much
stricter than, the parameter regions derived from the soft X-ray rocket data given
in reference 4-16.

Positional information on this source can be derived from the fact that, as the
spacecraft pointing varies, the count rates are occasionally interrupted. Telemetered
data on the CSM aspect have been combined with in-flight data on the experiment
alinement to obtain four independent position zones for the source. These zones
define a common region that is shown in figure 4-6 superposed on the relevant
star field.

The Small Astronomy Satellite-3 observations reported in reference 4-15 have
given a positional error box for the soft X-ray source that is compatible with the
EUV position and is also shown in figure 4-6. It is highly probable that one object
is responsible for the soft X-ray and EUV emissions. It has been suggested (ref.

4-15) that the soft X-ray object is the hot white dwarf HZ 43 at a(1950) = 13h14.0m,
8 (1950) = +29°22'. This object is also marked on figure 4-6, and the EUV position
is compatible with this suggestion.

If this identification is correct, it is of interest to determine whether any of
the simple EUV spectra in figure 4-5 are compatible with the optical brightness of the
star HZ 43. Magnitudes for HZ 43 have been published in reference 4-18 and are
given as V = 12.86, B =12.76, and U = 11.62 where V, B, and U are brightnesses in
the standard astronomical photoelectric system. The power law and exponential
spectra, if extended to visible wavelengths, would give magnitudes much redder
and brighter than observed. However, the blackbody spectra would be compatible

at ~110 000 K. If this simple model is correct, the stellar radius is 7800 D100 kilo-

100 is the distance to the star in units of 100 parsecs, and the corre-
2

sponding luminosity is 17 D100 L o, where L¢ is the solar luminosity,

meters, where D
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3.83 X 1033 ergs/sec. These parameters are in reasonable agreement with white
dwarf models. Although these data do not uniquely require a blackbody stellar spec-
trum, with this explanation and identification, HZ 43 has the highest temperature of
any known white dwarf.

Additional observations obtained on revolution 109 indicate the probable de-
tection of EUV radiation from an additional target. Although detailed aspect data
are still being reduced, it appears that the source may be the M-dwarf star Proxima
Centauri. Detections appear in the 5.5- to 15-nanometer (55 to 150 angstrom) band
and possibly the 11.4- to 15-nanometer (114 to 150 angstrom) band. Both detections
are at an intensity substantially less than the Coma source.

Data from targeted observations on revolutions other than 109 have not been
processed but will have sensitivity similar to that described previously. In addi-
tion, a substantial volume (several hours) of supplementary data was obtained by
the EUV telescope while it was being used with the Helium Glow Detector or the Soft
X-ray Experiments. These data will be processed to search for discrete sources of
EUV radiation and to derive information on the spectrum, intensity, and isotropy of
the ultrasoft X-ray/EUV cosmic diffuse background radiation. The data are the most
extensive ever obtained on the latter problem.

SUMMARY

All the primary goals of the EUV Survey Experiment were achieved. Data were
obtained on 30 different targets belonging to a variety of different classes of stars.
Extensive and sensitive data on the EUV background radiation were also acquired.
Preliminary analysis of the data indicates the detection of at least one strong source
of EUV radiation, which is the first nonsolar source to be detected in the EUV band
and proves the feasibility and value of astronomical observations at the wavelengths
indicated in this report.
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TABLE 4-1.- EUV PHOTOMETRIC DATA

Instrument characteristics Data Derived fluxes

Filter Bandpass Grasp, | Effective | Coma source observation Uncorrected, Corrected for atmosphere

Sistorial cmZeV €Nereys | count rate,? counts/sec ph (cmzsec eV)_1 2 o b
eV nm (A) ph(cm”sec eV) mfu

Parylene N | 83 to 225 5.5 to 15.0 (55 to 150) 590 142 22 £ 1 0.037 .039 3.7
Beryllium 83 to 109 11.4 to 15.0 (114 to 150) 60 100 8 0.5 .13 .15 9.9
Aluminum 20 to 73 17 to 62 (170 to 620) 270 46 160 + 3 .59 1.0 30

plus

carbon
Tin 16 to 25 50 to 78 (500 to 780) 108 21 <50 <.46 <1.2 <17
Barium

fluoride |8.0 to 9.2 135 to 154 (1350 to 1540) 0.47 9 <25 <53 <53 <325

8Errors quoted are *lo.

bmfu

= 10726

2
ergs/cm”sec

Hz.
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TABLE 4-1I.- TARGETS OBSERVED BY THE ASTP EUV TELESCOPE

Revolution Target
72 EV Lac, AE Aqr, NGC 7293, ¢ Eri
73 VW Cep, DQ Her, 70 Oph, a PsA
80 EV Lac, SS Cyg, DQ Her, 6 Oph, a Cen
88 a CMa B
89 NGC 6853, PSR 1929, o Aql, UV Cet, Feige 24
90 SS Cyg, 61 Cyg, BD +24° 4811, Jupiter
94 HZ 29, i Boo, Prox Cen
105 SS Cyg, BD +24° 4811
108 Wolf 424, a Cen, Z Cha, VW Hyi, UV Cet
109 CP 1133, HZ 43, Prox Cen, PSR 1451, B Hyi
113 to 117 Wolf 424




Shield retaine

Filter wheel

Filter wheel
shield_
Mirror mount Calibration

assembly_ Source /
\\\ “¢~\ \‘\

Parabolic
mirror,

“Electronics

Alinement ,
mirror-”

“Main

Filter wheel
/" drive motor
,~ and gearhead

Filter wheel
/" and detector

support bracket

__---"Detector
housing
assembly

1-Detector
drive
motor

housing

Figure 4-1.- A schematic diagram of the EUV telescope.
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(The response of the barium fluoride bandpass, which

was used primarily for instrument alinement determination, is given in

table 4-1.
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5. INTERSTELLAR HELIUM GLOW

EXPERIMENT MA-088

S. Bowyer,aJr J. Freeman ’a F. Paresce ’a

M. Lampton,a and B. Margona
ABSTRACT

The Apollo-Soyuz Test Project Interstellar Helium Glow Experiment (MA-088)
studied the motion of helium in the local interstellar medium as that medium passed
through the solar system to determine several poorly known properties of the local
interstellar gas. The instrument used was a photometer sensitive to two solar
extreme ultraviolet spectral lines that are resonantly scattered by helium gas. The
instrument surveyed the entire celestial sphere during a series of slow, rolling
maneuvers by the Apollo spacecraft. The equipment operated properly, and usable
data were obtained.

INTRODUCTION

Most knowledge of the structure and properties of the interstellar medium
(ISM) has been obtained by observations with radio telescopes and optical telescopes

that average the properties of the ISM over distances of 1018 meters or more. Meas-
urements averaged over these distances do not permit the study of smaller scale
variations in the ISM or the determination of the properties of the ISM in the immedi-
ate vicinity of the Sun. Furthermore, these measurements have left considerable
doubt about fundamental ISM parameters such as density, speed, and temperature.

As the Sun moves through the local ISM, the motion of gas atoms in that
medium is affected by the pressure of sunlight and by solar gravitation. The
resulting patterns of gas motion and distribution are determined not only by the
effects of these two forces but also by the initial conditions of temperature, velocity,
and density that the gas possessed before entering the solar system. The primary
goal of the helium glow experiment was to determine those initial conditions by
observing the local distribution of interstellar helium gas over the entire sky.

aUniversity of California at Berkeley.

Principal Investigator.
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BASIC THEORY

Motion of the ISM Near the Sun

Axford, Blum and Fahr, Holzer and Axford, Wallis, and Johnson (refs. 5-1
to 5-5) have described the dynamics of the local ISM as it passes through the solar
system. If the interstellar gas is sufficiently cold that the thermal speeds of gas
atoms are negligible compared to the bulk speed of the gas with respect to the Sun,
then the number density of a specific atomic species at a given point in the solar
system may be determined as follows.

Let V be the bulk speed of the distant ISM with respect to the Sun, G be
the gravitational constant, M be the solar mass, and p be the absolute value of
the ratio of the pressure of sunlight to the force of gravity on a gas atom.

Let C=V2/[GM - w].

In any plane containing the Sun and the bulk velocity vector of the distant
ISM, choose polar coordinates r and VY, with the Sun at r =0 and with ¢ =0
pointing toward the direction from which the ISM approaches. Each point (r,\})
in this plane is the intersection of two gas atom orbits. Atoms moving in these
two orbits will have angular momentum per unit mass
} 5-1)

Let b]. = p]. /V Dbe the impact parameters corresponding to the two orbits.

D] =

P. =
J

DO| =

4r (1 - cos \l;):|
C

V{r sin |} + (—1)]+1 I:rzsinz\.ll #
where j = 1,2.

Let BO be the rate at which atoms of the selected species are ionized by sunlight
at a distance from the Sun equal to the radius r, of the Earth orbit. Let
r, = Borez/V, and let N be the number density of the gas atoms in question, far

i
from the Sun.

Now choose spherical coordinates (r,6,¢) such that 0 <06 <n and
0 < ¢ < 2m, with the Sun at r =0, with © =0 pointing toward the approaching
ISM, and with ¢ = 0 arbitrarily chosen. For these coordinates, the number den-
sity of the gas atoms in question is

=10,
: ijze"p < |1§.1>
n,0,p) = E ] (5-2)

L
j=1 ?

4r (1 - cos 6)]

r sin 6 [rzsinze + c
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where 6].=6 if ijO,and 9J.=21t—e if p].<0.

If p is less than 1 (as is the case for helium), equation (5-2) diverges as 6
approaches m. This divergence is a straightforward consequence of neglecting
the thermal motions of the gas atoms; in this case, the orbit of every atom crosses
a line drawn outward from the Sun in the direction toward which the gas moves.
Blum, Pfleiderer, and Wulf-Mathies (ref. 5-6) have described a modification to
equation (5-2) for 6 near m by which gas thermal speeds that are nonzero but
that are still small compared to V are properly considered. They find that
near O = m, the gas density has a maximum the detailed shape of which depends
on the gas temperature. Variations in equation (5-2) that are due to larger gas
thermal motions and to such other effects as nonionizing collisions involve more
elaborate analyses, such as those of Danby and Camm (ref. 5-7) and Wallis
(ref. 5-8), and detailed numerical modeling of the gas motion. Discussion of these
topics is beyond the scope of this preliminary report. A detailed discussion of
current theory of the behavior of the local ISM as it flows through the solar system
can be found in reference 5-9.

Photometric Observations of the Gas

The Sun emits strong, broad spectral lines at 30.4 and 58.4 nanometers that
are resonantly scattered by singly ionized helium and neutral helium, respectively.
A general formalism describing the radiation in the ISM is well established (ref.
5-10). An observer viewing the gas through a spectral filter that transmits all of
one of these lines would see I photons per second per square meter per steradian,
where I is given by

2
I= E //F(v,s)a].(v,s)p(s)n].(s)dv ds (5=3)
=1 “s “v

The outer integral is taken along the ray from the observer toward infinity
along the observer's line of sight. Points along this ray are specified by their
distance s from the observer. The inner integral is taken over frequency v,
between limits sufficiently far from the line center to allow for the combined effects
of solar line width, thermal-Doppler line broadening, and Doppler shifts due to
radial motions between the Sun and the gas and between the gas and the observer.

The quantity F(v,s) is the flux of solar photons having frequency v at a
point P(s), which is s away from the observer on the line of sight. It is given by

2 2
nF r —(v -V )
B 0 e 0 x
F(v,s) = [r_(s)] exp ———————202 (5-4)

5-3



in which nFO is the total solar photon flux in the spectral line of interest at the

radius 23] of the Earth orbit, o is the standard deviation of the Gaussian profile

is
0
the frequency at the line center. In equation (5-3), the quantity aj (v,s) is the

of the solar line, r(s) is the distance from the Sun to the point P(s), and v

scattering cross section per atom at frequency v and point P(s), given by

(v..5) qe2 el 1 s -
a.(V,s) = ofe ™ exp |-|——~ (5_5)
J 4somec Av M Av

in which g is the absolute value of the electron charge, &, is the permittivity

0
of free space, m, is the electron mass, c is the speed of light, and f is the

oscillator strength for the transition in question.

Furthermore, the quanity Av is a measure of thermal broadening of the
scattered line:

\%
Av = _0 ﬂ(._']l (5—6)
e m

where Kk is the Boltzmann constant, T is the gas temperature, and m is the

mass of one gas atom. The quantity vd is defined

' Vv .
Vo= Vo [1 + r,é(s)jl 5-7)

in which Vr j(s) is the radial velocity of an atom on orbit j at the point P(s).

The quantity p(s) is
3 2
p(s) = Z{l + cos [G(s)]} (5-8)

in which ©(s) is the angle included between the Sun, the point P(s), and the
observer.

Equation (5-3) may be numerically integrated to give the fluxes produced by
various theoretical models of the ISM.

5-4



The Problem of the Terrestrial Geocorona

Observations of the local behavior of interstellar helium are complicated by
the presence of substantial concentrations of neutral helium and singly ionized
helium in the Earth geocorona, retained respectively by the terrestrial gravitational
field and the magnetic field. This helium also scatters solar radiation of wave-
lengths 58.4 and 30.4 nanometers, respectively. The local concentrations of helium
extend to several Earth radii above the surface. Therefore, even if the observer
is located within the Earth shadow (viz, nighttime), fluxes scattered from the
geocorona will still be observed. If the observer's line of sight happens to point
down the axis of the Earth shadow, these fluxes will be minimized; but even then,
they will not necessarily be zero because photons may scatter twice, as is shown
in figure 5-1, and thereby reach the observer from outside the shadow. In any
case, only a small portion of the celestial sphere can be viewed by looking down
the shadow .

The 58.4-nanometer flux scattered from the geocorona can be eliminated

easily. The average geocoronal temperature of 103 K (ref. 5-11) corresponds to a
helium thermal speed of approximately 2 km/s, which yields approximately 0.6~
picometer thermal-Doppler broadening of the scattered 58.4-nanometer line at full
width half maximum. On the other hand, the bulk speed of the local ISM with re-
spect to the Sun is 5 to 20 km/s (ref. 5-9) and the orbital speed of the Earth is

30 km/s. Hence, there are large solid angles, the configuration of which varies
throughout the year, within which the radial velocities of local interstellar helium
with respect to the Earth are several tens of kilometers per second. These veloc-
ities correspond to Doppler shifts in the 58.4-nanometer line of several picometers,
or many times the width of the geocoronal line. Therefore, a gas absorption cell
containing neutral helium at an appropriate column density will absorb the geo-
coronal 58.4-nanometer flux while transmitting most of the flux scattered from the
local ISM.

A detailed calculation shows that a column of helium 0.1 meter long at a

temperature of 300 K and a pressure of 130 N/m2 absorbs more than 99 percent of
the geocoronal flux over a band approximately 3.5 picometers full width, centered
on the 58.4-nanometer line. The width of this absorption band is sufficient to
block the geocoronal 58.4-nanometer line even when that line is also Doppler
shifted by the 8-km/s speed of a spacecraft in low Earth orbit.

If the observer does use a gas absorption cell, equation (5-3) must be
modified to include a third integral, taken over the cell transmission as a function
of radial speed between the observer and the gas.

EQUIPMENT

The helium glow detector (HGD) onboard the Apollo spacecraft during the
Apollo-Soyuz Test Project flight is shown in figure 5-2. The unit was approxi-
mately cubical, 0.35 meter on each side, and had a mass of 23 kilograms. It was
mounted below the bay 1 shelf of the service module, close to the instruments for
the soft X-ray and extreme ultraviolet survey experiments, as shown in figure 5-3.
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A small door in the spacecraft skin protected the instrument during ascent and dur-
ing the in-flight venting of liquids and gases and was opened by the astronauts

for observations. The HGD consisted of three main subassemblies: the detector
(including the helium gas system), the electronics, and the instrument housing
and mechanical structures.

Detector Subsystem

The detector subsystem was composed of four similar channels, each of
which detected photons by means of a channel electron multiplier. Channels 1
and 3 were identical, as were channels 2 and 4. Channels 1 and 3 observed the
58.4-nanometer radiation through helium gas absorption cells. Each cell was 0.10
meter long and was capped with two thin metal filters, one tin and one aluminum.
Layers of these elements a few hundred nanometers thick are transparent in the
extreme ultraviolet (EUV) spectral region, and the particular combination of
filters used defines a bandpass approximately 10 nanometers wide, containing
the 58.4-nanometer line.

Each gas absorption cell was alternately filled with helium to a pressure of

approximately 130 N/m2 and evacuated. The pressure cycles of the two cells were
exactly out of phase, so that one cell was full when the other was empty. Each
cell was equipped with a thermocouple-type pressure gage and with a thermistor
for measuring temperature.

Figure 5-4 is a schematic diagram of the helium gas subsystem. Helium was

supplied to the cells from a tank at a pressure of approximately 6000 kN/mz. The

gas flowed through a master solenoid valve to a regulator, where the pressure was

reduced to approximately 10 kN/mz. The gas then flowed through adjustable
needle valves into small transfer manifolds. To pressurize either gas cell, the
cell fill valve was opened briefly, releasing into the cell the gas in the transfer
manifold plus a small amount that leaked through the needle valve. The transfer
manifold volume was chosen to contain insufficient helium to fill a cell to design
pressure, and the needle valve was adjusted until the total amount of gas re-
leased produced the correct pressure.

Detector channels 2 and 4 observed the 30.4-nanometer radiation. The
bandpass for this wavelength was defined by a single thin filter, composed of a
layer of aluminum and a layer of carbon. Each of the four channels had a field
of view of approximately 15° full width at half maximum.

Electronics Subsystem

The HGD electronics subsystem is shown schematically in figure 5-5. Timing
and synchronization were controlled by the central control logic subsystem, which
was itself synchronized to the spacecraft 1.0-hertz clock. The power system con-
verted spacecraft 28-volt direct-current (dc) power into various regulated low
voltages for electronics subsystems and into regulated high voltages for the channel
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electron multipliers. To minimize single-point failures, each detector had an
independent high-voltage power supply (HVPS).

The amplifier (A) system for each detector channel accepted signals as small

as 10 i1 coulomb at a maximum random rate of 105 seconds—l. To stay within a
reasonable threshold level for the discriminator, a 10X interstage amplifier was
used. A pulse pair resolution of 1.0 microsecond ensured that statistical counting
losses remained below 10 percent, even at the maximum count rate.

The compressor and register for each channel accepted serial event pulses
from the discriminator and produced an 8-bit output word representative of
the number of events detected in each 0.1-second accumulation interval. The
binary word was then converted by the digital-to-analog (D-A) converter to an
analog voltage compatible with the Apollo telemetry system. The output voltage
was updated every 0.1 second in synchronization with the sampling of that voltage
by the telemetry system.

Data compression was necessary because the 8-bit word employed by the
telemetry system allowed only 256 distinct output signals, whereas the event rates

from the detector ranged as high as 104 per sampling interval. The system chosen
produced an output word that varied approximately as the logarithm of the detector
count rate.

Several "housekeeping" voltages, measuring various performance parameters
of the instrument, were also sampled and telemetered. The parameters were gas
absorption cell pressures, average absorption cell temperature, gas storage tank
pressure, and a current measurement reflecting the condition of the high-voltage
power supplies.

Mechanical Structures

Major mechanical structures of the instrument included instrument housing
and covers, gas absorption cells, collimators for detector channels 2 and 4, detec-
tor housings and mountings, helium plumbing and control mechanisms, and elec-
tronics subassemblies. Figure 5-6 shows a general view of the instrument, with
the cover removed.

Calibration

Careful calibration of the HGD was vital for successful interpretation of the
data telemetered from orbit. A complete calibration facility was established at the
University of California. It included a vacuum chamber large enough to contain
the instrument, a grazing-incidence monochromator, several sources of EUV
radiation, reference diodes calibrated by the National Bureau of Standards, ion
and electron guns, and such supporting equipment as pumps, manipulators,
collimators, laminar flow benches, and dehumidifiers.

The sensitivity of each of the 4 detector channels was measured at approxi-
mately 20 wavelengths from 25.6 to 143.5 nanometers. Extreme ultraviolet light
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was provided by a gas discharge lamp using argon, helium, hydrogen, and neon
to provide strong spectral emission lines (ref. 5-12).

The shape and angular response of the sensitive area of each detector was
determined by shining a narrow monochromator beam into the entrance pupil
while tilting and translating the HGD with a manipulator. In this way, a detailed
map of the detector response was produced.

The behavior of the gas absorption cells was studied by recording the detec-
tor response with the cell full while the monochromator wavelength was slowly
swept across the 58.4-nanometer spectral line. The observed response agreed
well with the response calculated from theory.

Intense sources of ions and electrons were used to verify that the detectors
would not respond to the high fluxes of charged particles in the Earth ionosphere.
Various combinations of visible light and ultraviolet light were shined into the
vents and viewports of the instrument to make certain that photoemission of elec-
trons from internal sources would not cause false counts.

Ground-Support Equipment

The ground-support equipment for the HGD was composed of electrical
checkout equipment (ECE), a helium fill apparatus, and shipping containers. A
schematic diagram of the ECE is shown in figure 5-7. This apparatus simulated all
the inputs to the HGD from the spacecraft and sampled the HGD output voltages
in the same manner as the spacecraft telemetry system. It also sampled many
additional housekeeping voltages, which were not telemetered during flight, as
an aid to ground testing and calibration of the instrument. The apparatus was
housed in a portable chassis that was approximately 0.7 meter long on each side.
It was used for initial testing of the HGD by the manufacturer, for calibration and
further testing at the University of California, and for final installation and
checkout in the spacecraft at the NASA John F. Kennedy Space Center.

The helium fill apparatus was used to service the helium tank in the HGD.
The fill apparatus contained a large cylinder of high-pressure, high-purity helium,
plus the regulator, valves, hoses, and plumbing necessary to purge the HGD tank
and fill it to its operating pressure.

Design Philosophy

A great deal of technology and experience from previous space missions was
available for design of the HGD. Approximately 70 percent of the electronic cir-
cuits used in the HGD and its ground-support equipment had been previously
developed, tested, and produced for other programs, including the Atmosphere
Explorer Satellite and the Skylab Apollo telescope mount SO55A spectrophotohelio-
graph. Some mechanical components, such as the HGD helium tank and the instru-
ment shipping containers, were Government-furnished equipment from earlier
Apollo missions.
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To reduce drafting and manufacturing costs and to facilitate maintenance,
the HGD was designed with a high level of interchangeability of parts. For
example, the electronics modules containing the channel electron multipliers were
interchangeable, as were the gas filter cells and the collimators. Furthermore,
the design similarities between the HGD and the instrument for the EUV survey,
which had the same Principal Investigator, made possible the design of a single
ECE unit to support both instruments.

FLIGHT OPERATIONS

The HGD and its protective door were controlled by switches and circuit
breakers in the Apollo command module. When data were to be taken, the astro-
nauts opened the door, waited a few moments to allow the pressure in the instru-

ment area to drop from approximately 0.1 to 1.0 N/m2 (door closed) to 0.001 N/m2
or less (door open), and turned on the helium glow experiment power. The short

wait before activation was necessary to avoid possible corona discharge from the

high-voltage electronics at pressures greater than 0.1 N/m2 X

The astronauts also controlled a switch that could interrupt the flow of
helium to either gas absorption cell. This switch would have been used if declining
tank pressure or corona discharge had indicated a leak in either gas cell. Corona
discharge would have been detected as a very high spurious count rate in one or
more detectors.

The HGD was pointed at selected areas of the sky by maneuvering the space-
craft., These maneuvers were carefully and elaborately planned before the flight
and consisted mostly of slow rolls about the spacecraft long axis, with that axis
pointing in a specified, fixed direction. In the course of many such rolls, the HGD
surveyed most of the celestial sphere, with particular attention given to the region
in which the pronounced helium density increase mentioned previously was pre-
dicted to occur. At the time of flight, that region was approximately 30° from
the side of the Sun opposite the Earth, as shown in figure 5-8; therefore, because
of perspective, the region was less than 30° from the Sun in the spacecraft sky.
Particular attention was also given to the patch of sky, approximately 30° in
diameter, that can be viewed while looking down the shadow cast by the Earth in
the geocorona, as shown in figure 5-1. These latter observations provided
especially significant data from the 30.4-nanometer detectors.

Data useful for in-flight checks of instrument calibration and sensitivity to
unwanted wavelengths of light were taken while the instrument viewed the Earth
and the horizon. Finally, at the last turnoff of the HGD, the instrument was
intentionally operated with the door closed, in a successful attempt to doublecheck
the background count rate with no light at all reaching the detectors.
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DISCUSSION

The instrument operated satisfactorily. One 30.4-nanometer detector failed
during the flight, but adequate data in that channel were returned throughout the
mission by the other 30.4-nanometer detector. One 58.4-nanometer detector
exhibited a somewhat high background rate. Data taken during in-flight calibration
checks seem to indicate that these extra counts could be satisfactorily explained by
degradation of the metal filters and consequent increased sensitivity to Lyman-alpha
radiation at a wavelength of 121.6 nanometers. Possibly, much of the data from this
channel will be usable; in any case, the other 58.4-nanometer detector worked well
and returned satisfactory data.

Detailed reduction of the scientific data requires taped records of spacecraft
position and attitude while the data were being taken. Computer programs for the
prediction of observed count rates as a function of ISM parameters, using equa-
tions (5-1) to (5-8) and associated limits, have been developed. Comparison of
such predictions with the distribution of helium glow actually observed during the
flight will clarify the ISM parameters involved in the predictions.

One interesting possibility for extracting additional information from the data
deserves mention. The 58.4-nanometer count rate seen with the gas cell empty is
the sum of the contributions from the ISM and the geocorona. The rate seen with the
cell full includes no geocoronal term. Thus, the ratio of the rates seen with the
cell full and with the cell empty is a lower bound for the value of that same ratio
that would have been seen with no geocoronal flux present. The no-geocorona
cell-full count rate can be predicted by a modification of equation (5-3), and the
no-geocorona predicted ratio can be calculated. This ratio turns out to be a
moderately sensitive indicator of the dispersion in radial speeds of helium along
the line of sight, whether caused by thermal motions, collisions, or turbulence.

A lower bound on the ratio may thereby possibly provide additional insight into
the dynamical state of the local interstellar medium.

SUMMARY

The goals of the helium glow experiment were to observe the patterns of
concentration of interstellar helium as it flows through the solar system, and to
deduce therefrom several uncertain properties of the local interstellar medium.

A four-channel extreme ultraviolet photometer, sensitive at spectral lines of neutral
and ionized helium, mapped the sky from orbit during the Apollo-Soyuz Test
Project flight. The instrument used helium gas absorption cells to eliminate from
the observations any contribution due to photons scattered from neutral helium in
the Earth geocorona. The experiment operated satisfactorily, and adequate usable
data were produced.
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Figure 5-2.- The helium glow detector.
The four large holes are the view-
ports for the four photometer chan-
nels.
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Figure 5-3.- The interior of the Apollo
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HGD is mounted below the shelf at
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Figure 5-6.- The HGD with cover re-
moved. Left rear, helium tank; left
front, electronics modules; right
rear, detector housings (only three
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6. ARTIFICIAL SOLAR ECLIPSE
EXPERIMENT MA-148

R Giuli,aM. D. Jenness,a A.N. Lunde,a and K. A. Young;'a
ABSTRACT

On July 19, 1975, the Apollo spacecraft successfully occulted the solar disk
from the field of view of a camera mounted in the Soyuz spacecraft while performing
a spacecraft separation maneuver to permit the outer solar corona to be viewable
by the Soyuz camera. The camera operated automatically, and 55 frames were
developed for scientific analysis.

INTRODUCTION

The Artificial Solar Eclipse Experiment is one of the five experiments that in-
corporated joint activities between the U.S. and U.S.S.R. crews during the Apollo-
Soyuz Test Project (ASTP) mission. In this U.S.S.R.-proposed experiment, the
Apollo crew was responsible for performing the required spacecraft maneuvers and
for photographing the eclipse shadow on the Soyuz vehicle, and the Soyuz crew was
responsible for photographing the corona. As agreed, the U.S.S.R. investigators are
responsible for the scientific analysis of the experiment and publication of the scien-
tific results within 1 year after the ASTP mission. This preliminary report contains
a description of the experiment background, equipment, and operations.

BACKGROUND

The solar corona is the extended atmosphere of the Sun. Whereas the Earth at-
mosphere extends above the Earth surface to a distance of less than 1 Earth radius, the
solar corona extends to many solar radii. The inner corona is about 1 million times
fainter than the bright surface of the Sun, and the outer coronal regions are hun-
dreds to millions of times more faint. Thus, to observe the structure of the extended
corona, the intense radiation coming directly from the surface of the Sun must be
excluded from view, and the corona must be observed against as dark a background
as possible. Both of these conditions occur during a natural, total solar eclipse, in
which the Moon occults the Sun and significantly reduces the intensity of the local
daylight. An artificial eclipse of the Sun above the Earth atmosphere may reduce
the daylight much further and permit the most extensive possible detection of the

ANASA Lyndon B. Johnson Space Center.

6-1



corona. The ASTP Artificial Solar Eclipse Experiment provided this opportunity on
July 19, 1975, at approximately noon GMT. The objective of this experiment was

to detect the extended region of the corona by photographing it from the Soyuz space-
craft against the black space background while the disk of the Sun was occulted by
the Apollo spacecraft.

EQUIPMENT AND OPERATIONS

The artificial solar eclipse was effected by separating the Apollo from the
Soyuz shortly after orbital sunrise in such a way that Apollo occulted the Sun from
view of the orbital module (OM) hatch window. Apollo backed away from Soyuz
toward the Sun to a separation distance at which the apparent diameter of Apollo was
about 2 solar diameters. Apollo totally occulted the Sun during the separation ma-
neuver, and Soyuz performed automatic sequence photography in the solar direction
during the entire separation maneuver.

Before orbital sunrise, the Soyuz crew set up a camera on the inside of the
closed OM hatch window. The 50-millimeter camera had a 90-millimeter focal length
lens with no filter. The photographs were taken in "white" light over the wavelength
range of approximately 400 to 750 nanometers. A mechanized magazine containing
highly sensitized Kodak 2485 film was mounted to the back of the camera. On the
outside of the hatch window, the Apollo crew deployed a U.S.S.R. light baffle de- \
signed to minimize the amount of scattered and reflected light that entered the optical
path of the camera. The Soyuz crew retreated to the descent module, and the Apollo ‘
crew retreated to the command module (CM). The Apollo crewmen oriented the docked
spacecraft with the longitudinal (X) axes alined to the Sun-spacecraft direction, as
depicted in figure 6-1. At 75 seconds after orbital sunrise, the Apollo undocked and
coasted for 15 seconds. The undocking occurred at 95: 43: 20 ground elapsed time
(GET), or 12:03:20 GMT, July 19. At position 2 (fig. 6-1), the reaction control
system (RCS) of the Apollo spacecraft was fired in the four-jet mode for 3 seconds
to back away (minus-X direction) from the Soyuz spacecraft. A second coast period
of 12 seconds was followed by another four-jet, RCS, minus-X firing (position 3,
fig. 6-1). The two-thrust sequence was adopted to expedite achieving the desired
separation rate of approximately 1 m/sec, while respecting thermal constraints asso- “
ciated with RCS gases impinging on the Soyuz spacecraft. At 4 minutes after un- ‘
docking, the separation of the two spacecraft was approximately 220 meters, at which
time the Apollo fired the RCS (four-jet) in the plus-X direction for 16 seconds (fig.
6-1, position 5) to return to Soyuz. During the entire separation time, the space-
craft maintained attitude hold with both X-axes alined in the solar direction. The
sequence of events is listed in table 6-I, and the views from the Soyuz hatch window
at the beginning and end of the 1-m/sec separation phase are given in figures 6-2(a)
and 6-2(b) , respectively. The field of view from Soyuz (fig. 6-2) was determined
by the light baffle; the vignetting in the Earth direction was intended to minimize
the light that entered the optical path of the Soyuz camera from the illuminated cres-
cent of the Earth beyond the terminator. The Soyuz camera operated during the
entire separation phase in an automatic sequence of exposures of 0.1, 0.3, 1, 3, and |
10 seconds. Each cycle lasted 27 seconds, and the cycles were repeated continuously. |
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Also during separation, the 16-millimeter Apollo data acquisition camera (DAC)
was mounted in a CM window to view along the Apollo plus-X axis. The 75-millimeter
focal length lens of the DAC automatically operated at 12 frames/sec, exposing SO-242
color film at 1/125 second. The purpose of the DAC photography was to monitor the
motion of the umbra on the Soyuz spacecraft. The DAC photographs reveal that the
edge of the umbra did not reach the Soyuz docking ring until 120 to 150 seconds
after undocking. The light baffle was not apparent in the photographs, but the
Apollo crew reported seeing the edge of the umbra reaching the light baffle at approx-
imately 170 seconds after undocking.

In mid-November, the U.S.S.R. submitted a mission report to the U.S. Tech-
nical Director that contained the following statement:

Photography of the solar corona and "atmosphere" around the
Apollo spacecraft began at 95: 43: 41 GET (21 seconds after undocking) .
The process of photography lasted 12 minutes 47 seconds. Preliminary
analysis of the pictures and telemetry data showed that all the equip-
ment involved in the experiment functioned nominally .

125 frames were taken in the process of the artificial solar eclipse
experiment; 23 of them were exposed during the time from undocking
to the crossing by the spacecraft of the dawn terminator plane. This
portion of the orbit was chosen in accordance with procedure as the
primary one.

The frames taken during the time from terminator crossing to
280 seconds [referred to undocking] are practically exposed by the
illuminated Earth reflected from the Apollo CM cone. The frames taken
from 280 seconds through 440 seconds (24 frames) contain scientific
information.

Approximately 442 seconds after undocking, the Soyuz space-
craft drifted from the shadow made by the Apollo. Therefore, the
conditions of artificial solar eclipse were disturbed from that moment.

Before redocking (starting from 630 seconds), the conditions
of artificial solar eclipse were restored. The last eight frames gave
additional scientific information. Thus, 55 frames suitable to be de-
veloped were taken during the experiment.

A great deal of scientific data on the solar corona (within the
limits of 25 through 50 solar radii) and atmosphere around the space-
craft was obtained. Absolute photometric calibration of the obtained
data was made with the reference to a CMi and y Gem stars and
Mercury; many frames contain the images of these bodies.

Of great importance was an experimental confirmation of the
effectiveness of a new method for research of the solar corona and
"atmosphere" around spaceships. Detailed analysis of experimental
data coupled with the Apollo RCS duty cycle and record of the Soyuz
darkening conditions will be made later.
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TABLE 6-1.- SEQUENCE OF EVENTS FROM FIRST UNDOCKING TO

SECOND DOCKING

GET Event description

95:42: 05 Orbit sunrise

95:43: 20 Delta-V of 0.10 m/sec along Soyuz minus-X axis and 0.05 m/sec
along Apollo minus-X axis because of spring-release mechanism

95:43: 35 Apollo performs first 4-jet, minus-X, 0.38-m/sec separation
maneuver (initiated after a 15-sec coast period) along line of
sight to Sun direction and maintains inertial attitude hold

95:43: 38 RCS engines cut off

95:43: 50 Apollo performs second 4-jet, minus-X, 0.50-m/sec maneuver
after a 12-sec coast period; range, 9.6 m

95:43: 54 RCS engines cut off; range, 12.8 m; range rate, 1.03 m/sec

95:47: 20 Apollo achieves 220-m separation distance from Soyuz and performs
a 2-m/sec, 4-jet, plus-X RCS maneuver to null the separation rate
and return the Apollo vehicle to the redocking position

95:47: 36 RCS engines cut off

95:50: 58 Apollo achieves a relative range <17 m and performs a 1-m/sec,

4-jet, minus-X RCS maneuver to null the closing range-rate
component
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Apollo spacecraft attains 220-m separation distance,
and a 2-m/sec plus-X maneuver is performed to Terminator crossing
return to Soyuz spacecraft.._
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Figure 6-1.- Artificial solar eclipse orbit profile during the 57th revolution of
the Apollo spacecraft and the 65th orbit of the Soyuz spacecraft.
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Figure 6-2.- View of the Apollo spacecraft after the second RCS burn as seen
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center of the view.

6-5



7. CRYSTAL ACTIVATION
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B. P. Bayhurst,® D. G. Perry,® A. R. Smith, R. C. Cordi,d

R. H. Pehl,4 J. S. Eldridge,® E. Schonfeld,f and A. E. Metzger®

ABSTRACT

The Crystal Activation Experiment consisted of two sample packages that were
flown in the command module and returned to Earth for analysis of the radioactivity
induced in them during the flight. The objective of the experiment was to define the
background caused by detector activation that interferes when gamma radiation is
measured in the 0.02- to 10-megaelectronvolt range from Earth orbit. These meas-
urements, together with accelerator beam activation measurements and theoretical
calculations, will be used to estimate this background for future or planned experi-
ments. To aid the calculations, metals selected for their cross sections for specific
neutron and proton energies were included in the samples in addition to the germa-
nium and thallium-activated sodium iodide (NaI(T1)), which are the usual detectors
for low-energy gamma-ray measurements.

Preliminary results show that the activation of the NaI(T1) crystal was a fac-
tor of 3 below that from a similar measurement on Apollo 17. The identification of
certain species and the level of activation observed show an important contribution
from the interactions of thermal and energetic neutrons produced as secondaries in
the spacecraft. That the activation was reduced by only a factor of 3 compared
with the Apollo 17 experiment, despite the geomagnetically shielded orbit, possibly
indicates more efficient secondary neutron production by the more energetic cosmic
rays.

ANASA Robert H. Goddard Space Flight Center.
bUniversity of Maryland.

®Los Alamos Scientific Laboratory .

dLawrence Berkeley Laboratory.

®0ak Ridge National Laboratory .

fNASA Lyndon B. Johnson Space Center.
ENASA Jet Propulsion Laboratory .
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INTRODUCTION

Significant background components to X-ray and gamma-ray measurements
performed in space can be attributed to X-ray and gamma-ray emission induced in
the spacecraft surrounding the detector and within the detector itself. Varying
detector-spacecraft geometries (such as those obtainable with an extendable boom)
can provide an indication of the spacecraft contribution, but in-flight measurements
cannot separate the cosmic-ray-induced detector background from counts caused
by the external photon flux.

Previous measurements were made on an Nal(T1) crystal flown on Apollo 17.
For that flight, the activation was mainly induced by cosmic-ray protons and by sec-
ondary neutrons produced in the spacecraft material. Because of the low-altitude
Earth orbit on the Apollo-Soyuz Test Project (ASTP) mission, the Apollo-Soyuz
spacecraft was exposed to a proton flux that was less intense. However, the pro-
tons had a higher average energy and therefore could have been more efficient in
producing secondary neutrons. Neither the particle flux inside the spacecraft nor
the cross sections for production of radioactive isotopes in the detector materials
are well known. Therefore, in addition to Nal(T1) and germanium detector crys-
tals, the sample package included a number of metals that have good cross sections
for specific energy ranges of neutrons and protons.

SCIENTIFIC BACKGROUND

One of the major difficulties in measuring 0.02- to 10-megaelectronvolt gamma
radiation from space lies in distinguishing the radiation emitted by cosmic and plan-
etary sources from the high rate of background gamma radiation produced by
cosmic-ray and trapped-proton interaction with the spacecraft and the detector
materials. Of these effects, the most difficult to isolate is the delayed decay of a
radioactive nucleus produced by a spallation interaction within the detector ma-
terial. These effects particularly complicate measurements of the diffuse sky-
background gamma radiation in a spectral band that could contain important infor-
mation on cosmology and the role of antimatter in the universe. The experimental
confusion and theoretical possibilities have been recently reviewed by Horstman,
Cavallo, and Moretti-Horstman (ref. 7-1). It is evident that advances in the field
require improved knowledge of local activation effects and optimization of detector
design and location against such a background.

Radioactive background has been observed in all cosmic gamma-ray experi-
ments that have been carried into regions of trapped radiation such as in the Orbit-
ing Space Observatory (0SO) series of spacecraft. Such effects have been success-
fully explained (ref. 7-2) by a model proposed by Dyer and Morfill (ref. 7-3) in
which the direct proton interactions in scintillators lead to radioactive spalled nuclei,
the decay products of which are indistinguishable from an external gamma ray.

The work by Dyer and Morfill and that by Fishman (ref. 7-4) demonstrated that
similar interactions due to cosmic rays could also cause contamination, and this has
been verified by the gamma-ray Nal(T1) spectrometers carried onboard Apollo 15
and Apollo 16 (ref. 7-5). As a result, an identical crystal was flown and returned
on Apollo 17. Application of the spallation-activation calculation to those results
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showed that the level of activation was considerably enhanced by significant fluxes
of secondary neutrons produced in the heavy spacecraft by cosmic-ray proton
interactions (ref. 7-6). Results from activation packages flown on Skylab (ref.
7-7) also showed the presence of secondary neutrons but indicated less thermaliza-
tion of this flux than that indicated by the Apollo 17 data.

For these reasons, it was considered important to include an activation package
onboard the Apollo-Soyuz spacecraft to obtain further data from near-Earth orbit.
In that orbit, part of the primary cosmic-ray flux was shielded by the Earth's mag-
netic field. The very low Apollo-Soyuz altitude minimized trapped-proton effects,
although further calculations are required before their contribution can be con-
sidered negligible.

EQUIPMENT AND EXPERIMENTAL PROCEDURE

The two assemblies shown in figures 7-1 and 7-2 were flown in the command
module of the Apollo spacecraft during the Apollo-Soyuz mission. An Nal(T1)
crystal (fig. 7-1) physically identical to those flown on the Apollo 15 and 16
missions was used in this experiment. This assembly did not include the photo-
multiplier, the proton anticoincidence mantle, and the thermal shield that were
used during the Apollo 15 and 16 missions, but it was identical to the assembly
used on the Apollo 17 mission. Thus, direct comparison of the results from the
two missions can be made. The detector was a 7- by 7-centimeter right-cylindrical
crystal, hermetically sealed in a steel cylinder with a glass plate at one end.
Magnesium oxide was used as an optical reflector inside the crystal assembly
except at the glass window. This assembly made possible the simple procedure
for optically coupling the crystal to a photomultiplier tube after flight. The second
assembly (fig. 7-2) consisted of a 724-gram sample of high-purity germanium; a
small intrinsic germanium detector 32 millimeters in diameter by 8.75 millimeters
thick, with a 0.12-millimeter layer of indium on one face; and 100-gram foil disks
of yttrium (Y), scandium (Sc), and depleted uranium (U) sealed in a cylinder iden-
tical to that used for containing the Nal(T1) crystal. The lid of the container in this
second assembly was made of 55 grams of titanium rather than steel.

Before the mission, background counts were taken on all materials in the lab-
oratories where postflight low-level counting was anticipated. After splashdown,
the flight (i.e., activated) Nal (T1) was returned to the recovery ship and optically
mounted on a photomultiplier tube, and pulse height spectra were obtained. The
crystal counting was started approximately 2 hours after atmospheric entry of the
command module. Before splashdown, a control (unactivated) crystal was opti-
cally sealed to the same photomultiplier tube, and the background was determined
in the steel shield.

A 10.2- by 10.2-centimeter Nal(T1) detector was used to measure the gamma-
ray emission flux from the Nal (T1) crystal and from the germanium after removal
from its container. These measurements were also performed inside the steel
shield, starting approximately 1.5 hours after atmospheric entry of the command
module. Counting continued for 4 hours onboard the recovery carrier.
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The detectors, bulk germanium, and foil disks were then returned to labora-
tories in the United States for further counting. The intrinsic germanium detector
was returned to the Lawrence Berkeley Laboratory where the detector material
was mounted on a cryostat, cooled, and low-level-counted. The foil disks and the
steel container were delivered to the Los Alamos Scientific Laboratory for analysis.
The Nal(T1) crystals and the bulk germanium material were taken to the Oak Ridge
National Laboratory, where the internal Nal (T1) measurements were continued,
and lithium-activated germanium (Ge (Li)) and low-level coincidence spectra were
accumulated on both materials. High-resolution Ge (Li) spectra were also taken of
the bulk germanium at the NASA Lyndon B. Johnson Space Center.

RESULTS

Recovery Ship Measurements

The internal Nal (T1) spectrum taken onboard the recovery ship approximately
4 hours after splashdown is compared with the equivalent data from the Apollo 17
experiment in figure 7-3. The radionuclides identified from the Apollo 17 data are
shown. Although the statistics are poorer, the Apollo-Soyuz data have the same
general shape and are lower in intensity by a factor of approximately 3. The bulk
germanium data did not show any identifiable lines but indicated a low-energy

excess consistent with the presence of gallium-67 (67Ga) identified in the data
taken at the Lawrence Berkeley Laboratory .

Lawrence Berkeley Laboratory

The detector was successfully brought into operation on the first attempt
and showed the same noise and resolution characteristics that had been observed
during preflight tests. Counting commenced at the Lawrence Berkeley Laboratory
approximately 24 hours after splashdown.

The earliest spectra showed some excess count rates in continuum regions up
to at least 1000 kiloelectronvolts, and perhaps as high as 2000 kiloelectronvolts;
however, counting statistics will severely limit the quantitative results that can be
obtained from these spectral distributions. Simple hand analysis indicated decay
with (probably) more than one half-life, in the few-tens-of-hours range, but

definitely shorter than the 78-hour half-life of 67Ga.

The prominent X-ray peak at approximately 10 kiloelectronvolts (fig. 7-4)
shows a composite decay curve that has been graphicadlly resolved into two compo-

67

nents, appropriate to 78-hour = Ga and 12-day germanium-71 (71Ge) . Identifica-

tion of 67Ga is conclusive, based on the aforementioned evidence, the decay of a
93-kiloelectronvolt gamma ray with a single half-life of about 80 hours, the decay
of a gamma ray with apparent energy of about 195 kiloelectronvolts (the sum of the
185 kiloelectronvolt gamma ray and the X-ray) having approximately the same



half-life, and the delayed-coincidence results described in a later paragraph. Iden-

tification of 71Ge is also considered conclusive, although it is based on less evi-
dence, namely observation of the appropriate energy X-ray peak, which decays

with (nearly) the 71Ge half-life.

Identification of the 78-hour half-life radionuclide 67Ga was confirmed from
early spectra using delayed-coincidence measurements. In 67Gra decay, the

lowest level (93 kiloelectronvolts) in the stable daughter zinc-67 (67Zn) has a
half-life of 9.3 microseconds; thus, the gamma ray that de-excites this level is
almost always delayed in time with respect to emission of zinc fluorescent X-rays.
Delayed-coincidence analysis was performed, using the X-ray events to generate

a gate delayed 9 microseconds and of 27-microsecond width. A delayed-coincidence
spectrum acquired during 2175 minutes of data accumulation that started 4 days
after splashdown shows only the 93-kiloelectronvolt peak and a scattering of

lower energy partial absorption events. No events were stored in any of the 1420
channels above the peak region. This spectrum cannot be reconciled with any

decay scheme other than that of 67Ga.

The most recent data indicate the appearance of at least two X-rays at
energies below 10 kiloelectronvolts, which may indicate the presence of 65Zn and

one (or more) of the long-lived cobalt isotopes 56Co, 57Co, and 5800.

Los Alamos Scientific Laboratory

The metal foil disks arrived at Los Alamos Scientific Laboratory 23 hours
after splashdown. Analysis of the exposed foils was conducted as follows.

1. The scandium disk was nondestructively counted for 468c to determine
the thermal neutron-capture product.

2. Neptunium-239 (239Np) was chemically separated from uranium and
counted to determine the epithermal neutron-capture product.

3. Molybdenum-99 (99Mo) was also chemically separated to measure the
fission component.

4. The yttrium disk was dissolved and analyzed for 87Y, an energetic
neutron- and proton-induced reaction product, and for zirconium-89 (89Zr) , a low-
energy-proton reaction product.

5. The titanium lid was chemically processed for scandium radionuclides
produced by 1- to 20-megaelectronvolt neutrons.

6. The stainless steel can was nondestructively analyzed for activities pro-
duced from iron.



Preliminary results are as follows. The thermal neutron flux was 0.26

neutron/cm2 sec and the epithermal neutron flux was 0.004 neutron/cm2 sec.
Energetic neutron and proton fluxes were much lower than previously observed on
Apollo and Skylab missions. The neutron plus proton flux on this mission as deter-

mined from the 238U n,) 99Mo reaction was a factor of 3 to 4 less than that observed

in the Skylab mission by solid-state track detectors. A limit on the fast neutron

(1 megaelectronvolt) flux of 2 neutrons/ cm2 sec was established from the absence of
positive results for the high-energy activation reaction. These preliminary results
will be tentatively correlated with the neutron spectra from the track detectors
flown onboard the Apollo-Soyuz spacecraft.

Oak Ridge National Laboratory and NASA Lyndon B. Johnson Space Center

Direct measurements of induced radionuclides were made by optically sealing
a photomultiplier tube to the activated Nal (T1) crystal. Pulse height spectra of the
internal response were obtained beginning approximately 26 hours after splash-
down. Such measurements are continuing to characterize the long-lived components.
Indirect measurements of the induced radionuclides were made by using Ge (Li)
detectors and a large anticoincidence-shielded Nal(T1) spectrometer in the low-
level facility at Oak Ridge National Laboratory (ref. 7-8).

Preliminary results from the low-level spectrometer system (47 system)
yielded positive identification of iodine-124 (:241), 1281, and 2*Na in the Nal flight
detector. Tentative identification of 22Na was also made, but verification must
await refinement of the spectral analysis. Semiquantitative disintegration-rate
values are approximately one-third to one-half those found in the Apollo 17 experi-

1241, 1261’ andl 24Na.

ment (ref. 7-6) for
Gamma-gamma coincidence data on the germanium experiment from the 4n
system indicated the presence of at least one short-lived positron-emitting radionu-
clide. Decay-curve analysis of the positron-positron coincidences yielded a half-
life value of 29 hours. The early measurements also show apparent gamma-gamma
coincidences of 0.5 with 0.8-megaelectronvolt photon and of 0.8 with 1.4-
megaelectronvolts photon. The radionuclide most closely fitting these characteris-

tics is arsenic-72 (72As) , & 26.0-hour positron emitter with a 0.834-
megaelectronvolt gamma ray in coincidence with its major positron branch. The
positron-positron counting rate corrected to splashdown is approximately 2.7
counts/min with a corresponding system background of 0.1 count/min. At 41 days
after splashdown, the positron-positron counting rate was only 50 percent above
background. Detailed analysis of Ge (Li) spectra shows a tentative identification

of 67Ga, a 78-hour radionuclide that decays by electron capture.
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DISCUSSION OF APOLLO-SOYUZ RESULTS

Both internal and external monitoring of the Nal crystal show an activation
spectrum similar to that shown by the Apollo 17 crystal but at approximately one-
third the intensity. Gallium-67 has been positively identified in the intrinsic
germanium as well as in the external counting of the bulk germanium. Germanium-

71 has been tentatively identified internally and 72As , externally .

The quantities of all positively identified radionuclides are considerably in
excess of prediction based on preliminary estimates of the cosmic-ray fluence.
Compilations of trapped-proton fluences for orbits similar to that of Apollo-Soyuz
(222-kilometer altitude, 51.8° inclination) indicate that this contribution to the acti-
vation should be very small. However, exact orbital integrations are required to

assess this component, particularly in view of the possible 72As identification,
indicative of low~energy (p,xn) interactions.

At present, the most probable explanation of these results is a considerable
flux of secondary neutrons produced in the heavy spacecraft, as was the case on
Apollo 17 (ref. 7-6). A considerable flux of thermal neutrons is again shown by

the 24Na result and the scandium activation. The relatively low epithermal neutron

flux determined from the uranium foil disk is consistent with the low 1281: 24Na
ratio found in the Apollo 17 crystal. To produce the other species presented here,

an energetic (20 to 100 megaelectronvolt) neutron flux of about 2 em 2 secis
required.

The reduction of activation between Apollo 17 and Apollo-Soyuz is less than
preliminary estimates of the reduction of primary cosmic-ray intensity due to geo-
magnetic shielding, possibly indicating the increased efficiency of the more ener-
getic cosmic rays in producing secondary neutrons. However, further work is
required to define the exact cosmic-ray and trapped-proton fluences before this
conclusion can be made with great certainty.

The production of secondary neutrons in heavy spacecraft and their efficient
thermalization in Apollo modules again emphasize the necessity for developing codes
to assess neutron production and transport, and demonstrate that gamma-ray spec-
trometers are best used far removed from heavy material.

The calculations used here will be improved by comparison with controlled
monoenergetic irradiation experiments, which will also yield important information
on the short half-life radionuclides missed by such return procedures.
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8. ULTRAVIOLET ABSORPTION
EXPERIMENT MA-059

T. M. Donahue,mL IR Hudson,bT J. Anderson,a
F. Kaufman,C and M. B. McElroyd

ABSTRACT

The Ultraviolet Absorption Experiment performed during the Apollo-Soyuz
mission involved sending a beam of atomic oxygen and atomic nitrogen resonance
radiation (130.4 and 120.0 nanometers), strong unabsorbable oxygen and nitrogen
radiation (135.6 and 149.3 nanometers), and visual radiation, all filling the same
3°-wide field of view from the Apollo to the Soyuz. The radiation struck a retrore-
flector array on the Soyuz and was returned to a spectrometer onboard the Apollo.
Lock on the retroreflector was maintained by the visual light and a star tracker.
The density of atomic oxygen and atomic nitrogen between the two spacecraft was
measured by observing the amount of resonance radiation absorbed when the line
joining Apollo and Soyuz was perpendicular to their velocity with respect to the
ambient atmosphere. By allowing the Apollo spacecraft to drift at fixed ranges of
150, 500, and 1000 meters through an arc of +*15° with respect to the perpendicular
to the velocity vector, the temperature of the gas was obtained; i.e., the Doppler
line profile was scanned. Information concerning oxygen densities was also ob-
tained by observation of resonantly fluorescent light. The absorption experiments
for atomic oxygen and atomic nitrogen were successfully performed at a range of
500 meters, and abundant resonance fluorescence data were obtained.

INTRODUCTION

The Apollo-Soyuz Test Project (ASTP) Ultraviolet Absorption (UVA) Experi-
ment provided an opportunity for the realization of a technique devised to permit
the measurement of atmospheric species concentrations. This experiment involved
the application of the most reliable and specific laboratory technique available for

aUniversity of Michigan.

NASA Lyndon B. Johnson Space Center.

o'

[¢]

University of Pittsburgh.
dHarvard University .

TCo—Principal Investigator.



measuring the concentration of a given gaseous species — atomic absorption spec-
troscopy. This method is probably the most reliable available tool for quantitative
analysis if the cross sections or oscillator strengths for absorption are known, if
proper precautions are taken to ascertain the frequency dependence (or line shapes)
of light sources and absorbers, if optical properties of the measuring devices are
measured, and if corrections are made for absorption by other species (or impuri-
ties). A complementary technique, the quantitative observation of resonance
fluorescence in which atomic or molecular species scatter resonance radiation from
a light source into a detector, is a powerful one and was used in the ASTP UVA
experiment. The species chosen for detection and measurement were neutral
atomic oxygen (O) and neutral atomic nitrogen (N). The first was selected for
several reasons.

1. Strong resonance light sources are available that produce radiation in
the resonance triplet at 130.2, 130.5, and 130.6 nanometers, hereafter referred to
as 130.4-nanometer radiation.

2. The absorption cross section or oscillator strength of O for the energy-

state transition producing or absorbing this radiation (3P 3Sl) is accurately

known. il

3. Although O is the most abundant atmospheric species at the experiment
altitude (225 kilometers), to detect the species cleanly in a mass spectrometer is
difficult because of its propensity to recombine into molecular oxygen (02) upon

colliding with the walls of a spectrometer ion source. At lower altitudes, this
recombination has caused difficulties that leave the actual density of O near 120
kilometers uncertain by a factor of 5 or more. At an altitude of 225 kilometers, the
uncertainty is probably not very great, but it is interesting to attempt to verify
other measurement methods by a new one or to prove the new method by compari-
son with ground truth.

Atomic nitrogen was interesting because, as of a year or so ago, the direct
measurement of this species in the thermosphere had probably not yet been per-
formed successfully. A satellite mass spectrometer result (ref. 8-1) obtained at
an altitude of 400 kilometers suggested that the partial pressure of N exceeded that
of molecular nitrogen (N o) » but the result was flawed by low mass resolution. A

rocketborne mass spectrometer result by Ghosh and others (ref. 8-2) suggested
that, at an altitude of 185 kilometers, the density of N was 6 percent that of N2 s 8l=
though Hickman and Nier (ref. 8-3) showed that this is an upper limit.

The problems in measuring atomic nitrogen mass spectrometrically are similar
to those of obtaining atomic oxygen measurements but are more serious because the
density ratio of N to N, in the thermosphere is small. The N2 can be dissociatively

ionized in the spectrometer ion source; like O, N is highly reactive and can recom-
bine not only to form N2 on instrument chamber walls but can form other compounds
such as NO.



PRINCIPLE OF THE UVA EXPERIMENT

The principle of the UVA measurement was to produce fairly well collimated
beams of 130.4- and 120.0-nanometer radiation (resonance for O and N), and 135.6-
and 149.3-nanometer radiation (forbidden lines of O and N that are very weakly
absorbed by these species). The forbidden line radiation originated in the same
sources as the resonant line radiation and hence defined the beam geometry, the
reflectivity , and the transmission of the optical instrument for the resonance
radiation independently of resonance absorption. The light was produced by
radiofrequency-driven lamp sources and collimated by mirrors on the Apollo space-
craft. The light beams illuminated an array of corner reflectors mounted on the
Soyuz spacecraft at a known distance x from the Apollo UVA light source. Thus,
the portion of the beam striking the retroreflectors returned to a collecting mirror
near the Apollo collimating mirror. From this mirror array, the radiation was fo-
cused on the entrance slit of a 0.75-meter Ebert-Fastie scanning spectrophotometer
by an auxiliary mirror. The spectral range from 120.0 to 149.3 nanometers was
scanned every 12 seconds through 1.5-nanometer ranges centered on 120.0, 130.4,
135.6, and 149.3 nanometers. The bandwidth of the spectrometer was approxi-
mately 1.15 nanometers. The spectrometer was a modified backup unit for the one
used on the Apollo 17 experiment (ref. 8-4).

In its simplest terms, the principle of the UVA experiment is illustrated in
figure 8-1. A known flux of resonance radiation F is radiated into a solid

angle Q. At a distance x from the source, the irradiance is F/sz. If the
reflectivity of each surface of the retroarray is r and the retroarray surface area

is A, an amount of radiation r?'FA/Qx2 is returned to point O and passes through

a well-defined and limited region determined by the shape of the collimating mirror,
the shape of the corner reflectors, and the geometry of the retroreflector array.
Essentially, light from each point on the collimating mirror that strikes a given
retroreflector returns through a region of the same shape but twice the linear
dimensions of the corner reflector. The pattern of light sent from a point source
to a corner reflector that is a distance x from the source and back to the source

is analogous to the pattern of light sent from.the point source to a hole in an opaque
screen at a distance x of the same shape as the reflector and then on through the
aperture to a screen that is a distance 2x from the source. If a fraction of this
returned light f is sent to a spectrometer having a throughput QT , where Q is
the quantum efficiency and T is the transmission, the counting rate R of a
detector in the spectrometer will be

R = r™ (FA/Qx2)e 20X04QT (8-1)

where m is the number of reflections, six in the present case; o is the mean
absorption cross section; and n is the attenuation coefficient. Obviously, r is
assumed to be the same at each surface for a given wavelength.
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The flux F of 130.4-nanometer radiation was 5 X 1013 photons/sec into a
solid angle Q of 0.75 steradian. Typical values for the other terms in the equa-
tion are as follows.

r=0.75

m=06

A = 55 square centimeters
f=0.2

T=0.2

Q = 0.12 electron/photon

o =10 13square centimeter

Thus

12 -2 -20%n
e

R~ 3X107"x (8-2)

=2

The unattenuated counting rate R, is 3 X 1012 x 7, or 3X 102 sec—1 even at a range

0
of 1 kilometer. It was assumed that the minimum absorption that could be detected

e—20xn =0.9,.or xn = 2X 1012 cm_2. Thus, at 100 meters,
9

3

was 10 percent; i.e.,
an absorber density of 2 X 10

density of 2 X 107 cm_3 should be detectable. In this case, the counting rate will be
270 counts/sec, compared with the unabsorbed rate of 300 counts/sec.

em ° should be detectable and, at 1 kilometer, a

In an experiment such as this, the spacecraft velocities are greater than the
average thermal velocities of the gas particles at 1000 K (by a factor of 8 for
oxygen). Hence, the frequency of the lamp signal will be shifted far away from the
absorption frequency of the atoms by the Doppler effect if the light is radiated in
the approximate direction of the Apollo velocity vector. It is therefore necessary
to conduct the experiment with the vector between the spacecraft nearly perpendic-
ular to the spacecraft velocity vectors. A simple calculation shows that, if the angle
between the direction of emission of the light signal and the Apollo velocity vector

were 78° with the two spacecraft 100 meters apart, the absorption by 4 X 109 atoms/

cm3 of oxygen would be only 30 percent compared to 82 percent if the angle were
90°. This effect could, however, readily be turned into an advantage if the ex-
periment were performed in such a way that one spacecraft (for example, Apollo)
slowly drifted past the other at a fixed range and the angle between them varied
through approximately 30° centered on the normal to the orbital velocity vector.
The reasons are twofold. First, it would not be necessary to determine by some
independent measurement when the angle of observation was 90° to the direction
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of the relative wind. This information would automatically be determined as the
point at which the counting rate became minimum. Second, the change in counting
rate with angle would define the Doppler line shape of the absorbing atom. Hence, the
functional form of this variation would enable measuring the temperature of the ab-
sorbing atoms.

In practice, it is necessary to consider the fact that the light flux F varies
with wavelength A for each fine structure component of the resonance lines, and
that the absorption cross section o is also a function of wavelength. Thus, the

term Fe_Zonx in equation (8-1) must be replaced for each fine structure compo-

nent by

,[Fi (M\)exp [-2xno(A)]1dA (8-3)
i .

where Fi (A) depends on the effective lamp temperature TL and o(A) values depend
on the gas temperature TG' When there is no relative motion between source and

absorber, the functional form of F(A) may be written

1/2 9
2 2 T 2 8-4
(mc /anTLKOi > exp[ me (x in> /21<TL>»0i ] (8-4)

where }”Oi is the line center wavelength of the i-th fine structure component, m is

the atomic mass of the gas species, c¢ is the speed of light, and k is the Boltzmann
constant. When u is the component of the atmospheric velocity along the light
beam in the coordinate system in which the Apollo vehicle is at rest, o(A) becomes

2
—m02 |:<>» = 7»0>c = uxo] (8-5)
9p XP ' 7 2

2kTGX0 c

Finally , because the spectrometer does not resolve the fine structure components
in the spectrum, it is necessary to sum over fine structure components to obtain
the predicted counting rate.

R = ZRi (8-6)

The spectral parameters for the gases involved in this experiment are shown in
table 8-I.
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Figures 8-2(a) and 8-2 (b) show the counting rates as & function of spacecraft
separation when u =0 for atomic oxygen and atomic nitrogen, respectively, at
typical gas concentrations. Figures 8-3(a) and 8-3(b) show, for various values of
Tgso the variation in atmospheric transmission as a function of the angle between the

direction of observation and the perpendicular to the wind velocity vector in the
coordinate system in which the Apollo spacecraft is at rest. The lamp output (inte-

grated over wavelength of all spectral components) is assumed to be 1013 photons/

sec for the oxygen 130.4-nanometer triplet and 3 X 1012

120.0-nanometer triplet.

photons/sec for the nitrogen

A practical complication is introduced in performing this experiment because
the resonance radiation in the emitted beam can be scattered resonantly by the gas
to be studied. Some of this radiation will be emitted in a direction to enter the
spectrometer slit, although it is a relatively small amount of the total scattered
light because the scattering is virtually isotropic. If one considers the light
traveling in a certain direction from the light source (treated as a point source) and
calls the number of photons crossing unit area per second at a distance x from the
source IL (A), the number of these scattered per second will be

oo (o=} x
S [ 1,00n00)exp —2n{‘o(x)dxv dan dxz (8-
X5 U 4ntx
0
where x, is the distance from the light source at which the outgoing beam crosses

the spectrometer field of view. To evaluate the actual counting rate due to these
scattered photons, it is necessary to evaluate the overlap of the outgoing beam with
the effective spectrometer field of view. For example, the field of view is filled
gradually and not abruptly at a distance X along the beam. This evaluation is

being conducted for the instrument actually flown. A reasonable approximation

for the counting rate from resonance fluorescence RF is

FA A

3 oo oo X

A r QT

RF = M SM2 S / (l;_('-/ IL(}\')n(x)o(A)exp —fzno’ (X)dx dA (8"8)
4ntp~Q B 0

X

where A = the lamp collimating mirror area (3.3 by 5.7 centimeters)

M
ASM = the area of the collecting mirror (5.5 by 3.7 centimeters)
AS = the area of the spectrometer slit (0.2 by 5.7 centimeters)
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p = the focal length of the collecting mirror (16.5 centimeters)

X = 75 centimeters
The contribution of resonance fluorescence under the same conditions assumed in
the absorption calculation is shown in figure 8-2. The fluorescence contribution
varies with the angle between direction of observation and velocity vector and
reaches a maximum where the transmitted light reaches a minimum; i.e., when
the wind velocity component in the direction of observation is zero. The resonance
fluorescence contribution to the observed counting rate as a function of time (or
angle) must be evaluated independently so that it can be subtracted from the total
counting rate to obtain the contribution due to transmitted (or absorbed) radiation
alone; also to be subtracted are background signals from airglow.

The heart of the experimental apparatus is the Apollo 17 Ebert-Fastie spec-
trometer. It was equipped with a new grating drive cam that rotated the grating
to scan from 129.65 to 131.15 nanometers in 2.5 seconds, from 119.25 to 120.75
nanometers in 4.5 seconds, from 129.65 to 131.15 nanometers again in 2 seconds,
from 134.85 to 136.35 nanometers in 1.25 seconds, and from 148.55 to 150.05 nano-
meters in 1.25 seconds. The light output of each lamp was pulsed with a pulse du-
ration of 0.1 second; the sequence was the O lamp alone, the N lamp alone, and
both lamps off.

The resonance lamp light sources, the retroreflector array, and the optical
transmitting and receiving systems had to be designed around the spectrometer in
such a way as to maximize the signals received. The spectrometer choice was
governed by availability and by the schedule for experiment preparation. The
instrument has an entrance slit of 0.2 by 5.7 centimeters, with an f/5 collecting
aperture corresponding to a solid angle of 12° by 12°. The ultraviolet lamps have
a 1-centimeter source diameter and emit into a solid angle of approximately 56° full
width, or 0.74 steradian. The flux from each lamp is collimated by a mirror placed
12 centimeters from the lamp. Because the source diameter in the lamps is 1 centi-
meter, the beam leaves the collimating mirror with a spread of approximately 5°.

In designing the corner reflector array, it was necessary to consider that
the optimum diameter of the mirror that focuses the returned light on the spectrom-
eter slit equals the width of an individual corner reflector. The corner reflectors
must be packed efficiently into an array of convenient diameter. The arrangement
adopted was a 10-centimeter array diameter, and each reflector was 3.3 centimeters
wide (fig. 8-4). In this case, the focusing mirror diameter was 3.3 centimeters,
and the mirror was placed 16.5 centimeters from the slit to fill the slit aperture
laterally.

The geometry of the optical transmitting and collecting system is defined in
figure 8-5. Light originating from a point on a collimating mirror will return from
the corner reflector and pass through a region centered at that point on the mirror
but twice as large in linear dimensions as the corner reflector (neglecting diffrac-
tion effects). For example, light originating from point x on mirror O in figure
8-6 will return through the 6.6-centimeter dashed-line region (hexagonal). It
is reasonable to put the collecting mirror in the space bounded by the collimating
mirrors and allow the dimensions to be 3.3 by 5.7 centimeters. The contribution
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to the collected light originating from point x is then the shaded overlap of the
collecting mirror and the hexagonal area 6.6 centimeters in diameter and centered
at point x. The size of the return beam from all points on the collimating mirror O
is shown by the broken line. The collecting mirror must be protected from stray
light coming from the lamps by means of baffling because the most intensely illumi-
nated region is that adjacent to the collimating mirror.

Figure 8-7 shows how the fluorescence and transmitted signals should vary
with wavelength around 130.4 nanometers. This calibration was done by convolut-
ing the previously computed signal intensities in each of the three components of
the oxygen triplet with the spectrometer slit function. The latter was assumed to
be triangular with a full width of 1.15 nanometers at half maximum. The case shown

is for an Apollo-Soyuz separation of 100 meters, an oxygen density of 4 X 109 cm—3,

a lamp temperature TL of 600 K, and a gas temperature TG of 1050 K. The curves

are normalized. The difference in wavelength at the peak occurs because most of
the transmitted signal is in the weaker 130.5- and 130.6-nanometer components,
whereas most of the fluorescence signal is from the 130.2-nanometer line.

A third light source was incorporated in the apparatus to provide bright
visual light illuminating the same field of view as the ultraviolet sources. The
collimating lamp, marked "Visible" in figure 8-6, provided input to a star tracker
with output in the spacecraft to indicate to the astronaut whether the retroreflector
array was being illuminated by the lamp beams, and, more importantly, whether
the retroarray was in the spectrometer field of view (#0.35° in pitch). A backup
to the star tracker was provided by the crew optical alinement sight (COAS),
through which the retroreflector could be seen. The COAS was provided with a
reticle marked in degrees in the pitch and yaw directions.

A door was provided that was closed when data were not being taken. The
inside surface of the door was blackened. However, small reflecting cylinders,
one for each of the ultraviolet sources, were fitted in the door. These cylinders
provided a means of in-flight calibration. The counting rate as a function of grating
position was obtained with the flight unit during thermal-vacuum (TV) checks of
the instrument for comparison with calibration runs made during flight.

The reflectivity of the retroreflectors was measured as a function of wave-
length. The transmission T of the full receiving system, the external optics, and
the telescope was also measured at the Johns Hopkins University with the coopera-
tion of W. G. Fastie. The quantum efficiencies of the detectors Q for both flight
and backup units were also measured. Pertinent data are shown in tables 8-II
to 8-V.

The flight lamps and backup lamps were calibrated to determine the flux of
photons emitted. For this calibration, a monochromator and a double ionization
chamber (for the 120.0- and 130.4-nanometer lines) were used, and a measurement
of the photocurrent in the monochromator detector (for the 135.6- and 149.3-
nanometer lines) was made. The data obtained for the flight lamps were reduced to
absolute intensities by comparison with similar measurements made with the same
system on another lamp that had been absolutely calibrated at the University of
Pittsburgh. The detector used at Pittsburgh to calibrate the standard lamp had
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been calibrated by a measurement of its response to radiation at the four wave-
lengths in question emitted from a beam of O and N atoms of known density excited
by electron impact. The flux from the flight lamp is given in table 8-III.

The effective lamp temperatures T, were also measured at the University

L
of Pittsburgh by measuring the absorption of their resonance radiation by a column
of atoms of known concentration at a temperature of 300 K. The surprising result
was that typical effective temperatures for the oxygen lamps were very large, from
2200 to 3700 K. The high temperature is presumed to be caused by the presence

of many atoms that have been dissociatively excited from 02 into high radiating

states of O, and have cascaded into the resonantly radiating state before undergoing
many collisions. This was not the case for the nitrogen lamps. The flight lamp
temperatures were 2500 K for the oxygen lamp and 400 K for the nitrogen lamp.
The UVA experiment was mounted on the Apollo docking module with the field of
view forward (plus-X axis).

RESULTS1

The first exercises of the UVA experiment began when the lamps were turned
on at 27: 00 ground elapsed time (GET) on Wednesday, July 16, 1975. The counting
rate as a function of cam position closely reproduced that obtained with the door
closed in the last thermal-vacuum tests before the apparatus left the laboratory
(table 8-IV). At 28:30 GET, the cover was opened and the spacecraft was pointed
toward the star Vega. The purpose of this exercise was to calibrate the COAS and
to test the star-tracker system designed to lock the field of view on a target. Dur-
ing this test, the obtaining of resonance fluorescence signals in the oxygen 130.4-
nanometer channels was verified. One problem was discovered, however; the star
tracker indicated lock while the COAS indicated star movement from 3° to the right
to 2.5° to the left. This difference occurred because a spacer was inserted between
the lens and aperture of the star tracker to increase the size of the light spot on the
photocathode and thereby to change the slope of the star-tracker response curve.
This change moved the focal point approximately 0.25 centimeter in front of the
aperture and enlarged the star-tracker field of view to the limits of the star-tracker
tube, 5.5°, due to vignetting. To avoid operating with the retroreflector out of the
field in yaw (even though the star tracker indicated it was in the field), the chart
on the COAS reticle was marked at *1.5° and the crew was instructed to prevent
straying of the retroreflector image beyond these limits. In fact, the crew was
asked to keep the retroreflector as near as possible to the center of the COAS.

Five additional data-taking exercises were performed. After the final undock-
ing on July 19, 1975, the Apollo vehicle assumed a stationkeeping position 18 meters
ahead of the Soyuz vehicle as the two spacecraft approached the morning terminator.
The UVA power was turned on at approximately 98: 55 GET, 30 minutes before the
first observational exercise, to permit stabilization of the lamps and the photomul-
tiplier tube. During this period, calibration data were obtained using the door
reflectors. Table 8-IV presents results for comparison with those obtained during

1Also see section 1.
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the final thermal-vacuum tests conducted at the Applied Physics Laboratory of

Johns Hopkins University. The counting rates during flight were approximately

0.8 those obtained on the ground. This effect can be attributed to use of the detec-
tor head from the backup unit to replace that of the flight unit on the launch pad
shortly before flight because of an electronics problem. A comparison of the
ground-test product of QT values for the two units (table 8-IV) shows that the
ratios are about the same as the flight to ground-based counting rate ratios. At

99: 25 GET, the Soyuz crew activated circuits to unlatch covers over the Soyuz ret-
roreflector arrays. Two arrays were mounted on top of the vehicle, one facing up-
ward and the other facing starboard. A third array was mounted on the rear of the
spacecraft facing aft. The Apollo crew verified with binoculars that the covers on
the top-mounted retroreflectors had opened. (If the starboard array had not opened,
a contingency plan would have permitted a Soyuz yaw so that its aft-mounted retro-
reflectors could be used in the experiment.) Power to the UVA was briefly turned
off while the door of the instrument was opened after the terminator had been
passed. (The powerdown precaution was necessary so that large flashes of light
would not damage the detectors as the door was being opened or closed.) Beginning
18 minutes before the data-gathering run, the Apollo vehicle moved out of the

orbital plane (fig. 8-8) until it was 150 meters from the Soyuz vehicle and oriented
so that the retroreflector could be illuminated. At this time, the angle between the
perpendicular to the Soyuz velocity vector and the Apollo vehicle was 15°. The
Apollo vehicle then was maneuvered through a 33° circular arc sweep passing through
the normal to the velocity vector while the crew attempted to keep the retroreflector
illuminated following procedures described previously. Both the star-tracker output
and the COAS observations indicated that a lock was obtained. A problem occurred
during the first several minutes of the run because the Soyuz flashing beacons and
orientation lights were not extinguished. After the data-taking maneuver (lasting

10 minutes) was completed, the Apollo vehicle returned to a stationkeeping position
50 meters from the Soyuz vehicle but facing in the direction of motion, as the Soyuz
yawed 180° to face the Apollo.

For reasons still not understood, no clearly identifiable reflected uiltraviolet
radiation was detected during this pass. There was a strong 130.4-nanometer
signal that was almost surely resonance fluorescence, but there were no counts
above background in the 135.6-, 149.3-, or 120.0-nanometer channels. The Apollo
crew reported that both the Soyuz window and the retroreflector were illuminated,
and two possible explanations for failure were considered. One was that the reflec-
tivity of the retroreflector had been seriously degraded during the flight. The other
was that a window reflection was registered by the star tracker as a reflection from
the retroreflector. The second explanation is not consistent with the fact that,
through the COAS, an illuminated retroreflector was seen centered in the field of
view. It was decided, therefore, not to risk using the side-looking retroreflector
during the scheduled run at 500 meters separation but to request performance of a
Soyuz 90° yaw maneuver to enable use of the aft-looking reflector.

The procedure followed during the 500-meter data take was very similar to
that described at 150 meters (fig. 8-9). It occurred during the next eclipse period.
Calibration data with the door closed were obtained starting at 100: 30 GET (about
35 minutes before the run). The Apollo vehicle maneuvered, as shown in the
figure, to a position 500 meters from the Soyuz vehicle out of the orbital plane and
15° behind. The Apollo vehicle then executed a circular sweep through 32° w
(-15° to +17°) in a horizontal plane that contained the Soyuz vehicle; the maneuver
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required 10 minutes. Very early in this maneuver, clear indication was obtained
in all UV channels that reflected radiation was being received by the UVA spectrom-
eter. Reflected data were received (as indicated in the 135.6-nanometer channel)
throughout the sweep. Figure 8-10 is an example of the strip~chart records show-
ing a complete spectral scan taken during the sweep for comparison with a spec-
trum obtained from the UVA door just before the sweep (fig. 8-11). The observed
ratio of the counting rates at 130.4 and 135.6 nanometers was 5.7 = 0.5 from
101:17: 38.13 to 101:17: 40.25 GET. (The sweep began at 101: 17: 37 GET.) The
ratio obtained from the door (after correction for the reflectivity of the door) was
5.72. The ratio of 130.3 to 135.6 nanometers obtained during the run is shown in
figure 8-12. There was an anomaly during the run; the 135.6-nanometer counting
rate dropped by a factor of 5.5 from a plateau of about 250 counts to about 45 counts
between 101: 17: 39.37 and 101: 17: 41.49 GET. It remained at 45 counts thereafter.
A similar effect occurred in the 149.3-nanometer channel. These anomalies are
being analyzed. Because the returned 130.3-nanometer signal contains a strong
component of resonance fluorescence and because time and spacecraft attitude have
not been correlated, there are no reliable estimates of C or N densities currently.

During the warmup period for the next eclipse pass, the signals reflected
from the door were normal during the first several minutes; this observation
indicates that no change in the lamp output, collimating mirror reflectivity, or
receiver QT was responsible for the drop in signal during the second part of the
500-meter pass. However, the calibration signal dropped by a factor of approxi-
mately 4 in all channels during the last several minutes of the warmup period and
remained low after the door was opened for the 1000-meter data take. As shown in
figure 8-13, these data were obtained in the orbital plane during separation of the
Apollo and Soyuz vehicles. The upward-locoking retrcoreflector was used, and the
range varied from 800 to 1300 meters during the sweep from +15° to -15° with the
vertical.

Some reflected signals were detected, aithough the retroreflector was only
in the field of view sporadically. Use of the COAS and the star tracker was very
difficult because bright moonlight was illuminating the top of the Soyuz spacecraft.
An attempt was made to use the COAS to keep the Apollo vehicle pointed toward the
Soyuz beacon and navigation lamps instead of trying to lock on the retroreflector as
in the out-of-plane observations.

After the Apollo departed the neighborhood of the Soyuz, two resonance ex-
ercises were performed. During an eclipse phase, the Apollo X-axis was oriented
normal to the orbital plane and one full orbit (from 105: 10 to 106: 46 GET) of
resonance fluorescence and airglow background data was obtained. This exercise
was followed during the next eclipse phase (from 106: 55 to 107: 10 GET) with an
observation of the resonance fluorescence signal obtained with the Apollo X-axis
still oriented normal to the orbital plane and with the Apollo vehicle executing a
slow roll through 360°. The purpose of this exercise was to determine the variation
in population of thermal oxygen atoms between the ram side of the docking module
and the lee side (fig. 8-14). The atoms near the aperture consist of ambient undis-
turbed atmosphere and atoms that have been scattered from the vehicle. Obviously,
the higher density will be on the ram side of the vehicle. Some cof the atoms striking
the vehicle will have become thermalized, and then reflect. Some will recombine
and become O2 molecules. The recombining fraction should be determinable from
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the data obtained, because the 130.4-nanometer fluorescence signal was found to
depend strongly on the roll orientation.

It is too early in the analysis of data to report O or N densities measured dur-

ing this experiment. However, it can be stated with confidence that the data are
sufficient to determine those densities.

8=1.

8-2.

8-3.

8-4.

8-5.
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TABLE 8-1.- SPECTRAL PARAMETERS FOR ATMOSPHERIC ABSORPTION EXPERIMENT

Species Spectral line, nm Absorption cross section Relative lamp | Relative atmospheric
at 300 K (00)’ cm2 intensity Fi populations at 1050 K
(€Y

0 130.217 1.6x107 13 0.542 Py .613

130. 487 1.6 337 P 997

130.601 1.6 1120 P 090

N 119.955 3.8 .500 1.000

120.022 2.5 4333 1.000

120.071 1.3 . 167 1.000

aoo (TG) =0 (300 K) \}300/TG. The values of % (300 K) are calculated from the oscillator

strengths given in reference 8-5.

b

N130.2/total ~ 5/ (sum)

n130.5/ntotal = [3 exp (—228.24/TG)} /(sum)

1130.6/™total ~ [exp (‘326-16/TG)]/(Sum),

where (sum)

5 [3 exp (—228.24/TG)] ¥ [exp (—326.16/TG):|

The relative atmospheric populations for atomic oxygen are calculated from the following formulas.




TABLE 8-II.- PRODUCT OF QUANTUM EFFICIENCY AND TRANSMISSION

QT FOR FLIGHT AND BACKUP UNITS

Wavelength, nm Backup unit QT Flight unit QT
130.4 0.0258 0.0307
120.0 .0129 .0264
130.4 .0272 L0397
135.6 .0258 .0311
149.3 0151 L0172

TABLE 8-III.- FLIGHT LAMP FLUXES INTO 0.74 STERADIAN

Flight lamp Wavelength, nm Flux, photons/sec
0 130.4 10.4x10"
135.6 1.78
N 120.0 .634
149.3 1.45
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TABLE 8-IV.- COMPARISON OF COUNTING RATES FOR FLIGHT AND BACKUP UNITS

Wavelength, nm

Activity, counts/sec, for -

TV test of During flight Ratio flight/ Ratio QT backup
flight unit with backup unit TV test unit/QT flight unit
130.4 27 310 21 260 0.78 0.84
120.0 21 788 18 359 .84 .78
130.4 27 771 21 709 .78 .69
135.6 6 363 4 268 .67 .83
149.3 13 527 11 881 .88 .88

G1-8

TABLE 8-V.- RETROREFLECTOR REFLECTIVITIES

Wavelength, nm Reflectivity from -
Aft Top

130.4 0.60 0.57
120.0 .96 .54
135.6 .55 .52
149.3 .52 .49
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Figure 8-10.- Strip-chart record taken during the 500-meter data take.
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9. STRATOSPHERIC AEROSOL MEASUREMENT
EXPERIMENT MA-007

T. J. Pepin®' and M. P. MeCormick?
ABSTRACT

The Apollo-Soyuz Test Project Stratospheric Aerosol Measurement Experiment
was flown to demonstrate that direct solar occultation measurements by photometers
and photographs can be used for defining stratospheric aerosol concentrations.
Supporting ground-truth data were provided by laser radar and balloon-borne dust-
sonde. Initial results show a significant difference in aerosol concentrations be-
tween the Northern and Southern Hemispheres.

INTRODUCTION

This experiment was designed to demonstrate the feasibility of remotely sens-
ing aerosols in the stratosphere from a low-orbiting manned spacecraft. Increasing
interest in the stratosphere has led to the investigation of methods for remote sens-
ing from Earth-orbiting satellites. Information gained from the Stratospheric Aero-
sol Measurement (SAM) Experiment performed during the Apollo-Soyuz Test Project
(ASTP) mission will be used in the design of remote-sensing equipment for future
satellite missions.

The instrument used for making these stratospheric aerosol measurements
consisted of a photometer and associated electronics that provided a signal to the
command module (CM) telemetry system. A Hasselblad data camera (HDC) equipped
with special infrared (IR) film and filter was used to photograph the sunset and sun-
rise events. The experiment technique involved directly measuring solar intensity
(photometer) and Sun shape (photographs) in the spectral region centered at ap-
proximately 0.84 micrometer. Immediately before satellite night, as the spacecraft
approached the shadow of the Earth, the line of sight to the Sun passed first through
the upper layers of the stratosphere and then steadily down into the lower layer of
the troposphere. During the 1.5 minutes (approximately) required for the instru-
ment line of sight to pass through the lower 150 kilometers of the atmosphere, the
solar intensity was recorded by the photometer, and solar disk shape changes were
recorded in photographs. The same set of measurements was made at satellite
dawn as the spacecraft emerged from the shadow of the Earth.

aUniversity of Wyoming.
bNASA Langley Research Center.
1.

Principal Investigator.
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The total extinction coefficient was obtained from the variation of the solar
intensity as a function of total airmass distributed along the line of sight. At the
effective wavelength of the photometer and the photographic system, the extinction
was principally produced by the atmospheric aerosols; the measurements are being
used to determine the aerosol concentration.

To verify the performance of the SAM Experiment, ground-truth data were
acquired by a balloon-borne aerosol optical counter and a ground-based laser radar
(lidar) system. The balloon-borne counter was flown from the Richards-Gebaur
Air Force Base (lat. 39° N, long. 95° W) near Kansas City, Missouri, at the same
time and place of the ASTP second sunset SAM. The lidar measurements were also
made from Richards-Gebaur Air Force Base on Earth nights bracketing and during
the second sunset SAM.

THE SAM INSTRUMENT

The photometer (fig. 9-1) used for the SAM Experiment utilizes a pin diode
detector having a 10° field of view (FOV), which was used to look at the Sun
through the CM window at a wavelength centered at approximately 0.84 micrometer.
The detector was used in the photovoltaic mode to detect the solar signal, and sam-
ples were taken at a rate of 10 samples/sec using a 12-bit analog-to-digital conver-
ter. The signal output of the converter was recorded and transmitted by the CM
data system.

The photometer was equipped with a projection sight system consisting of a
post whose shadow was projected onto a grid that could be observed by the astro-
naut to ensure that the photometer system was properly alined with respect to the
Sun. The instrument also included a green light to verify that the power was
properly connected and a switch that the astronaut could activate to send a known
signal over the telemetry system to verify proper installation of the photometer in
the CM.

CAMERA SYSTEM

The photographic portion of the experiment consisted of a series of timed IR
photographs of spacecraft sunrises and sunsets taken through the CM window with
an HDC. The 250-millimeter focal length (12.5° by 12.5° FOV), f/5.6 lens was fitted
with a quality glass IR filter capable of obtaining at least three orders of magnitude
blocking in the visible and the ultraviolet. Kodak multispectral IR aerial film
(ESTAR-AH base) SO-289 was used in two 70-millimeter Hasselblad magazines.

Each magazine contained film for 50 frames with an additional 1 meter reserved for
sensitometric calibration exposures. The HDC had a self-contained battery power
supply for shutter activation and film advance. An onboard intervalometer provided
a contact closure to the HDC every 2.5 seconds during the experiment to trigger the
camera automatically. Timing with SAM data was to be provided by an audio chan-
nel of the spacecraft tape recorder.
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THE BALLOON-BORNE "DUSTSONDE"

Figure 9-2 is a schematic drawing of the University of Wyoming balloon-
borne dustsonde used in this program for the ground-truth in situ aerosol measure-
ment that was made from the Richards-Gebaur Air Force Base. The mode of opera-
tion of the dustsonde is described in the following discussion.

Air sampled on balloon ascent and parachute descent is pumped at approxi-
mately 0.75 liter/min in a well-defined stream through the focal point of the con-
denser lens in the 2.5-liter scattering chamber where individual particles scatter
light into the microscopes. The light pulses that can be observed with the micro-
scopes are detected and amplified by the photomultipliers. By pulse-height dis-
crimination and careful laboratory calibration with aerosols of known size and index
of refraction, the integral concentration of aerosol particles larger than 0.3 micro-
meter and 0.5 micrometer in diameter can be determined.

Two photomultipliers were used to enhance the signal-to-noise ratio by re-
quiring coincident events from the two detectors. The background noise for the
system was mainly due to Rayleigh scattering from the air molecules in the chamber
at low altitude and from cosmic-ray scintillation in the photomultiplier glass at high
altitudes. The background was measured approximately every 15 minutes during
the flight by passing filtered air through the chamber. For the system used in the
Kansas City flight, the background was negligible above a 10-kilometer altitude.
Corrections for the background have been used below this altitude. The dustsonde
was also equipped with a rawinsonde temperature element for recording the atmos-
pheric temperature profile.

LIDAR

Ground-based lidar measurements were used as part of the ground truth for
the experiment. Generally, laser radars operate in the following manner. A Q-
switched laser emits a pulse of nearly monochromatic light approximately 30 nano-
seconds in duration. Molecules and suspended particulate matter (aerosols) scatter
and/or absorb this radiation as the pulse propagates through the atmosphere. A
small portion of this light is scattered directly back toward the laser. A receiver
composed of mirrors and/or lenses collects this backscattered radiation and diverts
it onto a photodetector the output of which is measured as a function of elapsed time
after laser emission, or range. The backscattered energy incident on the photode-
tector is examined spectrally at or near the laser output wavelength with color
filters, interference filters, or spectrometers. This enhances the signal-to-noise
ratio by reducing unwanted background radiation and determines whether elastic
or inelastic techniques will be used.

The lidar measurements for the SAM experiment were provided by the Langley
Research Center (LaRC) 122-centimeter (48 inch) laser radar system (fig. 9-3),
which consists of two temperature-controlled lasers (ruby and neodymium-doped
glass) mounted on either side of an /10 cassegrainian-configured telescope com-
posed of a 122-centimeter (48 inch) diameter, /2, all-metal primary and a 25.4-
centimeter (10 inch) diameter secondary. The output from the detector package is
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recorded by a high-speed data acquisition system. Analog signals are amplified and
bandwidth limited, digitized at a 5- or 10-megahertz rate with 8-bit accuracy, and
recorded on magnetic tape. A 16-bit-word storage computer is used to control the
data acquisition system and to process the data. An X-band microwave radar, co-
incident with the laser system axis, is used to ensure safe operation in the atmos-
phere. A rotating shutter reduces laser fluorescence after Q switching. The entire
system is mobile and can scan in elevation and azimuth at a slew rate of 1°/sec.

PRELIMINARY RESULTS

The SAM Experiment was designed to observe four events. In the 95th revo-
lution, measurements were made of a sunset observation off the coast of New Jersey

(lat. 39° 10' N, long. 72° 45' W)1 and of a sunrise observation over the Indian Ocean
off the coast of Australia (lat. 43° S, long. 99° 55' E). In the 96th revolution, a
sunset observation was taken over Kansas City, Missouri (lat. 38° 57" N, long. 95°
06' W), followed by a sunrise observation over the Indian Ocean (lat. 42° 55' S,
long. 77° 39' E). The SAM photometer was used to obtain radiometric measurements
during each of these four events. Preliminary inversions of the data for two of the
events are shown in figure 9-4. Because the final spacecraft ephemeris was only
recently received, these data may shift in altitude or be extended in altitude when
the final analysis is complete. Notice that the total extinction is greater in the
Northern Hemisphere than in the Southern Hemisphere. This difference in aerosol
content is believed to be due to the injection of material from the Volcan de Fuego

in Guatemala (lat. 14.5° N) that erupted in October 1974. The general meridional
circulation of injected mass into the atmosphere would normally be northward at this
time of the year. This movement reverses in the summer with the buildup of aero-
sols in the Southern Hemisphere. This was just beginning at the time of the ASTP
mission. The slight difference in altitude of the peak extinction is believed to be
due to seasonal differences in the height of the tropopause.

Photographs were made of the first sunrise and the second sunset with the
HDC. Figure 9-5 is a composite of several of the photographs taken during the first
sunrise and shows the observed refracted images of the solar disk superimposed on
a grid showing the horizon and tangent altitudes of the Earth. These photographs
confirm that, at spacecraft altitude, the refracted image of the Sun must be a factor
in the design of future solar occultation experiments.

Ground-truth data were obtained with the Wyoming dustsonde and the LaRC
lidar. Data from the Kansas City balloon flight (lat. 38.8° N, long. 94.7° E)
launched on July 21, 1975, at 23: 58 GMT are shown in figures 9-6 and 9-7. Figure
9-6 presents the measured temperature profile, and figure 9-7 presents the measured
aerosol concentration for particles larger than 0.3 micrometer in diameter. The
LaRC lidar system was used during the nights of July 21 and July 22 to obtain laser

IThese are the geometric coordinates of the tangent point of the 0-kilometer
high-grazing ray to the Sun.
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backscatter measurements of the stratospheric aerosols above Kansas City. Fig-

ure 9-8 shows the backscatter ratios2 obtained during one of these measurements
made above Kansas City on July 22 at 04: 51 GMT . Note the agreement in the altitude
of the peak aerosol concentration obtained by three different techniques.

CONCLUSIONS®

The SAM Experiment was performed by the ASTP crewmen as planned. The
experiment demonstrated that solar occultation is a viable remote-sensing technique
for measuring the vertical concentration of stratospheric aerosols. The solar photo-
graphs corroborated the refraction model needed for future solar occultation experi-
ments. The inversion process that was used to reduce the SAM data was confirmed
by the agreement with the ground-truth lidar and dustsonde measurements, and
these data show that the solar occultation, lidar, and dustsonde data agree in alti-
tude distribution. In addition, the inversions from the SAM Experiment show a
significant difference between the Northern and Southern Hemispheres in the peak
aerosol concentration, with the Northern Hemisphere having a factor of at least 1.5
greater than that of the Southern Hemisphere.

2Backscatter ratio is the ratio of total observed backscatter to the Rayleigh
backscatter.

3Also see section 1.
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Figure 9-1.- The photometer used for
making stratospheric aerosol meas-
urements.
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Figure 9-2.- Schematic drawing of the University of Wyoming dustsonde used
for ground-truth measurements.
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Figure 9-3.- The NASA Langley Re-
search Center 122-centimeter (48
inch) lidar system.
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10. EARTH OBSERVATIONS AND PHOTOGRAPHY
EXPERIMENT MA-136

Farouk El-Baz® and D. A. Mitchell®
ABSTRACT

The Gemini, Apollo, and Skylab missions showed that orbiting astronauts can
provide valuable data composed of visual observations and photographs. For this
reason, the primary objectives of the Earth Observations and Photography Experi-
ment of the Apollo-Soyuz Test Project were to photograph various terrestrial struc-
tures and to use the capabilities of man as a trained observer in visually studying
Earth features and phenomena. Man's special capabilities include the sensitivity
of the eye to subtle color variations and the speed with which the eye-brain system
can interpret what is seen and select targets for photography .

Real-time astronaut observations constitute a useful complement to orbital
photographs and greatly aid in their interpretation. Targets for mapping and
hand-held photography were selected on the basis of their value to specialists
in the Earth sciences including geology, oceanography, desert study, hydrology,
meteorology, and environmental science.

INTRODUCTION

Background

The experiences of the Gemini, Apollo, and Skylab Programs proved that
scientifically interesting features can be selected and photographed by observers
in space. Photographic records of these programs include a plethora of valuable
scenes taken from orbital altitudes, both from Earth orbit (e.g., refs. 10-1 to 10-4)
and from lunar orbit (e.g., refs. 10-5 to 10-7).

During the Apollo Program, it became apparent that the orbiting astronauts
could see more than what was recorded on film. To test this capability, plans
were made, beginning with the Apollo 13 crew, to train Moon-bound astronauts to
make visual observations. However, because the Apollo 13 mission was aborted,
the first attempt at making visual observations from lunar orbit was made on
Apollo 14. The results were encouraging (ref. 10-8), and a program was developed
for the systematic acquisition of scientifically relevant data on Apollo 15 (refs. 10-9
and 10-10), Apollo 16 (refs. 10-11 and 10-12), and Apollo 17 (refs. 10-13 and

4National Air and Space Museum, Smithsonian Institution .

1-Px'incipal Investigator.
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10-14) . Emphasis was placed on the command module pilot (CMP) of each Apollo

mission because he spent more time in lunar orbit than did his crewmates. Also,
premission training and data acquisition were limited to the field of lunar geology
during the Apollo missions.

The Skylab Program provided the first opportunity to pursue a systematic
visual study of the Earth. However, this study was done only on the last of three
missions, Skylab 4. Because of the nature of the Earth, the Skylab visual obser-
vations program included geology, oceanography, hydrology, meteorology, etc.
(ref. 10-15). The long duration of the mission (84 days) allowed repeated observa-
tions of the same area and during different seasons. Observations on Skylab 4 and
their documentation with photographs proved to be a very worthwhile effort and
resulted in significant findings (ref. 10-15). During the Apollo-Soyuz Test Project
(ASTP), selected features of interest from the Skylab Earth observations program
were reexamined and viewed from a different altitude, 2 years later in time.

Visual Observation Team

To assist in the planning and implementation of the ASTP Earth Observations
and Photography Experiment, a team of experts in the fields of geology, ocean-
ography, desert study, hydrology, meteorology, and environmental science was
assembled. The Earth observations team (table 10-1) was composed of 42 individ-
uals, including the Principal Investigator (PI) and 12 Co-Investigators (Co-I). The
responsibilities of this team of experts and support personnel were as follows.

1. To collect and compile problems to be solved in support of ongoing
research in the Earth sciences.

2. To evaluate and select achievable goals based on experience and level of
crew training.

3. To recommend and pursue a training program of mutually acceptable
procedures and sites.

4. To identify Flight Plan requirements and tools necessary to achieve the
objectives.

5. To support the mission operations for nominal and contingency flight
plans.

6. To report the results and the possible applications to future space flight.

Earth Observation Sites

The primary objective of the ASTP Earth Observations and Photography
Experiment was to use the Apollo and Skylab experiences in acquiring photographs
of specific Earth features, processes, and phenomena and in making visual obser-
vations from orbit to complement photographic data. Visual sightings are needed
because the extensive dynamic range and color sensitivities of the eye cannot be
matched by any one film type and also because, in special cases, on-the-scene
interpretations of obscured features and phenomena are necessary.
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To achieve the primary objective, both photographic mapping and visual
observation sites were included in the Flight Plan. A total of 11 mapping sites
(table 10-II) and 12 visual observation sites (fig. 10-1) were selected. The 12
visual observation sites were chosen according to geographic localities and included
60 specific targets of prime scientific interest (table 10-III) . This method of target
identification made it possible for both planners and astronauts to easily discuss
and locate targets selected for scientific investigations.

Crew Training

One of the main objectives of the Earth Observations and Photography Experi-
ment was to utilize the capabilities of man as a trained observer in orbit. In
accordance with this goal, an extensive training program consisting of classroom
sessions and flyover exercises was initiated 1 year before the mission.

Classroom training was conducted by Earth scientists from various disci-
plines. These specialists briefed the astronauts on the types of Earth features
they would observe from orbit. The first lectures on geology, hydrology, ocean-
ography, desert studies, and meteorology consisted of background on theory and
familiarization with terminology. Subsequent lectures were scheduled on the basis
of crew interest. Other sessions, conducted mainly by the Principal Investigator,
covered (1) operational procedures and viewing conditions and constraints and
(2) groundtrack familiarization and specific photographic and observational
requirements. The crew received approximately 60 hours of classroom training
during 20 sessions. A schedule of the training sessions is given in table 10-IV.

The flyover exercises were designed to give the astronauts practical
experience in target acquisition and site selection and to familiarize them with the
types of features they would observe from Earth orbit. The astronauts were also
able to practice verbalizing about and handling onboard equipment, including
cameras, lenses, the color wheel, and the tape recorder. Each flyover exercise
consisted of a predetermined flight route with a visual observations book designed
for that particular flight and similar to the one to be used during the actual mission.
Seven high-altitude flyover exercises (table 10-V) were planned over areas of the
United States. The California flyover was repeated twice and the Florida flyover
once for a total of 10 flyover exercises. During these flights, the astronauts
observed both sites scheduled for observation during ASTP and examples of the
various types of ocean features and landforms they would view from Earth orbit.

These flyovers were valuable in showing the astronauts how to select the
optimum conditions for observations and photography. For example, they found
that sunglint was especially important in observing ocean features such as currents,
eddies, and internal waves. On land, high Sun angles were best for observing
color variations, whereas a low Sun angle enhanced relief and facilitated observa-
tions of faults and sand dunes. The flyover exercises gave the crew valuable
practice in making visual observations and acquiring photographs.
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METHODS AND TECHNIQUES

Photographic Systems

Three types of imaging systems (video, cameras, and scanners) have been
successfully used in Earth-orbital surveys. The ASTP photographs of observation
and mapping sites were made with a video tape recorder (VTR), a 70-millimeter
Hasselblad reflex camera (HRC), a 70-millimeter Hasselblad data camera (HDC),

a 35-millimeter Nikon camera (with exposure control), and a 16-millimeter data
acquisition camera (DAC).

The 70-millimeter HDC was usually bracket mounted and could accept both
60-millimeter and 100-millimeter lenses. An intervalometer was used, and the
frequency of frame usage was calculated to provide stereoscopic coverage with
a 60-percent overlap. The HDC was equipped with a reseau plate to improve
geometric accuracy and to allow the construction of controlled photomosaics. In
general, the photographs obtained with the HDC are excellent, with the exceptions
of a few short segments of unplanned photography that were out of focus and one
mapping pass over the northeastern United States in which the wrong lens was
used.

In addition to mapping strips, photographs of approximately 60 observation
sites were made using either the hand-held HRC with the 50- or 250-millimeter lens
or the HDC. However, most of the visual observation targets were photographed
with the HRC. The HRC has a single lens reflex mechanism that allows the astronaut
to see what he is photographing. The crew reported that light loss through the
250-millimeter lens made it difficult to locate the target and to center it within a
frame. However, all photographs taken with this lens are excellent. The 16-
millimeter DAC was used to acquire photographic data over the western Sahara and
to provide a sequential film of color zone transitions in the largest sand sea in the
world.

Real-time television transmissions were also scheduled, and images of the
daylight portion of revolution 124 over the Pacific Ocean were recorded on the VTR.
These color television images of the Earth are potentially capable of providing new
data in poorly studied areas and in areas such as the Pacific Ocean, which is too
vast for conventional oceanographic surveys. They can give scientists an astro-
naut's perspective of target acquisition and tracking and also provide imagery that
can possibly be reformatted for stereographic and radiometric analysis.

Thirteen magazines of color film were used for the scheduled mapping sites
(type SO-242) and observation targets (type SO-368). The SO-368 film was
specially coated with the equivalent of a Wratten 2A filter to improve the color
sensitivity of the film by eliminating the effects of short wavelengths. Two maga-
zines of type 2443 color infrared film were also used to facilitate identification of
features such as volcanic rocks and red tide blooms.
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Visual Observation Aids

The human eye-brain system is similar to a camera in that it has a lens and
an iris, it generates images with good resolution and geometric fidelity (the
resolving power of the unaided human eye is 0.0003 radian or approximately 0.60°
(ref. 10-9)), and it is sensitive to electromagnetic radiation in the visible region.

Under laboratory conditions, the eye is estimated to be able to distinguish 1 X 7. 56
color surfaces, a precision that is 2 to 3 times better than most photoelectric
spectrophotometers (ref. 10-16).

The eye can easily distinguish subtle color variations to a greater extent
than any commercially manufactured film, but the brain cannot recall these after a
given period of time has elapsed. Real-time calibration of desert and water colors
was achieved by the use of a two-sided color wheel composed of carefully selected
Munsell colors (fig. 10-2 and table 10-VI). These colors can be compared to the
photographs to apprise users of the color sensitivity and fidelity of the film.
However, the crew indicated that it was sometimes difficult to make good compari-
sons because variable lighting conditions inside the spacecraft often resulted in
the color wheel being in the shade.

To assist in the acquisition and location of visual observation targets, the
use of 20-power binoculars was originally planned. However, after the crew tested
the binoculars during flyover exercises, a change was made to use a 16-power
monocular. The crew believed the monocular would provide a more convenient
means of checking the eye's resolution and of locating targets. During postmission
evaluation, the astronauts indicated that the usefulness of the spotting scope was
curtailed by the speed with which a target passed outside their field of view.

The principal onboard aid was the "Earth Observations Book." This book
was divided into three major sections. The first section contained (1) a time line
summarizing the visual observation tasks and mapping camera configurations and
(2) a stowage list and a review of operational procedures. Information in the second
section pertained to specific visual observation targets and was arranged according
to site numbers. For each site, there was a summary page with a map showing
revolution groundtracks followed by a page (one for each target) that included
specific questions, appropriate diagrams and photographs, and camera settings.
The last section was a reference appendix that included maps of the distribution of
volcanoes, ocean currents, July cloud cover, etc., and diagrams of various Earth
features such as drainage patterns, ocean phenomena, dune types, and faults.

Flight Planning

Earth observations and photography mission tasks required approximately
12 hours of crew time. These tasks were planned during 24 revolutions and
assigned to specific crewmembers. The task assignments for the mapping sites
and the visual observation targets are listed in table 10-VII.

Planning for the ASTP mission also included simulations of real-time

activities. The Earth observations team participated in three mission simulations
to practice interaction with other Mission Control Center personnel and with the
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crew. These proved to be very useful exercises because the need existed for
verbal communications with the astronauts during the mission. The Earth
observations team supported the mission and was in contact with ground-truth data
collection parties on a 24-hour basis throughout the mission.

RESULTS

Ground-Truth Data

During the real-time operations of the ASTP mission, the largest air, sea,
and ground support team of any manned mission collected ground truth to expedite
the postmission interpretation of orbital observations and photography (fig. 10-3).
This support included the acquisition of metric and multispectral photography by
high-altitude aircraft. Aerial photography was acquired simultaneously during
several ASTP photographic passes to link ground-based studies with Earth-orbital
observations. Ocean research vessels obtained data on sea surface temperatures,
salinity , water color, current directions, and cloud types and heights. On land,
ground-truth teams collected data to support geological, hydrological, and desert
research projects in India, Guatemala, Mexico, the United States, and Egypt. A
summary of the reported support operations follows.

ANZUS Eddy (site 11D).- The Australian ship Bombard, stationed in the
Tasman Sea, surveyed the warm water ANZUS (Australia-New Zealand-United States)
Eddy. Oceanographic data indicated that the nearly circular eddy was 145 to
160 kilometers in diameter with surface temperatures 2° warmer than the sur-
rounding water. Ship personnel also reported a cumulus cloud formation over the
center of the eddy and a number of trawlers fishing for tuna within the eddy.

Caribbean (site 7G).- To support crew observations and photography of
the extent of organic acid outflow from the Orinoco River, the Bellairs Research
Institute of McGill University sponsored three cruises from the island of Barbados
on July 21, 22, and 23. Observations and measurements were made of sea state,
water color, sea surface temperature, salinity, chlorophyll content, cloud cover,
and wind speed and direction.

Egypt (sites 9E and MT) .- For the revolution 71 mapping pass over Egypt,
geologists from the Ain Shams University in Cairo will provide ground-truth data
to be used in support of a photogeological investigation of the Western Desert of
Egypt. Field work will be carried out at Abu Rdwash, Oweinat Mountain, and the
Faiyim, Bahariya, and Faréafra Oases (fig. 10-4). Ground investigations include
detailed mapping, characterization of the structural and topographic setting, and
studies of desert erosion patterns and grain transportation. The major objective is
to use the geological data in verifying color zonation and other features recorded
on the ASTP film.

England (sites 6A and 6B).- The Royal Air Force flew a 3-day sequence
over ocean waters off southern Ireland and England. Expendable bathythermo-
graphs (XBT's) were dropped from the planes to provide data on water temperature
as a function of depth.




Gulf of Mexico (site 5A).- The National Oceanic and Atmospheric Adminis-
tration (NOAA) research vessel Virginia Key made a transect of the Gulf of Mexico
from Miami to the Yucatan peninsula and obtained data on the location of the Gulf
Loop Current. Approximately 20 NOAA ships were also stationed around the
Mississippi River Delta.

New Zealand (site 1).- The Royal New Zealand Air Force flew P-3 airplanes
along the revolution 17 groundtrack starting from East Cape, New Zealand, then
north-northeast over the Pacific Ocean to obtain photographic data and to plot cloud
types and heights. A New Zealand Navy research vessel made a transit along the
same line and acquired oceanographic data, including water temperatures and sound
velocity measurements.

Strait of Gibraltar (sites 9K and 9J).- The U.S. Navy research vessel Kane
obtained oceanographic data along a line paralleling the revolution 73 groundtrack
from the Canary Islands to Spain. These data were obtained to support crew
observations of a current boundary extending north and south off the western coast
of Portugal. The Navy also flew a P-3 aircraft along this line dropping XBT's.

East of the strait in the Mediterranean Sea, the carrier U.S.S. Kennedy obtained
oceanographic and meteorological data.

United States (sites 2A, 4A, 4B, 5B, 5E, and 5F).- Several high-altitude
flights were flown over the United States with a B-57 aircraft based at the NASA
Lyndon B. Johnson Space Center and a U-2 aircraft based at the NASA Ames
Research Center. Metric and multispectral photography was obtained with a metric
RC-10 camera and a multispectral Vinten System A camera. Sensor data are pro-
vided in table 10-VIII. Photographic coverage was acquired over the East Coast
(coastal areas of New York, Massachusetts, and Maine), Florida (coastal areas),
the northwestern United States (Washington, Idaho, and Oregon), and the south-
western United States (from Kingman, Arizona, to Santa Maria, California).

In addition to the aircraft support, ocean research vessels made measure-
ments in the Gulf Stream and along the New England coast. The U.S.S. Preserver
collected data in the Gulf Stream north of Jacksonville, Florida, on the distribution,
size, and velocities of eddies. The ship also released four drifting buoys that had
transmitters to the Nimbus-F satellite. The buoys were positioned about once a day
throughout the mission and provided data on current direction and velocity .

In New England, two Bigelow Laboratory research vessels (the Bigelow
and the Challange) made a traverse of the Gulf of Maine from Portland to the
Bay of Fundy and also southward to Cape Cod. Data were obtained on the size,
shape, and location of red water patches due to toxic phytoplankton and included
measurements of sea surface temperature, salinity, chlorophyll content, and water
color. In addition to the red tide observations off the coast of Maine, support ships
and sampling stations of the Commonwealth of Massachusetts acquired water color,
salinity, and biological content data. A high chlorophyll content in the coastal
waters off New England was reported and was possibly the result of abnormally
heavy rains carrying an increased amount of biota into the sea.
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Mission Data

A total of 11 mapping passes and 60 visual observation sites was scheduled.
Only one mapping pass was canceled (on revolution 15/16) because of problems in
the Flight Plan. Approximately 20 percent of the 100 planned observations of the
60 sites were not performed because of bad weather, making the overall success
measure of the experiment approximately 80 percent. The summary results of the
photographic mapping sites and the visual observation targets are given in
tables 10-IX and 10-X, respectively.

DISCUSSION

The quality of photographic data obtained in previous Earth-orbital surveys
has firmly established their value as basic tools in the evaluation of terrestrial
features and in the reconnaissance of remote locations. Before the ASTP mission,
several types of photographic systems were successfully used in spacecraft. On
the Skylab missions, the Earth resources experiment package included a multi-
spectral array of six cameras (with various film/filter combinations in the visible
and infrared) as well as a high-resolution Earth terrain camera.

Two of the more obvious advantages of such orbital systems over aerial
photography are the large regional coverage and the speed with which data can
be obtained. These advantages facilitate the preparation of base maps because
mosaics of large areas can be rapidly prepared with orbital photographs. The
ASTP planning for visual observations and photography utilized these advantages
to their maximum. For example, several mapping passes were scheduled over
areas where general land surveys (including a classification of terrain, mineral
resources, and land use) are either nonexistent or inadequate. Targets were also
selected for photography in oceans and deserts, where size and inaccessibility
make conventional surveys impractical.

The large regional coverage of orbital photographs also provides a more
efficient method for the observation of large-scale phenomena, such as color tran-
sitions within deserts and ocean currents. Orbital photographs have a greater
perspective and are useful in the study of broad distributions and regional
structure; two examples are major fault zones (such as the San Andreas system
and the Levantine Rift) and snow cover and drainage patterns (as in the Cascade
Mountains). One other advantage is the stability of spacecraft as a platform for
Earth-looking photography. Variations in velocity and attitude are minimal and
flightpaths can be determined with great precision. The following is a discussion
of some of the ASTP tasks and results in the fields of Earth science selected for
emphasis on this mission.

Geology
Geological investigations on the ASTP mission included observations of
major active fault zones, river deltas, volcanoes, and astroblemes (ancient impact

scars). Studies of global tectonic patterns were made by observation and photog-
raphy of some major areas of continental crustal fracturing. One of these areas
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was the Levantine Rift, a fault complex formed as a result of the motion of the
Arabian subplate. The crew was asked to observe the northern extensions of this
rift and to obtain photographs necessary to an understanding of the locations and
mechanisms of displacement. Excellent photographs were obtained of the entire
area (e.g., fig. 10-5). The photographs support the theory that motion of the
Arabian subplate is counterclockwise drift rather than eastward rotation. Astronaut
observations of the area provided additional data:

The one thing I noticed was that if you look at the 9G map
[fig. 10-6], the dotted line on the left up near the end of it,
makes a bend to the left and follows a new tectonic line or
fault which goes along parallel to the Turkish coast. In
other words, the one on the left, number 1, goes up . . . and
then makes a left turn and parallels the Turkish coast. Two
seems to be obscured and it just ends in a lot of jumbled
country up somewhere slightly beyond where the number 2
is, and it seems to end right in this jumbled area. Three, I
could trace clear up to a river which - I'll have to see a map
later. But I could trace the faults out, going rather eastward.
You could see them through the valley silt, clear up to a
river which must be inland in either Syria or Turkey. So
the overall pattern of these is a fan; three going. almost
eastward, and one bending finally to the north, and two
going to the northeast. (CMP)

Photographs of river deltas were also acquired. In the geologic record,
deltaic sediments are often a source of natural gas and oil accumulation; an under-
standing of the growth of deltas might have applications in the future development
of these resources. Several major river deltas were photographed, including the
Orinoco (fig. 10-7), Rhone, Nile (fig. 10-8), Fraser, Danube, and Yellow Rivers.
These photographs will be compared with previous orbital photographs in an effort
to document the rate and direction of growth of modern deltas.

A study was also made of astroblemes, or ancient impact scars, to increase
knowledge of the interaction of the Earth and meteoritic bodies and to locate new
areas for possible economic exploitation. Photography of this type of feature was
obtained in Libya near the Kufra Oasis (fig. 10-9). Resolution was excellent. The
central dome and ghost ring of one known feature, the BP structure, were easily
recognized. Another circular feature, possibly a twin site, was also identified.

Oceanography
In the field of oceanography, a study was made of major ocean features such
as eddies, currents, and internal waves. Because large areas can be rapidly

surveyed, the global view of oceans from space is especially useful. As previously
stated, extensive ground-truth data collection (fig. 10-3) was coordinated with
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photographic passes to aid in postmission data interpretation. Areas of prime
scientific interest include the following.

Area Interest

Coral Sea Interaction of currents with the Great Barrier Reef
Eddies in the Coral Sea

ANZUS Eddy Support of an Australian-New Zealand-United States
oceanographic study of a 200-kilometer-wide eddy
east of Sydney, Australia

Caribbean Sea Ocean currents and their relation to fisheries
Eddies and their relation to the Gulf Stream

Gulf of Mexico Development of the Gulf Loop Current
Eddies and currents in the Yucatan Channel

Mediterranean Sea Observation and photography to support oceano-
graphic study by U.S. Sixth Fleet research team
Effects of reduction of freshwater from the Nile River

Investigations of these features will provide a better understanding of dynamic
ocean phenomena and will have potential applications to trade, shipping, and the
identification of environmental parameters affecting fisheries.

The crewmen remarked that the ease with which oceanographic targets were
discerned was a function of several factors; Sun glitter was identified as the most
influential parameter. For example, the following remarks concerned the visual
identification of internal waves west of the Strait of Gibraltar (fig. 10-10):

I was looking for all these things and suddenly they popped out
within a second right there. Just suddenly when the Sun angle
changed, everything was there, the waves and the boundary were
all there and we just snapped a series on them. But before that,
there was nothing but just solid blue water and then they just
suddenly popped . . . You have to be ready and the Sun angle
has to be just right. And it's there for just a short period of

time and then it's gone. (ACDR)

A study was also made of red tide occurrences off the New England coast.
The crew was informed during the mission that support ships off the coast of Maine
had located a zone of discolored water near the mouth of the Damariscotta River.
This area was observed by the crew, and the DMP later reported:

Per ground request we just shot a few frames here up through
the New England area ending on magazine CX-10 with frame 35.
Trying to pick up the red tide around Boothbay, and we did see
a lot of red coloration in the water there. However, some of it
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looked to me like it was coming out of the river mouths and is
really sediment. And I hesitate to term it red tide. We shot
some pictures; maybe we can psych it out later.

Examination of the returned photographs suggests that the DMP photographed the
area of the Bay of Fundy (fig. 10-11). This area shows the same features that were
expected around Boothbay Harbor, mainly discolored reddish water caused by
sediments from coastal rivers.

To aid oceanographers in the identification and location of ocean features,
the crew was asked to provide the ground-elapsed time (GET) when a target was
observed. However, during the postmission debriefings, the crew indicated that
time was probably insufficient to identify the exact location of an observed ocean
site because they could see such a broad area.

Desert Studies

Deserts occupy nearly one-sixth of the Earth's land masses, but first-order
surveys of most desert regions are inadequate. Size, remoteness, and inaccessi-
bility make conventional aerial surveys impractical and costly. Photographs
acquired from space, however, can provide reliable data that are useful in the
preparation of base maps and in the evaluation of eolian landforms. Orbital images
of large areas can be rapidly acquired for the construction of mosaics and for
distribution analysis of large-scale phenomena such as color variation and sand
dune patterns. As part of the ASTP investigation of deserts and arid lands, visual
observations and photography of the following types of features were scheduled.

Feature Interest

Eolian landforms Dune shape, size, and distribution
Dune patterns and their relation to topography,
wind, moisture, and vegetation

Desert color Color transitions within a homogeneous desert
Comparison of equatorial desert color with that of
high-latitude deserts

Processes of Land use
desertification Evolution of dune patterns and effect on
in the Sahel cultivation

Excellent photographs of deserts in Africa, the Arabian Peninsula, Australia,
and Argentina were acquired. Photography over the Sahara is extensive and
includes two mapping passes over Algeria, Chad, Libya, and Egypt; a strip of
16-millimeter photography over the western Sahara; and numerous hand-held
photographs. This photography will be used in an investigation of eolian geomor-
phology primarily to evolve a classification scheme for deserts in North Africa. In
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addition, a mosaic to be constructed from the mapping photography of Egypt will
be used in a study of the Western Desert of Egypt by a team of geologists from Ain
Shams University, Cairo.

Synoptic photography and astronaut observations also provided valuable
information on desert color. Deserts often contain a significant amount of iron
compounds that, because of weathering, oxidize into red-colored ferrous oxides.
Photography of color zonation within a desert where the sand is derived from the
same source (e.g., fig. 10-12) can be used to determine relative age. The crew
used the color wheel to calibrate variations in the color of North African sand seas.
During photography of the western Sahara with the 16-millimeter DAC, the DMP
made the following observation:

We discovered a large expanse of fairly homogeneous sand desert.
No obvious dune patterns . . . We're now coming to the rocky
volecanic hills of the northeast edge of the big sand desert. Some
very red sand to the north. In fact, it looks almost like a massive
parabolic sand dune, black with red sand behind it. And we're
coming up on a large band of very black barren-looking hills with
great red areas interspersed between them . . . Okay, and at
119: 50, we're coming up into a couple of areas where the dunes
are now a little better defined; they look like old domes. They're
certainly not stars and they're not linear either. And we get
farther into the north, there is a little linear pattern, but it's
mostly of dome appearances, very homogeneous.

Excellent photographs of the Simpson Desert in Australia were also obtained
(e.g., fig. 10-13). Visual observations were made on several passes over the area,
and the crew was able to identify dune patterns and desert color.

We're going over the Simpson Desert right now. And it's just
fantastic. It's got dunes in it, looks like they are very long,

and they look like road tracks, there are so many of them - like
hundreds of parallel road tracks, it's just plain spectacular. (CMP)

Yeah, and the long red streaks are matching about color 10, I
would say on [the color] wheel and some of those long sand
streaks, could have either gone to the 9, between 9 and 10, about
like 9A. (ACDR)

In Argentina, the crew photographed a little-known dune field (fig. 10-14)
and made visual observations of dune shape and the relation of the dune field to
the surrounding topography. The following is an excerpt from the discussion of
this occurrence during the postmission crew debriefings.



ACDR

P

ACDR

Co-1

ACDR

Co-1

ACDR

Co-1

DMP

ACDR

Okay, it's right over the edge of the Andes Mountains . . .
And you could really see how they were crescents; it looked
like occasionally maybe the head of the crescent would wash
out, and it would tend to be a linear one with lineations on
the side. There are all those other little crescents up on
the left. That was the area that you wanted me to look at?

Yes, that's the only one that we thought existed. We didn't
know that there were two dune fields.

I'd remembered that there was some type of linear feature.
There were two rays. One was on this edge down here,
which is nearly linear. But the big thing was those huge
crescents; then something else linear caught my eye. I
see what it is now, those very minor ones in the center
left part of the picture.

This is a particular variety that I haven't seen anywhere
else. I have seen a lot of varieties of this generally
crescentic dune pattern, but nothing where you have
these linear dunes superimposed right on the crescent
and they're oriented in this way. That's totally unlike
anything I have ever seen anywhere else, so this really
is the prize picture as far as desert dune observations
went.

On that little field up there, it's just the way the boundary
was very well defined, as opposed to the other where this
kind fades out into like a dry lake bed.

One of the things that is very obvious is the relationship

between the edge of the alluvial fan and the beginning of

the dune fields; it's very, very sharp. That's not a very
red dune field, is it?

No, it's not.

Does it look about like the ones you see in the southwestern
United States in terms of color?

I would say so. We had a fairly early morning light.
I think it's close. We have early morning light there and

low Sun angles. It didn't have the redness like the
Simpson does or anything like that.

Hydrology

Hydrological investigations included photography of snow cover and drainage

patterns as well as visual observations of glaciers, firn lines, and closed water
basins. Mapping of snowpack distribution is important in the estimation of the
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volume of water reaching drainage systems for use in irrigation and the control of
floods. Targets for snow cover photography included the Cascade Mountains in

the northwestern United States (fig. 10-15), the Andes Mountains in South America,
and the Himalaya Mountains in southern Asia. Coverage of the Cascades and

Andes was acquired; however, the Himalayan photography was not successful
because of cloud cover.

Visual observations of glaciers and firn lines were also scheduled to test
the limits of the eye's resolution. The crew was successful in distinguishing firn
lines and remarked that this was a function of both texture and color. The following
remarks were made during the postmission debriefings.

CMP The best case, I believe, was in the Alberta-British
Columbia area. I very easily saw a firn line on one big
glacier up there.

PI How did you make the distinction? Why do you think
you were able to see that? Because of color or texture?

CMP Texture and color and even shininess, you might say.
Surface texture, I guess.

PI The ice being more gray?
DMP Kind of a gray compared to pure white.

ACDR Yes, it goes from white to gray. And the firn line
wasn't just a straight line; it was kind of jagged. It
wasn't a clear line.

DMP But I thought I could see texture down below it also,
that sort of looked like flow patterns going parallel
with the glaciers.

A study was also made of major lakes including Lake Chad, the Great Salt
Lake, Lake Eyre, and the Caspian Sea. Lake Chad, once one of Africa's largest
lakes, lies in the Sahel region between the savanna land and the sandy desert.
To the northeast, it is bounded by fossil dunes; from the south, tropical rivers
flow into the lake, bringing sediment and freshwater. The rapid decrease in lake
size has been attributed to three factors: the influx of sand from the Sahara, the
accumulation of sediments deposited by inflowing rivers from the south, and the
evaporation of surface waters.

The possibility that Lake Chad might eventually dry up presents a problem
because the southern part of the lake is biologically productive and rich in fish.
The ASTP photography will be compared to Skylab data to determine the rate of
change in the size of Lake Chad. Many more dunes are now visible within the lake
(fig. 10-16).
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The ASTP photography of the Great Salt Lake in the United States will also be
compared to Skylab imagery. Construction of a railroad causeway in 1956 has
essentially divided the lake into two basins. Almost 90 percent of the lake's inflow
now enters the southern half, resulting in a rise in water level and a decrease in
salinity in that half. Conversely, waters in the northern basin have become
oversaturated with salts and minerals. This change in salinity is easily detected
from orbit because the presence of different types of algae has given each half a
different color. These factors have had a serious effect on both the ecology of the
lake region and industrial development.

Meteorology

Meteorological investigations were made in a study of cloud features and
tropical storms. Photography of cloud features includes Bénard cells, Karman
vortices, mountain waves (rotor clouds), atmospheric bow waves in the lee of
islands, and cumulonimbus buildups. The crew also obtained photography of a
developing tropical storm in the Caribbean Sea. The following is an excerpt of
real-time observations over the storm:

It doesn't seem to cover so much area, but it does have a rather
swirling "V'" appearance. I don't see an eye, but I can see where
an eye would be. (CMP)

Photographs and visual observations will help meteorologists develop com-
puter models of hurricanes and tropical storms. Stereophotographs of a dissipating
storm were also taken and will be used in making a three-dimensional stereoscopic
model of the storm to help decipher its "topography." The stereoscopic model in
turn will affect theoretical models of storm development and dissipation. Excellent
photography of thunderstorms was also acquired and will be used in studies of
severe storm development (fig. 10-17).

Unusual photographs of large-scale intersecting cloud streaks were obtained
(fig. 10-18). During postmission debriefings, the crew reported that these features
were too large to be contrails and had a wedge-shaped appearance:

DMP We saw an awful lot of contrails over the North Atlantic
and it's nothing like that. They just don't get that big.

CMP Contrails were lines; these are wedges practically .

QUERY Remember from Skylab, when they took a picture and
they thought it was the hot air coming from a ship going
through a very low scattered deck about like that, and
there was a plume going right across the apparent trend
of the clouds. Do you think that maybe that was this
same thing?

CMP It's a possibility, I suppose, but at the time it looked
natural.
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Environmental Studies

Environmental investigations included photography of sources of atmospheric
and water pollution and potential sites for sea farming. The crew recognized and
observed several different sources of atmospheric pollutants, both manmade and
natural. These sources included volcanic plumes, duststorms in the Sahara and
the U.S.S.R., brush fires in Africa, oil fires in the Middle East, ship trails, and
contrails. Astronaut observations were useful in determining the extent and geo-
graphic locations of these features.

Sources of water pollution include suspended sediments, oil spills, and
organic compounds. The occurrence of two types of water pollution was documented
with photography of the Orinoco River Delta (fig. 10-7). In addition to sediments,
the Orinoco River outflow includes a high concentration of humic compounds that
result in the discoloration of the ocean waters for hundreds of kilometers. The
ASTP information, combined with real-time ground-truth data collection, will allow
a better understanding of this phenomenon and its effect on local fisheries.

In cooperation with the International Maritime Commission, observations
of oil slicks in North Atlantic ship routes were planned, but cloud cover and the
lack of sunglint prevented the acquisition of data. However, observations were
made and photographs were taken of oil slicks in the Mediterranean Sea and the
Persian Gulf.

The crew was also asked to observe and photograph several areas designated
by Jacques Cousteau as potential sites for "sea farming." Three sites were sched-
uled in real time and included the Adriatic Sea, the waters south of Cuba, and the
Strait of Georgia.

CONCLUSIONS

Preparation and execution of the ASTP Earth Observations and Photography
Experiment was a highly rewarding experience. The many hours spent in training
the crew, both in flyover exercises and in the classroom, brought significant
results that attest to the value of man in space flight. The astronauts are enthu-
siastic about their contributions, and the participating scientists have a consider-
able amount of new data to be interpreted and analyzed. This analysis will further
our vistas in numerous fields of Earth science.

From the results of this experiment, several conclusions can be drawn in
regard to the most tangible scientific results and the role of man in space.
Tangible Scientific Results
Evaluation of the scientific return of ASTP observations of the Earth has just
begun. It is difficult, at this stage, to determine the most significant contributions.

The following are only examples of what has been learned in the considered fields
of Earth science.
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Geology .- Although many fault systems were studied from orbit, the obser-
vations and photographs of the Levantine Rift zone are most prominent. Three
major faults were traced to their northernmost extremities where very little was
known about them. These faults appear to branch out in north and northeast
directions. Branching appears to start at a pivot point for the counterclockwise
rotation of the Arabian crustal subplate relative to the African crustal plate. This
indicates that fractures in that zone are not simply the result of a rip-apart motion
but a complex rotation of the entire Arabian peninsula. The results of detailed
mapping of these faults from the ASTP data will add significant insight into the
tectonic regime of the Middle East.

Oceanography .- One of the most significant ASTP findings establishes that
ocean features such as eddies and internal waves are more common than previously
thought. The ASTP crew also established that viewing direction, as well as Sun
angle, is extremely significant in observing internal waves. Viewing conditions
will be thoroughly documented to allow better planning and preparation for similar
activities in the future.

Deserts.- Perhaps the most significant contribution of the experiment is that
the ASTP data will help define (1) relative ages of desert areas based on color and
(2) direction of desert growth using sand dune patterns in North Africa. The
implications of these results, particularly to the African drought problem, include
the ability to distinguish, from photographs, areas of recent desert formation and
to establish the directions of desert growth. Also, two new unique patterns of dune
morphologies were observed: star dunes atop linear dunes in the Gobi Desert and
a fish-scale pattern of dense sand dunes overlain by thin linear dunes in Argentina.

Hydrology .- Snow cover over the Cascade Mountains was photographed on
separate days to permit studies of melt patterns. These photographs will also be
compared to previous images of the same area to establish trends in snow accumu-
lation and melting for hydrological projects.

Meteorology .- The most significant result in the field of meteorology appears
to be the photography of a developing storm northeast of Florida and of a dissipating
storm over the Atlantic Ocean. Stereoscopic models of these storms will be studied
to improve theoretical models of tropical storm development and dissipation.

Environment.- The outflow of the Orinoco River into the Atlantic Ocean was
described, and the observations were documented with photographs. In addition
to sediments, the Orinoco River outflow includes an unusually high concentration of
humic compounds that result in the discoloration of the ocean waters for hundreds
of kilometers. The ASTP information combined with real-time ground-truth data
collection will allow a better understanding of this phenomenon.

Role of Man in Space
From the ASTP experience, the following conclusions may be made.
1. Man in space can help design instruments or film to be used on unmanned

probes. An example is the use of a color wheel to establish the actual range of
visible colors of deserts and oceans.
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2. A trained observer is probably essential to the study of features and
phenomena characterized by transient visibility. An example is internal waves
that are visible only under very restricted conditions.

3. An observer in orbit can make immediate interpretations that significantly
contribute to solving the problem under investigation; for example, the explanation
of the tectonic setting of the Levantine Rift area.

4. A human observer is essential if the purpose of the study is to explore the
unknown. A trained observer will scan an entire region and select targets for
photography that will draw attention to the significant aspects.

5. From the information learned about deserts on this mission, it is concluded
that much more can yet be attained from orbital surveys in this field. Desert study
will also be important in comparative planetological studies; many of the features
of Mars are similar to those of the Earth's deserts.

6. Earth observations and photography tasks require a flexible platform
where viewing angles and interior lighting conditions can be controlled. The design
of instrumentation should allow control of imaging systems by the observer.

7. For the successful performance of Earth observations tasks, the observer

must be well prepared and well trained. The exercise must be pursued systemat-
ically; otherwise, significant features and phenomena may be overlooked.
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TABLE 10-1.- EARTH OBSERVATIONS TEAM

Name

Discipline

Affiliation

J. R. Apel

5 PR Barnesa

P. G. Black®
G. Borstad
C. S. Breed?
N. S. Brill

w. J. Campbella
R. Citron

J. Cousteau

R. Dietz®

L. Dunkelman
F. El-Baz”

G. Ewing

R. K. Holz

W. A. Hovis

R. C. Junghans
J. L. Kaltenbach
W. B. Lenoir
N. H. MacLeod
G. A. Maul®
M. C. McEwen
E. D. McKee?
S. McLafferty

D. A. Mitchell
J. A. Murphy

W. R. Muehlberger®

Oceanography

Snow mapping

Meteorology

Oceanography

Deserts

Red tide

Hydrology

Short-lived phenomena
Sea farming

Marine geology

Atmosphere

General
Oceanography
Demography
Oceanography
Environment

Skylab results

‘Skylab results

Deserts and Agriculture
Oceanography

Skylab results

Deserts

General

General

General

Geology

National Oceanic and Atmospheric
Administration (NOAA)

Environmental Research and Tech-
nology, Inc.

NOAA

Bellairs Research Institute, McGill
University, Canada

Museum of North Arizona and U.S.
Geological Survey (USGS)

Commonwealth of Massachusetts
University of Puget Sound
Smithsonian Institution
Cousteau Society

NOAA

University of Arizona and Goddard
Space Flight Center (GSFC)

Smithsonian Institution

Woods Hole Oceanographic Institute
University of Texas at Austin
GSFC

NOAA

Lyndon B. Johnson Space Center (JSC)
Jsc

American University

NOAA

JSc

USGS

Smithsonian Institution

Smithsonian Institution

Smithsonian Institution

University of Texas at Austin

aCo—Investigator :

Principal Investigator.
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TABLE 10-1.- Concluded

Name Discipline Affiliation

K. M. Nagler Weather patterns NOAA

D. K. Odell Oceanography University of Miami

D. M. Pirie Oceanography Army Corps of Engineers, California

P. R. Pisharotya Hydrology Indian Space Research Organization
(ISRO), India

D. E. Pitts Color Science University of Houston

R. O. Ramseier Hydrology Department of the Environment,
Canada

J. W. Sherman Meteorology NOAA

L. T. Silver® Geology California Institute of Technology

R. E. Stevenson® Oceanography Scripps Institute of Oceanography

F. M. Suliman Deserts College of Education, Qatar

G. A. Swann Geology USGS

V. R. Wilmarth Skylab results JsC

R. Wolfe General Smithsonian Institution

S. P. Vonder Haar Oceanography University of Southern California

C. Yentsch?® Red tide Bigelow Laboratory, Maine

M. Youssef Deserts Ain Shams University, Egypt
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TABLE 10-II.- PHOTOGRAPHIC MAPPING SITES

Site

Name

Objective

M1

M2

M3

M4

M6

M7

M8

M9

M10

M11

Gulf Stream

New Zealand

Southern California

Himalaya Mountains

Arabian Desert

Australia

African drought

Falkland Current

Sahara

Northern California

New England

The Gulf Loop Current and the Gulf Stream
from eastern Florida to its confluence with
the Labrador Current

The Alpine Fault in South Island and the
coastal waters between the two islands and
north of North Island

Coastal waters off California, the San
Andreas Fault system, and the Mohave
Desert

Ocean features in the Indian Ocean and
Arabian Sea, the flood plain of the Indus
River, drainage patterns, and snow cover
in the Himalayas

The Afar Triangle, dune patterns in Ar-Rub
Al-Khali, and coastal processes at Doha,
Qatar

Dune patterns and erosional features in the
Simpson Desert, the Great Barrier Reef,
and eddies in the Coral Sea

Vegetation and land use patterns in the Sahel,
desert colors in northeastern Africa, the
Nile River Delta, and the Levantine Rift

The Falkland Current and its confluence
with the Brazil Current east of South
America

Vegetation and land use patterns in the Sahel,
desert colors and dune patterns in the
Sahara, and the coastal waters off Tripoli

Coastal waters off northern California and
subsystems of the San Andreas Fault

Eddies and gyres in the Gulf of Mexico, the
Mississippi River Delta, Chesapeake Bay,
and coastal waters off New England
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TABLE 10-III. - VISUAL OBSERVATION TARGETS

Site no. Target Site no. Target
1 New Zealand 8 Southern South America
8A Falkland Current
2 Southwestern United States 8B Chilean Andes
8C Dune field
2A  Southern California 8D Parané River
2B Baja California 8E Circular structures
2C California Current
2D Great Salt Lake
2E Guadalajara 9 Africa and Europe
9A Afar Triangle
3 Weather Belt 9B Arabian Peninsula
9C Guinea Current
3A Cloud features 9D Desert colors
3B Tropical storms 9E Oweinat Mountain
3C Hawaii 9F Nile Delta
3D Kuroshio Current 9G Levantine Rift
9H Niger River Delta
91 Algerian Desert
S Northern North America 9J Tripoli
9K Strait of Gibraltar
4A Snow peaks 9L Alps
4B Puget Sound 9M Danube Delta
4C Superior iron 9N Anatolian Fault
4D Sudbury nickel 90 Volcanics
9P Bioluminescence
5 Eastern North America
10 Africa and India
5A Gulf of Mexico
5B Gulf Stream 10A Great Dike
5C Labrador Current 10B Somali Current
5D Central American 10C Arabian Sea
structures 10D Himalaya Mountains
5E Florida red tide 10E Takla Makan Desert
5F New England red tide
5G Chesapeake Bay
11 Australia
6 Northern Atlantic 11A Playas
11B Coral Sea
6A Oil slicks 11C Simpson Desert
6B London 11D ANZUS Eddy
7 Northern South America 12 Antarctican ice
7A Humboldt Current 12A Icebergs
7B Nazca Plain
7C Internal waves
7D Peruvian desert
7E Orinoco River Delta
7F Galapagos Islands
7G Caribbean Sea
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TABLE 10-IV.- CLASSROOM TRAINING

Date Subject Lecturer
Aug. 5, 1974 | Plan for Earth observations F. El-Baz
and photography
Aug. 16 Global tectonics and astroblemes R. Dietz
Oct. 10 Background, terminology, and S. P. Vonder Haar
Skylab 4 results (oceanography)
Oct. 18 Snow and ice J. C. Barnes,
W. J. Campbell, and
R. O. Ramseier
Nov. 6 Southwest U.S. tectonics L. T. Silver
Site selection procedures F. El-Baz
Nov. 15 Ocean currents and eddies G. A. Maul
Sites for observation R. E. Stevenson and
G. Ewing
Dec. 3 African rift system and Central W. R. Muehlberger
America
Dec. 20 Deserts and sand dune patterns E. D. McKee and
C. S. Breed
Jan. 7, 1975 Cloud features and tropical P. G. Black
storms
Jan. 31 Groundtracks and sites F. El-Baz
Mar. 5 Onboard site book F. El-Baz
Mar. 18 Visual observation sites F. El-Baz
Mar. 19 Ocean observation tasks Oceanography Team
Apr. 1 Groundtracks and sites F. El-Baz
Apr. 9 Groundtracks and sites F. El-Baz
May 20 Review of observation tasks F. El-Baz
June 2 Review of observation tasks F. El-Baz
June 20 Review of observation tasks F. El-Baz
July 8 Review of observation tasks F. El-Baz
July 13 Review of observation tasks F. El-Baz
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TABLE 10-V.- FLYOVER EXERCISES

Flyover

Observation targets

Houston to Los Angeles

Texas coastal plain

Karst topography

Basin and range topography
Volcanic features

Sonora and Mohave Deserts (site 2A)
San Andreas Fault system (site 2A)

California San Andreas Fault (site 2A)

Garlock Fault (site 2A)

Desert varnished hills (site 2A)

Sand dunes in the Algodones Desert

Ocean features in waters off California (site 2A)
Gulf Coast Coastal sediments

Mississippi River Delta

Gulf Loop Current (site 5A)

Red tide off the western coast of Florida (site 5E)
Florida Gulf Stream (site 5B)

Red tide (site 5E)
East Coast Gulf Stream (site 5B)

Sediment and pollution in Chesapeake Bay (site 5G)
Internal waves

Sand dunes on Cape Cod

Red tide off Massachusetts and Maine (site 5F)

Southwestern United States

Dune patterns at White Sands and Great Sand
Dunes National Monuments

Circular structures in the San Juan Mountains

Copper mines

Northwestern United States

Fault systems in northern California (site 2C)

Metamorphic foothills of the Sierra Nevadas
(site 2C)

Snow-covered peaks in Washington (site 4A)

Blue Glacier and Southern Cascades Glacier

Sediments in Puget Sound
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TABLE 10-VI.- MUNSELL COLOR DESIGNATIONS®

OF THE ASTP COLOR WHEEL

Color Desert colorsb Color Ocean colors®
wheel no. wheel no.
A B A B

1 2.5R 6/6 2.5R 17/8 28 10BG 4/4 10BG 5/6
2 2.5R 5/8 2.5R 6/10 29 10BG 5/4 10BG 6/6
3 5R 4/10 5R 5/12 30 10BG 6/4 10BG 7/6
4 5R 5/8 5R 6/10 31 2.5B 6/6 2.5B 17/8
5 5R 6/6 5R 7/8 32 2.5B 5/6 2.5B 6/8
6 7.5R 6/6 7.5R 6/8 33 2.5B 4/6 2.5B 5/8
7 7.5R 5/8 7.5R 6/10 34 5B 4/4 5B 5/6
8 7.5R 4/10 7.5R 5/12 35 5B 5/4 5B 6/6
B 10R 4/8 10R 5/10 36 5B 6/4 5B 7/6
10 10R 5/6 10R 6/8 37 7.5B 6/6 7.5B 17/8
11 10R 6/4 10R 7/6 38 7.5B 5/6 7.5B 6/8
12 2.5YR 7/6 2.5YR 8/8 39 7.5B 4/6 7.5B 5/8
13 2.5YR 6/8 2.5YR 7/10 40 10B 4/8 10B 5/10
14 2.5YR 6/10 2.5YR 6/12 41 10B 5/6 10B 5/8
15 5YR 5/8 5YR 6/10 42 10B 6/6 10B 6/8
16 5YR 6/6 5YR 7/8 43 2.5PB 5/6 2.5PB 6/8
17 7.5YR 6/6 7.5YR 7/8 44 2.5PB 4/6 2.5PB 5/8
18 7.5YR 5/8 7.5YR 6/10 45 2.5PB 3/6 2.5PB 4/8
19 10YR 5/6 10YR 6/10 46 5PB 3/8 5PB 4/10
20 10YR 6/6 10YR 7/8 47 5PB 4/8 5PB 5/10
21 10YR 7/4 10YR 8/6 48 5PB 5/6 5PB 6/8
22 2.5Y 8/6 2.5Y 8.5/6 49 7.5PB 5/8 7.5PB 6/10
23 2.5Y 8/4 2.5Y 17/4 50 7.5PB 4/10 7.5PB 5/12
24 7.5YR 8/4 7.5YR 7/4 51 7.5PB 3/10 7.5PB 4/12
25 2.5YR 8/4 2.5YR 7/4 52 5P 2.5/4 5P 3/10
26 7.5R 8/4 7.5R 7/4 53 5RP 2.5/4 5RP 3/6
27 2.5R 8/4 2.5R 17/4 54 5R 2.5/4 5R 3/4

8Each designation indicates hue, value, and chroma in the form H V/C. Hue is
divided into 10 groups (red, yellow-red, yellow, green-yellow, green, blue-green,
blue, purple-blue, purple, and red-purple); each group is further subdivided by use
of numerals (2.5, 5, 7.5, and 10 for the ASTP color wheel). Value is specified on
a numerical scale from 1 (black) to 10 (white). Chroma is indicated numerically
from 0 to 12 (for the ASTP color wheel).

b
CSee fig

See fig. 10-2(a).
. 10-2 ().
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TABLE 10-VII.- MISSION TASK ASSIGNMENTS

Revolution Mapping tasks Visual observation tasks
Site Crewmember Site Crewmember
(a) (a)
15 M1 ACDR 5A, 5B, 5C DMP
i M2, M3 DMP 12A, 1, 3A, 2A, 4C, 5C CMP
39 M4 DMP 10A, 10B, 10C, 10D, 10E DMP
40 M5 DMP 9A, 9B DMP
42 8A, 3A, 9H, 9I, 9J DMP
45 5D, 5A, 5E, 5F, 5C DMP
46 2E, 4D CMP
64 M6 ACDR 11C, 11B, 3A CMP
71 M7 DMP 9C, 9D, 9E, 9F, 9G CMP
72 M8, M9 ACDR 12, 8A, PoH, Por, Pos DMP
73 3A, 9K, 9L ACDR
74 7B, 7C, 6A, 6B ACDR
78 3C, 4A DMP
79 11A, 11B, 3A DMP
88 8B, 8C, 8D, 8E, 3A, 9K, 9L ACDR
90 5D, 5A, 5E, 5G, 5F, 5C, 6A, 9P DMP
104 7A, ™D, TE ACDR
106 3B, 2B, 2E, 4D CMP
107 M10 CMP 2C, 2D CMP
108 3C, 4B CMP
123 11D DMP
124 4A, 4C, 4D CMP
134 7F, 7G, 6A, 6B, 9M, 9N, 9P ACDR
135 M11 DMP 3B, 5A, 5G, 5F, 6A, 9L, 90, 9P CMP

8ACDR, Apollo commander; DMP, docking module

bpac.
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TABLE

10-VIII.- AIRCRAFT SUPPORT SENSOR DATA

Sensor type | Lens focal length, Film type Filtration Spectral band, Percent of
cm (@(in.) nm overlap
Vinten 4.45 (1.75) Panatomic-X, Schott GG 475 to 575 60
3400 475 and
Schott BG 18
Vinten 4.45 (1.75) Panatomic-X, Schott OG 580 to 680 60
3400 570 and
Schott BG 38
Vinten 4.45 (1.75) Infrared Schott RG 690 to 760 60
Aerographic, 645 and
2424 Corning 9830
Vinten 4.45 (1.75) Aerochrome Wratten 12 510 to 900 60
Infrared,
2443
RC-10 15.24 (6) Aerial color, 2.2AV 400 to 700 60
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TABLE 10-IX.- PHOTOGRAPHIC MAPPING RESULTS

Mapping pass

Description

Remarks

M1 Gulf Stream

Fracture pattern of a micro-
crustal plate that includes
the Yucatén Peninsula

Eddies and currents in the
Yucatan Channel

Red tide off western coast of
Florida

Eddies and gyres of Gulf
Stream

Mapping camera photography was canceled on
revolution 15/16 because of Flight Plan
problems.

M2 New Zealand

Photography of Alpine Fault
Internal waves
Plankton blooms

Eddies in South Pacific

Alpine Fault photography was not successful
because of cloud cover; however, all other
objectives were achieved.

M3 Southern California

Ocean water color
Red tide off coast of California

Subsystems of San Andreas
Fault

Desert colors and processes
in the Mohave Desert

The ocean part of the mapping strip was partly
cloudy; excellent photography was obtained
of the land part.




T€-0T

TABLE 10-IX.- Continued

Mapping pass

Description

Remarks

M4

Himalaya Mountains

Shoreline processes at Zambezi
River Delta margin

Sediment plumes in Somali Current
Ocean currents in Arabian Sea
Flood plains of the Indus River

Drainage patterns of foothills of
Himalayas

Photography of snow cover

Excellent photography was acquired over the
Indian Ocean and Arabian Sea; however, most
of India (and particularly the Himalayas) was
completely cloud covered.

M5

Arabian Desert

Afar Triangle
Structures on border of Red Sea rift
Dune patterns in Ar-Rub Al-Khali

Coastal processes at Doha, Qatar

Scattered clouds covered the western part of
the Afar Triangle, but the weather was clear
from eastern Afar to Qatar and good photog-
raphy was acquired. ’

M6

Australia

Playas in the Lake Eyre region
Dune patterns in Simpson Desert
Great Barrier Reef

Eddies in the Coral Sea

The weather was good all along the revolution
64 groundtrack, and excellent photographs of
Australia and the Coral Sea were obtained.
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TABLE-10-1X.- Continued

Mapping pass

Description

Remarks

M7 African drought Guinea Current Photography of the Guinea Current was not suc-
cessful because of cloud cover; however, the
Lake Chad region, vegetation and weather was clear from Lake Chad to the
land use patterns Levantine Rift and excellent photographs were
obtained.
Desert colors in northeastern Africa
Sand dune patterns and their rela-
tion to vegetation and wind
Nile River Delta
Levantine Rift: structures of Golan
Heights and southern Turkey
M8 Falkland Current Continental-shelf waters The spacecraft attitude for this pass was not
nominal and resulted in oblique photography
Falkland Current and its relation- with the horizon occupying much of the frames.
ship to fisheries
M9 Sahara Niger River Delta: dune patterns South of the Niger River Delta, cloud cover ob-

and land use of the Inland Delta
for comparison with Skylab data
on the Sahel

Desert color and relation to age

Desert dunes and their relation to
topography, moisture, and
vegetation

Coastal processes at Tripoli

Eddies in waters between Tripoli
and Sicily

scured much of the terrain, but the weather
was clear north of the delta. Photographs of
the Sahara are slightly overexposed, but those
over the land-water interface at Tripoli are
excellent.
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