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TECHNICAL MEMORANDUM X-64880
MSFC SKYLAB KOHOUTEK PROJECT REPORT
SECTION 1. SUMMARY

The Comet Kohoutek's (1973f) appearance and orbital trajectory
provided NASA with a unique opportunity to perform an observing program
on the Skylab SL-4 mission. Due to the optimistic premission comet
brightness predictions and the comet trajectory being extremely compati-
ble with the SL-4 orbit for viewing, NASA initiated a study to ascertain
the feasibility of viewing the comet with Skylab Experiments. The study
proved to be extremely practical and subsequently the comet was observed
on over one hundred occasions by thirteen Skylab experiments in spectral
bands from x-rays, through ultraviolet and visible bands. Observations
- were performed: by corollary experiments through the scientific airlock
(SAL); by handheld photography (HH); during extravehicular activity (EVA)
and by the Apollo Telescope Mount (ATM) experiments.

The observation program ran from November 25, 1973, to February
2, 1974, and should provide evolutionary comet data during its most
active period. The comet's perihelion, or closest approach to the sun,
occurred on December 28, 1973. The data taken by Skylab experiments
provided minimum-atmosphere photography and is hoped will yield never-
before-obtained ultraviolet spectrum data on a comet. Observations
performed during the mission very closely approached premission desires,
modified only by the difference in actual versus predicted comet bright-
ness.

It is expected that the Skylab data will provide engineers and
scientists with both useful design and scientific data to aid in the
development of future cometary research. Skylab experiment results may
be applied to anticipated fly-by and rendezvous missions to comets in
the future. '



SECTION II. INTRODUCTION

This report describes the utilization of various Skylab experi-
ments which viewed the Comet Kohoutek, 1973f. The Comet Kohoutek was
discovered by the Czechoslovakian astronomer, Dr. Lubos Kohoutek, while
examining photographic plates taken in early March, 1973, at the Hamburg
Observatory in West Germany. The early discovery of this comet, approxi-
mately nine months before perihelion, was unprecedented and allowed suf-
ficient time for large-scale, coordinated planning of observational pro-
grams. The early brightness predictions were extremely encouraging in
terms of the comet becoming eventually detectable to a wide range of
scientific instruments. The fact that Kohoutek also appeared to be a
"new" comet, i.e., one that had never before ventured into the inner
solar system, indicated the possibility of this being an excellent
opportunity to study the primordial nature of comets and to increase
our knowledge of the nature and origin of the solar system.

Shortly after the discovery of the comet, the National Aero-
nautics and Space Administration (NASA) established Qperation Kohoutek
for the purpose of coordinating the study of Kohoutek with all possible
means, i.e., spacecraft--manned and unmanned, rockets, balloons, air-
craft, and ground observatories. Because the comet's orbit would come
so near the sun and should be readily observable during the Skylad 4
(SL-4) mission time frame, Skylab Principal Investigators and the Office
of Space Sciences in NASA Headquarters requested that the Skylab instru-
ments and crew carry out a new and extensive observational program.

In July, 1973, the Skylab Program Director asked the Marshall
Space Flight Center (MSFC) to take the lead in performing a compatibility
study -to determine if the Skylab vehicle would be capable of supporting
Operation Kohoutek with a comet viewing program. The study was conducted
based on the use of 13 experiments. Eleven of the experiments were al-
ready onboard Skylab, and two were new candidates (S20l, the Far UV
Electronographic Camera, and S233, Kohoutek Photometric Photography).

Skylab 4 (SL-4) was the third mission by a three man crew.
The astronauts were Commander Gerald Carr, Science Pilot Edward Gibson,
and Pilot William Pogue. The mission began on November 16, 1973, and
ended February 8, 1974.

Included in the report are the Kohoutek Viewing Program Summary,
discussion of premission experiment selection, definition of viewing
constraints, descriptions of required vehicle maneuvers and descriptions
of each experiment and its observations. Detailed evaluations of the



cxperiment hardware are covered in the references. Appendixes are:
Appendix A, Skylab 4 Crew Comments on Kohoutek; Appendix B, Comet |
Kohoutek Science Conferences with the Crew; Appendix C, Astronauts

Description of Comet Viewing Experiments; Appendix D, Comet Orbitzl
Parameters.

The Comet Kohoutek was viewed by selected Skylab experiments as
identified in table I. The total numbers of actual performances com-
pared to the premission Mission Requirements Document (MRD) are listed
in table I. A Kohoutek Viewing Program summary listing the experiments
and the days on which they were performed is given in figure 1.

SAL observations began on November 25, 1973, and ended on
February 2, 1974. The ATM experiments were less sensitive, since
they were designed to look directly at the sun. ATM observations
were thereby constrained to occur between December 14, 1973, and
and January 6, 1974.

Subsequent paragraphs discuss the premission considerations
that were made to select these experiments for comet viewing, including
both hardware and cometary parameters. All dates and times referred
to in subsequent paragraphs are Greenwhich Mean Time (GMT).



TABLE I.

EXPERTIMENT PERFORMANCE SUMMARY

EXPERIMENT PERFORMANCE MINTMUM BASELINED ACTUAL
LOCATION PER MRD PER MRD
N

S019 SAL 7 20 13
UV Stellar Astronomy
S063 SAL 7 21 14
UV Airglow Horizon and
Photography Hand Held Target of Opportunity 8
S073 SAL 1 1 1
Gegenschein/Zodiacal . :
Light _
5183
Ultraviolet Panorama SAL 7 13 6
5201 SAL and ATM
Far UV Electrono- Truss during EVA . 8 15 14
graphic Camera
5233 Hand Held 34 72 69
Kohoutek Photometric MDA and CM
Photography
TO025 AM Truss 1 2 2
Coronagraph during EVA
Contamination
Measurements
5052 ATM *49/13 51/15 49/13
White Light
Coronagraph
S054 ATM *49/13 51/15 49/13
X-Ray Spectrographic
Telescope
5055 ATM *49/13 51/15 49/13
UV Scanning
Polychromator
Spectroheliometer
5056 XUV and ATM *49/13 51/15 49/13
X-Ray Telescope
S082A ATM *49/13 51/15 49/13
XUV Spectroheliograph
s5082p ATM *49/13 51/15 49/13
Ultraviolet
Spectrography

*Number of orbits/number of observing days.

4
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SECTION III. PREMISSION EXPERIMENT SELECTION

Realizing the unique opportunity to observe a new comet from
above the atmosphere, the Skylab Program Director requested the MSFC
ard Lyndon B, Johnson Space Center (JSC) to perform a compatibility
assessment for conducting an observing program of the comet on SL-4,
using existing instruments in orbit or with other instruments that
could be available in time to be carried to Skylab by the SL-4 crew.

The comet's position relative to the Sun would be constantly
changing (see figure 2 for comet orbit and Appendix D for detailed
orbital parameters)., Therefore a compatibility assessment would need
to determine the Skylab instruments' capabilities for observing the
comet at different angles from the sun, at different brightness levels
and with differing available exposure times. Then the capability of
the vehicle and crew to utilize thosc instruments in the required time
frames would have to be determined. Finally an assessment of the
Command Module (CM) logistics capability to carry up new instruments,
filters, films, etc., would be investigated., The following paragraphs
describe the major constraints and tradeoffs, and discuss the general
conclusions of the assessments.

A, Existing Experiment Hardware

All the Skylab instruments capable of recording images or
electromagnetic spectra were used to make comet observations, except
for the earth resources experiment package (EREP) instruments and some
handheld cameras. The EREP imaging cameras' bandpasses covered white
light and near infrared portions of the spectrum, but at a lower
resolution than recorded by ground observatories. The electronic
detectors were also limited in sensitivity and resolution for this
application, In addition, the EREP hardware was mounted on the anti-
solar side of the vehicle and using it would have required maneuvering
the vehicle almost 180 degrees and would have put the vehicle in an
undegirable oricntation. In vicw of these considerations, the EREP
instruments were not used to observe the comet,

There were five instruments designed to be operated through
the Scientific Airlocks (SAL) that were capable of taking scientific
data on the comet: S019, S063, S073, S183, and T025., However, only
the anti-solar SAL was available for use; the Solar SAL was blocked by
the parasol. Therefore the direction of sight by these instruments
had to be changed up to 180 degrees, depending upon the location of
the comet, The S019 Articulated Mirror System (AMS) was used to
acquire a 90 degree angle. Rolling of the vehicle about the longi-
tudinal axis accomplished the remainder of the line-of-sight change.
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The instrument characteristics are shown in table IL. The scientific
objectives were established, based on the instruments' known charac-
teristics and the observation opportunities, as shown in table III.

ATM use for comet observation required maneuvering the vehicle
to point the instrument at the comet instead of at the sun. The ATM
instruments were assessed to determine their potential usefulness to
observe the comet. The instrument'’s characteristics are shown in table
IV and their primary scientific objectives are shown in table V.

B. New Experiment Hardware

5201, Far UV Electronographic Camera, developed for and flown
on the Apollo Program, was flown on SL-4 to measure the size and growth
of the hydrogen halo and the atomic oxygen distribution.

S233, Kohoutek Photometric Photography; was selected to obtain
a series of visible light handheld photographs suitable for photometry
and to provide a synoptic history of the comet.






