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FOREWORD

This compilation of papers constitutes an interim report on the
results of experiments conducted during the Gemini manned space
flight. The results of experiments conducted on earlier flights have
been published in similar interim reports which are available on request
from the MSC Experiments Program Office, Houston, Texas (Code EX).

Seven experiments were scheduled on this mission. Four were
designed to obtain basic scientific knowledge, one was medical in nature,
and two were of technological import. Four of the experiments had been
flown on previous flights; three were scheduled for the first time. The
results of the experiments are presented in the following papers with
comments on the effects of the unforeseen fatigue factors of extra-
vehicular activity and the limitations incurred by the failure of the
augmented target-docking adapter shroud to jettison.

It should be noted that this report is published to provide an
early report and quick dissemination of Gemini IX experiment results,
even though some of the results are tentative and incomplete. Some
data have not been analyzed, and some experiments depend on a summation
of data from other flights with the data from this flight. The purpose
of this report, as stated, is to provide interim information. :
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1. EXPERTMENT S-1, ZODIACAL LIGHT PHOTOGRAPHY

By E. P. Ney, Ph. D., and W. ¥, Huch, Ph. D.
University of Minnesota

OBJECTIVES

The purpose of Experiment S-1, Zodiacal Light Photography, was to
obtain 30-second exposures at f/l of several objects of astronomical
interest. These include the airglow (viewed in profile from above),
the zodiacal light, and the Milky Way.

EQUIPMENT

The camera was designed to view a wide-angle field (approximately
50° by 130°). Mechanically, it was the same kind of camera as the one
flown on the Gemini V and Gemini VIII missions. The exposure sequence
was automatic, and it alternated 30-second exposures with 10-second
off-periods. During the off-periods, thrusters could be fired without
exposing the film. The film was 35-mm black and white with a speed of
L00 ASA.

PROCEDURE

The original flight plan called for the camera to be handheld dur-
ing extravehicular activity and to be used on the nightside pass just
before ingress., However, because of the visor fogging difficulties,
the extravehicular operation of the camera was abandoned. Subsequently,
the crew carried out the experiment from inside the spacecraft, photo-
graphing through the pilot's window. The pilot held the camera ih the
window during the exposures, sighting past the camera and directing the
command pilot to maneuver to the appropriate positicn. The pilot turned
the camera off between successive exposures. The astrcnomical objects
were not in the command pilct's view, and his role was tc null the space-~
craft rates,



RESULTS

The procedure adopted by the crew resulted in obtaining 17 very
good photographs. They are listed as follows:

Exposure number Orientation Object
1 North Horizon airglow
2, 3 West Horizon airglow
L, 5 South Horizon airglow

and aurora

6, T East Horizon airglow
8, 9, 10, 11 Northeast Milky Way
12, 13, 14 East Horizon airglow
15, 16, 17 Eost Airglow, zodiacal

light, twilight

Exposure 9 is shown in figure 1-1. This figure is a copy of a
photograph of the Milky Way with Cygnus in the center. The airglow
layer shows to the right of the spacecraft. The bright spot at the
upper right was caused by moonlight. Exposure 15 is shown in fig-
ure 1-2. This figure is a copy of an overexposed print to emphasize
the zodiacal light, airglow, and stars.

CONCLUDING REMARKS
The negatives are being studied using an isodensitracer to produce

intensity isophotes. The following data will be obtained:

(1) Intensity distribution of the zodiacal light, both morning
and evening

(2) The height and intensity of the airglow at variocus geographic
positions

(3) Intensity distribution of the Milky Way in the region of the
sky near Cygnus.
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In addition, a previously unreported phenomenon was discovered.
This phenomenon appears as an upward extension of the normal
90-kilometer airglow layer. The extension is in the fcrm of wisps or
plumes about 5° wide and extending upward about 5°, The plumes appear
in the east and are almost certainly not due to aurora. The phenomenon
is believed to be truly in the sky, but a number of tests will be made
to determine this point.

The experiment is considered an unqualified success, and the crew
must be given credit for making an excellent program for the experiment
after the extravehicular performance was terminated.
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2. EXPERIMENT S-10, AGENA MICROMETEORITE COLLECTION '

By Curtis L. Hemenway, Ph. D.
Dudley Observatory

OBJECTIVE

The S-10 experiment was designed to provide, with a 2- to L-month
space exposure, the following data:

(1) Micrometeorite cratering effects on selected highly polished
surfaces !

(2) Collection of small micrometeorites at orbital altitudes by
various thin films and soft plastics

(3) Lethal effects of the space environment on selected micro-
organisms.

EQUIPMENT

The 5-10 micrometeorite collector is illustrated in figure 2-1.
The four outer cratering surfaces are visible on the top of the unit.
The hardware measures 5-1/2 by 6-1/4 by 1 inches and weighs approxi-
mately 4 pounds loaded for flight. The surfaces are of highly polished
stainless steel with six small circular depressions cut in one plate for
seeding and space exposure of micro-organisms. The micro-organisms
l—bacteriophage, Penicillium

roqueforti spores, and Bacillus stearcthermophilus spores. The experi-
ment hardwere was located on the target-docking adapter (TDA) of the
target vehicle =< shown in figure 2-2.

PROCEDURE

The loaded experiment hardware was hand-carried to Kennedy Space
Center and mounted on the TDA at approximately T-24 hours. The pro-
tective plastic-film cover was removed at T-6 hours, just prior to
removal of the access tower. After launch, the Atlas vehicle malfunc-
tioned, and the Agena target vehicle did not achieve orbit. The experi-
ment hardware was, therefore, lost.



Another S$-10 unit was prepared, hand-carried to Kennedy Space
Center, and mounted on the augmented target-docking adapter (ATDA) for
the Gemini IX-A mission. The unit was mounted at T-24 hours and the
protective cover was removed at T-6 hours.

After completion of the rendezvous maneuver, it was determined
that extravehicular activity to the ATDA would not be possible because
of the failure of the ATDA shroud to jettison. Figure 3-3 is an in-
flight photo showing the 8-10 unit in place on the ATDA.

RESULTS

The outer surfaces visible on the $-10 unit in figure 2-3 appear
to be in good condition. However, since they could not be returned
for study, no results were obtained from the 5-10 experiment during
Gemini IX,.
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5. EXPERIMENT S-11, AIRGLOW‘HORIZON PHOTOGRAPHY

By M. J. Koomen and R. T. Seal, Jr.
U.S. Naval Research Laboratory

SUMMARY

Forty photographs of night airglow and four photographs of twilight
airglow were obtained on June 4, 1966, from the window of the spacecraft
during the Gemini IX mission. An f/O.95, 50-mm focal length camera was
optically filtered to photograph airglows in visible bands centered at
5577 § ana 5893 K, where prominent airglow emissions occur due to atomic
oxygen and atomic sodium, respectively. Filter combinations with broader
spectral coverage were also used. Exposure times were between 2 and
20 seconds, and fine-pointing of the camera was required during expo-
sure. An illuminated camera sight and an adjustable camera mount were
used. The photographs show variations in the altitude and intensity of
the airglow emissions. Data reduction is still in progress.

OBJECTIVE

Experiment S-11, Airglow Horizon Photography, was designed to
study the night airglow which lies in a thin layer 70 to 100 kilometers
(L0 to 60 miles) above the earth. Although the surface brightness is
low when one looks through this layer from below, its brightness is
enhanced by a factor of approximately 35 when viewed tangentially from
the vantage point of the Gemini orbit. This enhancement phenomenon,
which makes the airglow easily observable, plus the worldwide coverage
provided by orbiting vehicles, offers a highly attractive means for
synoptic airglow study.

The Mercury and Gemini crews have had no difficulty in observing
the night airglow as a relatively bright band lying above the nighttime
horizon. During the Mercury-Atlas 9 mission, the pilot was able to
photograph the layer with high-speed color film and an f/l.O handheld
camera, using 10- and 30-second exposures (refs. 1 and 2). The photo-
graphs revealed geographical variations in altitude and intensity.
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The objective of the S-11 experiment during the Gemini IX mission
was to extend and refine the photographic method as follows:

(1) The camera was filtered to photograph the two prominent line
emissions at 5577 A and 5893 A which are due to atomic oxygen and
sodium, respectively.

(2) An illuminated camera sight and an aiming camera mount were
provided in an attempt to reduce the number of blurred photographs
which occurred during the longer exposures. The S-11 experiment during
the Cemini IX mission was, therefore, a feasibility test for these
components.

(3) The number of photographs taken and amount of the earth photo-
graphed were as large as possible. The experiment is scheduled to be
repeated on later Gemini missions to collect as much data as possible.

(4) Attempts were made to photograph the twilight horizon to
reveal a sunlit dayglow layer.

EQUIPMENT DESCRIPTION

The equipment may be described as follows:

(1) Camera: The experiment used the Maurer TO-mm general purpose
camera in the configuration employing an f/0.95, 50-mm lens and focal
plane filter. This configuration was designed especially for airglow
and other dim-light photography.

(2) Film: Eastman 103-D emulsion on 2-1/2 mil Estar base was
used to provide maximum film speed in the 5577 X to 5893 R region.
Development was for 6 minutes in Eastman D-19.

(3) Additional equipment: Additional equipment was as follows:

(a) Camera filters: A camera lens filter and a focal plane
filter were provided to perform the function shown schematically in
figure 3-1. The lens filter was of the multilayer interference type
and had a steep-sided bandpass which admitted 5577 R and 5893 K,
respectively, at short and long wavelength ends of the band. The focal
plane filters, mounted side by side over the film, divided this band
into two bands centered at 5577 A and 5893 A. Band half-widths (HW)

were, respectively, 270 A and 380 A. Thus, light in these two wavelength

bands was photographed side by side in the picture plane, in a split-
field arrangement with & vertical dividing line. The extreme edges
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of the focal plane filter were of clear glass to admit the entire band
of the lens filbter. The system represented an attempt to detect small
altitude differences in the airglow emission wavelengths. The effect
of the above filter combination could not be achieved by narrow~band
filters in the focal plane alone, since these would not perform in the
convergent light of the f/O.95 lens.

It may be mentioned that the filter bands were rather wide and
admitted considerable contamination in addition to the wanted lines.
The condition was most unfavorable for the sodium filter which admitted
a large amount of OH radiation. However, it was believed that the
photographs could yield significant results which would indicate the
direction of refinements for later missions.

(b) Camera sight: The camera sight was designed and built
especially for the experiment, and it contained a reflex element molded
in the shape of a parabolic torocid. The camera operator could look
through this element at the horizon and could see superimposed on it,
by reflection, the images of three small penlights arranged in a
horizontal line. The reflex element folded down for storage. Fig-
ure 3-2 shows the camera with lens filter and focal plane filter. The
sight is shown in folded position. The cable release with event timer
was not used.

(c) Camera bracket: Because relatively long exposure times
were required, the camera could not be handheld. A bracket, adjustable
in pitch, held the camera to the right-hand spacecraft window. Fig-
ure 3-3 shows the bracket configuration. The two fluted knobs fastened
the bracket to the lower part of the window frame. Turning the large
knob adjusted the camera aim in the elevation (pitch) direction; the
limits of motion were somewhat more than 6° in either direction from
its center position. This center position was marked with a visible
groove in the knob shaft, and the groove could also be felt with the
fingers when the cabin was dark. When not in use, the bracket could
be removed from the window and folded into the storage configuration
shown in figure 3-4. ’

PROCEDURE

Camera components, including the window bracket, were stored in
the spacecraft cabin and assembled onto the right-hand window during
revolution 19. The camera axis was essentially perpendicular to the
spacecraft window and was, therefore, not boresighted to the spacecraft.,
To acquire the horizon at any particular azimuth, the entire spacecraft
was adjusted in attitude until the appropriate part of the horizon
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appeared "right side up" in the camera sight. This required activity
by both the command pilot and pilot. Spacecraft drift rates were then
damped as much as possible and the exposure was begun. The pilcot com-
pensated for drifts in pitch during exposure by fine-pointing the
camera at the horizon with the aid of the camera sight and adjustable
bracket. The spacecraft thrusters were not used during the exposure
since they produced a large amount of light.

During spacecraft night, a set of horizon exposures was taken
successively to the east, north, west, and south. Each set consisted
of a 20-second expcsure with all filters in place, plus a 2- and a
5-second exposure with the lens filter removed. Exposures were timed
by the spacecraft clock. As the spacecraft entered the twilight zone,
exposures of 5 and 10 seconds, with all filters in place, were made of
the eastern horizon in an attempt to record the sunlit airglow. The
entire sequence was repeated in revolutions 20 and 21.

RESULTS AND CONCLUSIONS

Forty-four photographs of the horizon airglow layer were obtained.
Four of these were of the sunlit airglow on the eastern horizon, and
they represented the first photographic record of the dayglow.

Ficures 3-5, 3-6, and 3-7 show typical examples of the night photo-
craphs., In figure 3-5, the strip to the left of the central vertical
line is reccrded in the sodium wvavelength band (Na D) centered at
5893 A with a 380 R half-width. The strip to the right of the centr%l
dividing line is reccrded in the oxygen green-emission band at 5577 A
with a 270 A half-width. Areas of the photograph at the extreme right
and left yere exposed with the broadband filter to include both 5893 A
and 5577 A. Streaks in the sky are stars which were rising while the
cemera was kept centered cn the horizon. The most prominent streak .
above the airglow is o Ophiuchus. Figures 3-6 and 3-7 are H-second o
and 2-second exposures, each made with the broadband (5893 R to 5577 &)
filter remcved from the camera lens. The strip to the left of center
records transmission through an orange filter (Corning Nc. 3480) cf
wavelengths at 5577 A and longer, while the strip to the right reccrds
transmission through didymium glass and includes most of the visible
spectrum except Na D. Areas at the extreme right and left were exposed
with no filter. The bright stars in and below the airglow in fig-
ures 3-6 and 3-7 are vV and B Ursa Mincr.

The moonlit earth is visible in all the photographs. Since data
reduction is still in progress, no interpretation of the photographs
will be made at this time, except to state that they show global
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variations in altitude and intensity of the airglow. The crewmembers
reported variations in thickness and sharpness of the layer. The
photographs confirm this observation.

Some of the photographs contained rich star fields, and stars
were recorded to approximately the 7th magnitude. These stars were
sometimes recorded through the airglow layer. This suggests that: the
layer is essentially transparent and does not contain dust as originally
suggested by Link (ref. 3). ‘

Data reduction has thus far shown no evidence that the moon, which
was full at the time of the flight, contributed light to the airglow
layer. This also suggests that the layer contains no scattering mate-
rial.

The experiment has produced some practical conclusions which may
be mentioned. First, the mounting of the camera axis perpendicular to
the window, while desirable from an optical standpoint, produced an
awkward angle with respect to the spacecraft attitude control system.
The crew found it difficult and time consuming to aim the camera at the
horizon because the yaw, roll, and pitch thrusters had to be coupled
to achieve the correct attitude. They reported that boresighting the
camera to the spacecraft roll axis would have made the maneuver much
easier. Nevertheless, the attitude control and camers pointing were
remarkably good.

The camera position also required the pilot to move partly out of
his seat to use the camera sight. Therefore, the restraint normally
provided by his seat belt was lost, and the pilot found himself con-
stantly floating away from the camera during the sighting time. The
pilot recommended that the sight and camera be placed where they could
be used from the normal seat position if possible.

The results from this experiment indicate a promising future for
airglow and astronomical measurements from manned spacecraft.
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L, EXPERIMENT S-12, MICROMETEORITE COLLECTION

By Curtis L. Hemenway, Ph. D.
Dudley Observatory

OBJECTIVES

The 5-12 experiment was designed to obtain data under carefully
controlled conditions for durations of 10 to 20 hours for the following:

(1) The flux of particle material in space, as determined by
direct collection, and cratering effects of high velocity impacts

(2) Thin film penetration characteristics of micrometeorites

(3) Lethal effects of the space environment on microbiological
specimens

(k) The probability of viable organisms in space either alone or
in conjunction with micrometeoritic material.

In addition, through a guest experimenter program, scientists
from various institutions were invited to provide samples within the
context of the above areas. Guest experimenters for the Gemini TX
mission were Robert Skrivanek, Air Force Cambridge Research Labora-
tory; Uri Shafrir, University of Tel Aviv; Hugo Fetchig, Max Planck
Institute; Nell Farlow, NASA Ames Research Center; Michael Carr, U.S,
Geological Survey; Paige Burbank, NASA Manned Spacecraft Center; and
Ottc Berg, NASA Goddard Space Flight Center.

EQUIPMENT

The 5-12 micrometeorite collector is shown in figure 4-1., The
unit measures 5-1/2 by 11 by 1-1/b inches and weighs approximately
6-1/2 pounds loaded for flight. Not visible in the figure are the
dual internal battery package, the cover drive motor and gear train,
the cover limit switches, and the squib-actuated unlatching and locking
devices. :

Figure 4-2 shows the unit with one cover open and illustrates the
12 sample slides contained in one compartment of the device. The dual
cover arrangement was provided to allow for the inclusion of sterile
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samples in one area and live micro-organisms in the other. Figure 4-3
shows the sample slides in the second compartment. Figure by is a
diagram showing sample locations and giving a brief description of the
nature and source of the sample, '

PROCEDURES

Preflight

The final loading procedures were begun approximately 10 days
before scheduled launch with a thorough cleaning of the entire S-12
unit. The compartment to be sterilized was loaded in a dust-free hood,
and the cover was closed. The entire unit was then placed in a clean
stainless steel box, the covers of the S-12 unit were partially opened,
and ethylene oxide was introduced for sterilization. After steriliza-
tion, the covers were closed and secured. The unit was removed to a
dust-free hood and the nonsterile compartment was opened manually for
loading the sample slides. After completion of loading and final
mechanical adjustments, the unit was wrapped in plastic, placed in a
special container, and hand-carried to Kennedy Space Center 3 days
before the scheduled launch. Two units were loaded in this way and
designated as flight and backup units.

After prelaunch tests, designed to verify operational readiness,
the flight unit was installed on the spacecraft retroadapter 17 hours
before the scheduled launch. As part of the final countdown, three
sterile swabs were used to sample the microbiological environment of
three selected areas inside the spacecraft,

After the Atlas failure and the decision to delay the missiocn, the
§-12 unit was removed from the spacecraft, and the internal batteries
were charged. Both flight and backup units were then stored in the
Biomedical Sciences and Flight Experiments Laboratory, Kennedy Space
Center, at a temperature of 50° F until installation on the spacecraft
retroadapter on May 31, 1966. The unit remained on board the spacecraft
during the 2-day hold necessitated by the computer malfunction.

Inflight

After the successful launch of the Gemini-Titan II vehicle at
8:39:33 eastern standard time on June 3, 1966, the unit was opened by
the pilot at 9:29 ground elapsed time (g.e.t.) and closed at
17:10 g.,e.t. A second opening was at 35:48 g.e.t. with closing and
locking at bi:5k g.e.t. The total exposure time was 16 hours 47 minutes.
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The crew was unable to hear the cover drive motor during any of
the opening or closing sequences. It is not certain whether the locking
mechanism was heard. Postflight examination, however, indicated that
the unit did open and close as planned. The experiment hardware was
recovered by the pilot and stowed within the spacecraft cabin.

Postflight

The S-12 experiment hardware was removed from the spacecraft after

it was brought aboard the recovery vessel. The unit was placed in a
special case and was flown to Patrick Air  Force Base where a Dudley
representative received it and returned it to Dudley Observatory on
June 7, 1966. During the recovery procedure, three swabs were again
taken from the same areas of the spacecraft cabin as the preflight
swabs. These were included in the recovery case and were taken to the
observatory. After arrival at Dudley Observatory, the outside of the
unit was sterilized by ultraviolet prior to opening. The unit was
opened in a dust-free hood, and the samples were removed for analysis.

Two indications were used to assure that the collector did open
in space. One was a piece of photographic paper located in a section
of the collector. The paper dppeared to be almost black even without
processing. The second assurance of opening was that portions of the
various micro-organisms were killed.

RESULTS

To date, only two of the eight samples have been examined in
detail. These samples consisted of thin nitrocellulose films supported
by 200-mesh copper screen. One sample was preshadowed with palladium
to "tag" any possible contaminants, and the other was preshadowed
with aluminum.

On the palladium-shadowed sample, an area of approximately 5 square
millimeters has been scanned with an electron microscope at sufficient
magnification to detect all structures greater than 0.1 micron. A
total of 6 square millimeters of control sample has also been scanned.
For the aluminum-shadowed samples, approximately 2 square millimeters
of exposed area and an equivalent control area have been scanned. The
control samples were located in hollow recesses in the bottom of the
sample slides. :

- The samples were scanned to detect and record any particulate
matter on the surface of the film and to observe any damage to the film
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caused by high-velocity particles. The particulate material collected
generally has an irregular shape. A few "eluffy" particles have been
observed, and these are similar to those found on samples exposed on
sounding rockets. Further analysis will be required before the origin
or origins of these particles can be determined.

The most common effects observed in these thin films are penetra-
tion holes. Several types of holes have been noted. The most common
case is a single hole often with flapped-edges. Figures 4-5 and 4-6
show the ragged holes produced by the fast moving particles. Figure b7
shows a relatively large area which has been deformed by a large par-
ticle or group of particles. Figure 4 -8 shows a cluster of holes all
confined to a small area. This may have been a single conglomerate
particle which was broken up by the interaction of the particle with
a "gaseous atmosphere' in the vicinity of the spacecraft. Figure L-9
shows a single large penetration plus a few small holes associated with
it. Similar hole structures were observed during the control flight of
the noctilucent cloud sampling experiment in 1962.

Two hundred holes or groups of holes of the types shown have been
found on the palladium-shadowed films. These have all been found to be
grossly different from any holes or imperfections on the control
surfaces. The aluminum-shadowed samples appear to show fewer hole
structures than the palladium-shadowed material. This apparent dif-
ference may be due to the smaller number of aluminum-shadowed samples
studied to date.’

A unique hole structure is shown in figure 4-10. Twenty-five of
these structures have been observed on the palladium-shadowed samples.
In general, these appear to have a rounded outline, an elliptical
intermediate region, and an elongated hole in the center. The whole
structure generally rises above the surface a distance equal to approxi-
mately one-fifth of its diameter. These structures may be the result
of higher velocity impact than the holes previously shown.

The biological experiments have produced some useful and inter-
esting results. The sterile surfaces which were intended to collect
organisms have been cultured, but to date they have shown no indica-~-
tion that any viable organisms were collected. The analysis of the
swabs, taken before and arter the flight, serves as a control for this
experiment, and the analysis is still in progress. In three of the five
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survival tests of known organisms, definite fractions of the organisms
survived. The results are tabulated below:

Organisms Surviving fraction
T,-bacteriophage in broth concentrate > x 1070
T,-bacteriophage in B-4 lysate 0
Penicillium mold 3 x 1077
Tobacco mosaic virus : 2 X lO_5
Bacillus stearothermophilus 0

FUTURE PLANS

The work completed to date represents examination of only a small
portion of surfaces which were exposed. The stainless steel and Lucite
samples will be studied for small craters. The Stereoscan microscope
which is being installed should provide useful data on crater
structures.

Lo



32

‘v—l -
Lft'\)l:f'\t
=1 TSI @ of it
) é
\:(‘,
llt’ 2 E
.(,.LOT :‘WY
expel i
“»\‘['1”1(
’Ilt, )




33

Figure 4-2.- Collector with one cover open.
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c-5 | c-6 D-5 { D-6

N

Dudley Observatory: Nitrocellulose film on copper mesh

Air Force Cambridge Research Laboratory: Nitrocellulose film on copper mesh
Dudley Observatory: Biological exposure

Dudley Observatory: Biological exposure

Dudley Observatory: Thin film penetration

Ames Research Center: Copper foil

Air Force Cambridge Research Laboratory: Nitrocellulose film on copper mesh
Dudley Observatory: Nitrocellulose film on copper mesh

Tel Aviv University: Penetration through film

Dudley Observatory: Stainless steel

Dudley Observatory: Nitrocellulose film on copper mesh

Max Planck Institute: Microprobe samples

Manned Spacecraft Center: Silver coated plastic
Dudley Observatory: Lucite

Dudley Observatory: Sterile sample

Dudley Observatory: Sterile sample

Goddard Space Flight Center: Titanium coated glass
Ames Research Center: Copper slide

Dudley Observatory: Nitrocellulose on copper mesh
Manned Spacecraft Center: Silver coated plastic
Goddard Space Flight Center: Titanium coated glass
U.S. Geological Survey: Beryllium coated slide
Dudley Observatory: Stainless steel

U.S. Geological Survey: Nitrocellulose on copper mesh

Figure 4-4 .~ Loading plan for S~12 micrometeorite collector,
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Figure 4-6.- Ragged hole produced by
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fast-moving particle (40 000 X).
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5. EXPERIMENT M-5, BIOASSAYS OF BODY FLUIDS

By Lawrence F. Dietlein, M.D.,
and Elliott S. Harris, Ph. D.
" NASA Manned Spacecraft Center

OBJECTIVES

The M-5 experimental measurements were made to determine the meta-
bolic cost of manned space flight by the analysis of biological fluids.
Results of the analyses were used as an indication of crewman physiolog-
ical status. Where changes were found to occur, efforts were made to
elucidate the mechanisms producing these changes and to assess their
significance relative to space flight.

PROCEDURES

The measurements were divided into three parts. The first part,
consisting of the preflight collection of two 48-hour urine samples and
two blood samples from each crewman, established the baseline values for
the individual crewmember. The second portion of the measurements
assessed the physiological status of the crewmen as observed by analysis
of thé'ﬁrine'samples collected during flight. The final portion of the
measurements, utilizing a 48-hour urine sample and the blood samples
colleéteﬁfimmedlately postflight, established the rate of return to base-
line preflight values. The biochemical determinations may be grouped
into several profiles, each of which provides information concerning
the effect of space flight on one or more human physiological systems.

The first profile, water and electrolyte balance, is related to an
examination of the weight loss which occurred during flight and the mech-
anisms involved in this loss. The levels of sodium, potassium, and chlo-
ride in the plasma were measured preflight and postflight; and the rates
of excretion of these electrolytes in the urine were observed in all
three phases of the measurements. Total plasma protein concentrations,
measured both preflight and postflight, were used to indicate possible
dehydration. Water intake and urine output were measured to determine
whether the primary loss of weight was due to sweat and insensible
losses or to changes in renal function.

To support the water and electrolyte balance aspects of the measure-
ments and to provide an indication of mechanisms involved, the hormones
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vasopressin (antidiuretic hormone) and aldosterone were measured in the
urine. The production of antidiuretic hormone is responsive to blood
volume changes in the thorax, and it is postulated that, as in recum-
bency, zero g would produce an increase in the thoracic blood volume.
This, in turn, would induce a decrease in the secretion of antidiuretic
hormone and a resultant increase in the urinary output.

Aldosterone, a hormone produced by the adrenal cortex, is also pos-
ture responsive and controls the renal tubular reabsorption of sodium.
Tts secretion is decreased in recumbency and increased in an erect posi-
tion. An increase in its secretion results in decreased urinary sodium,
while decreased production results in increased urinary sodium.

The second profile involves the estimation of the physiological cost
of maintaining a given level of performance during space flight. This
could be considered a measure of the effects of stress during space
flight. To this end, two groups of hormones were assayed. The first,
17-hydroxycorticosteroids, provided a measure of long-term stress
responses. The second, the catecholamines, provided a measure of short-
term, or emergency, responses. The measurement of these parameters will
provide an objective long-term evaluation of the cost of space flight.
With a sufficiently large sample, individual variations and responses
will be eliminated from the evaluation.

The third profile constitutes a continuing evaluation of the effects
of space flight on bone demineralization. Calcium, magnesium, phosphate,
and hydroxyproline were measured in plasma and urine preflight and post-
flight, and were measured in urine obtained inflight. Changes in the
status of bone mineralization may be accompanied by alterations in the
ratio of bound to unbound calcium in the plasma. This ratio can be
approximated from an estimate of plasma protein and calcium. It would
also be anticipated that there would be an increase in urinary calcium,
phosphate, and magnesium with demineralization. 1In addition, demineral-
ization of bone is accompanied by an increased excretion of hydroxypro-
line. This amino acid is unique to collagen. It is presumed, there-
fore, that the increased excretion of hydroxyproline accompanying demin-
eralization results from a dissolution of the bone matrix.

The fourth group, or profile, may be related to protein metabolism
and tissue status. Urinary urea is proportional to protein intake and
tissue metabolism, while alpha amino nitrogen increases may be related to
destructive tissue changes. Creatinine excretion is a function of muscle
mass, and, for a given individual, is essentially constant over a 24-hour
period 1rrespect1ve of diet, urine volume, or exercise. Decreases of
creatinine excretion, however, are associated with loss of muscle tone
and activity.
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RESULTS

Two timed-U8-hour urine collections were made Just prior to the
physicals at 10 and 3 days before launch. Blood samples were obtained
during these physicals, and the samples were analyzed prior to flight to
obtain baseline data. During flight, only the urine was sampled. To
accomplish this, and to obtain the total voided volumes, a urine sampling
and volume measuring system was used. The system consists of a valve
which introduces a fixed quantity of tritiated water into each voiding.
A sample of approximately 75 milliliters of each voiding is taken after
adding the isotope. Upon recovery, the total volume of each micturition
was calculated by measuring the dilution of tritium in the sample.
Benzoic acid was used as a preservative.

Postflight plasma samples were taken upon recovery and at 6 and
T2 hours postflight. Urine was collected continuously for 48 hours
postflight. Each sample was frozen and returned to the Manned Space-
craft Center for analysis. Calculated flight volumes, based upon
tritium dilution, presented volumes up to 12 liters per micturition.
This wide, and quite evidently unrealistic, variation in urine volumes
is indicative of a malfunction; therefore, no further attempt was made
to analyze or interpret the inflight urine samples.

As indicated in figure 5-1, there was a marked postflight retention
of water. This was accompanied by retention of Sodium, potassium, and
chloride.  Figures 5-2 through 5-4 represent a comparison of 2L4-hour
excretions of these electrolytes during the preflight and postflight per-
iods. Figures 5-5 through 5-T7 demonstrate the marked retention of these
electrolytes when expressed on a millieguivalent per minute (meq/min)
basis for each urine sample.

Urinary calcium, as shown in figure 5-8, was slightly reduced im-
mediately postflight. The excretion of 1T7-hydroxycorticosteroids showed
an increase immediately postflight (figure 5-9). This increase was,
in all probability, due to the stress of reentry.

The increase in postflight plasma protein, and the slightly lower
postflight plasma electrolytes, are consistent with a water and electro-
lyte loss during flight, resulting in the postflight retention of water
and electrolytes, as shown in figures 5-1 through 5-7. It is still not
known whether these losses result from a diuresis during flight or from
sweat.
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Figure 5-8, = Urinary calcium of Gemini IX=A flight crew,
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6. EXPERIMENT D-12, ASTRONAUT MANEUVERING UNIT

By Captain John W. Donahue
Air Force Systems Command
NASA Manned Spacecraft Center

INTRODUCTION

Maintenance, repair, resupply, crew transfer, rescue, satellite
inspection, and assembly of structures in space are all operations of
potential space systems. Many of these operations involve extravehic-
ular activity (EVA) and require man to maneuver in free space for short
distances. The astronaut maneuvering unit (AMU) experiment is a funda-
mental step toward determining the basic hardware and operational cri-
teria for these extravehicular activities. As an experiment, the AMU
was designed to provide experience in extravehicular maneuvering opera-
tions in the Gemini missions. The experimental results should provide
basic information to establish the extent that extravehicular operations
will be employed in future space systems operations.

The Gemini spacecraft configuration and enviromment were major
factors in establishing the AMU packaging configuration. The modular
concept was mandatory, because stowage volume in the Gemini cabin is
not adequate for the entire system, and because the life support system
is needed for egress operations. The division of systems into the two

_basic modules, shown in figure 6-1, was selected to make maximum utiliza-

tion of the extravehicular life support system (ELSS) chestpack. The
chestpack contains the life support systems, emergency oxygen supply,

and all of the AMU systems status and malfunction displays. The exter-
nally stored module, referred to as the backpack, contains the propul-
sion, flight control, oxygen supply, malfunction detection, and
communications systems. With the Gemini pressure suit, these two modules
comprise the AMU, a system that is essentially a miniature manned space-. #
craft,

The AMU mission on the Gemini IX-A flight was planned to extend
over one complete revolution of the earth. The nightside operation was
devoted to check-out and donning activities. Maneuvering evaluations
were planned for the dayside. The donning phase of the AMU mission
consists of inspection, preparation, and the actual donning. The back-
pack is first inspected after being subjected to the launch environment.
In preparing the backpack for donning, valves and switches are posi-
tioned to activate the various AMU systems. The AMU 125-foot tether is
attached; and umbilicals, harnesses, and.controllers are positioned for
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easy access when the crewman backs into the unit. The donning consists
of changeover from the spacecraft to the backpack life support and elec-
trical systems, checkout of their interfaces with the ELSS and suit, and
separation of the AMU from its spacecraft mounting.

The flight plan called for the crewman to leave the adapter and
move to the nose of the spacecraft. Limited by 25 feet of AMU tether
and the ELSS umbilical, the AMU maneuvering and control capabilities
were to be evaluated. If these checks were satisfactory, the full tether
length was to be deployed and evaluation maneuvers were to be performed
by the EVA pilot, using the augmented target docking adapter (ATDA) and
spacecraft for references. Upon completion of these activities, the
backpack was to be removed and discarded.

The AMU activities during the Gemini IX-A mission were terminated
before the donning was completed. More work effort than anticipated
was needed by the EVA pilot to maintain his position in preparing the
AMU for flight. Despite this positioning problem, he completed the prep-
aration tasks. After backing into the AMU, he reported that his suit
visor was completely fogged. At this point, the AMU mission was termi-
nated, The EVA pilot then returned to the cabin for ingress preparation,

EQUIPMENT DESCRIPTION

The backpack is & highly compact unit consisting of a basic struc-
ture and six major systems. These are the propulsion, flight control,
oxygen supply, power supply, malfunction detection, and communications
systems. The external features of the pack are shown in figure 6-2 and
the internal equipment arrangement is shown in figure 6-3.

The structure consists of a backpack shell, two folding sidearm
controllers, and folding nozzle extensions. The shell is a box-like
structure consisting of three main beams and supporting shelves upon
which the components are mounted. The thrusters are in the corners
of the structure to provide controlling forces about the center of grav-
ity of the entire AMU. The remainder of the components are located in
the available spaces inside the pack. The total volume and shape were
somewhat determined by the stowage location in the Gemini spacecraft
equipment adapter section, This constraint required the folding features
of the nozzle extensions and sidearm flight controllers. The sidearm
controllers contain the controller heads by which the pilot commands
translation and attitude., This allows the control handles to be acces-
sible for use with the pressure suit. The nozzle extensions aim the
exhaust plume from the hydrogen peroxide (H202) thrusters away from the
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helmet and shoulders of the suit. A weight breakdown by system is as
follows:

System Pounds
Structure 3.4
Propulsion 62.6 |
Reaction control 12.7
Oxygen supply 26.9
Power supply 21.9
Abort alarm ’ T
Communications 9.7
Total 168.3

Propulsion System

The propulsion system is a conventional monopropellant system using
90-percent hydrogen peroxide as the propellant and providing a total
impulse of 3000 to 3500 pound-seconds. The pressurant gas is nitro-
gen (Nﬁ). The major components of this system are shown in figure 6-bL.

Figure 6-5 is a functional schematic of the propulsion system. The
nitrogen tank provides high-pressure gaseous nitrogen to a regulator,
which, in turn, supplies regulated-nitrcgen at a ncminal pressure cf
455 pounds per square inch absolute (psia) to a bladder in the hydrogen
peroxide tank. The selection of materials for this bladder represents
one of the design problems encountered in the AMU program. Because of
the storage requirement (up to 10 days), a material is requirel which is

practically inert in the presence of H202. In addition, -the bladder

must be capable of several fill and expulsion cycles. The material
selected has proven highly satisfactory for these applications.

The flow of propellant to the thrust chamber assemblies is con-
trolled by the manual valves, which alsc contrcl the electrical signals to
the individual thruster valves. Two manual valves are provided, one for
the primary control system and one for the alternate system. There are
12 thrust chambers and 16 control valves. As shown in figure 6-6, the

g
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primary control system utilizes eight thrusters: two forward, two aft,
two up, and two down. The fore and aft firing thrusters are used in
various combinations to translate fore and aft, and for pitch and yaw
control. The up and down firing thrusters are used for vertical movement
and roll control. The alternate system uses entirely separate fore and
aft firing thrusters, but uses the same thrust chambers for vertical
translation and roll control. However, separate control valves are used
in the alternate system for the up, down, and roll commands. Relief

valves are incorporated in both the N2 and HéO2 lines as a safety feature.

These valves vent into thrust-neutralizing overboard vents.

Flight Control System

The flight control system provides automatic three-axis attitude
control and stabilization, and provides manual translation in two axes.
Translation to the side can be accomplished by a 90° roll or yaw followed
by translation in one of the modes available. The major components which
make up the flight control system are shown in figure 6-7. A functional
block diagram is shown in figure 6-8. It should be noted that completely
redundant systems are available. Manual control commands are made through
the controller heads on the sidearm controllers.

The left hand controls translation commends in vertical (up and down)
and horizontal (fore and aft) directions. The controller knob movement
is direction oriented; that is, the knob is rotated forward to translate
forward, and up to translate up. Also located on the left-hand controller
assembly are the mode selection switch, a voice communication volume
control, and a communications selector switch. The mode selection switch
is used to select either automatic or manual attitude control and stabili-
zation. The three-position communication selector switch permits the
EVA pilot to select the most desirable mode of operation with respect to
the voice-operated switches in the AMU transceiver. The right-hand con-
troller provides control in pitch, yaw, and roll. These commands are
also direction oriented. To pitch down, the control knob is rotated in
the down direction; and, to yaw right, the knob is rotated clockwise.
When the knobs are released, they return to the "off" position.

While under automatic stabilization, & fixed rate command (18° per
second in pitch and yaw and 26° per second in roll) is entered into the
control system when the knob is rotated. Then the system goes into a
hcld position at the attitude where the knob is released. The automatic
mode will permit the pilot to park in space in a stabilized position,
with the thrusters firing as required to maintain this position within a
dead band of *2.4°, In the absence of the external torques, the pericd
of limit-cycle operation within the dead band is in excess of 20 seconds
gbout all three axes. In the manual mode, the gyros are out of the loop,
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and a direct fly-by-wire system results. While in the manual mode, the

. thrusters will fire only on a manual command.

Oxygen Supply System

The purpose of the oxygen supply system (0SS) is to supply expend-
able O2 to the chestpack ELSS at closely regulated values of tempera-

ture and pressure. The components of the 0SS are shown in figure 6-9,
and a functional schematic is shown in figure 6-10. A total of
7.3 pounds of O2 is stored in the supply tank at a pressure of 7500 psia.

A minimum of 5.1 pounds of O2 can be delivered to the chestpack at a

pressure of 97 % 10 psia and a temperature of 65° * 10° F. Peak design
flow is 8.4 pounds per hour (1lb/hr), with a normal flow of 5.0 + 0.2 1b/hr.
The delivered gas pressure can be maintained at the desired value until
the tank pressure drops below 200 psia. A low-level switch illuminates

a warning light on the chestpack when the tank pressure reaches

800 + 160 psia.

Power Supply System

The power supply system supplies electrical power to the AMU systems
for the planned mission duration, with a 100-percent reserve capacity.
The electrical power is provided by two batteries consisting of silver-
zinc cells, which are enclosed in a sealed cylindrical can. The battery
can is shewn in figure 6-11. Two of the cans are mounted on the backpack
to provide the required redundancy. One battery in the can provides
power for the reaction control system (RCS). A block diagram of this
arrangement is shown in figure 6-12. One set of taps on this battery
provides *16.5 volts for control logic circuitry, and a separate set of
taps provides *15 volts for the rate gyros and valve amplifiers. An
entirely separate battery in the can provides 28-volt dc power for the
other systems. The 28-volt power supplies in each can feed to a common
bus, but are electrically isolated by diodes to prevent a short circuit
of one battery from draining the other. This system is shown in a block
diagram in figure 6-13. The batteries are installed as one of the last
operations prior to mating the spacecraft adapter section to the launch
vehicle, because the backpack is subsequently inaccessible. The bat-
teries are isolated from the AMU systems by the main power switch, which
the EVA pilot closes as part of the predonning procedure.

The power distribution unit contains mechanical fuses in all power
circuits to protect the lightweight wires and cables used in the
AMU electrical systems. Dual fuses are used to provide mechanical fail-
ure redundancy. That 1s, two fuses are used in parallel, so that if one
of the fuses is blown for some reason other than an overload, the other
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fuse will maintain the circuit integrity. The power distribution unit
also includes the diodes which electrically separate the two 28-volt
systems.

Malfunction Detection System

A malfunction detection system provides both crewmembers with a
warning when certain critical out-of-tolerance conditions exist. The
critical parameters monitored are low fuel pressure, low oxygen supply,
low fuel quantity, and those indicative of certain control system
anomelies. A functional schematic of the system is shown in figure 6-1k4.
The warning is given both as an intermittent tone in the headset and as
a warning light on the chestpack display panel. Individual warning
lights that identify the out-of-tolerance system are located on the upper
surface of the chestpack. A manual switch is provided to permit the
pilot to silence the audio tone if he so desires, but the warning light
will remain on as long as the out-of-tolerance condition exists. How-
ever, if a new alarm condition occurs, the tone will come on again, and
the appropriate warning light will appear on the chestpack.

Communications System -

The communications system consists of a telemetry system and a
voice system. The major components of these systems, as well as the
power supply and malfunction detection systems, are shown in figure 6-15.
The telemetry system monitors certain backpack parameters and biomedical
parameters. The information is transmitted over a radio frequency (rf)
link to a tape recorder on the Gemini spacecraft. The data are avail-
able for postflight analysis only. A functional schematic is shown in
figure 6-16. A list of the AMU telemetry parameters is shown in
table 6-I. The voice communications transceiver is an ultrahigh-
frequency (UHF) transmitter-receiver which is controlled by redundant
voice-operated switches. It is designed to be compatible with the basic
spacecraft onboard. communications system, and utilizes the microphone and
earphones in the suit. A three-position switch mounted physically on the
translator controller and located electrically in the microphone circuit
provides: (1) continuity of the microphone leads for normal voice-
operated-switch (VOX) mode of operation, (2) opening of the microphone
leads or "listen" mode, and (3) momentary closing of the leads for trans-
mitting. A functional schematic of this system is shown in figure 6-17.
The signals from both the telemetry transmitter and the transceiver are
diplexed and radiated from a common antenna mounted on top of the back-
pack. While the AMU is stored in the spacecraft, certain parameters are
fed to the spacecraft telemetry system and transmitted to the ground.

The pressure and temperature of the H202 are displayed on a panel in the

spacecraft cockpit.
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AMU Tether

The AMU tether, shown in figure 6-18, consists of a 125-foot length

of 3/8-inch nylon webbing, two hooks H3 and Hh)’ a single ring (RQ)’

and a bag for stowage. At one end, a hook (Hh) is provided for attach-

ment to the spacecraft/ELSS umbilical tether. This hook permits trans-

versal 125 feet from the umbilical. The second hook (HB) is located

100 feet from the first. When attached to the umbilical tether, hook H
limits the tether length to 25 feet. A ring (R

(")
of the tether attaches to a hook (H ) on the astronaut suit harness.

3
on the opposite end

2

AMU INTERFACES

Gemini Spacecraft

The AMU backpack is installed in the Gemini equipment adapter
before mating the spacecraft to the launch vehicle. Locations of the
AMU and the associated spacecraft hardware are shown in figure 6-19.
Mechanical mating to the spacecraft is accomplished by mounting a four-
legged structure or claw assembly to the backpack and by using a tension
bolt to pull the claw down firmly against a sheet metal structure (torgue
box assembly). The torque box is then hard-mounted to the blast shield
door. The bolt is severed by an electrically-detonated pyrotechnically-
operated guillotine. The guillotine is actuated from the cockpit after
the AMU has been donned during the extravehicular mission. A pull-away
electrical connector provides instrumentation and power leads for cabin
monitoring and for ground servicing and testing.

Servicing provisions.- To permit servicing of the AMU with hydro-
gen peroxide after mating the spacecraft to the launch vehicle, a ser-
vice line is provided from the external surface of the adapter to the

AMU H2O2 fill port. A second parallel line to the AMU regulated nitro-

gen port allows reservice of the system in the event an unstable con-

dition in the H202 is detected, or if the launch is delayed indefinitely.

If, for some reason, the H202 should become unstable and the pressure of

the system should rise above 575 psia, the AMU relief valve would open

and the H202 would be vented through a third line to the adapter.skin.

The fill and reservice lines are severed by the same guillotine which
releases the AMU. The vent line is routed through a spring-loaded pull-
off housing that is separated when the AMU is released.
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.Thermal interface.- Because of the temperature limitations of
40° to 100° F for various AMU components, a cover assembly is placed
over the AMU to provide passive thermal control. This cover rests
against the aerospace-ground-equipment attachment points on the front
of the AMU. A line maintains the cover in this position. This line
passes through the center of the AMU to a hard-mounting point on the
torque box assembly. The line is severed and the cover is Jettisoned by
operation of the cockpit "EVA BARS EXTENSION" switch.

Donning hardware.- Equipment is provided in the adapter to assist
the EVA pilot in donning the AMU. This hardware, shown in figure 6-20,
consists of a footrail, two handbars, an umbilical guide, and two flood-
lights for nightside operation. This equipment is deployed and properly
positioned for AMU donning simultaneously with release of the thermal
cover.

Instrumentation and communications.- To obtain AMU performance
data, a telemetry receiver, capable of accepting the diphase pulse code
modulation (PCM) format transmitted from the AMU, is installed on the
electronics module in the spacecraft adapter. The receiver demodulates
the 433-Mc received signal and provides a 5120-bits-per-second diphase
signal to the spacecraft PCM recorder. These data are recorded and
stored for postflight analysis.

Two whip antennas are mounted on the adapter surface to receive
the AMU telemetry transmissions. Only one antenna is utilized at
any time. The proper antenna is selected by coaxial switching from a
signal provided by the telemetry receiver. The receiver provides
automatic control of the coaxial switch to change antennas when the
rf signal on the antenna in use drops below the preset level. '

Although propellant status is monitored in the cockpit, the same
pressures and temperatures can be monitored through normal spacecraft
telemetry to the ground. A 0 to 715 psia transducer and a thermistor
in the AMU propellant tank are powered by the spacecraftafor spacecraft

telemetry channel RAOL, H202 pressure, and channel RAO2, H2O2 temper-

ture. Readings of H202 pressure are available until the AMU telemetry

switch is placed in the "backpack" position during the donning phase of
the extravehicular mission. Temperatures of H202 can be read until AMU

separation from the spacecraft.
During the AMU mission, the spacecraft UHF transceiver is used to

maintain communication between the extravehicular pilot and command
pilot. This transceiver is voice operated at 296.8 Mc.
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Crew station displays.- Spacecraft crew station displays and con-
trols (figure 6-21) are as follows:

(1) The propellant temperature and pressure indicator gage indi-
cates pressure and temperature of the H202 propellant stowed in the AMU.
(2) The warning light for H_O, pressure is illuminated when pres-
. 22
sure reaches 575 * 20 psia.

(3) The "BUS ARM" switch,- located on the Agena control panel, must
be in the "EXP" position to energize experiment squib circuits before
AMU cover release, footrail ektension, telemetry antenna deployment, and
AMU release.

(L) The "MMU" switch provides several functions. In the spring-
loaded "DEPLOY" position, the AMU is released by guillotine cutting
of the hollow retention bolt and servicing lines. In the telemetry
switch "on" position, the telemetry receiver and its associated antenna
coaxial switch are powered; and the tape recorder is activated.

(5) The "INDEX BARS/EVA BARS EXT" switch, when placed in the "EVA
BARS EXT" position, releases the AMU thermal cover and deploys the foot-
bar and handrails to the operational position. In addition, the
AMU telemetry antennas are deployed to permit reception.

Extravehicular Life Support System

The ELSS becomes an integral part of the AMU system during the
donning phase of the extravehicular mission. It provides electrical,
mechanical, and life support connections between the extravehicular
pilot and the AMU. Through an umbilical from the AMU oxygen supply
system, oxygen is delivered to the ELSS environmental control system at
97 * 10 psia and 65° * 10° F. To allow oxygen flow, a quick disconnect
on the umbilical is attached to a mating connector on the ELSS. The 0SS
interface was discussed earlier under the AMU backpack systems. Other
AMU/ELSS interfaces are presented in the following paragraphs.

AMU restraint harness interface.- A restraint harness is provided
as part of the backpack. The harness holds the backpack to the space
suit by pressing on the forward surface of the ELSS.

Malfunction detection system interface.- Four alarm lights, visible
to the EVA pilot, are provided on the ELSS to indicate out-of-tolerance
conditions in the backpack propulsion (fuel quantity and pressurization),
the oxygen supply, and the reaction control subsystem. The lights are
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activated by electrical signals from the backpack through the AMU elec-
trical umbilical. The signals are continuous as long as an alarm exists.
Light arrangement and function are as follows:

(1) The oxygen warning light illuminates at 800 * 160 psia tank
pressure or when O2 temperature drops below 5° % 5° F.

(2) The fuel quantity warning light illuminates when 30 percent of
the total fuel remains.

(3) The fuel low-pressure warning light illuminates at an N, pres-

sure of 650 * 100 psia or H202 pressure of 350 * 50 psia.

(4) Certain critical functions of the reaction control system are
monitored, and the failure of any one of the functions will result in
illumination of the warning light.

A switch is installed on the ELSS to test the operation of the
alarm lights and portions of the backpack abort alarm subsystem. The
test signal to the backpack is provided through the electrical umbil-
ical. The ELSS supplies a 1700~-cycles-per-second audio tone signal to
the backpack radio receiver-transmitter upon receipt of a signal from
the AMU alarm subsystem through the electrical umbilical. The signal
to the backpack is continuous until the reset switch, which is located
on the top of the ELSS, is actuated. This action generates a signal to
backpack, via the electrical umbilical, to reset the alarm trigger

in the backpack.

Telemetry interface.- The backpack telemeters the following param-
eters received from the spacesuit and ELSS through the electrical umbil-
ical:

(1) Electrocardiogram
(2) Respiration rate
(3) Suit pressure

Hydrogen peroxide quantity indication interface.- A meter, visible
to the EVA pilot, is provided on the ELSS to indicate quantity of H202

in the backpack. Signals are supplied to the meter from the backpack
through the electrical umbilical.
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Gemini Suitv

An exhaust-plume heating analysis, conducted early in the program,
indicated that the Gemini thermal coverall materials would be heated
beyond acceptable limits during an AMU mission. As a result, the deci-
sion was made to add extensions to the upper forward thrusters and to
modify the leg portion of the basic Gemini coverall. Eleven layers of
superinsulation (a woven fabric, a superinsulation spacer material of
fiberglass, and an aluminized reflective material) were used. The noz-
zle extensions were evaluated to determine their effect on performance,
systems design, and predonning activities. Performance tests on exten-—
sion configurations indicated that the extensions could be added without
markedly affecting thruster performance. Thermal analysis of the selec-
ted design verified this solution of the heating problem associated with
the upper forward firing thrusters.

Prior to the Gemini IX mission, the Gemini VIII extravehicular
glove was adopted because its mobility and tactility characteristics
were superior to the glove which had been developed for the AMU applica-
tion. The Gemini VIII glove afforded very little thermal protection
from the AMU exhaust plume, and protective shields were put on the
AMU controllers. Although temperatures on the gloves are significantly
lower than those anticipated in the leg areas, the shields utilize the
same materials and layup as the modified extravehicular coverall.

AMU/GEMINI IX-A FLIGHT PLAN

The AMU mission on the Gemini IX-A flight was planned to cover one
complete revolution around the earth. The nightside was to be devoted
to checkout and donning activities, and the dayside was to be devoted
to maneuvering evaluation. Electrical power, oxygen, and propellant
supplies limit the maneuvering or independent operating capability of
the AMU to approximately 1 hour.

At dark, the EVA pilot was to move via handholds along the surface
of the retroadapters and equipment adapters to the interior of the equip-
ment adapter to check out and don the backpack. After positioning him-
self on the footrail, he was to proceed with the predonning checkout of
the AMU, which consisted of the following:

(1) Visually checking the O supply-system and N
verify adequate supply levels

> tank pressures to

(2) Manually opening the 0, and N, supply-tank shutoff valves
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(3) Turning on the master electrical-power switch

(4) Unstowing the sidearm controllers and arranging the restraint
strap, electrical umbilical, and O2 umbilical in the donning positions.

Assuming satisfactory systems checks, the EVA pilot would back
into the AMU using the handholds and footbars for support. Attachment
of the single restraint strap across the front of the chestpack would
physically unite the chestpack and backpack. The backpack 0SS would be
connected to the chestpack ELSS through a separate connector, so that
external (to the chestpack) O2 supply would be uninterrupted. To verify

satisfactory operation, the command pilot would manually shut off the
external supply before the spacecraft O2 umbilical was disconnected.

The spacecraft umbilical electrical connector and the backpack electri-
cal connector both attach to the same chestpack connector. Since voice
communications are carried through this chestpack connector, they would
be interrupted briefly during the changeover operation.

After the check-out, donning, and changeover operations were com-
plete, the backpack would be released from its adapter mounting by the
command pilot by cutting the attachment bolt and propellant servicing
lines. The propellant vent line and the electrical cable are equipped
with pull-away connections. After release, the EVA pilot would return
to the spacecraft cabin area, via the handrails, to detach the space-
craft umbilical and complete attachment of the AMU tether.

The command pilot would keep the EVA pilot in sight while the
EVA pilot performed the initial flight check-out on the 25-foot section
of the tether. The EVA pilot would make short translations and rota-
tions about all three axes by exercising both primary and alternate pro-
pulsion systems while operating in both stabilized and manual control
modes. Following these checks and the performance of enough familiariza-
tion maneuvers for pilot confidence in the AMU,. the 25-foot tether hook
would be detached to permit full tether use. Maneuvers would be per-
formed to evaluate control capability, fuel usage in both stabilized
and manual control modes, station keeping, and rendezvous.

After the AMU mission, the pilot would return to the spacecraft
nose area to retrieve the spacecraft umbilical. The reverse of the
donning changeover, release of the backpack into space, and a normal
ingress would be performed. If retrieval of the spacecraft umbilical
were not practical, the emergency supply of O2 in the chestpack could
be used for ingress.
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RESULTS

The AMU was serviced for flight prior to the initially planned
launch date of May 17, 1966. Monitoring of the propellant status <H202>

after launch cancellation indicated a stable ﬁ!:ssure rise of

0.2 psia per hour due to normal active-oxygen loss, which was well below
the allowable of 0.6 psia per hour. The decision was made not to
reservice the propellant. At launch on June 3, 1966, the pressure had
increased to approximately 87 psia, a nominal condition for launch.

The O2 and N2 systems, which were monitored through special ground

equipment, showed no leakage. Fresh batteries were installed in the
flight unit on May 25, 1966. A subsequent telemetry check of the AMU
indicated that all systems were operating normally.

Immediately after launch, the propellant tank pressure increased
to a normal 90.7 psia, where it remained until donning check-out. The
propellant temperatures were normal at 72° to T7° F.

When the EVA pilot began the AMU experiment, the left adapter hand-
hold and the umbilical guide were not fully extended; and the AMU adap-
ter thermal cover was not completely released. Also, the left adapter
EVA light was not operating. When the pilot pulled on the handhold to
enter the adapter, the handhold and umbilical guide moved to the fully-
deployed position which released the thermal cover. Donning activities
and AMU inspection were completed through the point of connecting the
AMU electrical umbilical. These activities included attaching portable

penlights, opening the N2 and O2 shutoff valves, readout of O2 and N2

pressures, positioning the sidearm controllers, positioning the umbili-
cals and the AMU restraint harness, attaching the AMU tether, turning

on the AMU electrical power, and changeover to the AMU electrical umbili-
cal. The O2 pressure was a normal 7500 psia, and N2 pressure was normal

at approximately 3000 psia. The propulsion system pressure after
N,-valve opening was 455 psia (normal for AMU operation). Because of

the difficulty in maintaining position in the adapter, deonning activities
required a much longer time to complete than expected. The pilot tended
to drift away from the work area in the adapter. Position could not be
maintained, because both hands were required to extend the sidearm con-
trollers and attach the AMU tether. AMU communications to the command
pilot were garbled, but were considered acceptable by both pilots.

Because of the loss of visibility due to visor fogging, the command
pilot decided that the AMU experiment could not be completed. The
EVA pilot then disconnected the AMU umbilical, connected the ELSS
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umbilical, and returned to the cockpit for ingress, leaving AMU power
on. The AMU remained in the adapter with the systems activated for
flight until retrofire.

Termination of the EVA precluded an evaluation of most of the AMU
" performance capabiliti!!% However, the backpack successfully experi-

enced a Gemini launch and a 2-day exposure to the space environment.
Most of the functions of check-out and donning were performed prior to
aborting the mission. Although the AMU was transmitting telemetry data
following power-up during the predonning activity, failure of the Gemini
data recorder precluded a quantitative analysis of AMU performance.
Analysis of the AMU systems, therefore, is primarily based on debriefing
comments by the flight crew.

Prelaunch

Stored gaseous expendables, 02 and N2, were only serviced prior to

May 6, 1966. Both tank pressures indicated a full charge when they were
checked on May 29, 1966. The AMU was serviced with H,0, on May 15, 1966.

Ullage pressure built up from the initial 19.7 psia to 87.9 psia at
launch. The final prelaunch pressure could not be determined precisely
because of a slow leak in the ground servicing and monitoring equipment.
Temperature of H202 was comparable to that afforded the spacecraft

during the prelaunch period.

Both batteries were replaced on May 21, 1966, because they were
approaching their demonstrated lifetime. The replaced batteries had

been activated on May 5, 1966, and were considered good for rated load
until June 13, 1966. ’

No major problems were encountered in the installation of the AMU
in the adapter. Some interference was encountered in installing the
AMU thermal cover because of the AMU sidearm controller thermal shields.
After evaluation, the interference was judged acceptable for flight.

Readings on the cockpit H202 pressure gage were approximately

equivalent to telemetry readings through the prelaunch period. How-
ever, the cockpit temperature gage read 6° F lower than the telemetry
readings. The range of the cockpit H202 pressure gage was 0 to 500 psia,

and the range of the cockpit temperature gage was -100° to +200° F.
Both gages had small dial faces. These instruments are difficult to
read closer than *10 psia and #*10° F, respectively.
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Launch

The only AMU parameters available during launch were H202 pressure’

and temperature. No change in either parameter was detected by the crew,
who monitored both parameters périodically during the launch. No tem-
perature change was noted on telemetry during launch. An increase of

two PCM counts in H202 pressure. (approximately 6 psia) was recorded on

telemetry at lift-off. No change in H202 pressure was noted during the

launch.

Ortit

During an approximate 2-day pre-EVA period, H 02 pressure and tem-

2
perature were monitored. These parameters were monitored by telemetry
at least once per orbit. Low activity of both parameters resulted in
few cockpit readouts. During the pre-EVA period, the predicted active
oxygen loss (AOL) buildup was continuously computed and plotted against
the recorded AOL buildup.

Actual AOL pressure buildup was much lower than predicted. (A
rise of 8.5 psia had been predicted.) During the 50 hours 37 minutes
before the backpack telemetry switch was changed to "backpack” (during
AMU donning), the total pressure rise was less than one PCM count (3 psia).

It was predicted that H202 temperature would decrease. During the

pre-EVA period, the temperature varied from 69° to 78° F. Readings
on the cockpit gages during this period were 69° F for temperature and
90 psia for pressure.

Detailed Extravehicular Activity

On this mission, ingress to the spacecraft adapter was accomplished
at 50:09:00 ground elapsed time (g.e.t.). Dangling lines or lanyards,
as seen on the Gemini VII/VI-A flight, were not encountered. The thermal
cover and left handhold had not fully deployed. The EVA pilot grasped
the handhold while entering the adapter. Both the handhold and the
thermal cover deployed normally at this time. Standing on the footbar,
the EVA pilot pulled out some of the slack in the umbilical, The umbili-
cal guide only allowed some movement in the cockpit direction, but the
pilot reported enough umbilical slack for AMU donning.

The adapter floodlight to the left of the predonning position was
not on. The pilot removed the two penlights from the tether bag and
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turned them on. One of the lights did not work. The operating penlight
was mounted on the side opposite the functioning floodlight. This
lighting arrangement was considered marginal for night donning activ-
ities. The mirrors were unstowed and positioned. The AMU was found in
the prelaunch configuration when examined by the pilot.

At 50:19:00 g.e.t., the black hook on the tether jumper was
attached to the ring on the AMU tether. A short piece of tether was
secured to the AMU seat, which provided a three-point support (both
feet and the tether), and freed one of the EVA pilot's hands to snap
the hook over the ring. Next, the tether bag was unstowed from the
AMU and the pilot tried to attach the small AMU tether hook (the
125-foot portion) to the ring on the tether Jumper. This operation
proved very difficult; the EVA pilot was unable to connect the small hook
to the ring. The decision was made to either connect the small hook
after donning or to operate only on the 125-foot tether. During this
time, the EVA pilot changed the setting on the ELSS to high flow because
of a hot spot on his back.

At 50:28:00 g.e.t., the EVA pilot unstowed and checked the sidearm
flight controllers. Unstowing the attitude controller proved difficult
under both one- and two-hand operations. His feet slipped out of the
footbar stirrups during this task. This tendency to slip was noted
earlier during the tether hookup and was the principal difficulty expe-
rienced in the adapter. Unstowing was finally accomplished by using
both hands and a quick, hard pull. Fogging on the suit faceplate was
also noted at this time.

At 50:31:00 g.e.t., the EVA pilot unstowed the O2 umbilical, elec-

trical umbilical, and restraint harness without difficulty. The
VOX switch was difficult to reach and check with the controller in the
down (donning) position.

At approximately 50:33:00 g.e.t., the N2 and O2 shutoff valves were

opened. The N2 valves opened easily, but more than one try was needed
to open the O2 valve. The EVA pilot reported that the control was

tighter than during any simulation. Finally, the valve opened easily
until it hit the stop. The pilot read both pressure gages on the front
of the backpack. Readings of 7500 psia on the 0, gage (which is normal)

and approximately 3000 psia on the N2 gage (normal 2775) were reported.

The O2 gage was fairly easy to read, but the N, gage was read with some

2

difficulty. The command pilot reported that the H202 pressure rose to
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450 psia immediately after the N2 valve was opened and then rose slowly

to 455 psia, which is nominal regulated pressure.

At 50:37:00 g.e.t., the EVA pilot deployed the nozzle extensions,

switched the H202 transducer from spacecraft to backpack telemetry, and

turned on the main power switch. The upper position lights were illum-
inated. Fogging of the EVA pilot's visor and of his suit pressure gage
was, again, reported.

At 50:39:00 g.e.t., the pilot backed into the AMU. After turning
and positioning himself in the AMU with his feet on the footbar, he had
no difficulty maintaining position.

At 50:42:00 g.e.t., the pilot changed over to the AMU electrical
umbilical. DNo difficulty was encountered in making the change. The
RCS warning light came on and the warning tone was heard by both the
EVA pilot and the command pilot. The pilot reset his tone and the light
remained on. At this point, the spacecraft onboard voice tape ran out.
The pilot and command pilot communicated rf until the AMU mission was ter-
minated. The pilot reported that his reception was clear, but it was
slightly low in volume and had background noise. He reported no anom-
alies in the side tone from his transmissions. The command pilot reported
the pilot's transmissions to be abnormal after the first syllables. This
anomaly was described as wavering noise superimposed on the transmission.
The command pilot considered it marginally acceptable but noted that ex-
tensive training in the donning exercise permitted him to construect the
pilot's messages from less than complete transmissions. The EVA pilot
used both AMU switch positions (normal VOX and listen mode) during the
transmissions, and the command pilot used both the VOX and push-to-
talk (PTT) mode of the spacecraft voice control center.

The pilot checkeu out the displays and the warning lights on the

ELSS and determined that they were normal. The H202 quantity reading

was reported at 85 percent (normal for a full load of H202)

The EVA pilot located the restraint harness and assured himself
that he could hook it up, but he delayed hookup until he could see well
enough to check his connections. Complete visor fogging was noted by
the pilot at this point. The crew decided to forego complete donning
until the fogging problem was alleviated. While resting and awaiting
sunrise, the pilot raised both sidearm controllers and locked them in
the flight position. The orientation of the plume shields on the atti-
tude controller did not appear correct, but the control head was extended
approximately to the correct length. The controller head could not be
turned with one hand to check its position. When the pilot left the
donning station later, he twisted the control head and thought he
detected a further extension of the arm.
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Sunrise occurred at 50:56:00 g.e.t., and the pilot attempted to
use the donning mirrors to check his configuration with the AMU. At
51:00:00 g.e.t., his visor was completely fogged and he was unable
to use the mirrors.

At 51:03:00 g.e.t., the command pilot declared a no-go condition
for the AMU evaluation. In postflight debriefing, the EVA pilot reported
that the AMU was acceptable for flight in all respects. The decision
to abort was based on the unknown that was associated with the visor
fogging problem and the fact that the visor fogging caused a behind-
schedule condition. The pilot changed over to the spacecraft electrical
umbilical and egressed from the adapter without incident.

Post EVA

There were no established procedures for conditioning a backpack
that was to be left in the adapter section subsequent to an abort.
After the pilot returned to the cockpit, and the cockpit was repres-
surized, the backpack condition was as follows:

Portion Position

Main power switch On

RCS handles Off

Telemetry switch Backpack

N2 valve Open

02 valve Open

Attitude controller Flight position (horizontal)

Translation controller Down position

Electrical umbilical Stowed on translation con-
troller

Oxygen umbilical Probably stowed on
translation controller

Restraint straps Stowed on translation

controller
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The AMU was left in the adapter because of the unknowns associated
with jettisoning it in its postdonning configuration. Tests had shown
there was no potentially hazardous condition in the backpack, with the
pocssible exception of the propulsion system. An unsafe condition would
occur only if the pressure of the H202 propellant increased signifi-

cantly. Adequate instrumentation was available to detect an impending

unsafe condition in the H202 (telemetry, cockpit gages, and cockpit

warning light). Previous flight data had shown that the H202 was

extremely stable. The H202 pressure rise from EVA through retrofire

was no greater than expected, and it was not necessary to jettison the
backpack.

CONCLUSIONS

All AMU systems exercised during the mission were in an acceptable
condition for flight when the AMU evaluation was terminated. Some
difficulty was experienced with reception of the AMU voice signal by the
command pilot. The AMU transceiver, the spacecraft transceiver, and
the conditions in the adapter must be investigated to determine the
cause of this problem.

A1l of the donning provisions appear practicable in the orbital
environment ; however, the donning activities were more difficult to per-
form than experienced in the one- and zero-g training exercises.
Improvement of the restraint hardware at the donning station is needed.
Lighting was marginal due to the failure of one adapter floodlight
and one penlight. This condition must be corrected. '

The crew reported a tendency for the EVA pilot and any loose equip-
ment to move outward from the earth relative to the spacecraft. This
tendency affects activities at a work station and may have some effect
on maneuvering in an extravehicular environment. This tendency must be
understood in planning future extravehicular missions. Night retrieval
of the propulsion device from the adapter is satisfactory, if artificial
lighting is adequate. :

For future EVA missions the following general guidelines are recom-
mended:

(1) The propulsion device should be retrieved and used as early in
the EVA mission as practical. The propulsion unit should be used to
maneuver from the adapter. Based on the crew report, the use of hand-
holds and umbilical is not recommended after the propulsion unit has

been retrieved.
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(2) Positive body restraint should be provided to minimize the
work required to maintain position at a work area. The restraint hard-
ware should allow two-handed operations.

(3) Hardware such as hooks, rings, fittings, et cetera, should be
made for easier handling in pressure suit gloves.

e — . _a
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Figure 6-4.- Astronaut maneuvering unit propulsion system.
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Figure 6-6.- Astronaut maneuvering unit thruster arrangement.
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Figure 6-7.- Astronaut meneuvering unit stabilization and control system.
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Figure 6-15.- Astronaut maneuvering unit communications, telemetry,
and electrical systems arrangement.
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7. EXPERIMENT D-14, UHF-VHF POLARIZATION

By Robert E. Ellis
U.S. Naval Research Laboratory

SUMMARY

A VHF-UHF Faraday rotation experiment (D-14) was conducted in con-

junction with the Gemini IX spacecraft transits over Kaual, Hawaii, and

~ Antigua, British West Indies. Although the signal-to-noise ratio was
lower than anticipated, preliminary analysis indicates that no problem
should be encountered in detecting ioncspheric inhomogeneities of the
order of 1 kilometer in horizontal scale, provided that the excursions
exceed 1 percent of the subsatellite electron content. Ambiguity re-
moval has been accomplished by comparing the orientation of the VHF and
the UHF polarization ellipses.

Values of the electron content and the effective slab thickness
: have been determined at the closest point of approach for three of the
| five Kauai transits. It is apparent that the subsatellite content in-
| creases with increasing F2 region electron density; however, the
! occurrence of slab thickness variations implies that the relationship
is not a simple one.

INTRODUCTION

The purpose of the D-14 experiment was to measure the inhomogene-
ities in the electron content which exists along the orbital path of the
spacecraft. OSuch measurements give increased insight into the structure
‘ of the lower ionosphere and its temporal variations.

The experiment was conducted by transmitting two continuous-wave (cw)

! - signals from the spacecraft and receiving them at special receiving

stations on the ground. Two separate receiving stations, one loccated at

Kauai, Hawaii, and the other at Antigua, British West Indies, were used

| - to measure the amount of rotation, caused by the Faraday effect, that is
introduced to the signals along their transmission path. The rotation

| angle was recorded as a function of time when the spacecraft passed

; over each of the two receiving stations. These rotation angles were

entered into a computer program to calculate the electron content.
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BACKGROUND

Source of Experiment

The concept of this experiment evolved out of the ionospheric
measurements being conducted by the Naval Research Laboratory (NRL)
employing the 150-foot-diameter dish radar system located at Randall
Cliffs, Maryland. These measurements involved radar signal returns
from the moon as well as satellite signal transmissions.

Scientific Need for Experiment

The presence of free electrons in the ionosphere results in the
fading of radio signals transversing all or part of the ionosphere.
There are several types of fading, namely absorption, scattering, and
Faraday effect. At frequencies of 40 Mc or lower, radio signals can,
under increased solar activity, be completely absorbed, resulting in a
complete loss of signal. Scattering by the inhomogeneities in the
electron distribution results in scintillation or rapid fluctuation of
the signal level. The Faraday effect, which is the rotation of the
plane of polarization of a linearly polarized radio wave in the presence
of electrons in a magnetic field, may cause either regular or irregular
fading, depending upon the state of the ionosphere.

An increased knowledge of the various forms of radio wave perturba-
tion is of fundamental importance to communication engineers and phys-
icists. The size of the inhomogeneities in the electron distribution 1is
of special importance, since inhomogeneities cause irregular fading of
radio waves. Also, the altitude dependence of the irregularities in
electron distribution is of interest in a study of the origin of
perturbations.

Military Need for Experiment

The electron content of the ionosphere will have a direct effect
upon any radio signal originating in, received in, or passing through
the ionosphere. Therefore, an increased knowledge of the nature and
perturbation of the electron content is of military importance, since it
will be directly related to the behavior of signals, communications,
radar, et cetera used by the military.

Considerable work has been done to measure the irregularities in
the electron distribution using several different approaches. One
approach involves radio astronomy technlques employing two antennas and
8 suitaeble correlation analysis. In this approach, it is not possible
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to distinguish between large irregularities with slow motion from small
irregularities with rapid motion. Another approach uses signals from
radio sources in the cosmos and signals or radar returns from super-
ionospheric satellites. 1In any case, this approach gives an integrated
picture of ionospheric irregularities along the line of sight.

Much of the interest, from the military applications point of view,
is concerned with the inhomogeneities in the lower regions of the iono-
sphere. Data from these lower regions are rather sparse. The Gemini
spacecraft crbits in the lower ionosphere region and moves rapidly, and
hence was an ideal platform to give a rapid cross section of the region
of interest.

THEORY

The theory embodied in the Faraday effect method of determining
the electron content of the ionosphere is relatively simple and has been
used regularly in ionospheric investigations. The Faraday effect is the
rotation of the plane of polarization of a linearly polarized radio wave.
The rotation of the electric vector of the radio wave is directly pro-
portional to the electron content along the path of propagation and the
component of the earth's magnetic field parallel to the path, and the
rotaticn is inversely proportional to the square of the radio frequency.

Under conditions of quasi-longitudinal propagation and at frequen-
cies above 100 Mc, where the plasma frequency and gyro frequency are
relatively small, the Faraday rotation is given by the following approxi-
mate formula:

- 2[5
Q=2,97 x 10 °f (H cos 6)N ds
0

)

where & 1is the rctation angle in radians

is'the radio frequency in cycles per second

is the total magnetic field intensity in ampere turns per meter

is the angle between the ray path and the magnetic field vector

is the electron density in electrons per cubic meter

is the distance measured along the ray path in meters

is the distance from the ground antenna to the spacecraft in
meters.

-~

e 2 omr

At the frequencies below 100 Mc, the above equation becomes invalid
because of the high-frequency approximation used in its derivation:
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Also, at frequencies below 100 Mc and at low elevation angles, severe
refraction and path splitting effects introduce additional complica-
tions.

The Faraday rotation may, at the lower frequencies, exceed a com-
plete revolution, resulting in an ambiguity of Mnm. One method of
removing this ambiguity is to use two frequencies, one at VHF and the
other at UHF, with one frequency high enough so that the total rotation
angle cannot be ambiguous. For this experiment, using a spacecraft
eltitude of 160 nauticel miles, the rotation angle should always be
less than 180° at a frequency of about LOO Mc. By using a second
frequency in the 100-Mc range, accurate measurements without ambiguity
can be made.

The selection of the exact radio frequencies was influenced by
several factors, in addition to frequency spectrum availability. The
first factor, the variations in the predicted subsatellite electron
content, is a function of sunspot activity, solar zenith angle, and
the spacecraft altitude. The second factor, the variations in the
effective magnetic field parameter, is a function of the field station
location and the spacecraft orbital paths. The third factor, the total
angular orientation error, is a function of spacecraft antenna orienta-
tion, the purity of polarization of the transmitted signals, and the
measurement errors. The first two factors can readily and adequately
be estimated, but the third factor is more difficult to assess.

With the selected frequencies of 133.9 and 401.7 Mc and an assumed
error of 5° root mean square, it was determined that an error in

subsatellite electron content of from 3.5 to 7.0 X lOlh electrons per

square meter would be obtained. Since the anticipated subsatellite

electron content will be about 1.5 X lO17 electrons per square meter,

an error of from about 0.2 to 0.4 percent will be expected. The
accuracies will be somewhat less during nighttime measurements, since

the total subsatellite electron content of about 5 X lO15

per square meter is anticipated.

electrons

EQUIPMENT

Description and Design

Nomenclature and function.- The equipment used for this experiment
is divided into two categories: equipment located in the spacecraft
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and equipment located on the ground. The equipment located in the
spacecraft is as follows:

(1) A dual frequency transmitter generates the two harmonically
related coherent cw signals necessary to conduct the experiment.

(2) A diplexer combines the two outputs of the transmitter into
a single output so that both frequencies may be transmitted, through
a single coax line, to a single antenna without interaction between the
two transmitter outputs.

(3) A colinear dipole antenna provides a means of transmitting
the two frequencies with linear polarization from the spacecraft to
the ground.

(4) An antenna boom assembly provides a means of storing the
antenna inside the spacecraft prior to launch and a means of extending
the antenna the proper distance outside the spacecraft during orbit
for conducting the experiment. )

The equipment located on the ground for the receiving system is
as follows:

(1) A 28-foot-diameter dish antenna, feed, and pedestal receives
the . oW Mignels  tranamitted from the spacecraft and separates each
frequeney into its wertical and horizontal polarization components.

(2) A dual channel receiver (Model SR 108) is used to amplify
and heterodyne the horizontal and vertical components of the
133.9-Mc signal to a frequency of 120-kc for display. Also, this
equipment detects the envelope of the 120-kc signals for display.

(3) A dual channel receiver (Model SR 109) serves the same
function as the SR 108 receiver except that it operates at the
401.7-Mc frequency.’

(4) An X-Y scope is used to display the Faraday rotation angle
of the two signals.

(5) A 35-mm frame-by~-frame camera is used to record photographi-
cally, at the rate of 2 per second, the Faraday rotation angle displayed
on the X-Y scope.

(6) A tape recorder is used to record the 120-kc intermediate
frequency (i.f.) signals out of the dual channel receivers.
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(7T) A Sanborn chart recorder is used to record the envelope of
the 120-kc signals out of the receiver.

(8) Cemera control units are used to control electronically the
frame rate and exposure time of the 35-mm frame-by-frame cameras.

(9) An attenuator control is used to reduce the input signal
level into the receivers should this level become too high. This unit
also generates tones for recording attenuator setting on the magnetic
tape and controls attenuator indicator lights in the recording cameras.

Physical description of equipment.- The dual frequency transmitter

is constructed of all solid state circuitry housed in a rugged

6 by T by 3.5 inch chassis. This chassis is composed of two units, one
of which contains the voltage regulator, filters, and dc-to-dc converter,
and the other of which contains the radio-frequency (rf) circuits.
These circuits are encapsulated in a foam epoxy so that, after the two
~units are assembled as the complete transmitter, they are essentially

a solid unit. The total weight of the transmitter is 6 pounds.
Photographs of the transmitter are shown in figures 7-1, 7-2, and T-3,
and circuit diagrams of the power supply and rf portions of the trans-
mitter are shown in figures 7-4 and 7-5, respectively.

The diplexer used in this experiment is 2.7 by 4.5 by bL.1 inches
in size and has a weight of 1.2 pounds.

The colinear dipole antenna consists of two colinear sections.
One section serves as a choke to keep the rf radiator off the boom
mount end is 2 inches in diameter and 14 inches long, while the other
section is 5/16 of an inch in diameter and 31 inches long. The small
diameter section is hinged at two points: at the junction to the
choke section and at its midpoint. These hinged joints are spring
loaded so that the thin-diameter section can be folded to give a total
folded length of 15.T inches for mounting in the spacecraft. During
orbit, the antenna is automatically unfolded by the spring loading when
it is extended outside the spacecraft. Photographs of the antenna are

shown in figures 7-6 and T-7. The total weight of this antenna is
2 pounds. |

The extendible antenna boom can extend the colinear dipole antenna
120 inches from its stowed position. The overall dimension of the
boom mechanism is 13.25 by 7 by 5.40 inches. The weight of this unit
is 11 pounds. A photograph of the antenna boom assembly with antenna
mounted is shown in figure 7-8. '
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Since the equipment used in the ground receiving station is, for
the most part, standard commercial equipment, only the dual channel
receivers will be described. The physical characteristics of the
SR 108 and SR 109 dual channel receivers are the same. The overall
dimensions are 19 by 17 by 5 1/ inches. The total weight of one unit
is 36 pounds.

System description and operation.- This experiment involves a
transmitting system, mounted in the spacecraft, and a receiving system
and two recording systems located on the ground. A block diagram of the
transmitter system mounted in the spacecraft is shown in figure 7-9.

In the spacecraft system, two cw signals, one at 133.9 Me and the
other at 401.7 Mc, are generated from a common crystal-controlled
oscillator feeding separate channels of the appropriate multiplying
and amplifying stages. These two signals out of the transmitter are
fed into a diplexer where they are combined to supply a single common
output. The output of the diplexer is connected to the colinear dipole
antenna through the coax cable in the extendible antenna boom. The
two cw signals are radiated from the antenna with a linear polarization
mode.

Before conducting the experiment, the crewmembers must extend the
dipole antenna outside the spacecraft. This is accomplished by posi-
tioning the antenna control switch to the "extend" position, energizing
the boom mechanism, and causing the boom to extend. When the experiment
is conducted over either of the two receiving stations, the crewmembers
must turn on the transmitter and position the spacecraft to point the
antenna toward the center of the earth. This maneuver requires a
158° roll to the right and a 17° nose-down pitch, assuming the space-
craft is in position with the crewmembers sitting up in what might be
considered as normal aircraft attitude. The spacecraft yaw must be
controlled so that its longitudinal axis is perpendicular to the crbit
path, with the nose or small end of the spacecraft away from the ground’
station. This attitude must be maintained throughout the flight over
the ground station from radio horizon to radio horizon. After the
spacecraft passes beyond the line of sight of the ground station, the
transmitter is turned off and any spacecraft attitude may be maintained
or assumed.

A block diagram of the ground receiving stations, which are identi~
cal, is shown in figure 7-10, and a composite photograph of the station
equipment is shown in figure T-11. The receiving antenna is a 28-foot
parabolic dish with a special cross dipole feed system to separate the
signals into their vertical and horizontal components. During any
spacecraft flight over a ground receiving station, when the spacecraft
is operating for the experiment, this antenna will be slaved from a
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nearby tracking radar, so that it points at the spacecraft. As the
two cw signals are received from the spacecraft transmission, the
antenna feed separates each signal into its vertical and horizontal
components. The vertical components of each frequency are fed down

a single coax line to a special frequency separating filter. The
filter has two outputs, one of which is the vertical component of the
133.9-Mc signal, and the other of which is the vertical component of
the 401.7-Mc signal. The horizontal components of the two frequencies
are separated in a like manner in an identical filter.

The vertical and horizontal components of the 133.9-Mc signal are
fed into the two channels of the 133.9-Mc receiver, and the 401.7-Mc
signal components are fed into the 401.7-Mc receiver. In each re-
ceiver, common local oscillators are employed to meintain similar
phase characteristics between the two channels. After conversion to
120-kc in the 133.9-Mc receiver, the vertical and horizontal signal
components are fed into the vertical and horizontal amplifiers of the
X-Y scope. In this meanner, the Faraday rotation angle is reproduced.
For example, if the rotation angle is 45°, both the horizontal and
vertical signal components out of the receiver will be equal and a
L5°_angle line will be traced on the face of the scope. The 120-ke
i.f. signals from the 401.7-Mc receiver are displayed in the same
manner on & second X-Y scope. Both scope displays are photographed,
at a rate of sbout 2-1/2 frames per second, along with a clock and the
attenuator position indicator lights.

At the same time the 120 kc i.f. signals are displayed on the
X-Y scopes, they are also recorded on magnetic tape. In this manner,
the tape can be played back later into an X-Y scope and the original
display cen be examined and re-examined as desired. As with the
photographic record, time and rf attenuator settings are simultaneously
recorded on the magnetic tape.

The four i.f. signals, two in each receiver, are also detected,
and their envelopes are recorded on a four-channel chart recorder.
The vertical and horizontal component envelopes of each signal will
fluctuate roughly as simultaneous sine and cosine plots. These records
can be examined at a later data and informetion extracted from the
short-time fluctuation in the envelopes as to the perturbation in
electron content along the spacecraft path. Only time information is
recorded directly on the chart recording. The attenuator setting must
be entered manually.
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Development

Testing.- Both the diplexer and extendible antenna boom were
supplied by McDonnell Aircraft Corporation (MAC) and are modifications
of equipment used in previous spacecraft. The diplexer is a minor
modification of the diplexer used in the Gemini communications system,
and the boom mechanism is similar to the high-frequency recovery an-
tenna boom. In view of this, only the dual-frequency transmitter and
the colinear dipole antenna will be discussed.

Past experience with solid state circuitry indicates that proper
operation over a wide range of td&perature environment presents one of
the more difficult problems. As a result, all transmitter circuits,
power supply regulator, dc-to-dc converter, and rf circuits were sub-
jected to temperature tests at all stages of development. The primary
objective was to develop circuits that would give the desired frequency
and output power stability with a supply voltage variation of from
20 to 33 volts over a temperature range of -60° F to +160° F without
the use of a cold plate. This objective was achieved for the 133.9-Mc
output, but could only be achieved over a temperature range of -40° F
to +160° F for the L401.T7-Mc output.

The major problem in the development of the colinear dipole
antenna was to operate at both frequencies with a minimum amount of
cross-polarized signal at either frequency. Considerable difficulty
was encountered in devising a pattern measurement range that would
give a true indication of the direct and cross-polarized signals. 1In
this effort, one-fifth- and one-tenth-scale models were used, and both
indoor and outdoor pattern ranges were used. The pattern measurement
range, that was finally devised and used for the final measurements,
was outdoors, and employed a one-tenth-scale model of the spacecraft
and antenna.

The qualification models of both the transmitter and the antenna
were subjected to envirommental tests by the contractor on temperature,
pressure, humidity, acceleration, random vibration, acoustic noise,
and radio interference. No problems were encountered during these
environmental tests and both the transmitter and antenna were qualified

for space operation.

Before the final models of the transmitter were delivered to the
contractor, each was subjected to a random vibration test. Each
transmitter was also subjected to a modified temperature test, in which
a scale time of only 8 hours was used at each of the temperature ex-
tremes of -60° F and +160° F, instead of a 2U-hour scale period. All
transmitter units functioned properly during these predelivery acceptance
(PDA) tests.



106

The antennas were subjected to the modified random vibration tests
as described for the transmitters. These tests were made prior to the
application of the white radiator paint. Since this paint surface is
relatively easy to damage, only a voltage-standing-wave-ratio (VSWR)
test was made on the antennas just prior to shipment. No problems were
encountered in these PDA tests. :

During the preinstallation acceptance tests (PIA), it was observed
that the power output from all three transmitters was less than was
measured at NRL prior to shipment. It was determined that this power
reduction was caused by a difference in the terminating impedance of
the 133.9-Mc coax line out of the tr@nsmitter during the two measure-
ments. At NRL, the line was fed into a bandpass filter and then into
the 50-ohm attenuator for power measurements. The line was terminated
in the diplexer and then into the 50-ohm attenuators. In one case,
the bandpass filter appeared to be a resistive load, whereas the
diplexer appeared to be a reactive load. This was resolved by adjust-
ing the transmitter output networks after the transmitter had been
mounted in the spacecraft. After the transmitters were adjusted under
these conditions, the proper power outputs were obtained at the proper
frequencies.

During the PIA tests of the antenna, it was discovered that the
coax cable in the prototype antenna boom had a bad VSWR. As a result,
the tests had to be conducted with the antenna mounted on & ground
plane instead of on a boom above & ground plane. Similar measurements
had been made at NRL, so that the slight changes in VSWR that result
from this measurement setup were predicted. As a result, the VSWR
measurements were acceptable and no further prdblems were encountered
during PIA.

Technical problems.- Only minor difficulties were encountered
with the 133.9-Mc channel of the transmitter during the development
program. Very little work was required to get this channel to work
over the temperature range of -60° F to +160° F without the use of
a cold plate.

In the development program, only one serious problem was encountered
in the 401.7-Mc channel. This problem was concerned with the 200-
to 400-Mc doubling circuit, which would not operate properly at
temperatures below -20° F. Changes in transistor type and circuit
configuration gave some improvement, but did not give satisfactory
operation. After a cold soek at -60° F, this channel required 3 or
4 minutes of warmup before the proper power output and stable frequency
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conditions were obtained. The decision was made to replace the tran-
sistor doubler stage with a varactor dicde doubler. This modification
proved to be the solution to the problem, and satisfactory performance
was obtained after the proper alinement technique was evolved. Basic-
ally, this technique consisted of a readjustment of capacitive reactance
of the circuits to match the varactor impedance to that of the final
amplifier, after the unit had stabilized at a -35° F temperature.

The entire development of the colinear dipole antenna presented
a problem. Spacecraft space limitations more or less dictated a single
antenna for both frequencies and limited the size of the single antenna.
These two factors presented considerable difficulties in obtaining:
(1) good direct illumination patterns at both frequencies with low
cross-polarization patterns and (2) simultaneously obtaining a good
50-ohm match at both frequencies. In general, the solution to the
antenna problem was an empirical one. In other words, a unit was
designed for both the dipole element length and the impedance matching
transformer. This unit was constructed and tested. The design was
then modified on the basis of the results obtained from the first
model, until a satisfactory unit was obtained.

Measurement of the antenna cross-polarized signal, a measurement
not ordinarily of interest, presented difficulties throughout the
development program. Variations in these measurements indicated that
much of the cross-polarized patterns was contributed from surrounding
objects rather than from the antenna. An outdoor measurement range,
in which both the spacecraft model with scale antenna and the pattern
range antenna were mounted high above the building roof, was found to
be satisfactory. In this arrangement, the pattern measurement antenna
was mounted as close to the model antenna as possible, yet remaining in

the far field.

Quality assurance.- Before the NASA document requiring government-
source inspection of all component parts was published or made known
to NRL, all component parts had been purchased for the transmitters
and antennas. It was considered too costly, and the time schedule was
too short, to scrap all these component parts and reorder. However,
all parts were of the highest quality and were the type that had been
used in other projects requiring space-type environmental operation.
In addition, all parts were carefully inspected and tested before being
used in any of the equipment. During the construction of the trans-
mitters, regular inspections were made for proper wiring, soldering,
and cleaning.. At the completion of wiring, as well as just prior to
final encapsulation and assembly, the units were again inspected. The
antenna was also carefully inspected for mechanical assembly and
structure.
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Integration

Schedule.- As far as integration of the equipment into the space-
eraft is concerned, this experiment is relatively simple; only three
pieces, the transmitter, the diplexer, and the antenna, are involved.

The transmitter and diplexer only had to be mounted to a cold plate and
a bracket, respectively, in the equipment module and the necessary supply
and signal cables provided.

The antenna, with its boom assembly, required more care in inte-
gration into the spacecraft. The boom assembly had to be alined to
provide accurate positioning of the antenna in the extended position.
Also, guide blocks were needed to support and guide the upper portion
of the antenna when it was folded and retracted into the spacecraft.
Some difficulty was encountered in obtaining the proper fit and aline-
ment of the guide blocks. In the process of adjusting these blocks,
several upper elements of the antenna were damaged. It was found that,
even after proper adjustment of the guide blocks, it was necessary to
hand-guide the folded element into the lower set of guide blocks to
prevent damage to the antenna.- The integration problems encountered
in this experiment were simple enough that the spacecraft schedule did
not place any constraints on the equipment integration schedule.

Testing.- After the equipment was installed in the spacecraft at
the contractor's plant in St. Louis, no further tests were made on the
antenna. Just prior to shipment of the spacecraft to Cape Kennedy, half
of the work stand was removed, and the antenna boom was extended to its
full length. The transmitter power output and frequency were measured
prior to shipment of the spacecraft.

During the "Plan X" test on the timber tower at Cape Kennedy, the
antenna was extended and signals from the transmitter were radiated.
These radiated signals were monitored at the communications hangar, and
the frequency and relative signal strength were measured. The spectrum
of the transmitter signals was also examined for spurious radiation.

During the Service Engineering Department Reports (SEDR) H460-8
tests on the launch pad, the antenna boom was momentarily energized to
extend the antenna a few inches. The boom was then energized to retract
the antenna to its fully retracted position. The cable from the diplexer
was disconnected, and a power meter was connected to the output of
the diplexer, after which the total output power of the transmitter was
measured. After the power measurement was completed, an antenna mounted
externally to the launch pad "white room" was connected to the output
of the diplexer. When the transmitter was turned on, the radiated
signals were monitored at the communications hangar; and the freguency,
spectrum, and relative signal levels were measured. After the
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completion of this test, all cables were reconnected and no further
tests were made on the equipment.

Technical problems.- The major problem encountered during integra-
tion was the mechanical fit of the antenna in its housing for launch.
Guiding the antenna into the housing during retracting was difficult
without damaging the small diameter portion of the antenna. This prob-
lem was solved by careful adjustment of the guide block.

During "Plan X," some spurious radiation was observed on either
side of the cw carrier frequencies. These responses were eliminated
by slight readjustment of the circuits in the transmitter.

FLIGHT TEST

Mission as Planned

The procedure necessary to operate the equipment in the spacecraft
for this experiment was quite simple and required a minimum of effort
on the part of the crewmembers. The operation of the equipment itself
involved only the activating of two switches, the "antenna extend"
switch and the "transmitter on" switch. The primary effort on the part
of the crewmembers was maintaining the attitude of the spacecraft to
point the antenna toward the center of the earth. A detail of the
operational procedure has been given previously.

The integration of the operational procedures into the flight plan
was concerned primarily with the method of controlling the spacecraft
attitude. Three modes of spacecraft control were detailed and written
into the procedures. The first mode involved the use of the stable
platform and the computer; hence, it was the most accurate mode and
the one that would be preferred, even though it required the highest
power consumption. The next most desirable mode also involved the use
of the platform, but not the computer. Pitch and yaw were to be main-
tained by reference to the 8-ball. The least desirable mode of opera-
tion did not involve the use of either the platform or the computer.
Attitude would be maintained by use of a reticle mounted on the window
and referenced to the horizon. :

One other problem in integrating the operational procedure into
the flight plan involved the antenna. Since the small diameter end
of the antenna is folded and is spring loaded to deploy the first time
it is extended, the antenna cannot be fully retracted. When the antenns
boom is retracted, after being extended the first time, about 26 inches
of the small-diameter portion of the antenna will remain beyond the
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surface of the spacecraft. In addition to presenting a possible extra-
vehicular-activity (EVA) hazard under such conditions, the antenna is
also subject to being bent during EVA. A bent antenna would destroy
the necessary linear polarization, hence negate the experiment. As a
result, it was decided not to deploy the antenna until after the EVA
was completed.

The only problem encountered in integrating the experiment into
the mission plan concerned the number of times the experiment was to
be conducted. Since the experiment was statistical in nature, hence,
the more data the better, and since no data were obtained from the
Gemini VIII mission, a minimum of 10 experiment operations over each
of the two ground stations was requested. Because of other mission
operations, only four operations over each of the ground stations were
scheduled in the final flight plan. This plan called for conducting
the experiment during orbits 26, 27, 30, and 42 over the Antigua station
and during orbits 30, 32, 33, and 34 over the Kauai station.

Astronaut Training

The crewmembers were given a formal briefing covering the objec-
tives of the experiment and the anticipated procedures and problems.
Since the operational procedures for this experiment were quite simple,
it was concluded that no special training would be required. Crewmembers
were of the opinion that any training to maintain spacecraft attitude
would be more than adequately covered by the normal flight simulator
training.

Mission as Flown

There were no deviations from the planned operational procedure
for the experiment insofar as the operation of the experimental equip-
ment was concerned. However, the experiment operation did not follow
the planned mission, because the entire mission was modified following
the first rendezvous operation.

Because of the change in mission plan, this experiment was conducted
prior to the EVA operation. Six operations of the experiment were made,
one over Antigua during orbit 18 and five over Kauai during orbits 17,
18, 19, 20, and 21. Three more operations had been scheduled over the

Kauai station during orbits 34, 35, and 36, but the experiment antenna
was damaged during EVA.
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f ‘Flight Equipment Performance

|

: During each of the operations over both ground sites, the received
| signals were about 30 decibels lower in level than had been planned.

: Tests indicated that both ground stations were operating about normal.
Therefore, it must be concluded that some of the equipment in the space-
craft was not operating normally. Since there was no telemetry and

all equipment was mounted in adapter sections which were not recovered,

there is no way to establish where the malfunction occurred.

|

I

|

|

| Although the signals were about 30 decibels below expected levels,
r - the experiment was designed to produce signals about 50 decibels above
! noise, so that usable results were obtained. The main effect of the

} lower signals was to reduce the accuracy of the end results.

|
|
I
i

During the EVA operation, the pilot drifted into the antenna, and
it broke off instead of bending. The reason for the breakage of the
1/b-inch diameter aluminum tube is not understood. This member of the

; antenna was constructed of 6061T6 aluminum alloy which is one of the
[ most ductile aluminum alloys and should have bent and not fractured.

Results

from Antigua and Kauai for those transits in which the D-14 experiment
was conducted, have not been received as of this writing, a fine-scale
| analysis could not be initiated. However, the ambiguity removal and
; lower 1onospher1c slab thickness determlnatlons for five of the Kauai
P = n accompllshed through use of flve-p01nt plots of local
‘ >-made available prior to eachitransit,
evolution numb&r"18) was not &vailab:
¥ only the Kaua1 ‘transits correspondlng to revolutisns 17,
} 18,719,207 and 21 of the Gemini IX spacecraft are discussed in this.
|
r
)

[ Because the spacecraft azimuth, elevation, and altitude, as viewed
|

- The first step was to determine if the direction and magnitude of
the observed Faraday fading were compatible with that which would be
predicted on the basis of the simple theory. Assuming that the subsat-

- ellite electron content is an invariant, the magnetic field parameter
functions are in direct proportion to their respective Faraday rotation
functions. Since without exception, the VHF records indicate that ¥
is roughly proportional to QVHF’ it was concluded that QVHF is indeed

f

{

t controlled by changes in ¥ rather than changes in electron content C.
|

|

|
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The subsatellite electron content may be written as

¢ = 1.2h x 1053r0r2% (1)

where foF2 is the F2 peak plasma frequency in megacycles per second
(Mc/sec) and t 1is the effective subsatellite slab thickness in
kilometers. The largest plausible value for the amount of UHF rotation
may be estimated by means of equation (1) end the relation

Q = 2.97 x 10”%¢

P
UHF ¥

vaF YO (2)

and upper limits for the parameters t, ¥, and foF2. Table T-I is a
listing of foF2 and M(3000)F2 for June 4, 1966, over Maui, Hawaii.
By inspection, the maximum value for foF2 is 14 Mc/sec. Since the
Gemini IX satellite orbits at the nominal altitude of the F2 maximum
(based upon Shimazaki's approximation, hF2 = [1490/M(3000)F2] - 176),
it mey be shown that it is certainly less than 200 kilometers for a
subsatellite Chapman profile of electron density. Taking ¥ = 25 ampere
turns per meter, it follows that the estimated upper limit for QUHF

is less than 180° for those points at which ¥ 1is less than or equal
to 25 asmpere turns per meter. In fact, four of the transits of

Gemini IX, which occurred on June 4 over Kauai, passed through the
quasi-transverse region where ¥ is similar to O and the remaining
transit was such that the minimum value of ¥ was, at most, 15 ampere

turns per meter. Clearly QUHF was resolvable. As a consequence,

estimates of the VHF Faraday rotation were conveniently obtained from
the equation

f = 9Q

- (3)

UHF

which follows from the fact that the amount of Faraday rotation is in-
versely proportional to the square of the radio frequercy. This relation
is strietly applicable for only the quasi-longitudinal mode of propaga-
tion and when the VHF and UHF radiowaves traverse identical paths.
However, for the purpose of ambiguity removal, the simple relationship
expressed by equation (3) is roughly true. For all spacecraft transits
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over Kauai, values of 9QUHF were computed and compared with the meas-
ured values of QVHF' Aside from an expected UHF data point scatter,

the agreement was sufficient. The scatter of points corresponding to the
UHF data arises from the fact that the naturally larger readinrs errors
associated with the UHF polarization have been magnified nine times.

For the purpose of determining the mean subsatellite icnespheric

slab thickness, values of QVTF and ¥ at tae clcsest point of eprroach
I

were determined and are listed in table T-II.

Values of the subsatellite electron content and the effective slab
thickness for those transits in which the closest point of approach did
not coincide with the region of quasi-transverse propagation were com-
puted by means of the following equations:

QO
1.04 x 1016<:—¥E%> . (4)
¥

t = — ¢ (5)

1.2h4 x 10350F2°

Q
It

where C 1s in electrons per square meter column and t is in kilome-
ters. The values of content and slab thickness for transits 18, 19,

and 21 are listed in table 7-III. - Although the content is increasing
with time, it is apparent that the content is not strictly proportional
to the square of foF2, since the slab thickness decreases at 1300 H.s.t.

CONCLUSIONS

Since the tracking information was not available, the primary
objective of the experiment could not be reached. There is, however,
no fundamental problem in reaching the objective once the pertinent
dats ‘are received.

The use of the UHF radio transmission was the primary factor in
the successful removal of VHF Fafaday rotation ambiguity but, as ex-—
pected, was not very useful for the purpose of fine-scale polarization .
studies. '
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A Faraday rotation study utilizing a frequency in the neighborhood
of 133 Mc/sec is not sufficiently accurate within about 10° of the trans-
verse propagation mode, since the total amount of rotation in that
region is small and the relative error is inversely proportional to the
total rotation. Four of the analyzed transits exhibit a quasi-transverse
condition, but it is not persistent for any transit.

Ionosonde data from nearby Maui, Hawaii, were useful in computing
the slab thickness at the closest point of approach of the spacecraft.
At 0814 H.s.t., the slab thickness was 67 kilometers and the content

was 3.12 x lOl6m-2. At 1301 H.s.t., the slab thickness had decreased

to U9 kilometers and the total contént had increased to 7.87 x 1016m-2
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SYMBOLS

electron content per square meter

region in which the maximum electron density in the iono-
sphere is typically observed, having nominal altitude of
300 km

radio frequency, cycles/sec

critical frequency corresponding to maximum F2, Mc/sec
total magnetic field intensity, ampere turns per minute
altitude, meters

an unknown number of revolutions

parameter which represents ratio of the critical frequency
for a skip distance of 3000 km to the critical frequency

for zero skip distance (foF2)

electron density, electrons per cubic meter

distance from ground antenna to spacecraft, meters

distance along ray path, meters

effective subsatellite slab thickness, km

angle between ray path and magnetic field vector
average ampere turns per minute

rotation angle, radians

rotation angle of VHF signal, degrees
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TABLE T-I.- IONOSPHERIC SOUNDING DATA OVER MAUI, HAWAII,

JUNE b4, 1966°

Hour foF2 M(3000)F2 Hour foF2 M(3000)F2
0 7.5 2.90 12 10.5 2.70
1 7.8 3.20 13 11.k 2.80
2 7.0 3.20 1k 11.9 2.85
3 6.2 3.30 15 12.2 2.90
4 L.s 3.70 16 12.9 2.90
5 3.2 3.00 17 12.7 3.05
6 4.3 3.40 18 14.0 3.25
T 5.6 3.15 19 13.7 3.35
8 6.1 2.45 20 10.0 3.20
9 7.6 2.50 21 L 3.10

10 8.9 2.60 22 1 2.95
11 9.8 2.70 23 7.8 2.80

a . . . .
Courtesy of Institute for Telecommunication Sciences and Aeronomy,
Environmental Science Services Administration.




|
|
|

~

TABLE 7-II.- VALUES OF 0

VHF

and ¥ AT cpa®
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QVHF’ Wb, Closest value | Time of CPA,

Transit de Ampere turns/meter of foF2, hr:min:sec
g Mc/sec H.s.t.
17 +5 -4 5.6 06:38:L44
18 -60 -20 6.1 08:1k:26
19 -175 -25 8.9 09:50:19
20 -30 -3 9.8 11:26:07
21 +3L1 +45 11.k 13:01:38

&Closest point of approach.

Approximate value of ¥ based upon an ionospheric mean of 250 km.

TABLE 7-III.- CONTENT AND SLAB THICKNESS FOR TRANSITS 18, 19, AND 21

Transit C/;n2 i&
18 3.12 x 1016 67
19 7.28 Th
21 7.87 e}
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N o [
Figure 7-8.- Antenna boom assembly with antenna.




s

Fad e

125

‘moqsLs J973TWSUBIY JO WRITBIP YOOTg —'6-), 2an3Tyg

S3HOLIMS
TOYLINOD
NI1gVD Ol

f

- am ey

. WSINVHIIN |
¥olLovyi3y !

“oz< 4019343

1"

ql.llnlall )

VNN3LNV
dV3aNI0D

| ¥3x37d!a
|

I |

rl'l "L

Alddns
43mod

w0

T3INNVHO 4HN

‘we'eel

T3INNVHD d4HA




126

‘wro)sAs SurAradaa jo weaderp yoold - 0I-L aanStg

WW G€ 34095 A-X ~— T — o2 TANNVHO H |, JAINA
VY3IWYD PR p———— 934 OW L'I0Y VNN3 LNV
+| Ym. O03aIA
1) !
Ly 07
| |
_ | ¢ _ ]
HO ¥ 1 R —
LNVHD un_n_”.;.---,ov_ 4 TANNVHO A |,
D iy S 1 034 oW L10V
43048003y A--“--_-.“ i X
14 : =5
"L
IYNOIS JWIL Ho © A.._I_ b 2
3dVL  — ' O3dIA A3NNVHDO H -—
gt 1 -
43304023y A.I_IJ_ m _lolv_loﬁ. 034 JN 6¢¢l
R 4
NN 01
[]
LIL i
) _ lecccccccaee d
WW G¢ 3d0JS A-X O3dIA TANNVHD A -
VH3INYD AL.|.Id.Mo|N_| 934 OW 6'¢€¢l |

1NdNI

OAY3S 138 ZV p k




1a7

.- Ground receiving equipment.
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Figure T7-11




