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PREFACE

- The 1983 NASA/ASEE Summer Faculty Fellowship Research Program was conducted
- by Texas ASM University and the Lyndon B. Johnson Space Center (JSC). The
10-week program was operated uuder the auspices of the American Society for
Engineering Education (ASEE). These programs, conducted by JSC and other
NASA Centers, began in 1964, They are sponsored and funded by the Office ol
University Affairs, NASA Headquarters, Washington, D.C. The objectives of
the programs are the following:

v L]
af Lt
S

a. To further the professional knowledge of qualified
engineering and science faculty members

b. To stimulate an exchange of ideas between participants and NASA

c. To enrich and refresh the research and teaching activities of
participants' institutions

L d. To contribute to the research objectives of the NASA Centers

7 The faculty fellows spent 10 weeks at JSC engaged in a research project

s conmensurate with their interests and background. They worked in co

- collaboration with a NASA/JSC colleague. This document is a compilation

) of the final reports on their research during the summer of 1983, Texas
ASM Research Foundation Report No. 4194-83 is the Co-Directors' report on
the administrative operations of the Summer Faculty Fellowship Program.
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ESTIMATION OF FINITE MIXTURES USING THE
EMPIRICAL CHARACTERISTIC FUNCTION

iy N86-14079

Charles Anderson, Associate Professor
Thomas Boullion, Professor
Department of Mathematics and Statistics
University of Southwestern Louisiana
Lafayette, Louisiana 70504

ABSTRACT

A problem which occurs in analyzing Landsat scenes is the problem of
separating the components of a finite mixture of several distinct
probability distributions. A review of the literature indicates this is
a problem which occurs in many disciplines, such as engineering, biology,
physiology and economics. Many approaches to this problem have appeared
in the literature; however, most are very restrictive in their assump-
tions or have met with only a limited degree of success when applied to
realistic situations.

We have been investigating a procedure which combines the "k-L
procedure® of [Feurverger and McDunnough, 1981] with the "MAICE" procedure
of [Akaike, 1974]. The feasibility of this approach is being investigated
numerically via the development of a computer software package enabling
a simulation study and comparison with other procedures.

Center Research Advisor: M. C. Trichel
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INTRODUCTION

A Problem which occurs in many disciplines is that of separating the
components of a probability distribution which is a finite mixture of
several distinct distiibutions. See, for instance, [Yakowitz, 1970],
[Bhattacharya, 19761, and [Day, 1969]. This problem is encountered in
the Remote Sensing Research Branch of NASA Johnson Space Center in

analyzing Landsat data.

A number of different approaches have been taken to resolve this
problem, eachk enjoying a rather limited degree of success or being too
restrictive to be widely applicable. Since the likelihood functiocn
corresponding to finite mixtures of normal distributions is unbounded,
maximum likelihood estimation frequently breaks down in practice. The
estimator which minimizes the sum of squares of differences hetween the
theoretical and sample moment generating functions, given by [Quandt and
Ramsey, 19781, seems to suffer from inefficiency and some arbitrariness
in the choice of weights given to the moments. Estimating the mixing
proportions of a mixture of known distributions [Bryant and Paulson,
1983], using the distance between characteristic functions is too
restrictive, since it assumes the parameters in the component distribu-

tions are completely known.

A recent approach by [Heydorn and Basu, 1983)] makes use of a
ccnstructive proof of a theorem of Caratheodory on a trigonometric
moment problem, as discussed in [Grenander and Szego, 1958], to determine
identifiable mixtures for certain special cases of families of
distributions. When only sample data is avallable, this approach does

not seem to be immediately applicable.
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PROCEDURE AND JUSTIFICATION
The "k-L procedure™ introduced by [Feurverger and McDunnough, 1981],
refers generally to approximate maximum likelihood estimation based on
the asymptotic distribution at k points of the empirical characteristic
function (e.c.f.). Since the e.c.f. contains all the information in the
sample, and for other reasons given later, it seems to be a promising

technique. See Figure 1,

Let & be a column vector e?mposed of the real and imaginary parts of
the e.c.f. at points d, 2d,..., kd. The probability distribution of £
is approximately multivariate normal, even for fairly small sample
sizes, because of the smoothness and boundedness of the trigonometric
functions. The covariance matrix £ = E(£-E(E)) (E-E(E))T is determined
by the values of the true characteristic function @(t) at t=d, 2d,...,
2kd and can be estimated from the values of the e.c.f. at these pcints.
Since this estimate 6 is consistent, the following estimation criteria

are asymptotically equivalent: (1) maximize the likelihood given £, (2)

minimize (E-E(g))TQ%g—E(g)), (3) minimize (g-E(g))Ts?z-ig-E(g)).

The hypothesis Hy: m(t)=?lﬁ_¢i(t)|911:---) with certain of the
parameters Pi, 91j specified, can be tested against an alternative
hypothesis specifying the same form of the model but with parameters not
all as specified by H, using the approximate chi-square distribution of
L=n{ -E(g)}n’l(g-EG )). The hypothesis H, is rejected if L is greater
than the (1=0) point of its null distribution, which is approximately
the chi-square with degrees of freedom equal to 2k minus the number of

functionally independent unspecified parameters under Hg.
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3 When there are several competing models, the MAICE procedure, introduced
by [Akaike, 1974], selects the model which gives the minimum value of
H AIC = (=2) log (maximum likelihood) +

2(number of independently adjusted
parameters within the model).

This procedure has been investigated by [Redner, Kitagawa, and
Coberly, 1981], working directly with the mixed distributions. Our
procedure applies the MAICE method to data reduced to a few carefully
selected points of the e.c.f. Also, maximum likelihood is computed

approximately using the approximate normzlity of the e.c.f.

FURTHER INVESTIGATIONS

o
5

g

Although the above procedure is based on sound thecretical arguments,
no? numerical results have appeared indicating its efficiency of implementa-

tion on a computer or its accuracy in determining the best model and

e

estimates of the parameters. Thus, a software package is being developed
- which will enatle us to implement and test the procedure. This work has
led to numerical and theoretical investigations on optimally selecting
the points t; where the e.c.f. i1s evaluated. Other numerical problems
are being investigated to determine efficient computational procedures
and to increase the acccuracy of the computed values. The package is
written in FORTRAN 77 and uses IMSL subroutines whenever possible,
Basic components are (1) a very flexible subroutine (MIXSIM) to simulate
data from any specified mixture of standard distributions, (2) an equally
flexible subroutine (THEOCF) which computes the theoretical characteristic
function for any specified mixture distribution, and (3) a subroutine
(FITCF) which seeks parameter estimates, given a specified mixture

model, to minimize the chi-square criterion L given above.
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THE SCANNING ELECTRON MICROSCOPE AS A TOOL IN SPACE BIOLOGY

Roy A. Barrett
Associate Professor
Department of Biology
Fayetteville State University
Fayetteville North Carolina

-

ABSTRACT

Normal erythrocytes are disc-shaped and are referred to here descriptively
as discocytes. Several morphologically variant forms occur normally

but in rather small amounts, usually less than one percent of total. It

has been shown though, that spiculed variant forms referred to as echinocytes
are generated in significant amounts at zero g.

Normal rad cells have been stressed in vitro in an eftort to duplicate
the observed discocyte-echinocyte transformation at zero g. The sign-
jificance of this transformation to extended stay in space and some of the
plausible reasons for this transformation are discussed.

Center Research Advisor: Duane Pierc<on
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INTRODUCTION

Most departures from the biological norm are accompanied by structural

and hence morphological changes at the molecular level or above.

The ability of the scanning electron microscope to resolve ultra- )
microscopic details is viewed as capable of facilitating the visual-

ization of minute morphological changes in the ultrastructure of

biological systems that might well permit the monitoring of bio-

chemical events, and these may be used as indices in predicting

functional changes. This could have significant applications both
diagnostically and therapeutically., Also, conceivably, its predictive
component could be invaluable in screening humans for stressful under-

takings as in selecting candidates for missions in zero g and above

one g environments.

This study looks at the morphological aberrations of erythrocytes

brought about by zero g. stress and the consequences thereof.

2-2
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MATERIALS AND METHODS

Blood samples (0.5 ml1) were taken from the author. Some samples
were collected in standard fixative of 0.5% gluteraldehyde - pH 7.4
and held for 5 hrs at room temperature. Other samples were collected
in EDTA and held at room temperature for 48 hrs to subject the

erythrocytes to energetic and osmotic stress.

Erythrocytes from all samples were sedimented by centrifugation and
dehydrated by stepwise passage through a series of 20, 50, 75, 90 and
100 per cent ethyl alcohol. The cells were collected on SELAS Flotronics
FM-25 silver membrane filters (0.8 micron pore size) and critical

point dried using liquid CO2 on a Denton critical point drying apparatus
according to the method of Anderson (1). The membrane filters bearing
the samples were cut to suitable sizes, mounted on standard aluminur
specimen stubs with Scotch double stick tape and grounded to the stubs
with conductive silver paint. The samples were then coated with

ca. 1003 gold/palladium (60/40 per cent) in a Varian VE-10 vacuum
evaporator and examined in an ETEC Autoscan scanning electron microscope

at 20 kv.
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RESULTS AND DISCUSSION

Data from the Gemini and Apollo space flight missions have suggested
possible influences of the space environment on erythrocyte integrity
and mean count — a consequence of the stress brought about by the

1-0 g or the 1-0-1 g shifts, Immunological changes have been observed

also but this study is limited to hematological considerations only, and

specifically to erythrocyte competence as measured by morphological

variations — all this as an index to biochemical changes.

Echinocytes account for less than 1% of the erythrocytes at one g.
liowever at zero g. the echinocyte population increases dramatically.
For the Skylab missions, the average zero g. population reached scme
7% or more than 700% increase. But the variation among crew members
was significant with the pilot of Skylab 3 demonstrating a 16%

echinocyte population or ca. 2000% increase (2).

Since echinocytes are aberrant forms of erythrocytes considered to
represent lower efficiency and reduced competence, such significant
increases might be cause for alarm. Furthermore, echinocytogenesis

seemed to increase with length of time at zero g.

There are no data to indicate at what point (during an extended stay in
space) echinocytogenesis would plateau or even if it would. If reduced
hematological competerice is attendant to echinocytogenesis, then an

extrapolation of the existing data is quite disconcerting.
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One very interesting observation however is the fact that discocyte—
echinocyte transformation as a function of zero g. is reversible and
dramatically so. A1l the data indicate a rapid reversal during the
time of re-entry. Since the zero g. induced echinocytes monitored

to date failed to attain the final stage of development, it is not
known if fully developed echinocytes (0g. induced) are reversible,
although it is generally recognized that extrinsically induced mor-

phological changes may be reversed.

Figure 1 show normal erythrocytes 5 hrs after collection (discocytes)
while figures 2 and 3 show cells from the same subject, collected at

the same time, but stressed in vitro for 48 hrs. Several echinocytes

can be seen in early (stage 1) middle (stage 2) and late (stage 3) stages
of development. Although the stage 1 cells are identical to those
develcped by astronauts in flight, it is significant that no stage 2 nor
stage 3 criis were developed by those same astronauts even over an

84 day mission. It is unfortunate that in-flight lipid and ATP levels
were not ascertained as it has been shown (3) that thes. factors could

well be causative agents.

The simultaneous monitoring of erythrocytic morphological changes and
1ipid/ATP levels would be of extreme importance in future missions and

is therefore recommended.
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ELECTRON MICROSCOPIC OBSERVATIONS OF HYDROGEN

IMPLANTATION IN ILMENITES

George E. Blanford
Associate Professor
Programs in Science
University of Houston - Clear Lake
Houston, Texas

ABSTRACT

Hydrogen ion beams were found to form submicrometer, bumpy
textures on the surface of ilmenite grains. From this effect we
believe that similar bumpy textures seen on luner ilmenite, py-
roxene, and olivine grains are likely to be caused by solar wind
irradiation. As a consequence, the concentracion of bumpy tex-

tured grains may be a useful index of surface maturity for lunar

‘soils. We believe it is worthwhile to search for grains with

these bumpy textures in inteirplanetary dust and lunar and mete-
eoritic regolith breccias in order to obtain information about the

duration of their exposure to the solar wind

Center Research Advisor: David S. McKay
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The interaction of solar wind and solar flare atomic par-
ticles with lunar minerals is known to cause several types of
damage to the minerals including the formation of particle tracks
(Crozaz, et al., 1970; Fleischer, et al., 1970), sputter
rounding, and the formation of amorphous rims on grain surfaces
(Borg, et al., 1970; Dran, et al., 1970). Here I describe
another effect which may involve not only structural damage
but also chemical alteration.

Blanford, et al. (1981) reported observing bumpy sur-
face texture on 0.5-1.0 o grains from the lunar regolith from
sample 15010,1130 (Fig. 1). Because these soil grains are very
small, they most probably were exposed to the solar wind. Con-
sequently Blanford, et al. (1981) inferred that the bumpy
texture is some form of solar wind damage. This texture is con-
fined to ironbearing minerals: ilmenite, olivine, and pyroxene.
Of these, ilmenite grains have the best developed bumpy texture.
Transmission electron micrographs (TEM) of the textured grains
show some relatively opague spots indicating a relatively high
density. Precise correlation of these spots with the surface
bumps was not always possible, although some of the bumps can be
identified in TEM but are not always completely opaque. Energy
dispersive X-ray (EDX) spot analyses indicate an enrichment in

iron relative to that of the background mineral. For these
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rezsons bianford, et al. (1981, h. - resized that iron in
these minerals was reduced to mef - .y the solar-wind implanted

hydrogen ians.

In order to test this - .- oLthesis I have simulated solar
wind irradiation on natural. terrestrial ilmenite. Hydrogen ion
‘beams were directed at smail grains and polished sections which
were then examined by electron microscopy.

METHO2D

Samples were prepared from ilmenite ground with an agate
mortar and pestle, ultrasonically sticred in a fluorocarbon sol-
: vent, and precipitated onto a copper TEM grid covered with a

hol»y, carbon substrate. Ilmenite grains were identified by EDX

analysis. The sample was irradiated with a Denton model DB-1

e

ion-qun using hydrogen as the operating gas. This gun is a high
voltage gas discharge ion source which has an inherently large
energy spread, perhaps duplicating solar-wind velocity distri-~
butions better than a sharpiy defined ion source. Irradiations
were made with the ion gun at an angle of 45° and the sample was
continuously rotated. The sample was 2 cm from the cathode of
»the gun and the beam spread to an 1 cm* area. Ambient pressure
was 10 - 30 mTorr. Our averag. dose rate was 4.3 ¥ 0.3 x 10“

-2

em™®.s? or 10 times that of the solar wind on the Moon (3.8

-

X 10‘ cm‘&.s“ : Feldman, et 2l., 1977). The maximum accele-

rating potential for hydrogen was 4 kV resulting in a maximum ion
velocity of 550 km/s which is typical of the solar wind (Feld@man,
et al., 1977).
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RESULTS

Irradiation with 2 - 5 x 1&7 ch' hydrogen ions forms
texturing on ilmenite grains (Fig. 2). Sputtering also occurs
and, judging from rounding and erosion of small surface features,
is estimated to be as much as 50% of the texturing effect (Carter
and Colligon, 1968). Some sputtereé droplets can be seen in our
micrographs, but sputtered droplets are rare on lun - samples,
Our analogue grains remain sharp with only some thin features
sputtered away; lunar ilmenite grains are sharp and do not form
amorphous coatirngs as do plagioclase grains (Borg, et al.,

1980). The texturing effect is definitely not the deposition of
sputtered droplets because irradiated grains of iron oxide do not
have this texture (Fig. 2).

Identification of the bumpy features continues to be an
analytical problem. Microslectron diffraction and EDX analysis
have not been useful. Selected area (SA) electron diffraction
has given inconsistent results. On lunar ilmenites one can find
reflections from iron, but they seem to come from several, uni-
dentified locations on the sample. Freshly irradiated terres-
trial samples snow ringed SA diffraction patterns typical of
finely divided substances. These patterns appear to »e those of
FeTi which has a CsCl cubic structure with lattice spacing a, =
2.976 ﬁ; the pattern is the same as for - e which has a lat-
tice spacing a, = 2.8664 3. Although the difference of 0.1 & is
twice the estimated resolving power, I hestitate to identify the

bumps by this result. Samples are being prepared for Mdssbauer
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spectrosccpy. Another NASA/ASEE summer faculty fellow, Paul
Schulze, is using X-ray photoelectron spectroscopy to study il-
menites before and after hydrogen implantation. Hopefully, cne
of these techniques will produce a definitive identification of
the irradiation effects.
In compa.ing irradiated samples to lunar samples we have
found that the simulated samples have finer texturing (Figs. 1
‘and 2). There is a factor of 2 to 3 difference in the size of
the bumps. This effect may relate either to differences in dose
rate or to differences in total dose. However, experiments done
at a 6 times lower dose rate showed the same effect, but seemed
to require a greater total dose by about a factor of 2.

Even though there may be a textural size difference be-
tween the simulated samples and lunar samples, we propose that
this texturing on lunar samples is caused by the solar wind.
This effect has implications which concern lunar reworking rates
and maturity indices and it may be useful in studying the space
exposure of interplanetary dust grains and grains in meteoritic
breccias. We do not have space in this report to discuss these

. implications.

In conclusion, we have found by simulating solar wind ir-
‘radiations that pumpy-textures can be formed on ilmenite grains.
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; Figure 1l: Scanning electron micrographs taken with a JEOL 100CX
i microscope of a) an ilmenite, and b) an olivine grain
showing bumpy texture from lunar soil (core) sample

- 15010,1130. The marker represents a length of 0.1 pm
' on all micrographs.

3-8

]
}
9 . L

.
e e s v vt s A 0w s Aenlh

TN

"y I



v CESR ST,
L

d FS FAEN L e e came e e
D L OR’CINAL D!rg- |
OF
POOR quarjyy
b -
Figure 2: Scanning and transmission electron micrographs of an
ilmenite-iron oxide grain before (a and b) and after
. (c and d) irradiation with 2.5 x 10" cm™2 hydrogen
ions. The bumpy-texturing uniquely forms on the jil-
menite crystal,
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A PYROLYSIS TECHNIQUE

FOR DETERMINING MICROAMOUNTS OF HYDROCGEN IN LUNAR SOIL

USING THE HELIUM IONIZATION DETECTOR

Roberta Bustin
Professor of Chemistry
Arkansas College
Batesville, Arkansas
ABSTRACT

A method has been developed which will determine hydrogen in
sub-milligram samples of lunar soil. It consists of heating the sample
in a pyroprobe followed by the gas chromatographic determination of
hydrogen using the helium ionization detector. Using a 7 foot, 1/8" OD
stainless steel column packed with Carbosieve S, 120/140 mesh, hydrogen
was well-separated from the other gases released from lunar soil.

Standards of hydrogen in helium were used for calibration. The
limit of detection under the conditions used was about 2 ng. The method
was linear from 2 ng to 270 ng.

The method was checked using some actual lunar samples. Results

were typical of those obtained for lunar soils using other methods.

Center Research Advisor: Dr. Everett Gibson
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INTRODUCTION

Many times chemical analyses must be run on samples which are
limited in amount or which cannot be destroyed. In most instances, a
few tenths of a milligram can be spared for analysis. With increasing
information about a future lunar base, there is a renewed interest in the
soils returned from the moon. Hydrogen is a solar wind species whose
concentration in lunar soil is very small. In order to predict the potential
usefulness of this lunar hydrogen for propellants and consumables, it is
desirable to determine the hydrogen content not only of bulk soil but of
various size fractions and of different particlz types within a given size
fraction. This necessarily limits the amount of sample available for
analysis.

A method has been developed which will determine hydrogen in
sub-milligram samples. It consists of heating the sample in a pyroprobe
followed by the gas chromatographic determination of hydrogen using the

helium ionization detector.

EXPERIMENTAL
An Antek 300 gas chromatograph fitted with a helium ionization
detector was used in this study. The detector was operated at room
teimperature and at an applied potential of 150 volts. The column was a
7 foot, 1/8" OD stainless steel tube packed with Carbosieve S, 120/140

mesh. The column was conditioned at 220°C overnight with a helium

4-2
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flow of 26 ml/min. A schematic diagram of the system is shown in
Figure 1. Experimental conditions are given in Figure 2.

A Chemical Data System 122 Micro-extended Pyroprobe was used.
The coil was heated to 900°C for 1 minute immediately prior to introducing
the weighed sample. The sample was contained in a quartz tube sealed
on one end., The tube was placed directly into the pyroprobe coil. The
coil served as both the sample holder and the heating element. After

reassembling the pyroprobe, the sample was heated to 150°C to eliminate

3 e e yeam

any adsorbed surface moisture. When a steady base-line was obtained,
valves were closed, isolating the pyroprobe. The sample was then
heated for 1 minute, after which the released gases were introciuced

onto the column where hydrogen was separated from the other components.,

WP s b e o

Prior to use, the gquartz tubes were heated at 900°C for several hours and

PR

then stored in a desiccator. A blank was run on each gquartz tube prior to
sample determination. Blanks typically showed no hydrogen peak or a

peak too small to be integrated by the central processor.

o

The carrier gas was helium which contained 104 ppm nitrogen. Standards
of hydrogen in helium were used to calibrate the system. They were injected

by means of a Valco gas sampling valve with a 100 pul sampling loop.

———————. —ae _ _a

Chromatographic signals were recorded on an OmniScribe recorder, using
0.001 Volt full scale, and were integrated on a Spectra-Physics 4000
central processor. The smallest peak which could be integrated corresponded

to about 1 ppm of hydrogen.
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RESULTS AND DISCUSSION

After preliminary evaluations were made of Carbosieve S, Carbosieve B,
Molecular Sieve 52, Molecular Sieve 13X, and Porapak Q; Carbosieve S was
chosen for the column packing material because it gave the best separation of
hydrogen from the other gases released from lunar soil. Figure 8 shows a
chromatogram of a typical pyrolysis of a lunar soil sample. The helium
ionization detector gives the best response when ultrapure helium is used
as the carrier gas (Andrawes et al., 1981a). However, under these

conditions, hydrogen sometimes gives a negative peak and sometimes

a W=shaped peak. Andrawes et al. (1981b) discussed the relationship
between purity of the carrier gas and peak shape. In order to always
obtain hydrogen peaks with the same polarity which could be integrated
by the data system, helium containing 104 ppm nitrogen was chosen as
the carrier gas. To eliminate the detector instability problems caused
primarily by water in the carrier gas line, a liquid nitrogen trap for
condensibles was placed in the line.

Preliminary runs showed that hydrogen began to be evolved around
700°C. The amount of evolved hydrogen increased with temperature until
around 900°C but showed a marked decrease at 1000°C. Thus, the
temperature for pyrolysis .vas chosen as e00°C.

The valves in the carrier gas line served a two-fold purpose. Closing
the by-pass valves made it possible to isolate the pyroprobe during sample

change so that a minimum amount of air entered the carrier gas line. This
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effected a considerable tirme savings because the helium ionization detector
is very sensitive to air and requires a long time to stablize after a «

significant amount of air hits the detector. Isolating the pyroprobe from

"
13

the rest of the system also made it possible to heat the sample and
v subsequently to introduce the released volatiles onto the column as a

plug when the valves were opened. The pyroprobe controller is a versatile

i Tha pele oy

¥
~

one, allowing heating intervals from 20 milliseconds to 4 hours. A pyrolysis
time of 1 minute was found to be opt:mum for this study because 1) most of

the hydrogen was released during the first minute of pyrolysis, and

m,.. " (ﬁ:&’.—":‘ 5 -

2) not enough air diffused into the pyroprobe in 1 minute to result in

interference. Longer heating times showed this interference. One-minute

. V;,ﬁiv‘. . ‘ i

pyrolyses were continued on the same sample until no more hydrogen was ;
released. This usually required from 2 to 4 pyrolyses.

When standards are introduced onto the column by a gas sampling
valve, the retention time for a particular species is different from that
obtained by using a pyroprobe to release the species into the carrier gas ', 4

. 3
line. Pyrolysis of an actual sample usually releases many more components l

|

than the starxdards contain; thus, the peak for the species in question may j
not be obvious. To establish retention times using the pyroprobe syctem, gl
individual pyrolyses were run using calcium hydride, potassium chlorate,
and ammonium dichromate to get retention times of hydrogen, oxygen, and
nitrogen, respectively. This method was not used for standarviization of
the hydrogen because reagent grade calcium hydride was not available for

this study.
4-5
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Standards of hydrogen in helium were used for calibration. The limit
of detection under the conditions used was abcut 2 ng. The method was
linear from 2 ng to 270 ng.

The method was checked using some actual lunar samples. Results
are shown in Table 1 for 12 bulk lunar soils. Values are typical of v
those obtained for lunar soils (Chang et al., 1974; DesMarais et al., 1974;
Epstein and Taylor, 1970, 1973, 1975; Friedman et al., 1970; and Merlivat P
et al., 1874). Hydrugen was determined in different particle size fractions
for two lunar soils. Figures 4 and 5 show that hydrogen concentration
decreases with increasing particle size. This is predictable because more
solar wind hydrogen could be implanted in the large surface area provided
by small particles. DesMarais et al. (1974) obtained similar trends for
other lunar soils.

The pyrolysis technique is simple, fairly rapid, and very sensitive.

It can be adapted for the determination of volatiles in a variety of materials.

4-6
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EXPERIMENTAL CONDITIONS
Column . . . . « v v v v v o v o 7 ft. Carbosieve S,
Column Temperature . . . . . . 60°C

Detector « « « « « ¢« « v« « « « « « Helium lonization Detector

Carrier Gas « « « « ¢« v o« o s o« s Helium doped with 104 ppm nitrogen
FlowRate .+ . « « v v v v v v o 20 ml/min
Pyrolysis Temperature . . . . . 900°C
Pyrolysis Time . . . . . . . .. 1 minute
Trap tor Condensibles . . . . . Liquid nitrogen

Figure 2
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CHROMATOGRAM OF A TYPICAL LUNAR SOIL PYROLYSIS

Figure 3
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CONCENTRATIONS OF HYDROGEN IN LUNAR SOILS

Sample Number

Hydrogen Concentration

pPpmM
10084 59
14003 106
14163 67
14259 61
15021 70
15271 38
15601 54
61221 19
64421 60
66041 76
73141 50
75111 47
4-13
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FINITE ELEMENT OR GALERKIN TYPE SEMIDISCRETE SCHEMES
Kanat Durgun *
ABSTRACT

L]

*

A finite element or Galerkin type semidiscrete method is proposed for numerical
selution of a linear hyperbolic partial differential equation. The question of
stability is reduced to the stability of a system of ordinary differential
equations for which Dahlquist theory applies.

We also present some results of separating the part of numerical solution which
causes the spurious oscillation near shock-like response of semidiscrete scheme
te a step function initial condition. In general all methods produce such
oscillatory overshoots on either side of shocks. This overshoot pathology,
which displays 2 behaviour similar to Gibb's »henomena of Fourier series, is
explained on the basis of dispersion of separated Fourier components which
relies on linearized theory to be satisfactory. We present expository results,

polished formal proofs will appear elsewhere.

INTRODUCTION

Our model of one and two dimensional linear hypertolic equations are

() Wi
X

2t
22U 22U
a oy, LRU
(2) ’at+'a+'ajo

NASA Summer Faculty Fellew

Associate Professor of Mathematics, University of Arkansas at Little Rock.
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Introducing c;=_.J‘:"T b, C, =CCs ol and C\,:CSm& equation { 2) can be written as

(2') EU+{£¢d +cSmu3U o
?Jx, 5

Galerkin or finite element semidiscretization [1], [2], T3], [4] ,seeks en

approximate solution for equation ( 2') in the form

(3 Ulcytd= 2

m,n

S b8 U 6

where
‘ X=X =
mMn \O Otherwise.
We obtain a system of ordinary differential equations by requiring that the
residual ReY U, cSa.fde be orthogonal to the basis functions i.e
3%{: »c&sd%+c d’%‘i g ‘ym,‘_
, R>=0. Candidates for Lgmare too many producing algorithms with

increasing complexity proportional with their smoothness. We only present bilinear

finite elemerts on squares. The orthogonality reﬁuirement yields, say in one

dimensional case

(9) &K u®=L, ue

where Kkand L., are discrete Toeplitz operators with eigenvectors {e "} .

If\(his an identity operator then scheme is explicit, otherwise implicit. If

the real part of the corresponding eigenvalue Aw) is zero then the scheme is L
conservative [6] , [7] . The quantity

(6) C(w)e - 3_"_._10'1.&“13

1s the velocity of propagation of numerical solutions in comparison with exact
propagation velocity C in ( 1). The quotient Cw)ic or difference Eiuﬂ-c in
an appropriate norm is the measure of spurious oscillatinons and dispersions 1in
numerical solutions. Purely mathematical treatment without the effects of
discretization {.e nonnumerical can be found in {8].

In the next sections, to study the response of semidiscrete scheme to sharp

5-2
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gradient changes we simulate a shock by a step function initfal condition in ( 1),
here we present an heuristic argument for the cause of parasitic oscillations

around a point of discontinuity.

Consider the weighted Galerkin semidiscretization

(7) ;.Lai“"-\—(ﬂ d)““:"-\-;‘_ éd‘_‘?rz—icn (W= Yam)

of our model equation ( 1), where ote(o,1] is a parameter. Note that «=0 corresponds

to the equation

du,, _ o u
( 8) §E~=centered difference approx?matwn to (-c?x.u‘)

Since for any n , in equation ( 7), indices take three successive integer

values we may relabel them for n even as w, and for n odd as v, we then

obtain respectively the following systems

d
o=~ & (V- Vo)
(9)
S __c (.
ot =— 5o ( TN

for ol.0,and

L( o+ )y oy L (v, v,
(10) at 2h v

<§v JUnt |, dwans
(- d) +I(:t +:€)='"’(“ b

These equations are consistent approximations for the following systems

“Du -

('”) 5€ ’Z)C
- U

: 2t - C’Zx.

’B Cau. oV
(]Z) L +L‘\ 0(\ '3)(

(o e

Eliminating u or ¥ in (11) we obtain respectively

O
¥
o

<

R
'J

1

IS e
"
~
o
<r’
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Showing that in a doubly spaced grid wave equation 1s satisfied. This indicates
that finite differencing is consistent with (13) rather than ( 1). Also adding
the equationc in (11}

Wiy -2 (W
(14) %‘F(T)‘ C'ax,(z)
we see that discretization 1s consistent for the avarage of the solutions at
two successive grid points. However subtracting equations in (11) we obtain

2_. -A)= 2 w-v

(15) %(u. )= € 2 (w-v)
This shows that due to discretization difference, however small, of two successive
solutions propagates as an error wave in the discrete medium in the opposite
direction.

For (12), adding we obtain
o, wav Wy
Do) H(4Y)--cZ

= N7
© and subtracting we find
{
c = ‘(’ - Q -
; (17) (\) w) = == ’bx.(v w) 23 7

which is the cause of oscillations in general.

GALERKIN SEMIDISCRETIZATION FOR EQUATION (2')

On the square with vertices (x,_ .,y ), (xmp‘ﬂw ) (X M., ) and
x ) we take basis functions to be
-1 ) %\‘\-\
Loy £XE Xy,
Y-Xom
i + o for S - m_g,gﬁ{x~x0
Ao dde Un€d € Yna
h L= (e € XL L ‘3’3“\
(]8) q(}.,é)z \ - x—;—;}.—."\ for Xmé& X éxmﬂ
ma 3“-L1-1m3£353h+(x-xg\
L
A+ Ldn for ERRRY R
h Loy (Y £ & X m (Y- Y
L0 otherwise

5-4

g

W

A o e o sebats 72

- e

e e e W



e

PR e v g

\\ '{?hsh\i&\l" -5 \ e 3

«&x\*r\“hm\ -~ ‘ @

These are pyramids whose bases is a square with vertices are given above, centered

at (Jcnl,gn) with unit height. Forming the inner products with the residual we
obtain

du
(19) Z{% dtt C g ;Péz*cdu “w \M) 0 V mn

Only nonvan1sh1ng terms come for the values of indices h m-{, m msiand Len-yamn,
Thus equat1on (19) reduces to

20 A“m\fn-l ’9\? KV N '6\9"““‘@ =0
“Z_‘ m-'k t\—Q 3¢ +Cx_ m\tn- “":'é‘"‘"‘" + Y m- 1\,-2. > >

Computat1on of 1nner products as double integrals are straightforward but

tedious. Rep]acing the values of various inteqrals in equation (20), we obtain

(2] ) 36:: dt [u"“l a-1 + 4 u"M e \+ u’mﬂ n-\ +4“m yn + \G“ +A tkwu\ n.+“'m \n+\+4“ mu '\h-\
=-2§;\,‘:‘9um"l“‘rd3 LL'“J""*\FP““"‘)“'\' dxu'm")“+ux.:“m§\)w_t"wﬁ ' “\-*-Q(BLLM n+1+ Gu‘mn,‘\ﬂ‘\

= 2Cy

373

oystem of equat1ons (21) can be written in matrix notation on a rectangle [ O,(M+1)h}

where 8- C"_"'fj P.-C’_*__Ci’ oc.-l;"‘ and

-
X [0,(N+1)h  in various ways. Let Uk ‘-"Lw G %] R kz\,)_)._ N . Iy be the
NxN identity matrix, and LN=[ QU NxN where

L. J' { J"—l‘.-l

‘1 1'
0 otherwise,

o

superscript T indicates transposition. Then

' 3@.-_\*; ‘4(‘-“'41 *Ln)U +(Ly+4T,+L U l"“" X L LU, +
(ot I+ 0L, ) - m\_vo-wﬁxz-(e\_N+o¢xlN+P\_N)U°3 -
5 Fel(Lar AT EOUo + 8r 4y

(LA T L) Ut 4L AT, L) (AT ) U e

(22)

-

{
36 d
'\T\. (OL o L v g ALY ", oy - N U (e, L -w::L -&
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e (L +AT +LT)U, +4(L+4T + ]

~or l(eL o T+ LU, o« (~Lr U, \

V-\-w A+

+(ply+ o, 1,46 L) Uy 4 % gﬂ_(‘—,ﬁ A1 ‘-7430“*(*5,«#43“*

where we introduced vectors in IRN

=‘_-6u.£°,0) R’

\Uk: [-d.j ukc)o).

={cku,k°) O, o
gk=[“h>o
We let

- T
e \-Nﬁ--‘ﬂ.’ﬁ\_N -

FN = (“ LN+0£I.IN+ BLTN =

,0. 8u

-
9 "(ukk,uul , k=

%y ‘*k,mtf

ﬁ,u+\}

0t i}
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36 dt -7
o Lk
~ ! T, AT, LUy
23 ’
() [ : "LL T [oewex, ]
O 0 V+W;_-1:3
A -
4 s
O 0
U

where

rﬁziﬁo"%x*gw'ﬁﬁﬁf"iﬁ' e

Here entries of matrices are NXN matrices and entries of vectors are N vectors.

@N..

J
M

Lv +w ax
Mmee M MK

rOLN PN
..e’: )

3 Wiy \rﬁm\f\

Then the system (22) in vector and block tridiagonal matrix notation becomes

O 1

ke

e e e

iy B e

Note that for time independent boundary conditions the last term in this equation

vanishes.

or M dimensional compound vectors i.e vectors whose components are N dimensional

vectors,
” - -
U(
U"
F S

UMJ

Further simplification is obtained by introducing KM dimensional vectors

» M=

v,

i

)W:

rw'

, Ks

hWMJ

-

- X Mgy

-~

g
o

?N M-

i ——

= - [Z-f\,-&W‘VX J

and the square matrices of order NM, 6& for the matrix on the left and ® for

5 the matrix on the right hand side of equation (23).

The linear system (22) or equivalently (23) can be written as

(24) —‘—,;

[P

4 AL

U+T

Do



,'4

-
K

"

-4

!@s—-

| ) . . . - \‘l A "\\ :'- A~ S
N 't': ;{ﬂﬁ&ﬁ‘f S N
[ S ' .

with the initfal condition 11'\1 when t=0,

This system has a unique solution for 311
‘
FTH

W O

. Letting A= A +A_ with

?'o T“
T 0o O
N .
A‘=4' 3 A= ) o

2

. O . '-,Tk
L- Tnd b T” OJ
direct multiplication shows that A] and AZ commute, this is a direct con-

sequence of both being Teeplitz matrices.  therefore they have the same eigervectors.

Efgenvalues of A1, as easily verified, are

= kO 4,2,.. - NM,
lk 6(2‘*%NM-\-‘) 4 k‘ 3%
with corresponding eigeavectors
-
=l Qb NMkt
><s'~_‘-g"“'m~«+\ ' " NMa 1

Let f\k be an efgenvalue of Az associated witk the eigenvector Xk’ 'since A1~_- A:

we have
P'k< Xk ’Xi:> =<}_‘\>(w><k> =<A1XR»X“> = <XL ) A.:.X\? =<Xg‘; AK> = F\<)<K‘X\>

and Xd:o implies h: F“ $0 r_keR . Gerschgorin theorem applied to A2 ylelds
h‘*f’o , hence A
similar to a diagoial matrix §) with efgenvalues of A , which are the sum of the

is nonsingular [9]. It is known that A is unitarily

efgenvalues of A1 and AZ’ are the diagonal entries. This similarit, transfor-
mation is performed by taking 53 ‘3( 4 ;l i.e columns of S are

efgenvectors of A . Letting Su. W} and multiplying (24) by 5 the initial

value problem reduces to
25) SZdt[S.\ASOJ] z}"ér
S'U,=U
" stce S'= S

Note that one does not ne:d to compute S

§'8SU+SC

For the solution of (25) one step methnds such as Runge-Kutta method can be used.

Also a large number of multistep methods, implicit or explicit in time (predictocs-

5-8
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corrector), o.ce a starting procedure is realized by a one step method, are
available, and their stability theory is well understood and detailed treatment
can be found in {101 , [11].
To show that the finite differencing scheme is conservative, we must show that
the eigenvalues Alw o)of Galerkin difference operators in (21) belonging to
efgenvectors expy [w 1m'm,lé 1, are purely imaginary where w,=wWnx and
u}a:wS‘.mx . Substituting u’mh(ﬂ'qwu)ex""[“’x.x’m*wéén] in (21) after some
manipulation yields for the left hand side

. ifw, x AR, (D) ~ihw U
L-H-S=5‘€&'me ot J“ P S U PP SUTAS -l

w

Hw tmrwoy3n)

4 e hex-w) 4 the "h (urig) {24+ Cosich \[2+ Coswé}‘t-.\ 2

+4e I+ €
and for the right hand side
(o X 4w NGO IW) stk (wA0y) h
R.H. S"'_h‘l cne[u -t 5‘*3[ (e ¥ e " 5)* ST e

- w - —\ W= ‘(‘J m n

3:.5; d)C

~thw

[c Sawh (2+cow g+ Gy Sinfa 2+ Cnw \q\

3
Hence
{
& /)= G0 Alws)
where
(26) l(w’q);—*: “C Ca'.\q' bbf\wx»\ 5 ‘ ~- -).A d-. gl» i\\' 5 « - 1
"UX-“' -3‘:\- % Cﬂd}xs'\p ""“4“’ 3- + 5— L(?Sk)ah

which is imaginary. Setting mé"(u;'&\,-.}mﬁ.(w‘d.) we find the numerical solution
W B) = 0 (0) expi[wyXmt gy -w Tt ] -

The discrepancy between C(wal) and C or more precisely the order of zero of

E‘:Iw,«)-c about wh=0 is the the order of accuracy of the semidiscrete method.

To show that this method is of order four, we expand E(w,eL) in a Taylor series

and a straightforward computation shows that

(27) T, 8)~-C =& \‘L:é:r&“\ i+ G (o] oy W)
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ERROR ESTIMATES FOR PRE AND POST OSCILLATIONS ABOUT DISCONTINUITIES

To justify the heuristic arqument nresented earlier we may assume that this
spurious oscillations are rapresented by small perturbations in w , and replace
W by w+t 1in trial solutions

(28) wxpy=a, cwralx-Cw+ort)

Expanding E(w-rg) in a Taylor series abcut €~0 and retaining only the
linear terms we obtain

Clw+e) = Ce)+ £ C (w)
Since w>g . terms of order £ can be neglected and introducing group velocity

oY B
(29) §w)= $~ (T
(28) can be written as

v (- T e (% — gl
(30) u(z.,k);o,ae"“@—ccw\t) eeLx quwdt)

Straightforward computation shows that ejgenvalues of {7) corresponding to

x
eigenvectors {QN) “\ , are

1(.“)‘)'-'-'- - ;'c' s‘\.l\h)\‘\-
oA Coswh

and therefore

ES(U§)=-- C Siawl

t-olt+olloswn  wh

Using (29), g\uJ) is easily computed as

A+ (V=) Coson
(i ~ X+ oL Coswn)™
due to the discretization of the domain of the equation, the group velocity

(31) QuW)=cC

corresponding to 2h wavelenght, from equation (31) is

‘ c
(32) 3(%)2 T A1

which is the same as depicted in (17) and for =g in (15),

To obtain estimates on local and global errer of numerical solution we recall

the definitions. [5] p.43, [13]. We say an infinite series Zlukis (C,1)

~d
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a we write Z“k"'s (C,1) sense.
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i
summable if 1im W ~lim M‘: exists where § :" W, » in this case
Ny M naw WA+ k LLo L

An infinite series Zw is said tobe summable by Abel's method ( some say
Poisson' s) or simply A-suimable to s, if Zu rk is convergent for \ri¢y and
1im Zu -1r],n;(1 r)Zsk‘:S where S is defined above.

Ne need two results, the first {s that the series

(33) -—+i€asnx

is (C,1) and a]so A-summable to zero.

It is known ..hat [5] p.20

Sy = +anakx— ‘L’_S“_"E_L x 420w

Sia X
and from the **1gonometr1c identity

ZSLQI Sin, (h-\' 5.-31 = CC\S‘Q'X*— COSLE'.L\)?'-
it follows that

i , .
k=0

Thus o ~
n C. & vl -
n ‘ ‘ Dl =X
_ |\ N R+ L X = > C 29.1'('
On = n+\Z "’ru-\ ‘smxl__sm( \ Ly sn;_c, ¥
and 1im 0':0 To show A- sumnab1hty, recaH the Poisson's formula [5} » p.61;
n-)ou
\-T

2 ¥ 2\” Cosnx = 2(1-2rCosx +r1) i<t

ey
Letting ra{ we see that the assertion is true.

The second result is that
o0
2_Sianx
nel

is (C,1) and also A-summable to % wt

et

It is known that [57, p.21;

;S(nk’x = ._‘_ Cbt L A*.ﬂ_):—

U51ng the tr1gonometr1c 1dent1ty

2 5% 5 [Co.s é{-‘ +Cos 2% 4o+ Cos(ny %)'J;l:. S axryx = Sinx

we find
g = S,‘VS;"“ s '5"\. = n )_ \ 2': ‘ Sh\(\'\?”X"SL"\.x_
n n+ 4 w2 T 4Su\§ iy
and the result follows by Tetting n - oo
5-11
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To show A-summability we use Poisson's formula
o0

. Sin
Zr'\Sm.mc. = v 2w

A-2vCasx+v2

;:é let ).

We now estimate the J%Lnorm of the global error. As a direct consequence of
Parseval's identity, it is known that Fourier transform is an isometric isomorphism
between the Hilbert spaces involved [16] p.51-52, [15] p.25. Therefore it
suffices to coupute the 3n_norm of the Fourier transform of the error. To simulate

the shock, we let the initial condition to be the step function
x20 o

t
(35) U(x,o):{o x<C

Without loss of generality we may assume that the discrete Fourier transform of
the net initial condition u (o) is equal to the Fourier transform of (35) , and

we obtain w ) W
N =LA, \.o.>'\.
(36) U(w o)= an(w, o) = h u,(o)e " h S k[{ t-Z_Casum\\ LZ_Su\un‘:X
- n: O
It follows from the proofs of statements concerninrg equations (33) and (34) that

serias on the right of equation (36) is (C,1) and hence A-summable to
R i
~ i T
(37) Uw,0)= U (w,0)= L—g‘-—;ﬁ
2&.5;&.?-

From equa;ion (1), Fourier transform of the exact solution is easily computed
U(w't) U(\» o) (.':um{:
Lln(£) is the solution of semidiscrete equation, for simplicity we assume K
to be the identity operator, taking the discrete Fourier transform of the
semidiscrete equation and solving the resulting differantial equation one
obtains

At
u.(wt) a(w,0) e
For conservative schemes )w)z-w'&w) » therefore the i.)_ norm of the global

error is

“E“i 1 5iw,0) e —e  |dw

RS
‘ ﬂ* 7 -twetadt  -twek 2
27T o

x4

5-12

h .

- ey, &

S A Y e e e o r o

-

¥

R 2%

. ‘.¥1I:’)
- . ‘:
g gt A S "



N

N
2
*)

S7- N SRR

’ RN v
B LT U

™~

'
U

Y

.\ Introducing dimensionless variabies T =t¢ and y:uﬂx, a straightforward
h
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computation shows that
B

2 .
Y - \L S‘ut Xg (’C(g:\\"c') '
“t“z- ™ S Siat S R
2

-

- CONCLUSION

The'semidiscrete method proposed here has a reasonable Courant number and a fourth
. order accuracy. Results are thecretically conclusive. Computational evidence for
detailed comparison of this method with conventional methods will await our
nunerical experiments.
The measure of oscillaticns in the numerical solution, in a neighborhood of sharp
changes is the pointwise error. We were able to show with a lenghty argument,
although there are some gaps in details of proofs, that maxima of the difference
between the exact and the numerical solutions continually diminish and minima
continually increase in an interval of lenght 4h on each side of the sharp
gradient change. Numerical solution is approximately 0.28h 1larger in the

upstream direction.
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DETERMINATION OF NEUTRON FLUX DISTRIBUTION BY USING ANISN, A ONE-DIMENSIONAL

DISCRETE S, ORDINATES TRANSPORT CODE WITH ANISOTROPIC SCATTERING

by
Susanta K. Ghorai
Associate Professor of Physics
Alabama State University

Montgomery, Alabama 36195

ABSTRACT

The purpose of this project was to use a one-dimensional discrete
ordinates transport code called ANISN in order to determine the energy-angle-
spatial distribution of neutrons in a 6-feet cube ruck box which houses a D-T
neutron generator at its center. The project was two-fold. The first phase
of the project involved adaptation of the ANISN code written for an IBM
360/75/91 computer to the UNIVAC system at JSC. The second phase of the
project was to use the code .with proper geometry, source function and rock
material composition in order to determine the neutron flux distribution
around the rock box when a 14.1 MeV neutron generator placed at its center is
activated.

Advisor: Dr. James E. Keith
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INTRODUCTION

Accurate determination of neutron flux distribution as a function of
energy, angle and space is highly important in situations such as neutron
dosimetry work, shielding problems, and in situations which involve neutron
exposure. Analytical method of determining energy-angle-spatial distributicn
of neutrons or photons involves solving the conservation eguation known as the
Boltzmann transport equation. Much of the stimulus for the development of
transport theory came from problems connected with the design and operation of
nuclear reactors. However, actual problems are usually highly complex which
can be best handled through high speed computing machinges by using
approximate numerical solution of the transport equation. The method of
discrete ordinates has become a powerful tool for the numerical solution of
the Boltzmann transport equation. 0Oak Ridge National Laboratory transport

program called ANISN-ORNL (1) is a one dimensional discrete ordinates Sn

transport code with general anisotropic scatterine In thi; project ANISN has
been successfully adapted to the UNIVAC system of JSC anc some progress has

been made in analyzing the rock box problem.

ANISN AND ITS ADAPTATION

ANISN is a FORTRAN 1V, version 13 program which uses the discrete
ordinates or S method in solving one dimensional Boltzmann transport equation
for slab, cylinder and spherical geometry. As a secondary calculation, the
detailed flux generated as the solution may be used to perform group reduction
of the cross sections. The discrete ordinates method has been reviewed by
Carlson (2), Lee (3), Mynatt (4) and Lathrop (5). It is not the prupose of
this report to discuss the discrete ordinates method or to describe the ANISN

code. However, for facilitating the process of running the ANISN program,
6-2
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some observations will be made here regarding the approximation features used
in ANISN. Although the discrete ordinates method should solve the transport
equation exactly in the limit of infinite computation time and infinitesimally

fine mesh in all variables, in practice a number of approximations are

_essential. These include the approximation of continuous functions by

discontinuous sets of approximations in energy, spatial and angular meshes and
representation of the angular dependence of scattering by a small set of
truncated Legendre polynomials.

a. Selection of Groups and &

ANISN allows general anisotropic scattering through an £-th order (P, )
Legendre polynomial expansion of the scattering cross section. There are
really two types of anisotropic scattering, first is the heavy nuclide elastic
scattering of neutrons which at high energies is extremely anisotropic but the
angle-energy correlation is unimportant; second is the elastic scattering of
neutrons by hydrogen or the Compton scattering of gammas which has an
important angle-energy correlation which becomes an angle-group correlation.
The method used for anisotropic scattering in the discrete ordinates equations
appears to work very well for both types of scattering (4). Low order
approximations such as P2 or P3 are adequate for most practical problems (4).

The multigroup Legendre polynomial expansion method is used to prepare
cross sections. A typical discrete ordinates transport calculation may use
from 30 to 100 groups and a P3 expansion (6). One group-to-group transfer
table is required for each Legendre term, hence 4 for 33 (PO, P1s Po P3).
Computer storage increases rapidly with the number of energy groups and
tables. Bugle-80 which has been used in _his project to provide cross
sections for ANISN, provides 47 neutron and 20 gamma,P3 cross sections for

ANISN. An example of neutron group cross section is given in Table 1. This

6-3
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table gives the P0 through P3 cross section tables for the first three neutron
groups in iron. The format corresponds to the positions used in ANISN.
Position 1 contains the absorption cross section. Position 2 contains })q;(it
is 0 in case of iron since there is no fission in iron). The total cross
section appears in position 3. Position 4 contains the within-group
scattering cross section q;*swhere g9 is the group number. Position 5 contains
the cross section for scattering from group (g-1) into group g. Position 6
contains the cross section for scattering from group (g-2) into group g, and
so forth.

b. Selection of Angular Quadrature

The flux is anisotropic, and a reasonably large order of anguiar
quadrature set (quadrature direction Mm and quadrature weights wm)is necessary
(7). The most accurate quadrature set for integrating the Legendre
polynomials for a given n is the Gauss-lLegendre quadratures (/4m at zeros of
Legendre polynomials, m = 1, 2, 3,..., ntl). A relatively low-order
quadrature, such as 58 for P3 cross sections, would be sufficient as far as
inscattering source is concerned (6). However, in radiation transport, the
angular flux density is usually very anisotropic and a high-order set may be

needed to properly represent the angular distribution in the output (6).

TABLE 1
IRON NEUTRON GROUP CROSS SECTION FOR FIRST THREE NEUTRON GROUPS (BARNS)

Position Group 1 Group 2 Group 3
P, 1 o 2.022-1 1.608-1 1.121-1
2 '96; 0.0 0.0 0.0
6-4
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3 Ceor 2.620 2.939

4 6y, 1267 G, _, 1.546 O35
5 0.0 Oje2 1.097-1 Gp.43
6 0.0 0.0 03
1 c.0 0.0

2 0.0 0.0

3 0. 0.0

4 6,1 3002 Oy, 3.881 G,
5 0.0 Gy 1.356-2 0.,z
6 0.0 0.0 Cys
1 0.0 0.0

2 0.0 0.0

3 0.0 0.0

4 4.250 5.550

5 0.0 4.013

6 0.0 0.0

1 0.0 0

2 0.0 0.0

3 0.0 0.0

4 4.968 6.252

5 0.0 3.535-2

6 0.0 0.0

[ w—y

N D

~

g O O O

o O O O o

.259
.784
.155-1
.100-2

.522
.748-2

.531
.055-2

.858
.979-2

&

c. Selection of Spatial Mesh

Nested spherical shells or layers of different materials can be hzandled
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by specifying a radius at the interface, and specifying the material in each
Yayer or zone. The spacing Ar should be small in regions of large attenuation
or curvature, such as near the origin in spherical and cylindrical geometry
(6). On the other hand, small Ar implies very many space points in a thick

shield, and some compromise may be necessary. Typical shielding problem in

A

one dimensicn may use 100 to 300 radii. One rule of thumb is Ar < Zﬂmin/ztmu

where ,‘(_“-_‘1'5 the smallest discrete cosine and Ztm“is the largest total cors
section in the multigroup set (6). Near the origin in curved geometry the
angular flux density changes rapidly even without collisions, and a smaller ar
may b2 required.

Following comments in addition to the use of ANISN manual would be
nelpful in running ANISN coda.

1. A better definition of some of the parameters and terms used in ANISN
can be found in reference 8. However, one must be careful in using this
reference, since it does not use the same array number as ANISN,

2. The ANISN manual (1) does not include an output. Reference 9
includes a sample output for a three-group ANISN problem.

3. Before using any cross section file from Rugle-80 tape, it is
necessary to convert this file to binary form. Four Bugle files (nos. 4-7)
are needed for this conversion. File 4 contains the IBM JCL cards for
conversion, and file 6 contains the IBM DD cards. File 7 contains an input
data card for the conversion program contained in fiie 5. Before a cross
section file is converted to binary form, it must first be converted to field
data, and all "&" signs must be changed to "+" signs. The conversion program
can now be applied to make a binary cross section tape whi. can be used with
ANISN.

4, The output should always be examined for possible lack of convergence
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and for negative or oscillatory angular flux densities (6). The total flux
should not contain any negative vaiue. If there are any at all, they must be
very few in numbers.

5. There are four ID numbers for cross section of each element or
physical material in bugle-8C. The first ID number refers to PO cross section
set, the second one to P, set, the third one to P, set, and the fourth one to
P3 set. Each of these sets is;counted as one material in the parameters MTP,
MCR or MT in the 15% array. However, in the 9% array (material number by
zone) only the Po material ID number of each element or physical material in a

given zone is required.

ROCK B0X PROBLEM

The second phase of the project was to determine the neutron flux
distribution around a 6-ft cube solid rock box which houses a D-T neutron
generator at its center. This experimental arrangement was designed to
conduct a combined pulsed neutron experiment and to study its application to
nuciear waste disposal tes.ing. When the generator is activated, it producas
5 microsecond pulses (1 to 10 Pu1ses/s) of 14.1 MeV neutrons. The strength of
the neutron source is less than 109 n/s. The rock has a bulk density of about
2 g/cm3 and the composition shown in Table 2.

In order to use ANISN code to determine the energy-angle-spatial fiux
distribution around the rock box, the neutron source can be tieated as a point
source which can be approximated for ANISN by a small shell source at the
center of a sphere of radius 90 ¢m. The problem of selecting a suitable set
of approximation parameters to be used in ANISN code is &acute in the
calculation nf fast neutron penetration to large depths (7). Following
parameters have been worked out in thie rock box analysis.

6-7
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1. The finite-difference equations are solved subject to boundary
conditions. The vacuum condition is usually specified at the outer boundary.
The reflective condition is required at the "left" boundary (r = 0) in the
sphere (6). Hence IBR = 0 and IBL = 1.

2. As discussed earlier, near the urigin in spherical geometry, the
angular flux changes rapidly even without collisions, and hence a smaller ar
is required. The intervals used in this problem for 4* array input are given

as follows:
4**¢31B0.0841B0.001p4150.01p41B0. 1P84IB1. IP391$50.0490.0

There are 144 intervals, and ar is very small near the origin and it increases
putwards.

3. An 58-P3 analysis is being applied. The neutrons are generated in
the enerqy group 2. Because of the discretization c¢f ANISN code in angle and
space, with an isotropic source in spherical geometry, the source has to be
placed in the last angle which, in this case, is the 9th angle. The shell

source used in this analysis is given below in ANISN format.

col 1
4
18*
9Rb0.0 coll6
')
8Rb0.0 1.5734+07
Fb0.0
T

The total shell source given in 18* array was derived as follows.
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- cross section mixing table are given in tabie 2.

au m& aM
_ Wu?}

Total shell source = Z Z Z ( lﬂj\A(#l)

Total shell source must be 1 neutron/s.
Since the source is in the first interval, 9th angle and group 2,
i=1, j=9%andk =2

Hence total shell source = 4)192' Wa l/‘q\‘A;, =1 na

From the output using the above 144 intervals we find that

A, = 7.85398 x 107 cn’
Also from the output we find from the Angular quadrature constants

Wy |Ma| = 8.09256x10"

Hence

RV

¢ = = 1.57335 x 10’ n/cmé/s
a2

Wq|Mal A

If the shell source = 1.57335x107 n/cmz/s is used, it will give a total source

strength of 1 n/s.

4. The composition of the rock box and the number densities (12*) in

024 3

densities are in units of 1 atoms/cm™.
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TABLE 2
ROCK COMPOSITION AND NUMBER DENSITIES (12%*)
(in 1024 atoms/cms)
Bugle-80 Element % by wt. Number density (12*)
1D
1-4 H 0.63 0.0075884
9-12 0 48.39 0.0364286
13-16 Cr 0.000003 0.069477x10-8
21-24 Fe 2.46 0.0005305
45-48 Si 28.01 0.0120107
53-56 Na 1.35 0.0007073
57-60 Mg 0.54 0.0002674
61-64 A 5.08 0.0022673
69-72 K 2.62 0.0008071
73-76 Ca 10.87 0.0032667
129-132 Ti 0.11 0.0000277
137-140 Co 0.00000059 0.0120573
1563-156 Ba 0.000282 2.4728378x].0-8

The first ten elements (H through Ca) are in bu .e file 1 and the last three

elements (Ti, Co and Ba) are in bugle file 2.

5. Cross section mixing table (10$, 11$, 12*) for the rock box
composition with thirteen elements has been prepared as shown in table 3. In

this table the first 10 elements are in Bugle file 1 and the last three are in

6-10
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Bugle file 2. Table 3 shows how the cross sections of the thirteen elements
could be combined to form those of the mixture (the rock). When the cross
sections are read from Bugle binary tape, the materials are identified by
integers 1,2,3,....,52 (52 materials read in 15% array) according to the orcer
in which they weie read from the tape. Positions 1 through 4 in table 3 cause
the block of locations reserved for materials 1,2,3 and 4 to be replaced by
zeros. Position 5 through 52 cause materials 5 through 52 to be multiplied by
their respective number densities in column 12* and combined to form four new

macroscopic materials, material numbers 1 through 4.

TABLE 3

CROSS SECTION MIXING TABLE FOR ROCK BOX

Position Element 10§ 11% 12*
ID

1 1 0 0.0075884
2 H-1 2 0 !

3 '-4 3 0 "

3 4 0 "

5 1 5 0.0364286
6 0-16 2 6 "

7 9-12 3 7 !

6-11
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8 4 8 (]
e 1 9 6.9477-10
10 Cr 2 10 !
11 13-16 3 11 "
12 4 12 !
13 i 13 0.0005305
14 Fe 2 14 !
15 21-24 3 15 "
16 4 16 !
17 1 17 0.0120107
18 Si 2 18 "
19 45-48 3 19 "
20 4 20 !
21 Na 1 21 0.0007073
22 53-56 2 22 "
23 3 23 "
24 4 24 "
25 1 25 0.0002674

6-12
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26 MG 2 26 "
27 57-60 3 27 "
28 4 28 "
29 1 29 0.0022673
30 Al : 2 30 "
31 61-64 3 31 "
32 4 32 "
33 1 33 0.0008071
_ 34 K 2 34 "
;‘ 35 69-72 3 35 "
v:h- 36 4 36 H
L
37 . 1 37 0.0032667 oy
:
38 Ca 2 38 " |
39 73-76 3 39 " }
40 4 40 " g
41 1 41 0.0000277
42 Ti 2 42 "
43 129-132 3 43 "
44 4 44 "

6-13
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45 1 45 1.2057-10

46 Co 2 46

A7 137-140 3 47 .
48 4 48

49 1 49 2.4728-8 '
50 Ba 2 50 "

51 153-156 3 51 "

52 4 52 "

In this case
MS = 52

MCR = 0

MTP = 52

MT = 52

and material number 1 is entered into 9% array.

There are different possible ways a mixing table can be prepared. Some

are more efficient than others. For example, reference 8 gives an

illustration of a mixing table which is composed differently than table 3.

CONCLUSIONS

At the time of wrting, all the input data for the rock box problem have
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been worked out, and the binary tapes for Bugle files 1 and 2 have been
prepared. Computer runs have been made with all the input data as
discussed above, except that in spheric 1 geometry the concrete problem has
been executed instead of the mixture. A stepwise approach will te taken to
use the mixture. At first, runs will be made with first two elements of the
mixture, next with five elements, next with ten elements, and lastly with all
the thirteen elements. In this approach it will be easier to apply
corrections, if needed, to the program input. There is also a possibility of
reaching the storage limit of the computer.

Before t.ing all the thirteen elements, some "runstream" cards need to be
changed and some added in order that ANISN can read the binary tapes of Bugle
files 1 and 2 in one run. Another approach would be to combine these two

binary tapes into one.

FUTURE PROJECT

Experience in other places working with ANISN has shown that when as few
as 2 or 3 elements are used in a mixture, it is possible that the resulting
input cross-section matrix will exceed the storage capacity of the computer

(10). When this occurs, two approaches may be attempted (10).

1. First, attempt may be made to increase the dimension in the statement
COMMON/BULKBU/I1, J. A(45000) in the main routine from 45000 to the maximum
permissible number. It will also De necessary to change the statement J =

45000 in the main routine (10).
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2. Secondly, use can be made of the routine LIM1 (given in ANISN manual)
to prepare a group independent cross section tape for ANISN. When this tape
is used, rather than storing the entire matrix for the mixture, only the
cross-section data for a single group are stored in the memory while the
calculations for this group is performed. Data for the next group are then
read from the group independent tape replacing the data of the previous group,
and the calculations for this group are performed. The process continues for

all groups.
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ADDENDUM

After the report was completed, a successful ANISN run was made
with a two-coriponents mixture using the first two elements, H and 0
of the mixing table 3. But when the third element, Cr of table 3
was added, ANISN would not run because the resulting cross section
matrix for a three-elements mixture exceeded the allowed computer
storage space.
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A STUDY OF SOME FEATURES OF AC AND DC
ELECTRIC POWER SYSTEMS FOR A SPACE STATION

by ,

Jack I. Hanania, Ph.D.
Professor of Electrical Engineering
American University of Beirut
Beirut, Lebanon

ABSTRACT

This study analyzes certain selected topics in rival DC and high frequency
AC electric power systems for a Space Staticn., The topics are chcsen either
because they ace potential problem areas or because there seems to be the need
for farther study and development work.

The interaction between the Space Station and the plasma environment is
analyzed, leadir, r~ a limit on the voltage of the solar array and a potential
problem with .- or. = coupling at high frequencies. Certain problems are
pointed out in the concept of a rotary transformer, and further development
#ork is indicated in connection with DC circuit switching, special design ~f a :
transmission conductor for the AC system, arnd electric motors. The question
of electric shock hazards, particularly at high frequency, is also explored, -
and a problem with reduced skin resistance and therefcre increased hazard with
high frequency AC is pointed out.

The study concludes with a camparison of the main advantages and
Jdisadvantages of the two rival systems, and it is suggested that the choice

between the two should be made after further studies and development wor) are

canpleted.

Center Research Advisor: William 4. Chandler
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INTRODUCTTON

The design of the electric power system for a Space Station in low earth
orbit has received corsiderable attention over many years. A number of
studies{17®) have been carried out based upon different alternative systems,
same primarily DC, some primarily AC, and sare a hybrid of the two, but it was
clear fram the start that the old 28 volt DC system used in previous space
missions would no longer be adequate for the Space Station powers envisaged,
while the familiar §0 Hz and 400 Hz AC systems would lead to excessive weight
of electramagnetic equipment.

The choice of system therefcvc essentially rests between a relatively high
voltage DC and a re.atively high voltage, high frequency AC, with same
variations based upon these two. The voltages are referred to as relatively
high since there are factors that tend to limit these voltages to a few
hundred volts, as will be shown below. Too low a voltage, however, would lead
to excessi.. transmi' ion conductor size and losses. The optimum voltage
level, as vel’ us optimum frequency if AC, will have to be determined subject
to same constraints, in view of the effect that these factors have on the
overall station weicht and cost.

A study of the two rival systems shows that they are both essentially
feasible, subject to same constraints and problems which are discussed below.
There are strengths anu weaknesses in .Doth systems. and a good case can be
made for one or the other. No attempt will be made to choose Letween the two
systems. However, certain specific topics are selected for study, either
because they seem to be poten:ial problem _Lreas in one system or the other, or

because there may be inadec.ate data or insufficient past development work.
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THEORY AND RESULTS

Plasma Interactions

The voltage of the solar array is limited by the level of discharge fram
the array to the surrounding plasma and the resulting power locs(7'8). This
discharge is a function of the plasma density, which depends upon the altitude
of the Space Station. The optimum station altitude, taking into account
correction for aerodynamic drag and the launching of resupply missions from
earth, is in the region of 400 km (215 NMi). Unfortunately, this is an
altitude at which plasma density is close to a peak(a), Figure 1. At 400 km, .
the plasma density is of the order of 1x106/cn3, and the voltage breakdown
threshold, Figure 2, is roughly 400 volts. The positive/negative solar array
potentials are not symmetrical with respect to the surrounding plasma because
of the ease of collection of electrons, resulting in approximately +20V/-380V
potential distribution for a 400-volt array. Other factors to be considered
are: the additional ionized material introduced through the action of the ion
thrusters, the sharp rise in array voltage as the array emerges at the end of
the eclipse period into sunlight, and the apparent ineffectiveness of
attempting to insulate exposed areas of the array in order to operate at
higher voltages. Pending additional plasma data in low earth orbit, it would - .
be prudent to . it the solar array voltage to between 250V and 275V or below.
There is a possibility of resonance between the AC transmission syst. 1
frequency, if an AC system is used, and some natural plasma frequencies(g).

particularly the ion plasma frequency wy and the lower hybrid frequency W

These are given by:

o

P
m
=<}

Ni

wi = Q|53 €o WLH *\¥eM;



L]

T e eab

‘iwuﬁ"iﬁ; ‘_~

d

BRNTRES S\ N A - -

where Q is ion charge, Mi ion mass, N; ion density, e electron charge, M,
electron mass and B the earth’s magnetic field. Estimates of w3 and wrH have
been made by General Dynamics(3) for a range of altitudes around low earth
orbit, giving w; as varying from 23 to 74 kHz at 300 km, and fram 7 to 43 kHz
at 600 km, and Wy varying from 5 to 10 kHz over the range 300 to 600 km. If
resonance coupling were to take place unchecked, large power losses would
result. This points to the need for avoiding parallel conductors with an AC
system and for proper shieldimg of electramagnetic equipment. Meanwhile, more
work should be done to verify the plasma density data presently available and
then to recampute the placma frequencics.

Rotary Transformer

As part of an AC system, a rotary transformer has been proposed to provide
power transfer electromagnetically fram the solar array side to the rest of
the Space Station, thus avoiding the need for sliding contacts. A General
Electric(lo'll) design uses four 25-kW modules with a ferrite core and a 0.01"
airgap, with a frequency of 20 kHz and a flux density of 0.25 T. The airgap
leads to questions about leakage inductance, and the campactness of the
transformer achieved through the use of high frequency makes heat dissipation
more difficult. Unless proper dissipation is achieved, winding failures could
occur leading to a total shut down of power to the Space Station, unless
redundancy is introduced by using more than one transformer. Because of the
weed for an electrical link between the solar array and energy storage
equipment (fuel cells or batteries), the use of the rotary transformer gives
tws options: either energy storage is on the station side of the rotary joint
which needs additional conversion equipment, or it is on the array side,
adding to the mass of the array and preventing a decentralized storage and

conversion system.
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Circuit Switching

Although AC circuit interruption has alwavs been easier to achiere than DC
because of the availability of current zeros, recent developments(lz’B’M)
with solid state devices are making DC circuit interruption easier than it has
been. The following techniques can be used:

(i) GIOs (gate turn-off thyristors) can switch a circuit very rapidly,
from 2 to 10 microseconds. Units have been developed and tested up to 653,
800V, and GIOs with substantially higher ratings are presently available.

(ii) Power MOSFETs have been tested in units up to 100A, 150V. Because of
current rating limits, parallel operation of MOSFETs is needed, unlike the
GIOs.

(iii) GTO/SCR systems are used with the GIO driving an SCR bridge circuit,
either by controlling the on/off -function of the SCRs or by diverting current
array fram the SCRs. This eliminates bulky cammutation circuits from the
usual SCR system.

Although there is an obvious need for further development work and there are
same problems to be resolved, it is expected that MOSFETs will replace SCR
systems up to 30 to 40 kW, and GIOs or hybrid GIO systems will take over at
higher power levels.

Transmission Line Parameters

With a IC system, designing a transmission line conductor and camputing
line parameters present no problem. With an AC system at high frequency,
several points should be considered. Skin effect is prominent, leading to a
thi:. hollow tube construction. Reactive voltage drop can be very high unless
a coaxial conductor design is used. This can be seen in Figure 3 and Figure 4

(8)

which are taken from the work of Renz and his associates. The camputation

of line parameters at high frequency and with unsymmetrical conductor sections
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needs further study and experimental verification.

Electric Motors

The traditional DC motor with cammutator and brushgear cannot be used
because of the plasma enviromment, and the "brushless DC motor” is in fact an
AC motor supplied through a DC/AC converter. With e high frequency AC system,
frequency conversion will be needed to avoid excessively high motor speeds.
The choice is between the 3-phase synchronous samarium cobalt permanent magnet
motor and the 3-phase squirrel-cage induction motor. The latter has the
advantages of simplicity, ruggedness and greater long-term reliability. The
campactness of the high frequency motor results in the need for proper heat
dissipation, since core losses rise substantially with frequency. Additional
rotor losses arise with non-uniform rotating magnetic fields(ls)

Electric Shock Hazards

In view of the widely varying body resistance, current rather than voltage
is used as a measure of electric shock hazard. The let-go current, which is
the level at which a person just fails to release an electrode, is a danger
threshold. With such a current, prolornged contact with the electrode can lead
to respiratory difficulties and to skin changes that greatly reduce skin
resistance thereby allowing larger currents to flow, With these higher
currents, ventricular fibrillation can set in. Table 1(16) gives typical
figures for DC, 60 Hz and 10 kHz AC, and the median let—go currents at 60 Hz
are seen to be about one-fifth those with DC. That is why 60 Hz AC is

II:(17). Since skin resistance

sametimes said to be five times as dangerous as
is by far the largest camponent of the overall body resistance, skin condition
greatly affects the severity of shocks. Voltage also affects skin resistance,
high voltage causing a sudden drop of resistance.

Table 1 also shov.3 the let-go currents at 10 kHz to be about equal to

8-6
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those with DC. This is confirmed by the work of Daziel(la’lg), and is shown
in Figure 5, although the curves of Figure 5 go as far as 7 kHz only. But the
skin resistance at high frequency may present a problem. The curves of Figure

(20) and Burns(21)

6 were taken fram “he work of Stacy , and show dry skin
resistance at 10 to 20 kHz to be about one~hundredth that with DC. If this is
confirmed by other studies, it would mean that high frequency AC voltages
would have to be much lower than DC voltages for the same degree of safety.

Other factors that add to the uncertainties(zz)

are the effect of the varying
time element, the wide range of let-go currents for the different percentiles,
and the extrapolation, for obvious reasons, of the ventricular fibrillation

threshold currents fram the results of animal studies to humans.

Camparison of AC and DC Systems

The main advantages of the AC system are:

1. The system is inherently flexible because of ease of wvoltage
transformations.

2. Circuit switching and fault interruption are inherently easier because of
current zeros.

3. With a rotary trarsformer, sliding contact across the rotary joint is
eliminated.

The main disadvantages of the AC system are:

1. More development work is needed for the rotary transformer and other
camponents for high frequency operation.

2. More work is needed in the study and design of a suitable transmission
line.

3. There is the possibility of resonance coupling with plasma natural
frequencies.

4. There is a possibility of high electric shock hazard through reduced skin

v A WY T = e
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3.

resistance.

There are potential problems with synchronizing separate AC buses if

needed.

There is a need to balance single-phase loads " the 3-phase system in

order to minimize the neutral current.

main advantages of the DC system are: -
The system is basically simpler and therefore potentially more reliable.

With th. exception of circuit interruption, system design and camponents

are generally at a higher stage of development than with high frequency

AC.

The IC, system is inherently free of potential problems peculiar to all
polyphase AC systems, such as reactive voltage drop, load balancing“across f
phases, synchronization.

main disadvantages of the DC system are:

Absence of current zeros makes circuit interruption more difficult.

e

Circuit switching techniues using GTOs or MOSFETs are still in an early
stage of development.

DC systems are inflexible in matching a suitable voltage to the load.

~d

A sliding contact, as in a slip ring, will be needed for the rotary joint,

or the roll-ring if that proves to be reliable.

CONCLUSIONS

Same special features of AC and DC system designs have been studied, and

certain potential problems have been pointed out, leading to a camparison

between the principal strengtiis and weaknesses of the two systems.

Interaction of the solar array with the surrounding plasma sets an upper

8-8
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limit to the array voltage at between 250 and 275V or below. The use o a 10
to 20 kHz AC system could lead to resonance coupling with plasma frequencies
under certain conditions.

Specific problems with the rotary transformer, DC circuit switching, AC
transmission line design and electric motors have been pointed out. The
possibility of a higher electric shock hazard at high frequency was referred
to.

The canparison hretween the AC and DC systems shows problem areas on both
sides, and it would be advisable to defer making a choice between the two

until further development work is done and same of those problems are

resolved.
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NUTH™TIONAL CPARACTERISTICS OF MOON DUST FOR SOIL MICROORGANISY'S
Byv

Taekeru Ito, Ph. D.
Professor of Biology
Fast Cerolina University
Greenville, North Carolina 27834

ABSTRACT

‘pproximately 4€¥ of the lunar sample (10084,151), 125.42 mg, was
solubilized in 680 ml 0.01 M salicylic acid. Atomic ebsorption spectroscopic
analysis of the solubilized luner sample showed the following amount of metsl
ions: Ca, *.1; Mg, 4.0; K, 0.09; Na, C.67; Fe, 7.3; Mn, 1.6; Cu, Ni, Cr, 1less
then 0.1 each. All sre in ppm.

Selicylic escid used to solubilize the lunar semple was highly inhibitory to
the growth of mixed soil microbes. However, the mineral pert of the luner
extract stimlated tne growth. For optimal growth of the soil microbes the
following nutrients must be added to the moon extrect: sources of cerbon,
nitrogen, sulfur, phosphorus, and magnesiur in addition to water.

Center Reseerch Advisors: Wendell Mendell, Micheel Duke
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INTRODUCTION

Although there are many studies on chemical composition of lunar rocks and
dust (Laul and Papike, 1980; Morris et al., 1983; Abeison, 197@), relatively
little work has been reported on effects of the lunar dust on growth of living
organisms. Taylor et al. (1971) observed a toxic effect of an Apollo 11 lunar
core sample on growth of Pseudomonas aeruginosa (ATCC 15442). Later, Taylor and
his associates (1973) described failure to observe toxicity under a somewhat
different condition. Silverman et al. (1971) found no inhibition of the growth

of any of the organisms tested in growth media containing Apollo 11 samples.

Examination of available chemical data on the moon dust makes it clear that
the moon dust is nutritionally deficient in C, H, O, N, P, S, and perhaps Mg as
well for the normal growth of living organisms. Other micronutrients required
for the organisms, such as Fe, Cu, Zn, Co, Mn, Mo, are probably sufficient in
the moon dust provided they become available for the microorganisms during an
extraction process of the moon dust. The purpose of the present study is to
find what nutrients are available (and unavailable) and whether toxins are

present in the moon dust for the optimal growth of soil microorganisms.

MATERIALS ANL METHODS

Moon Extract in 8.61 M Salicylic Acid

The lunar sample (10084,151) weighing 0.12542 g was stirred in 680 ml of
.61 M salicylic acid at near boiling temperature for about five hours. The

mixture was filtered through whatman No. 42 filter paper (ashless)., The final
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volume of the filtrate was adjusted to 686 ml with #.81 M salicylic acid. A
portion of this extract was neutralized with a sodium hydrexide solution to pH

near 7.8, and used as nceded,

Composition of Growth Media

Growth medium I consisted of 4.5 ml moon extract, 6.1 ml £.8 M sodium
glutamate, ¢.1 ml @#.64 M magnesium sulfate, and 6.1 ml 8.4 M sodium potassium
phosphate buffer pH 7.6.

Growth medium II consisted of 4.5 ml moon extraci. #.1 ml @#.6 M sodium
nitrate, 0.1 ml 4.1 M magnesium chloride, ¢.1 ml 2.07 M sodium sulfate, @.1 ml
.4 M sodium potassium phosphate buffer pH 7.8, and ¢.1 ml 8.56 M D~glucose.

Other growth media included those in which one or more of the constituents
of the above media was o.itted and replaced by water and those in which the moon
extract was replaced by 4.5 ml #.81 M salicylate in distilled water pH 7.8, or
replaced by 4.5 ml @.81 M salicylate in tap water pH 7.8. Nutrient broth was
used as a positive control to test whether an inoculum contained any living
cells. In some experiments, nutrient broth was prepared in #.01 M salicylate pH
7.8 instead of in water.

The growth media were dispensed to culture tubes (12x100mm) with screw caps
and not sterilized since the inoculum was a mixed population of soil
microorganisms. Since they were not sterilized, they were inoculated

immediately after the preparation.

Inoculum
The inoculun was prepared by filtering a mixture of 10 g wet garden soil and
50 ml 0.85 percent sodium chloride (isotonic saline), centrifuging the filtrate

at full speed (2500 RPM) with a HN-S International centrifuge for 15 minutes,

9-3
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washing twice with isotonic saline, and suspending the sediment in a 5¢ ml
isotonic saline. One drop of the inoculumn was added to each culture tube

containing a culture medium.

Determination of Growth

The culture tubes to which the growth media were dispensed were directly
used as cuvettes to determine the absorbance at 788 mm. The selection of this
particular wavelength was based on a finding that the moon extract especially at
pH near 7 was highly ‘olored (wine color) with an absorption peak at 470 rm. At

760 nm absorption was negligible.

Determination of Extracted Matters from the Lunar Sample

A 100 ml of the moon extract (unneutralized) was evaporated to dryness in a
platinum crucible on a hotplate and placed in a 688°C oven for three days. and

the weight of the dry matter was determined.

Determination of Undissolved Matters from the Lunar Sample after Extraction in

the Salicylic Acid Solution

The undissolved materials filtered on the filter paper in the process of the
moon extract preparation were added in a platinum crucible and placed in a 600°C

oven for three days, and the we.ght of the residue was determined.

Analysis of the Moon Extract

The following metal iocns in the moon extract (unneutralized) were analyzed

by atomic absorption spectroscopy: Ca, Mg, K, Na, Fe, Mn, Cu, Ni, Cr.

9-4



L e ]

L%

A N

[

i‘b'-, ‘:’

P AP 5D T - e

!9?? aﬁ'ﬁ‘ E'Ex }Bﬁ ﬂz‘i *"W;f SRR W YT e B G D eed g

d ill i%’k " :;\b\\\ S NEE AN vas o s v ~

S~

\
A

.

A

" -

ALYt
-

-

itegdr 4

i

8 7

RESULTS

Extent of Extraction of the Lunar Sample by Salicylic Acid

The treatment of 125.42 mg of the lunar sample (10084,151) in 688 ml aqueous

salicylic acid solution resulted in 58.14 my into the solution and 59.96 mg

"undissolved. The correction due to the oxygen addition to the minerals during

the combustion at GMOC was not made.

Chemical Analysis of the Moon Extract

The moon extract in #.01 M salicylic acid contained the following amount of
metal ions: Ca, 3.1; Mg, 4.0; K, 9.09; Na, 0.67; Fe, 7.3; Mn, 1.6; Cu, Ni, Cr,

less than 2.1 each. All are in ppm (part per million).

Effect of the Moon Extract on the Growth cf Soil Microorganisms

Removal of either phosphate or magnesium sulfate from the complete growth
medium that contained the moon extract, glutamate, magnesium sulfate, and
phosphate buffer decreased the growth of the soil microbes. The removal of the
moon extract greatly increased the growth. The replacement of the moon extract
with unboiled tap water completely inhibited the growth (Fig. 1).

In order to determine whether the inhibitory effect of the moon extract was

due to a possible toxic effect of the moon minerals or to an effect of the

. salicylic acid, 0.01 M salicylate in distilled water pH 7.8 was used in place of

the moon extract in a growth medium. The salicylate decreased the microbial
growth considerably, and the moon minerals stimulated the growth (Fig. 2). The
replacement of the distilled water with boiled tap water slightly inhibited the
growth (Fig. 2), although not as much as found in the previous experiment (Fig.,
1).
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In order to determine what nutrients must be added to the moon extract for
optimal growth of the soil microbes, various growth media were tested, As can
be seen in Fig. 3, the removal of the moon extract (i.e., salicylate) again
showed a dramatic increase in growth. The considerable inhibition of the
microbial growth by salicylate was quite evident. The addition of salicylate in
the nutrient broth (Fig. 3) increased the lag period considerably over the
nutrient broth alone (Fig. 1).

% Although not shown in the gr;bh, in the absence of any one of the nutrients »
sulfate, magnesium, nitrate, and phosphate buffer, the highest absorbance
reading of the triplicate samples of each growth medium lacking one of these
nutrients was lower than the lowest absorbance reading of the triplicate samples
of the complete growth medium (i.e., growth medium II). The average growth of

the triplicate samples containing no glucose as a carbon source was lower than

e

the one containing the complete medium. However, two of the absorbance readings
were higher than the lowest reading of the triplicate samples of the complete

medium,
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CONCLUSIONS AND DISCUSSION

One can conclude that the moon would form excellent trace mineral nutrients
for soil microbes, since nearly one-half of the lunar sample used went into the
salicylic acid solution and since the moon extract prepared in this study was
probably even a saturated solution of the lunar sample according to Keller and
Huang (1971), whose data on an Apollo 12 sample indicated that twice as much
solids could go into the salicylic acid solution. Another reason for this
conclusion is that the moon minerals did stimulate the growth of the soil
microbes (Figs. 2, 3).

The weights of the soluble and the insoluble materials, 58.14 mg and 59.96
mg respectively from the total of the 125.42 mg lunar sample, were obviously a
little overestimated since the combusion at 60¢°C would oxidize some mineral
camponents of the lunar materials, particularly Zferrous oxide. Assuming that
all ferrous oxide was converted to ferric oxide during the combustion and that
16 percent of the total lunar sample used was ferrous oxide (Laul and Papike,
1989), the correction would be approximately ¢.9 mg. From the atomic absorption
data given in Results, it can be calculated that the moon extract in the
salicylic acid solution contained 11 percent (16.2 percent) ferrous oxide, 9.8
percent (9.2 percent) magnesium oxide, 6.4 percent (12.4 percent) calcium oxide,
and 1.8 percent (@.38 percent) sodium oxide in the total solid Jissolved. The
percentage in the parentheses was from the data of Laul and Papike (1989),
indicating the content in this particular lunar sample. Compared with their
data, one can see that magnesium oxide and ferrous oxide but not calcium oxide
went proportionately into he salicylic acid selution. The high concentration of
sodium may have been due to a possible presence of sodium in the salicylic acid

used. This could not be ascertained, since the salicylic acid control was not
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analyzed.

The complete inhibition of the microbial growth (Fig. 1) in the medium
containing unboiled tap water in the place of the moon extract was probably in
major part due to the chlorine in the tap water. However, even when boiled tap
water containing salcylate replaced the moon extract, there was a slight
inhibition of growth compared with a similar growth mediur. in which distilled
wvater instead of the tap water was used. It is possible that some minerals in
the tap water were inhibitory to the growth of some microbes but perhaps not o<
others in the mixed population of soil organisms. This was probably why the
absorbance readings of the triplicate samples were widely different.
(Individual readings were not shown.) It can be speculated that calcium ions, a
component of hard water, in the tap water may be inhibitory to the growth of
some microbes since it is not required for microorganisms in as large a quantity
as vertebrates.

The considerable inhibition of the growth of the soil microbes by salicylate
was quite evident in this study (Figs. 1, 2, 3). The use of pure culture of a
salicylate-utilizing soil Pseudomonad instead of the mixed soil microbes as an
inoculum would remove the complication created by the inhibititon of the
microbial growth by salicylate.

The finding that even without glucose two of the three culture tubes gave
higher absorbance readings than with glucose needs explanation. without
glucose, there was still salicylate as a carbon source in the growth medium and
perhaps the rate of the growth of salicylate-utilizing bacteria, which were
obviously expected in the inoculum, in these two tubes was high. This result
was another example of the complications created by the use of the mixed soil
microbes as an inoculum in this study. 1In any case, a carbon source must be

added to a growth medium for optimal growth of the microbes because available
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chemical data show that very little carbon is present in the lunar sample (Laul
and Papike).

It appeared that sulfate, nitrate, magnesium, &nd phosphate, in addition to
a source of carbon, were required for the growth of the soil microbes.

The finding that without the moon minerals there was an optimal growti:
’ (Figs. 1, 2, 3) of the so5il microbes indicated that the lunar sample was a poor
source of nutrients and that the mineral requirements for the optimal growth
. were evidently met by contaminants coming from the chemicals and the laboratory
wares used in the experiments. The lunar dust, however, did obviously supply
the trace nutrients required for the growth, for the growth was stimulated by
the presence of the moon extract (Fig. 2).

In conclusion, the lunar dust was a poor source of nutrients for the soil
microbes to grow, although it appeared that it contained enough trace mineral
nutrients and could be solubilized to support the growth of the soil microbes
provided other macronutrients, jincluding sources of carbon, nitrogen, sulfur,
magnesium, and phosphate in addition to water, were available to trem. It
showed no toxicity for the microbial growth. The ready solubilization into the
salcylic acid solution, which is a normal component of humus in earth soil, the

growth stimulation by the solubilized moon minerals, and the lack of toxicity

e obviously mean that the lunar dust (although it is a poor source of nutrients)

will certainly become a productive soil to support growth of microbes and higher

, blants if supplemented with organic, inorganic macrcnutrients and an atmosphere

similar to air.
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Effects of Moon Extract and Other Nutrients on Growth of Soil Microbes.
Growth medium I minus moon extract.
Growth medium I.
Growth medium I minus phosphate buffer.
Growth medium I minus magnesium sulfate.

Nutrient broth.

the text for the composition of the growth medium I.
Each point represents the average  ui three absorbance readings.
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Fig. 2 Effects of Salicylate and Moon Minerals on Growth of Soil Microbes.
e : Growth medium I minus moon extract.

O : Growth medium I.

]

: Growth medium I minus moon extract plus salicylate in distilled water pH
7.9.

. /\ : Growth medium I minus moon extract plus salicylate in tap water pH 7.0. .

See the text for the composition of the growth medium I.
Each point represents the average of three absorbance readings.
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Fig. 3 Effects of Salicylate, Moon Minerals, and Other Nutrients on Growth of
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Soil Microbes.

Growth medium
Growth mecdiam
Growth medium
Growth medium
Growth medium
Growth medium
Growth medium

Growth medium

II.

II minus moon extract.

II minus glucose.

I1 minus sodidum sulfate.

II minus magnesium chloride,
II minus sodium nitrate,

II minus phosphate buffer.

II minus moor extract plus @.61 M salicylate pH 7.0.

Nutrient broth in #.81 M salicylate pH 7.8.

the text for the composition of growth medium II.
Each point represents the average of three absorbance readings.
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ABSTRACT

Differential equations that arise in astrodynamics are examined
from the standpoint of Lie group theory. A summary of the Lie
method is given for first degree differential equations. The Kepler
problem in Hamiltonian form is treated by this method. Extension of

the L.ie method to optimal trajectories is outlined.
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Introduction

The study of problems in astrodynamics, as well as applied
mathematics in general, leads to differential equations. When the
dynamic of a problem leads to non-linear differential equations
there is usually no systematic method of attack for their solution,
The use of continuous transformation groups, in particular Lie
groups, provides a general method to approach to global
integration.

A study was made of some elementrary problems in astrodynamics

the one and.three dimensional Kepler problems. These problems are
important because they have a formulation by the variational
methods of mechanics and the resulting invariants of the Lie groups
are constants of the motion. It is thus tempting to use Lie theory
to study optimal control theory in‘astrodynamics since thq this
variational theory may be cast into a form that is an analog of

Hamiltonian theory in particle dynamics.
Theory:The Lie method of extended groups

The practical application of Lie groups to the solution of
differential equations(Bluman and Cole,1974) stems from the fact

that if the differential equation

dy . F'(x,lj) oY ﬂ("‘:‘j)j') =0

dx

remains invariant under certain transformations, given by

x‘;— f()s,-j) J' =J<);j)
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then the equations can be arranged in such a way that the
independeﬂt variables co not occur explicitly. The re-arrangement
involves a change of variable which are well defined by the
invarance property. That is the invariance implies a change of

variable
W = U(X,n') ‘ vV = V(x:“)

such that the differential equation becomes
g_'f. = ;§ (u)
dV
The kind of transformation required defines a continuous
ohe—parameter group. That is a mathematical entity with the
properties:(1) the the product of two elements is uniquely defined
and is an elvment of the group,(2) the associative law holds for
elements of the group, (3) there is a unit element,(4) and there is
an inverse element.
The basic proceedure for solving ordinary differintial equations
starts from the infinitesmal parametric transformation
X, = X+G§C&j)

and .
4.5 4re7 oy
where € 1is a perameter and 5‘ and %7 are the generators of the
transformation. Demanding invariance of the differential equation
and the integral invariants (that is constants of motion) W and v
leads to the operational equations

1N =0 W

4 w =0 ¢?)

j v =4 3 )
where :{ is the Lie operator defined by

10-4
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(s .. ,
and ‘1‘) is its extension

)y (1)
The generators are determined from (1) and the invariants u and v
(in dynamics called canonical coordinates are calculated from the

first order partial differential equations given by (2) and (3).

The calculation process can be summerized as, given the

D))
differential equation ﬂ apply the Lie operators o and 1 to get

17N =0

linear partial differential equations in the generators. Use
:E 14_:: t o) -ji vV = ﬁ.

and solve the resulting characterctic equations to get the

invariants u and v. Form the equation

du = D )
av -

gaining a reduction in order and a final quadruture if possibhle, s
Kepler Motion

In the dynamics problems that follow focus is on the Hamiltonian
formulation of the euqations of mction (Lfach,1981), that is

consider the first order system

‘i‘i:@ﬁ d—.:".?ﬂ
at  op dt o9

where p and q are the canonical momenta and coordinates and H is
10-5 i

ES L



¥ g

) the Hamiltonian.
As an example of a Lie group solution to a differential eguation

consider the one dimensional Hamiltonian defined by

H= & — ~ix

2m
where p is the momentum, x the position of a particle ang/k the

gravitational constant. The equationscf motion are given by

and

- 1 + =0 .
\-ﬂ,’m - Ip Kz
Impose invariance under one-parameter group transformations, that

is under the extended Lie operator

r ) )
» L N.=o LT,

The only surviving derivitives are

W, AH - ax? oL o 2 xS
i ox ~/ >

aH = 10 .9_.& = 1 'LJZ:; = 4“1
2P 2 X 2P
These values lead to the equations for the generators

*3f7+a°5x7“9°(i§+f%§>=o ()

Lt 3T+ PYY - Al 3 (a§+do?§> =0 (s)

Solving equation(4)for Y’ and putting into(5)leads to solutions for
the generators given by

f = constant 7::0 5=0
The integral surfaces of the partial differential implied by

are generated by the integral curves of the equations
dr e - ] o ¢
10-6

-~
-
%
-
3 |
—
-

Lo iy



¥
b
q there are the sclutions
3 W= A usp €= w
% use of thesz ccordinates and the equations of =otion gives a
2 relationshiy " - ween u and v
| L g >
) X = C_lz(_u)u) = - Viu /f
\ Yy 7
R +
which integrate: *o
i r, o
s / ©w | = Y /’? 4 ek .
% or that
5

@f—/*/xfé:»

which means that E the energy is an invariant under translations in
time,

From

c’_L_L__:
w— VY

there results

/9 = Jdt
Lgpw - cuf]®

which can be integrated to
t-¢, = (/"/Cw)s,{f'[ “*] 42 /‘* -cxt

a known result for one-dimensional Kepler motion.

It is also possible to outline the three dimensional Kepler

problem. The Hamiltoniar will have the form

22 Pl
H = el

s
'
:

R
'

S 10-7
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where P and Q are vecto:... The extended Lie operator
AT R ST Y T O
Sot+ 7% 3% t 7% °VF
acting on the equations of motion
N, =R-GHso L7 2- %
gives the vector partial differential equations

"3+ R-R)y 42,y - B(RFhen, )70 Ce)

and

7 /M 2
A l—ét% “2Y7 - ; / TAASCAENE or [EV§+9t§] o (1)
Put T from (6) into (7) and solve forg and ’ZZ . The process leads

to 3 groups:translations in time, rotations in space, and affine
translations in space and time. In turn these supply the 3

invariants of motion, energy, vector angular momentum and the

Laplace vector.
Optimal Trajectories

Concsider the problem of extremizing a scalar performance index

X
-‘T[ fm-al, tﬁnal ]

subject to the constraints

;( = F(x)ﬂ,t)
where u is a vector of control variables., This state equation

conbined with boundry conditions defines the problem. For an

10-%
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extremal the Hamiltonian defined by

H = 22"\i f.
. 7

must satisfy the necessary conditions

x. = 2t xo=- )
L o\ ’ 2 dX;
The Lie approach to (8) for the Kepler coasting flight car be
outlined as follows: from the Hamiltonian
[ ] L ]
Hz Ren + AR
'33

Writing the vector R, A as

Q:AJ € =R, B =r, £, = A

consider point transfromations in R and sSpace
= + - -
ﬁ| R 671 Al = /\+£.§ ~d tl‘ i"'éj

where 17 :f are vectors. Apply the Lie and extended Lie Operators
)

to find the generators and the invariants,

Zonclusion

It has been shown that the use of the method of the Lie ttieory of
.tended groups in the context of Hamiltons equations of motion
yield the constants of motion. A method ..ad been presented for use

of Lie groups in optimal control theory, where hopefully with

further work the non-linear equations will lead to invariants of

the problem.

10-9
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ABSTRACT

50

A sample of mature lunar fines (10084.151) was solubilized to a2 high degree
(about 17 percent) by the chelating agent salicylic acid (8.21 M), The
neutralized (pH adjusted to 7.8) leachate was found to inhibit the growth of
Escherichia coli (ATOC 25922) in a minimal mineral salts glucose medium; however,
the inhibition was somewhat less than that caused by neutralized salicylic acid
alone. The presence of lunar fines in the minimal medium was highly stimulatory
to growth of E. coli following an early inhibitory response. The bacterium
survived less well in the lunar leachate than in distilled water, nro doubt
. because of the salicylate. It was concluded that the sample of lunar soil tested
- has nutritional value to E. coli and that certain products of fermentation helped
to solubilize the lunar soil.
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The notion of a manned lunar base has beerr considered exhaustively by
engineers, geochemists, biochemists, psychologists, and other experts, by and
large through conferences, workshops, and contracts sponsored by NASA
15,14,18-2¢) . Starting in 1968 with the first one entitled "Moonlab® (8). The
ultimate goal would mppear to be CELSS, an acronym coined by MASA meaning =
“"controlled ecological life support system® (18-28). To zstablish a
self-sufficient, regenerative closed enviromment fit for human habitation for
long periods vill require a careful selection of desired species of living forms,
from microbes to crop plants to man. At the microbial level, there are almost
countless candidate species representing various physiologic types, e.g.,
photosynthetic, chemosynthetic, autotrophic, heterotrophic, anaerobic,
fermentative, oxidative, sulfur oxidizers, denitrifiers, nitrifiers, iron
oxidizers, ~tc., etc. (1). Those microbial types known to play key roles in the
cycles of the "major elements™ (C, H, O, N, S, P) are certainly prime candidates

for a CELSS.

The moon is an inhospitable enviromment for all Earth's creatures, from
bacteria to all higher foms of life. It has no atmosphere, is virtually devoid
of water, contains in the regolith ppm/ppb levels of nitrogen, hydrogen, and

carbon (Cd, C@ (}{4) and contains no free oxygen, although there is an abundance

27
of combined oxygen, largely metal oxides in the lower oxidation state--ferrous,
not ferric, for example (9,14,17). Temperature extremes from approximately 12¢°¢
to —189°C, intense radiation, ‘a diurnal cycle of two earth weeks each of night
and day, and a force of gravity one-sixth that of earth impose further

complications in establishing a CELSS on the moon (9,14).
11-2
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while exceedingly ‘small amovats of aminc acids have been detected in lunar

- soil, unquestionably the moon is :terile, i.e., without life (9,19,14). Mo life

could possibly thrive on the moon without a supply of free oxygen and without
additional water, nitrogen, and carbon dioxide and without protection from
ra?iation and tewperature fluctuations. All of these inadequacies or
deficiencies would be-compensated by the CELSS. The engineering and technology
required to achieve a self-perpetuating (or nearly so) controlled ecological life
support system seems feagible., Tb establish a dynamically stable (homecstatic)

ecosystem is central to the concept of CEISS »nd no doubt will be the most

© stubborm, if not tantelizing, obstacle to an ultimately successful CELSS on the

-Boon.

THEORY

It is important to ascertain whether lumar soil (i) is toxic to some species
of life; (ii) cam be a source of nutrients; and (iii) can be leached and

biochemically modified by living systems.

Inevitably, there will be introduced into a lunar man-made, regenerative

[y
enviromment a variety of microbial species which are normal members of the body's

microflora. A prime example is Escherichia coli, long used as an indicator of

fecal pollution and probably the bacterium most widely investigated by molecular

biologists and geneticists. Indeed, its entire genome has been essentially

- mapped (2). Although some strains of E. coli are capable of causing disease in

y »
¥
I o TERERTRPAN

man and animal, its introduction into a CELSS would be unavoidable once the
recycling system were operative, and thus its influence on lunar s»nil and vice

versa should be assessed.
11-3
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Escherichia coli is a Gram—neaative heterotrovh which can derive all of its

nutritional needs from simple inorganic compounds, ewcept for carbon. It can
utilize 2 variety of low.molecular weight organic compounds as s. urces of carbon
and energy. It will grow well in the absence of molecular oxygen, but alsoc =an
utilize 52 as an electrom receptor; thus, it is a facultative aerobe. In the
m of fermentable carbohydrate, e.g., glucose, E. coli produces lactic,
succinic, acetic, and formic acids plus ethanol. Most of the formate ends up as
Cﬂz and H2 through catalysis by the fommic hydrogeniyase enzyme corplax.
However, in the presence of an abundant oxygen supply, E. coli will grow most
vigorously and few fermentative end products will accumulate; most of the glucose

will thus be metabolized stoichiometrically into carbon dioxide and water. Under

ideal conditions, E. coli is one of the most rapidly growing microbes known. E.

coli is moderately tolerant of envirommental change, although it does not produce
spores. It will grow in a temperature range of approximately 1@ to 42°C anc in a

pH range of approximately 5 to 8.

This study was designed principally to measure the effects of lunar leachates
and of lunar soil on the growth and survival of E. coli. while chemical analyses
of the leachate and of the spent culture medium containing lunar fines were
intended, and would have provided some helpful information, they will have to

await subsequent experiments that may emerge from this one.

11-4
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I. Bacterium and Culture Medium
A well-characterized strain of Escherichia coli (ATCC 25922) was obtained

from the Microbiology Laboratory, Civisinn of Life Sciences, NASA. It was grown
on a brain heart infusion agar slant. The growth on the slant was suspended in 1
ml sterile distilled water and constituted the inoculum for 75 ml of a mineral
salts glucose (MSG) medium contained in a 1251 Erlemmever flask. The
composition of the medium is listed in Table 1.

The inoculated MSG broth was incubated at 35°C and the cells were recovered
18 hours later by centrifugation and washing in sterile distilled water. Growth
was not abundant in this minimal MSG medium, so the final cell suspension was
corcentrated 15-fold by resuspending the cells in 5 ml distilled water. One drop

from a sterile l1-m! serologic pipette constituted the inoculum for each tube in

the experiment.

II. Lunar Soil Leachate

Based upon the success of Keller and Huang (7) in partially solubilizing an
Apollo 12 lunar dust (12079.128), salicylic acid was selected as the solvent. To
5; ml of .01 ‘M salicylic acid in a small polypropylene container was added
#.11476 g of lunar soil (10084.151).

Y plastic-coated stirring bar was placed in the vessel, a cap inserted and
the contents heated in a boiling water bath on a hot plate-magrietic stirrer for
eight hours. After cooling overnight, the vessel was stirred and heated for a
second eight-hour period. For two more successive days, the lunar material was

stirred at room temperature on the stirrer.

11-5
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“The leachate with the undtzsolved fines was filtered through a sterile
membrane filter (9.45 um} and aseptically transferred to a sterile 58-mi flask.
A portion of the leachate was adjusted to pa 7.81 with 1 N NaOR for incorporation
into the: cul ture medium.

Chemical analysis (2,9) of lunar soil 19084 has revealed its principal
constitvents to be sz (41.9%), Pes (16.2%), A1253 (12.8%), Ca@ (12.4%), Moo
(9.2%), 'rmz (7.3%); lesser mmounts of Mn@ (8.22%), Nazﬂ (8.388%) and Kzﬂ (3.15%)
were found with ppm amounts of Ba, Co, Ni, Sc, Ce, and some ten other trace
elements. There is no information on its content of sulfur or phosphorus. It is
a "mature” soil (Is/Fed ratio of 78.0) (9), meaning that it had been long exposed
to solar winds and micrometeorites.

In order to determine the amount of fires sclubilized by the chelating
solution, a measured volume was pipetted onto a tared watch glass. ‘The sample
As dried at 11¢°C overnight and weighed, thereby obtaining the weight of
dissolved solids, including the salicylic acid. An alternative method consisted
of heating a measured volume of leachate in' a porcelain crucible placed in a
muffle furnace at 788°C for a couple of hours, weighing before and after. The
latter method would combust completely the salicylic acid and required a small
correction resulting from the oxidation of Fed to Fe203.

The leachate possessed an intense red-brown color, probably because of the
iron camplexed with the organic acid. 1Its absorption spectium was measured over

the range of 400 to 760 nm. Upon addition of the leachate to the culture medium,

the color disappeared.

11-6
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I1I.Effects of Lunar Leachate on E. coli

A. 1In mineral salts glucose broth

The neutraiized sterile leachate was diluted serially 1:2 in sterile
distilled water to yield a dilution series starting with 1:2 and ending with
15128, Sterile screw-cap 16 x 19¢ mm test tubes were employed. An equal volume
(2.5-ml) of sterile double-strcngth MSG wadium was aseptically added to each tube
resulting in a total volune in each tube of 5 ml.

Each tube, except for the MSG controi ftube, was inoculated with one drop of
the freshly-washed suspension of E. coli and incubated at room temperature (about
22°C). At intervals the amount of growth was recorded by means of
spectrophotometric (Bausch and Lomb, Spectronic 12@) absorbance readings at 600
m wavelength.

As a control, neutralized, sterilized #.1 M salicylic acid was serially
diluted and double-strength MSG broth was pipetted into each tube which also

received one drop of the E. coli suspension.

B. In aqueous dilutions

The leachate was serially diluted in sterile distilled water as described in
Part A above. After inoculation with a drop of E. coli suspension, a locpful was
¢

streaked periodically on nutrient agar Petri plates to check for viability. The

control was a tube containing sterile distilled water.

3
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lat Fines on E. 1i

A. In mineral salcs glucose broth

Pive ml single strength MSG broth was pipetted into each of three 16 x 188 mm
screw-cap test tubes containing measured quantities of fines (59.94 mg, 20.42 mg,
and 11.48 mg). The tubes .ere autoclaved at 121°C for 15 minutes. Upon cooling
to room temperature, spectrophotometric readings were made and each tube was
inoculated with one drop of the freshly-washed suspension of E. coli.

Periodically thereafter, growth was measured in the spectrophotcmeter.

B. On agar plates

A suspension of E. ccli from a recently seeded brain heart infusion slant was
diluted in sterile distilled water. One drop of this suspension was spread
evenly over the surface of a plate of nutrient agar by means of a sterile glass
spreader.

Three small clumps of moon fines were placed upon the inoculated plate and
the plate was incubated at room temperature for two days. The plate was examined
intermittently for any signs of stimulation or inhibition of growth around the

fines.

11-8
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I. Leachate

It was not possible to achieve a constant dry weight value employing the low
tamperature oven (112°C), probably because of the tendency for salicylic acid to
sublime slowly. The results from ashing revealed the 56 ml of solution to
contain .#198 g solids. Thus, of the 6.14476 g suspended in the salicylic acid
solution, 17.25% was solubilized.

The absorption spectrum revealed a peak at or near 475 mm (Figure 1).

II. Effects of Lunar Leachate on the Growth of E. coli
Tables 2 and 3 and Figure 2 clearly revea! the inhibitory effect of the
solvent @.81 M salicylate on Arowth of the test bacterium. A dilution of 1:128

> M salicylic acid) was slightly

of the leachate solution (equivalent to 7.8 x 18
inhibitory. Note that E. coli grew better in dilutions of the leachate than in
comparable dilutions of the neutralized salicylate. The increase in growth after
189 hours is probably a response, in part, to autolytic preducts from the cells

serving as nutrients.

¢
ITI.Effects of Lunar Fines on the Growth of E. coli

Table 4 and Figure 3 show that while the presence of fines (not leachate) 1n
the culture medium was inhibitory to growth of E. ccli early in the incubation
period (< 20 hours), the maximal growth achieved was greater in the presence of
each of the three levels of fines than in the control culture. 1In fact, the
stimulus was bimodal, with peaks at 24 hours and &again at 216 hours of
incubation, the liatter being substantially greater than the former. Another

interesting feature of these data is that the highest amount of fines (56.9 mg)
11-9
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resulted in growth greater thar~ the control all the way past the first peak at 24
hours; the lesser amounts of fines became inhibitory after the initial peak but

later became stimulatory (216 hours).

IV. Toxicity of Leachate to E. coli

Undiluted leachate and its dilutions up tc 1:64 were demonstrably toxic to E.
coli. At apprcximately the eighth day, there were few if any viable bacteria
Fresent in either the undiluted or 1:2 dilution cf leachate. 1In retrospect, a

parallel study should have been made with neutralized salicylic acid.

V. Effects of Leachate and Lunar Finess Sprinkled on Agar Seeded with E. coli

Amounts of 26.9, 14.2, aad 5.6 mg of lunar fines placed upon freshly-seeded
nutrient agar failed to produce a noticeable effect upon the subsequent growth of
One drop of leachate produced a circle within which there was nou growth of
the bacteriun. The leachate preparation in which the pHd was adjusted to 7.0,
however, definitely stimulated growth as indicated by a circular area within

which the agar medium was more opaque than the background.

11-10
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CONCLUSIONS

It can be concluded that the lunar soil sample tested stimulates the growth

of E. coli in a minimal mirzrai salts glucose culture medium. The chelator,

salicylic acid, was toxic to E. coli; the leachate partia..y reversed this
effect, however. The growth .nhaicement from the lunar fines is probably a

nutritional response tc unidentified trace elemencs or possibly to one or more

major elements in the specimen.

11-11
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TNGREDIENT CONCENTRATION
(wt./liter) (pom)
Glucogse 2.8 g 2,800
(NH,) , S8, 1.8 g 1,800
K.‘,!!I’ﬂ4 1.0 g 1,000
K82P04 6.5 g 500
NaCl 8.5 g 508
MgS0, - TH 0 8.1 g 100
: cacl, 1.6 mg 1
;7 fb504.782ﬂ 2.5 mg 8.5
: MnSe, . 48,0 8.25 mg 8.25
_ Zns@,.7H,0 2.1 mg 8.1
- Co (93) ,.GH,8 8.1 mg 8.1
EDTA* 50.0 mg 59

*Ethylene diamine tetraacetic acid (a chelator) was included in the trace element
solution (Ca, Fe, Mn, Zn, Co) which was filter-sterilized as a concentrate.
Glucose was sterilized by filtration as were the remaining salts.

Table 1. Mineral Salts Glucose Broth for Escherichia coli.

v
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HOURS OF INCUBATION

Diln. of

. Leachate 17 24 41 48 70 385 209
1:2 .862 .886 876 876’ -862 856 -7
1:4 .76 -094 .954 .887 @76 H77 .@85
1:8 .19 .115 999 .896 .890¢ .291 .182
l:iG .143 147 .128 JI22 115 ~113
1:32* .981 .144 .135 111 .891 -299 .199
1:64 .198 .191 .173 A72 .151 -144 -179
1:128 .209 .207 175 177 .169 .168 .191
Control .219 .229 .203 .189 .204 .181 .223

Incubation was at room temperature (22°C). The data wre spectrophotametric
readings which uniave been adjusted by deducting the zero time readings.

*This tube may be invalid since it was misplaced while taking the 17-hour
readings and shortly found in another test tube rack with several similar tubes.

Table 2. Growth of Escherichia coli in a Mineral Salts Glucose Medium Containing
Dilutions of Moon Leachate.
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y , ¢ ,‘. lj‘ . ~ A\¥‘ . . . N ~
HOURS
Diin. of
01 M
Salicylic
Acia 17 24
1:2 .928 .968
1:4 .857 879
1:8 873 .#96
1:16 .899 .138
1:32 125 .147
1:64 .152 .18@
Control .219 .229

See note under Table 2

Table 3. Growth of Escherichia coli in a Mineral Salts Glucose Medium Containing

OF

41

.855

873

.J12

-136

.203

Dilutions of Salicylic Acid.

INCUBATION

48
-855

.28¢
.108
.135
.166

.189

11-7

185

.933

.69

-#91

-159

.181

209

.240

.285
.101
.119
175
.223
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Amount
Moon
Pines
56.94 mg
20.42 mg

11,48 mg

17
.168
-144

.157

HOURS

24
.260

-246

.229

See note under Table 2.

Table 4. Growth of Escherichia coli in a Mineral Salts Glucose Medium Containing
Moon Fines (10284).

OF

41

.238
.181
.192

.203

INCUBATION

48.

.189

185

.308
-186
.162

.181

216

.345

277

.230
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Incub. Water Undil. 1:2 1:4 1:8 1:16 1:32
24 +HH++ +~+ ++ ++ +++ ++ +++
42 +H++ + ++ ++ ++ ++ ++
85 -+ - - + + + ++

++++ = dense growth (innumerable colonies).

+ = light growth (a few colonies).

Table 5. Survival of E. coli in Aqueous Dilutions of Neutralized Leachate.

11-18

1:64

Pt



f?jsor,é ance

@) et

ORIGH "t . ..
OF POOR qQuaiity

P S G USSR S (0 (G O S

O i UL S - I

|

) |
Egute 1. Ahsecpton specdron o lracdite
J i T ! . N

i
)
i1

—
. !

/4

/2

————

|

11-19



KQNN a..\?tv«..\\ T.c.\uz,\\.uvl «w«e m.\.alv&.l

oo v X o9r op or/ oo, o8 o9 2 op

i I e e R .
| . U LT EHE T HE
‘ C I “ . [ _ : h . 1 4 B Y W .yl .
S T A e L L H -
.- e - . VR B o e e S =S 0N - -4 4 i e
r—+ a B T JJ Ww e SuNEENEE %\ P40
; _. _H | ‘ | hl' T=
h _ ﬁ g .‘1411.. el H
- .
3

NN
oY
P

-

AL
'\ 1
\ \
i_ H
' E]
L
. :I..
{
1»——|+j-~
- =1 =
JT
I
14
— T
N P
1
4[7
.Lq's
| 92,
w_
-l
A
71
P
|
yi
IN N TS
Q

ORIGINAL I

OF POOR QoL+
\YT
\

A
i

i

E e o

— 4 1 N L o
m 44 T .l‘wv.“.L.l .ﬂw.elu_ﬂ._l T.....JTJ -+
.I { _ vlvag - _.. 1. o, .-_ N
T 1

]
]

&

11-20

77

/.

] |
' |/l
AR AN

VAU
v, !
il
T
3

\\,
A\\
Y !
o !

|
!
i
]

BN
L
/
7
1
| £

T
Y
\
—\
4

[ =

. | pyop!
!«)vs\ g T

w va,\uum\; - m

N\

l—~--1
_i___
-
1
i
—4
t
1
]
I
__n{
32
T
N { o
S (BN L
e HEN R VARVANRI N
1 | VAN
' iT
L i
l |
! |
. 11/
VA
: -
|
VMoo B) IIUngISPY

_z
U - |
< }
7
|
I{ i
1

|
!
! m .
- __ R IR o o L —— P
. ‘ ‘ _ | i w m m * X -4 - - — 4 ._ . I
: W2} IryOS LoD A sh/ \ e ddidal a1 —-t— -t
» ' \N" %lv Qu.l *QU%\_M MQ m%t\?\ rth* y :\»_ﬂrﬂ w.srLU - m: l|+i w%ylr —
>y s, ¥ 107 P sy o) ubany | sy ST il b

-~ -l

1

'M"T})ﬂ‘ <Y
REAR
[ % Y

()

e



2 UCER
:‘Q\,'ﬁi \k}\\ﬂ .
X A

4
A}
”‘-\\“\l‘(*ﬂr LN

b~ - —

27

J\ovwz:u.:
o4/ % =74

/
72N
HIEINn
!

L
_ !

_ ,
bomve b b -

= Lot -
| | T A
| T
@ # +— - 41
. N T /e
i
b 4o S
N T

Iw..J.Jﬁ ]
.
|
]
1
]

,\s fl\)s.\.\..\., — ; ————
gy oL @7

_~ - - 4--} -1

gt et e

-

N/ S

11-21

1~

(ww 009 ) PomD é.ﬂS?{/

i

A

)

.

—
N
i

1
~
1
|
I
|l
q.’—‘
i
|
1
4
'
X
X

et

!
i
s

)
I

l

1 |

J

R

|

<Y
S
K nl
o 3

5132

02

KI7R 51T P D T OO U



Z
fﬁ
'?f
[
7
P
G

o -
.

A N86-14089

% SPECTRAL REFLECTANCE OF SURFACE SOILS ~ RELATIONSHIPS

% WITH SOME SOIL PROPERTIES

& By g
“| Carl H. Kiesewetter®

4 Mech/Civil Technology Dept.

% Middlesex County College, New Jersey

;

o r ABSTRACT

¥ Using a published atlas of reflectance curves and physicochemical

% properties of soils, a statistical analysis was carried out. Reflectance
) bands which correspond to five of the wavebands used by NASA's Thematic
Mapper were examined for relationships to specific soil properties. The
properties considered in this study include: Sand Content, Silt Content,
Clay Content, Organic Matter Content, Cation Exchange Capacity, Iron
Oxide Content and Moisture Content. Regression of these seven properties
on the mean values of five TM bands produced results that indicate that
the predictability of the propeities can be increased by stratifying the
» data. The data was stratified by parent material, taxonomic order,

; temperature zone, moisture zone and climate (combined temperature and

. moisture). The best results were obtained when the sample was examined

; by climatic classes. The wmiddle Infra-red bands, 5 and 7, as well as the
visible bands, 2 and 3, are significant in the model. The near Infra-red
band, band 4, is almost as useful and should be included in any studies. f
General linear modeling procedures examined relaticnships of the seven

properties with certain wavebands in the stratified samples. These

results reinforced the hypothesis that the TM bands can be utilized to

predict certain soil properties. Some relationships between curve shape

and scil properties were also investigated and produced positive results.

Dr. Donald L. Henninger, SC4, was the Center Research Colleague, ;
#Instructor, Civil Engineering Technology $
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INTRODUCTION

Spectral reflectance of soil is influenced by the physical and chemical
properties of that soil. Some of these physiochemical properties are more
influential than others. These properties wcan be measured in the laboratory
using standard tests. Recent works [Stoner and Baumgardner, 1980], [Crouse,
et al,, 19831, [Kiesewetter, 1982], have suggested relationships of several
properties to the spectral signature of the respective soils, particularly »
in certain wavebands. The objective of these studies has been to utilize
the Landsat Satellite data in'&dentifying and classifying soils of the
earth. Stoner (1979) measured the spectral reflectance of 485 soils of the
United States along with physical, chemcial and engineering properties of
those soils. The result of that investigation has been published as the
mAtlas of Soil Reflectance Properties," [Stoner, et a>., 1979]. This data
was used by Kiesewetter (1982) and Crouse, et al. (1983), to statistically
establish relatisnships between the soil properties and reflectance at
certain wavelengths. Crouse has selected six wavebands which correspond to
those of the Thematic Mapper (TM) aboard NASA's Landsat 4 Satellite. That
study suggested that four, and possibly 5, of the six TM wavebands may be
important in the identification of certain properties. Figure shows a
typical soll presentation from Stoner's work. The properties which showec
the best results in regression studies were, in order of their relevance, as
follow: Organic Carbon Content, Water Content, Clay Content, Cation Exchange
Capacity (C.E.C.), Calcium, Magnesium, Fine Sand, lare Saturation, Sand
Content, Extraccable Acidity, and Iron Oxide Content. In addition. ten
other properties were included in the original regression analysis but were
later dropped from consideration be~ause they showed little potential of

Veing predicted from Tif data. These properties include: Potassium, Medium

12-2
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Sand Centent, .pa Coarse Sand Contert, Silt Content, Aluminum,, Coarse Silt,

Fine silt, Very Coarse Silt, Sodium, aund Very Fine Sand.

This current work looks at several properties and five of the six ™
wavebands which are in the range of spectral reflectance measured by Stoner
(1979) and attempts to stratify the soils on the basis of Climate, Taxoncuy
and Parent Material. The objective of this investigaticn is to determine !
which soil properties show an ability to be predicted from T.M., spectral
measurements, knowing some information about ihe temperature and meisture
zones (climate) and the underly'ng pare.c ma.*rial. This information could .
conceivably be available for an unkno/mn soil from sources such as a geographic

atlas or geologic maps and reports. .
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THEORY
The physical and chemical properties of the soil, in combination,
produce the spectral reflectance. Some of ;hese properties exert more
influence than others. Previous work, (Stoner and Baumgardner, 1980) sug-
gests that moisture content, organic matter, iron oxide content, texture,
cation exchange capacity are more influential than other properties.

Kiesewetter (1982) demonstrated that strong negative correlations exist when

organic matter, iron oxide, and moisture content are compared with reflectance

values. As the percentage of each of these increases the reflectance
decreases, The strongest negative correlation seems to be with moisture
content. Crouse et. al., (1983) have found, through regression analysis,

that eleven properties seem to be dominant in determining reflectance.

Since reflectance is dependent upon the physical and chemical makeup of

the soil, it is logical to try to uscertain how these properties are acquired.

Parent material should be a place to begin since the s¢il will inherit
certain characteristics from this source material. We know, however, that
soils from similar parent materials can vary greatly in physical and chemical
composition so other factors must be in play at the same time. Climate
(temperature and moisture) is = ccontributing factor since temperature and
roisture influence biological and chemical Lrocesses at work in a soil.
Parent material is significant in determining the soil texture and chemical
composition, Parent material may be residual (weathered from underlying
rock or sediments) or it may be transported by means of wind, water or ice
and deposited on the bedrock. Other factors at work in the formation of
soils are topography, living organisms and time. Time is an important
factor since it changes the characteristics of weathered material from those

which are inherited from the parent material to those which are acquired in

12-4
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the aging process. The presence of organisms, both plant and animal, is a

strong contributor to the overall reflectance of the soil.

Another consideration was to examine the taxonomic order of the soil.
This is done, primarily, to investigate the possibility that soils classi-
fied in a particular order will have similar reflective characteristics.
Taxonomic order, as defined by the USDA in 1972, is a classification system
based on properties of soils as found in the field. Earlier classification

systems were bvased on soil genesis rather then field properties. Utilizing

the information developed by Stoner et. al. (1979), which includes reflectance

of various soil samples from around the continental United States as well as

numerous physical and chemical properties, a statistical analysis was carried

out to determine which properties affect which wavebands. The chosen wavebands

for this study were those which match the bands of the Thematic Mapper. The
thematic wapper operates on six narrow bands: Band 1 (0.45-0.52¢m), Band 2
(0.52-0.60!tm), Band 3 (0.63-0.69ym), Band 4 (0.76-0.90fm), Band 5 (1.55-
1.75pm), Band 7 (2.08-2.35um), and a broad thermal band (10.4-12.5um) .

Since the laboratory reflectance values cover only the wavelengths 0.4 to

2.4pm, this study does not consider the thermal band.

The work of Crouse, et. al. (1983) has shown that bands 5 and 7, which
are in the middle Infra-red portion of the spectrum, are significant in the
study of soils using satellite information. The near Infra-red band, Band
4, also shows promise for these studies., The two visible bands, Band 2 and
Band 3, will sometimes provide additional infermation. Band 1 does not
appear to be useful for these purposes, because the laboratory data is
sketchy in these wavelengths. For that reason Band 1 was not considered in

the present study.

12-5
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The statistical work in this study was ~arried out using the Statistical
Analysis System package developed by SAS Institute, Cary, North Carolina.
The procedure R-SQUARE was used to carry out the initial regression work.
The GLM procedure was used to regress each soil property on the five TM
bands and gave F values to indicate the significance of each TM band in the

model.

RESULTS

Utilization of the published (Stcner, et. al., 1979) values limited
this study to the following properties: Sand, Silt, Clay, Organic Matter,
Cation Exchange Capacity, Iron Oxide content and Moisture content. By
regressing these properties on the mean value of each of the five TM bands
chosen for this study (Bands 2, 3, 4, 5, and 7) it was determined that
prediction of certain properties was possible just by knowing these five
wavebands. The results of this regression study, on the 467 soils in the
data set, are presented in Table 1. The R-SQUARE values can be read as
percentages of the various preperties vhich can be accounted for by the five
wavebands. For instance, from Table 1 we can say that we can account for
44 .4% of the organic matter in the soil by knowing the reflectance values of

the five bands.

The next step in the study was to stratify the total sample by Prent
Material, Temperature Zone, Moisture Zone, Taxonomic Order and Climate
(comined temperature and moisture). The results of those regressions are
shown in Table 7 under the appropriate column headings. The values shown on
Table 7 are mean values of the various classes within each group. Parent
material was broken down into the following classes: Igneous Residuum,
Sedimentary Residuum, Eolian (air transported) origin, Unconsolidated

Terrigenous Deposits (alluvial and lacustrire), Marine Deposits, and Glacial

12-6
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origins. Table 2 shows the various R-SQUARE values for these classes. The

s0ils were then reclassified by temperature zones and analyzed. The results

%-g of that stratification and regression are shown in Table . Other classifi-
? cations based on Moisture Zone, Taxonomic Order and Climate are tabulated in
i Tables 4, 5, and 6 respectively. The summary shown in Table 7 indicates

‘;; that prediction values increase with stratification. Looking at the values

:-§ ' in Table 7 it is apparent that a stratification based on Climate (tempera-

% ture and moisture) would be beneficial. It is also intuitively apparent

"; that these two factors are the only ones of which we could have prior

: g knowledge for an unknown earth area. It would be easier to assign a climatic

;%% parameter to an unmapped area than to use Parent Material or Taxonomic

.;Lg Order, since these parameters imply a prior study of the soil. 1In simpler

i ? terms, if we knew these parameters we would no longer have an unmapped area.

: § A known Taxonomic Order for a soil on the earth could, however, be used to

j verify or "fine tune™ our TM data. We can assign a climatic parameter to an

; unknown earth area without any prior kn: ige of the soil type.

The next phase of the study involved regressing the soil properties on
d . the five TM wavebands in order to determine which bands are significant in
predicting the soil properties. Tabie 8 shows the results of this procedure
for the entire sample population of 467 soils. A high F value and a low
(less than 0.0050) PR > F value indicates significance. It can be seen from
Table 8 that bands 2 and 7 are significant in predicting six of the seven
properties. Band 3 is significant for five properties whiie Band 5 and
Bands Y4 are significant to a lesser degree. The F value tests how well the
model as a whole accounts for the dependent variable's behavior. The value
labeled "PR > F" is the significance probability - if this value is small it

indicates significance.

12-7
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Again, the soil sample population was stratified and the results of the
regression analyses were tabulated. Tables 9 and 10 show the values for
each property in relation to the five TM bands, when stratified by
temperature (Table 9) and moisture (Table 10). These results show only the
greatest F values, where the significance probability is les~ than .0050 for
the various properties on the five wavebands. Table 11 shows the results of
combining temperature zones and moisture zones for a stratification based on
climate. The importance of eé}tain wavebadnds to the model are obvious from
a perusal of Table 11. Based on all stratifications, it can be seen that
Band 2, Band 7 and Band 3 are most significant in the prediction of soil
properties. Bands 4 and 5 are slightly less important overall; but they

should be considered in all models.

A preliminary approach to prediction of certain properties was
attempted based on correlations which were evident when the angle of the
tangent to the rising limb of the reflection curve was compared with the
soil properties. This angle was designated "Angle X" and is referred to as
such in this paper. The unstratified data indicated that correlations exist
in Sand Content, Clay Content, Organic Matter, Cation Exchange Capacity and
Moisture Content., When the data is stratified by climate, strong
correlations were found for C.E.C., Organic Matter, Clay Content, Sand
Content and Iron Oxide Content for certain temperature and moisture

combinations.

Similar correlations were observed when lcoking at the declinatior
angle of the tangent to the curve at the higher wavelengths of the data.
This angle was designated "Angle Y" for this study. Correlations in the

unstratified sample were strongest in Organic Matter, C,E.C., and Moisture

12-8
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TABLE A
£-SQRUARE VALUES

OBTAINED BY FREGRESSING Soin ProfPerTics
O THE FIvE T.M. BanupPs

ALL SampLes (467) NoN SteaTimeo

Peoper1y B-spuaee

SAND A82

St . 049

C LAY .362 ;
orRGANIC

4
MATTER +4
Ty,

CATioN

EXCHANS & . 340

C APAQITY

TeoN

OXIDE 119

Moisture 24

Contew. 347
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R-sQunee VALVES - Eeagcsslwb Sow Yrepmetics,

TABLE Z

ow Five T.M. Banos.

STeAtIFied BY Parewt MateriaL.

| Taveous |SeompnmeylBonian | Oncorson| Maeive | Qrneme
Oesiovnm| Besidvon] O-IGIN | Terei S0 DevesiTs | OraIvs
SAND | o83 | 399 | 187 | 226 | .35 | .197
| |
SWT | 564 | 214 | .12t | 014 .87 | .052
. 0 484 425 .526 .
CLAY 115 L4 484 f 4 25 210
3&%‘:« 509 | 430 ’4%, .S20 460 ,6SI
|
CEC | .T42 | B2 504 284 4% .54
; |
Fe.Os | .TIl  UT6 24 .198  30¢ 303
582 654 336 .37 309 462
Mo sruee :
|| I 3
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TABLE 3

MAST = Menn Avvuae Soil Temeee prore

Feieio Zone (MP\&TL 8°c)

Savo 255
Suwer 068
Ci-AY 341
OriM .378
2= $1
€ .
Hou:"ru:c . 443
Mesie Zowe (8° €MAST<I1SC)
Saw 142
Sunt ,067
CrLay G0S
OR6.M. 408
CEC. . 870
Ft;Os - |4’0
MoisTxe 2710
Tuerme Zove (1S°C€ MAST<22%¢)
S AnD 212
STt JOTI
CLay , 432
oeM, . 363
CEC, o 2%
FC._O . |46
Moistuee 326S
—HYPeTHERMIC ZOnE (22°c £MAST)
S awo 656
Swt . 602
CLay 644
Om.M. . S583
Cec .52
FC._O) . 33'
MoOiSTURE . S0

C cemanas + At aemumeme M e RS B9 0 2
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TABLE 4

< SQURRE VALUES - Cegeessing Soiw Peoeuﬁme's
on Five T. M. Bavps

Sweanried By Moistute Zons (\

=60 Jo-40 = MowwTure Iuvex (stonee ¢ Bavmentone) |

1o -

- SR

- -
ProeeeTies. | ARLD {\)‘cm *-5\:3\0 HUMID [PeRUUMID
=0 4o—40-40 40 ~Z0|-20%0 20 |20 40 {00 | 100 AVD +
.
Sano 508 | 304 | 968! .182 | .944
Shet A84 | 18T | 147 | W13 226
CLAY 670 | 415 | 537 | .222 | .88C
o |
MrTee | .606 | 416 | 548 | 442 | .BOS
|
CELC. 2869 | 415 | 560 | 426 | 752 |
‘
Fe, Os 343 | 409 | .076 | 289 | ,755
| .
MowsTuee | ©26 | .25i | .04 | .28( | .842
|
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TABLE 5
R-SQUALE VALUES - RexeessiNe Son FPaorurties
m on Five TM, Banuds
g S—rantiep BY TAXONomic Oepee. -
&
g
§ w ] W
S ; J o} “ |
i AR RN E NN
I *r1 0 o = b - o w o
! é " g F - ‘_‘, o o il l
3 o - o & ;l. +
1312 (2|8 |2|& (% |3
:wgmy_‘
SMN! 175 [ .232 |.126 |.825]| .250|.408 363 |.1%0
= YT | 120 |.160 |.121 | 965 | .088|.46T | .29 |.1064

CLAY| . 287 | 906 |.166 |.9%8 | 431 | 398 | 311 |.3%
M. 471,993 |.733 | 981 | 497 |.623 | .54 | ,429

CeC| 442 |.224 |.319 | 945 | 481 |.598 |.262 4%

R0y 248 |1ty {386 | ,999 |.082|.770 | 480 | 46

Howt) 221 | 265 | 400 |.869 | 403 | 539 | 285 172

C
¥
b
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TABLE
?‘}SQUAKE VALLVES - Benpessing S0l PRoPeeTIgs oN FIWVE

M. BAwDS - StreAnried B8Y C LIMATE

/

1
ORG .

CLIMATE
Crass” | Sawp |t | Cunr [Mami| CEC. | R, O Motsroes

e R R R R A A

e 1429 |.937 {424 | .05 | 750 [.231 | 568

PeiD- | 022 | 296 | bbb | .GoA 599 | .5l6 | 013

HEZNC -

AR\O 408 |.207 | .833 | ,702 | .770 | 305 | 704

s::?;t'; 413 | 276 |.494 | 44|

' %65 1,309 |.420

pesic -

|
sopuomip || - 409 | %69 | 595 |.6BT: 555 | .412 408
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TeRwC | o |.409 | 062,402 | .020 | .202 | 748

omes 1148 076 | 393 | 174 |.395 | 375 |. 205

WeeaTuenol 925 | 866 | 936 | 614 |.883 |.209 |.950 '

Moaoauel 191 | 542 |.623

L6 | /593 | 0.000|,44S
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i TYPICAL SoOIL ENTRY IN ATLAS
(M BANDS ADDED FOER THIS STuDY)

DRUMMER{ IL)

. Typic Haplaquoll
R fine-silty, mixed, mesic
humid zone
thick loess over outwashk and drift
Champaign Co.,

-

Ap horizon Ap horizon
A slope A slope
poorly drained poorly drained
~ silcy clay loam silty clay loam
< 134S 56751 32.C 8XS 60%S1i 327%C
. J0YR 2/1 (moist) 10YR 2/1 (moist)
: 10YR 3/2 (dry) 10Y2 3/2 (dry)
5.61% O.M. 6.09% 0.M.
40.3 meq/100g CEC 41.7 meq/100g CEC
0.76% I-‘ezo3 0.922 Fe203
o 41.1 MUZ 40.2 MWZs __ __

-

30 TVisisLE | NeAR IR | MbDLE IR
!—T-F————-——a—~‘i

WAVELENGTH (uM)

Figure 1
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Content. The correlations were all negative-indicating that lower
quantities of these properties produce a steeper angle of descent at the
trailing end of the reflectance curve. When the data is stratified by
climate, the correlations are strongest in certain climate classes for the
three soil properties mentioned as well as a very strong relationship of
iron oxide in the Thermic-Arid and Thermic-Semiarid sample set. Figure 2

shows these relationships in a summarized format.

CONCLUSIONS

The results of this work will aid in the utilization of TM data for
scils investigations., We can define the wavebands which will supply the
most significant data regarding soil properties. The study has indicated
that bands 2 and 7 are very significant in the study of soil properties and
their influence on TM responses. Band 2 is in the visible spectrum, while
Band 7 is one of the middle IR bands. Bands 5 and 5 are somewhat less
significant overall but become more important when stratification by climate
is undertaken. Band 4, the near IR band, is individually important to scme
of tlie properties. Bands 2 and 4 were used to determine "Angle X', the
slope of the tangent to the ascending limb of the reflectance curve., Bands
5 and 7 were used éo obtain "Angle Y", the sliope of the tangent to the

trailing end of the curve.

Sand Content appears to be associated with responses in the visible
range (Bands 2 and 3) and in the middle IR bands (Bands 5 and 7). In both

cases a high sand content produces a strong reflectance response.
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Silt content has shown consistantly poor potential for prediction.
Only when stratified by climate does Band 2 come into play in several

classes to produce positive correlations.

Clay content appears to be related negatively to respouses in Bands 7,

2, and 3.

Organic Matter Content., under various stratifications, figures
dominantly in the Rand 2 and Band 3 responses. These are negative
correlations indicating that high organic content tends to depress the
responses in the visible bands. This reduced response in the visible area
produces a flattened curve. This was used by Stoner (1981) to classify the

curves by shape,

Cation Exchange Capacity shows excellent results in Bands 2 and T,
while several stratification classes show strong respons:s in Bands 3 and 4.
These responses all show negative correlations, indicating that an inverse

relationship exists between C.E.C. and waveband response.

Iron Oxide Content showed somewhat erratic results in the stuaied
wavebands. This was not totally unexpected since Stoner pointed out iron
absorption wavelengths in his study which lie cutside the bands covered by
the TM; however, two climatic zones (Thermic-Arid and Thermic-Semiarid),

showed strong negative correlations of Iron Oxide content with the Y Angle.

Moisture Content produced strong negative correlations with Bands 2 and
7 with somewhat lesser results in Bands 3 and 5. Again, the negative
correlations indicate that increasing moisture content tends to depress

responses in these wavebands.
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Clay content may be one key to the response prediction problem. Higher
clay contents in soils tend to be associated with higher organic matter,
increased Cation Exchange Capacity and increased moisture contents. The
amount of clay present is not nearly as important as the type of clay
minerals present. Soil scientists are quite aware of the role that climate
plays in clay formation. All other things being equal, an increase in
temperature and precipitation causes an increase and enhancement of the
weathering reaction. High average temperatures tend to foster rapid
weathering and clay formation, A minimum degrec ui weaiueriug is produced
by climates that are: warm and dry, cold and dry, or cold and moist. This
is borne out in the climate-stratified sample population when the mean clay
contents are examined for the various climate classes - the frigid dry,
frigid moist and thermic dry classes all show rec:~ed clay contents. This
indicates that it may be practical to develcp a model which takes into
account the climatic zone of an unknown earth area and then makes an assump-

tion of clay content before checking the various wavebands for reflectance

responses.
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CONTROL OF SPACE STATIONS

By
Kwang Y. Lee
Associate Professor
Department of Electrical Engineering

University of Houston-University Park
Houston, Texas 77004

ABSTRACT

A study is made to develop controllers for the NASA-JSC Triangular
Space Station and evaluate their performances to make recomrendations for
structural desigrn and/or control alternatives, The control system design
assumes the rigid bcdy of the Space Station and developes the lumped
parameter control system by using the luverse Optimal Control Theory., 1In
order to evaluate the perfofmance of the contrel system, a Parameter
Estimation algorithm is being developed which will be used in modeling an
equivalent but simpler Space Station model. Finally, a scaled version of
the Space Station is being built for the purpose of physical experiments to

evaluate the control system performance.

Center Research Advisor: R, Berka
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INTRODUCTION

For the case of advanced spacecraft such as the proposed Space
Station, attitude control has typically been a major problem., The source
of previous control difficulty has been centerced on the requirement to
control a highly flexible vehicle. Spacecrafts with cantilevered solar
panels cause particular problems because of the low frequencies of the flex
modes , 1f a classical control strategy is used, the flex modes are
filtered out of the sensed vehicle respense. This technique,
unfortunately, has an adverse effect on the attitude control performance of
the vehicle. 1In addition, the closed loop stability of the flex wodes is
not guaranteed for highly flexible appendages. For highly flexible
structures the control system must not only account for attitude control,
but also must exhibit vibration control features,

The Preliminary Space Station Design Team of the Structures Division
of NASA-JSC has developed an alternative triangular configuration
[schneider,1982] for future Space Station in order to minimize the attitude
control prcblem which 1is inherent 1in many proposed Space Station
configuraticns. The fle. mode of this configuration are relatively high
(>5.4 Hz) and thevefore can be filtered out of the sensed vehicle response.
This allows rigid body control below the flex frequency bandwidth with
acceptable vehicle rate and attitude performance. Furthermore, the
behavior of the vehicle can be accurately predicted due to the simplicity
of the structural configuration leading to a reduction of control model
errors. The control system also benefits from this concept since most
activity is centralized at the system center of mass.

The purpose of this study is to develop controllers for the proposed
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Space Station and evaluate their performances to make recommendations £ r
structural design and/or control alternatives,

ATTITUDE CONTROL

The problems of control for the Space Station have expensive solu! .ons
in cost and performarce. As a preliminary guideline for the developme ': of
the Space Station proposed, the minimization of these control problew: was
a goal of high priority. To accomplisi this objective, the flex frej;iency
spectrum must be raised signiklcantly to achieve desired separation between
the flex and controller passuund. Further, a configuration was sought that
was relatively irsensitive to operational activities. The configuration
that resulted from these design guidelines is the triangular design studied
here [Schneider,l982]. For the proposed station the flex spectrum begins
at approximately 5.4 Hz. The controller passband, therefore, is sought to
be placed below this frequency in order not to excite the flex modes of the
structure,

To achieve this objective, the study is divided into the following
three parts:

(1) Ccr. o v..em design

(2) pPperformsrce evaluat-on

(3) Experiments

The control system design assumes the rigidity of the Space Station
and developes the lumped parameter controller for the rigid body moael.
The performance of this cont-oller will be evaluated with the real system
(represented hy mocre complex model with the flexibility of structure
incorporated). The designed controller will atso he tested through the

experiments using a physical model.

1. Control System Design

13-3
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The flexible structures are so called distributed parameter systems
and, accordingly, the distributed controls are required to maintain a
desired profile of the structure. Since these controls are additional
controls beside the controls for attitude and maneuvering, it is attempted
to minimize the flexibility of the Space Station as much as possible and
use only the lumped parameter centrols for the presumed rigid body.

Two basic methods can be used to design coantrol systems; each with
their respective emphasis. The time-domain, state-space method used in
modern optimal control theory emphasizes the performance of the vehicle.
The frequency womain approach is nsed when stabiltiv issues are 2 concern
of high priority, For the operational Space Station, performance
requirements are 1low compared to other space vehicles while system
stability is an important control obvjective,. The frequency domain
approach, howeve , *: limited in general to simple systems and not readily
applicatle t~ mc.tivariable control systems. Or the other hand, the time-
domain ¢,..mal control theory is well developea for multivariable control
systems.

In this study, an attempt is being made to utilize the advantages of
both approaches. For stability conslderations, specifications are made in
the frequency domain, and then the time-domain optimal control theory is
applied to design the optimal controller gains. This hybrid method is so
called the Inverse Problem bark and Lee,19731 and it promises a bright
future in the control syctem desigr of the 3pace Stations,

The Space Station model used to derive the control system design is
“he coupled three-axis Euler's equation, which is given by equating torques

with inertia times acreleraticn as follows:
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+ Tdy + TR2

fle _TR%
(1)

Body axis rates (roll, pitch, and yaw, respectively)

environment was

Also, for

(approximately 0.06°/sec).

disturbance

(control moment gyrc's) and RCS (reaction control

[6ran and Proise,1981; Liegeois,1970].

3
‘.; }*_
\\ -y —. 95 - 1 [ - - p- -
I 1.1 P T T T 0 H
el | DO T S T T I T
y I 1.1 q{=|T + 4T + |T +1H, O
4 m
Xy yy yzl). Sy w, 2 13
I 1,1 r T T T ~H H
L= ¥ 22 L [ gZ_J L m3_] L m3_J L TZ Tl
where:
X . Ixx’Iyy,’Izz -~ Princlple ax.s inertias
I ,1 ,1 ~ Cross axis inertias
xy’ xz'yz
T ,T_ ,T - Gravity gradient torques
. Ex gy &,
? T ,T ,T - Torques due to angular momentum chauges
y “oovy 4
t T ,T ,T - Torques due to magnetics
. m ' m, ' m
) 1 "2 73
-, H, 6 ,H_  ,H - Angular momenta about the 3 axes
o T, T,” T
= 1 2 3
: Psq,r -
- MR "
Td 'Td ,Td Disturbance" torques
: X y ¥4
e TR ,TR ,TR - RCS firing torques
. 1 72 73
A model of the vehicle disturbance
‘ quantify the cyclic and non-cyclic torques.
Station, solar inertial pointing 1is

system),

determined to

the proposed

a necessary maneuvering requirement
Because of the predominant cyclic nature cof the

torques a uomentum management scheme was devised using CMG's

Additional

control capability is also being sought by means of the Magnetic To: . 1s

The three-axis model defined by Eq. 1 can be linearized and
represented in the following matrix form:
" ; = Ax + Bu + Cv 2)
- where x 1s the state vector of body axis rates and addi