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ASEE Report Summer 1982:
AppTlication of Analytical Redundancy to Failure Detection

Frank J. Alexandro, Jdr.
University of HWashington

This project was motivated by the problem of detection of sensor
failures in a dual tetrad inertial navigation system. The tetrad jnertial
package consists of four Taser gyros, three mounted gn orthogonal axes and
the fourth mounted at an angle of approximately 54,7 to the other axes.
The proposed dual tetrad system consists of two tetrad packages mounted
some distance apart on an aircraft. DBecause of the flexibility of the
structure and the physical separation of the two tetrad units the gyros and
accelerometers do not measure exactly the same quantities. Ames has
previously had occasion to study the detection of failures in a single
tetrad system (Ref. 1) but analytical redundancy techniques were not used
in this study. The term analytical redundancy 1is usually taken to mean
that the dynamic behavior of the system i.e., the differential equation of
motion are used as part of the failure detection algorithm.

Several different analytical redundancy systems have been proposed
(Ref. 2-5) for use in aircraft guidance system. The basic idea is to use
the information about the system dynamics in such a manner that sensor
measurements of one quantity can be related via the dynamic equations to
quantities measured by other sensors. This is in contrast to what is
referred to as hardware redundancy in which multiple sensors measuring the

same quantities are used in a "voting" scheme to determine which sensor has
failed.

Most analytical redundancy algorithms make use of observers or Kalman
filtere to compare the information measured by different sensors measuring
different quantities in order to detect failures. During this summer I
reviewed the available Titerature on analytical redundancy in an attempt to
identify those methods which may be useful for failure detection in a dual
tetrad system. Generally the algorithms described are quite complicated
and are hased on the assumption that the system is Tinear (or can be
adequately described by Tlinearized equations). The effects of
nontinearity, parameter variation and parameter uncertainty have not been
extensively considered in published reports, Consequently, it is unclear
as to whether it is practical to implement an analytical redundancy scheme
in the dual tetrad system. During the coming academic year and next summer
I hope to continue to investigate the feasibility of a practical analytical
redundancy schame for a dual tetrad system, and I have submitted a proposal
to NASA for graduate student support on this project. During my stay at
Ames I have had the benefit of very useful discussions about this project
with R. Bach, M. Sidar, and G, Xenakis.
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Does Phosphine Photolysis in Jupiter's Atmosphere Lead to
Organic Chemical Evolution?

Robert Benson
Nazareth College of Rochester
Assistant Professor of Chemistry

My work,this summer, is part of a2 long term investigation,
At NASA-Ames, into the pcssibility of organic chemical evolution
in Jupiter's atmosphere. These studies have some relevance to
the origin of life on earth because the earth's primitive atmos-
phere may have resembled the present day reducing atmosphere of
Jupiter. -

Phosphine, PH3, is a constituent of Jupiter's atmosphere. It
has been detected in the region just above the white ammonia
cirrus clouds that are a dominant feature of our view of Jupiter.
Light from the sun reaching this region is energetic enough to be
absorbed by phosphine and cause the photolysis reaction:

(1) PHg 4 hv--- PHp + H.

The photons absorbed by phosphine contain more energy than is
requirad to break a P-H bond. Most of the excess energy is carried
away by the H atom as kinetic energy, producing a so called hot
H atom. It is called this because it has more kinetic energy than
it would have if it were in thermal equilibrium with the gas.

Hot atom chemistry, or chemical reactions initiated by hot
atoms, is a common oturrance in interstellar regions and the
upper regions of planetary atmospheres. What I was to investigate
was the possibility of the hot H atom initiating organic chemical
reactions in Jupiter's atmosphere. In particular , does the
abstraction reaction:

(2)H + CHy, ->Hp + CH3 dcure producing a methyl

radical which can go on to produce more complicated organic molecules?

At the wavelength of light we used 184.9 nm, the hot H atom
from phosphine photolysis contains much more energy than is required
by reaction 2. However the reaction is not efficient and the hot
H atom can become thermalized by collisions and quickly lose its
excess energy. Thus it is not at all certain this reaction will
ocur® to any great extent.

The experiment involved mixing accurately known amounts of
PH3, CDy and Hp and exposing the mixture to the 184.9 nm light from
a low pressure mercury lamp. CDj was used in place of CHpj because
HD will then be formed by reaction 2. Using mass spectrometry to
measure the amount of HD formed then gives a measure of the
efficiency of reaction 2.

In a simulated Jovian atmosphere consisting of 4 torr PHi,
20 torr CDy and 200 torr of Hy and a time of exposure resulting
in 15 % PHq loss - I measured no excess HD formation over the
controli A“check on the experimental procedure was made by
exposing a mixture consisting of 4 torr PH3 and 320 torr CDy.
In such a mixture thermalization of a hot g atom is less likely
to oour® before reaction with CDy. The result was that 0.0088 moles
of HD were formed per mole of PHj decomposed. This finding indicates
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the experimental procedure is working fine.

The more realis¥tic Jovian atmosphere results tell us that
phosphine photolysis and the hot H atom produced is not going to
lead to the production of methyl radicals by reaction 2. The
reasonuwhvulsuprobablv because H atoms react very readily with

(3) H + PHy -=> Hy + PHp . This reaction is very close to
be?ng diffusion controiled and probably siphons off H atoms.

In summary, ny measurement-of no abtraction of H from
methane,under conditions more favorable for this reaction than
on Jupiter, tells us that phosphine photolysis will not initiate
organic chemical evolution on Jupiter.
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WORKLOAD STUDIES IN AFTI F-16 TEST FLIGHTS

Jan Berkhout, NASA Summer Faculty Fellow
NASA Dryden Flight Research Center, August, 1982

During the summer of 1982 I worked closely with several
groups of NASA and Air Force researchers associated with the
AFTI F-16 program, The AFTI F-16 incorporates a number of
superaugmented and decoupled flight control modes. My aim
during the summer of 1982 was to familiarize myself with the
flight test program and data collection procedures so that I
could obtain and analyze flight data relevant to "pilot work
loads" in the superaugmented control modes.

As used by human factors pSychologists, the term pilot
workload describes an extensive combination of perceptual,
cognitive and psychomotor elements (Roscoe, et al., 1978).

Work overloads are said to occur whenever anticipated performance
requirements might exceed operator capability. A main assumption
is that workloads in general ought to be reduced, and that the
advantages of any augmented control system should consist at
least part}y in reduced workload,

Attempts have been made to separate motor and cognitive
workload components (Mornay, 1979). In the operation of high
performance aircraft a complete separation of the two is not
possible or desireable., Complex psychomotor functions do
require physical work, and a reductinn in the energy demands
on the pilot's skeletal musculature often reduces cognitive
workload as well,

Psychologists have searched for years for a single parameter
measure of workload without success. Workload estimates are
necessarily based on a multidimensional array of information.
Workload analyses are commonly broken down into four broad
categories as follows:

a. Primary task analysis (Chiles and Alluisi, 1979)

b. " Secondary (probe) analysis (Ogden et al, 1979)

c. Physiological monitoring (Wierwille, 1979)

d. Subjective reports (Williges and Wierwille, 1979)

These four categories often generate independent and
contradictory estimates which are not easily reconciled
(Hart et al, 1982). Workload seems to be a genuinely multi-
dimensional consruct, and no one category of measures can be

adequately interpreted without information from the others
as well,

T
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Work load measurements in all four domains are being iIncorporated
into the current AFTI F-16 flight test program.(Crombie and Frazier,
1982) ., The main interest is, of course, comparing work loads imposed
on the pilot when the unconventional control modes are used, and the
transition phases from one mode to another, Further on in the test
program a number of automated attack and maneuvering systems will be
made operational and studied, including voice displays and controls,
and the entire rational behind these systems is in fact a reduction
of pilot workload.

My main associates during the summer of 1982 were the AFFIC

- personnel coordinating Human Factors evaluations in the test flight
‘program, particularly Maj. S. Gray and Capt, R. Crombie. P, Sorokowski
was my chief contact in the Joint Task Force (JTF) operations office,
-making f£light data available to me, and briefing me on mission
scenarios and data formats. The NASA-Dryden researchers in the
Dynamics and Control Branch were valuable sources of information
-on flight dynamics and control theory, particularly P. Carr, and
from AFFTIC, B, Schofield and T. Twisdale, Finally, on several
occasions I was able to meet with Dr. §. Hart at NASA-Ames for
«discussions on more general applications of work load measurements
in aircraft operations.

Primary task analysis., Primary operator outputs in the AFTI
F~16 consist of a steady stream of motor activity into four primary
flight control axes (Sr; Sp; P and T), the T control being a throttle
twist grip not present on conventional aircraft, In some cases
the operation of the primary flight controls can be described in terms
of continuous operator transfer functions (Heffley, 1982), for which
a finite number of gain and phase lag values can be specified.
However, in many cases pilot output cannot be adequately specified in
terms of continuous transfer functions, and is better handled in terms
of Integrated Sequences of Activity (ISAs, Berkhout, 1981), or even
as conditioned responses. In such cases the appropriate parameters
‘to monitor would be response time histograms (Berkhout, 1982), or
errvor values relative to information content (Shingledecker et al,
1980).

When closed-loop tasks, such as tracking a known target, are
rerformed an RMS error value can usually be calculatied for the
concurrent operator transfer functions (Poulton, 1974). For open
loop tasks, where target position or the value of disequilibrating
inputs are not known, error functions cannot be quantified. However,
it is possible to evaluate performance and workload in such cases
using spectral density analysis of output in each control channel
(Shexridan, 1974), evidence of single channel time sharing (Kinsbourne,
1981), and features of control outputs related to queueing theory

B (White, 1975). ' Applications of these techniques to high performance
' aircraft studies are discussed in Zacharias and Levinson (1979) and
Schofield et al, 1982).

——
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My analysis of AFTI ¥-16 flight data for the initfal flights
in the program is based on the manual reduction of control force
ond position values derived from strip charts of telemetered
parameters recorded in real time during each flight (Table 1)y.
Epoch boundaries are determined from other flight parameters
on these strip charts as shown in Table 1, The value of
subsequent work load estimates depends on the correct determination ST
of epoch boundaries, which should indicate such things as the
initiation of specific maneuvers, changes in control modes, and
arbitrary events associated with maneuvers such as reaching or
exceeding certain angles of attack. '

Once epoch boundaries have been determined, the strip chart

discrete axis. This can be done by noting any above-threshold
control events, and tabulating reversals of the primary controls.

be collated and examined for evidence of parallel and sequential i
control outputs. From such data,- evidence can assembled concerning . :
the operators control strategy expressed in terms of cycle time, i
sequence patterns, switching rates and dwell times, and from thece

In the three flights flown up to August 24, 1982, only the
standard normal control mode has been used. -‘Examples of strip
chart data are given in Figures 1 - 5, and these indicate that
full time sharing of the three primary control axes occured,
as would be expected with normal control configuration,

Secondary task analysis. While my main effort this summer has
been to set up analysis procedures for the primary control data,
4nformation from the other three categories of work load measures
will eventually be available as the flight test program proceeds,
and will be collated with the primary control output data.

Traditional secondary task analysis includes such "probe"
tasks as voice shadowing, reaction time to extraneous stimuli, and
mental arithmetic, These are presumed to reflect reserve processing
capacity when performed in conjunction with primary control tasks.
(Note that only the instructions to the subjects provides the dist-
inction between primary and secondary!)' To be effective, the probe
tasks ought to impose a constant load at a fixed pace, and meet
several other constraints as well (Brown, 1978), For these reasons
probe tasks as such have not been included in AFTI F-16 test flights.
However, it is possible to regard some forms of voice communications
and flight controller instructions as secondary tasks with a precisely
defineable information content (Shingledecker et al, 1980). When :
such communications occur spontaneously during complex test flight v
scenarios response time and accuracy can be scored, and the impact
on primary task functions can be quantified.

[
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Physiological monitoring. Most physiological subsystems
show reliable changes with increased cognitive and motor work loads.
Under high work load and stress conditions cardiac functions,
energy metabolism, blood chemistry and sentral nervous activity.
are all rather highly correlated (Berkliout, 1970). Cardiac
functions will be monitored on some future AFTI F=16 test f£lights
(Reader, 1981). Basic rate, rate variability and qrs / t wave
phase relationships will be recorded. These physiological
parameters will be available for correlation with the estimates
of work load from the other three categories of data, and will
provide a useful interpretive aid.

Subjective workload estimates. There is a large literature
of special purpose workload estimation instruments designed for
vuse with high performance aircraft operations, which combine

multi-attribute theory and scaling techniques to produce equal-

interval response matrices for grouped pilot responses (Donnell

:and 0'Conner, 1978; Reid et al, 1981 Williams, 1982). These

response measuring instruments are in theory to the traditional
ordinal scales of aircraft handling qualities such as the Cooper—
Harper (1969), a ten rank rating list, The best of these multi-
attribute instruments unfortunately.require a large amount

of interviewer-pilot contact time, ‘and a pool of group data. Both
these requirements are unrealistic in terms of the AFII flight test
program constraints. The emphasis in AFTI debriefing will be on
segregating pilot workload estimates for single mission phases

(Greene et al, 1981) rathex than obtaining load estimates for

* larger mission segments. The methodological emphasis will be on

obtaining a true, discrete boundary for the desired event or
control condition, which may be quite brief.

Continuation studies. As more test flights are completed,
Major Gray and Mr. Sorokowski have agreed to send copies of the
appropriate strip charts containing pilot control outputs to me
at the Human Factors Laboratory at the University of South Dakota.
Further analysis of the strip chart data will continue duxing
the academic year 1982-1983 along the lines indicated above. While
I will be concentrating on primary task data, information concerning
work load estimates for the same flight epochs but derived from
the other three categories will be made available for correlation
with the primary output data. The primary data analysis is
generally based on an openw=loop interpretation of the test flight
scenaxrio. Closed-loop data may become available later in the
flight program when tracking scores for HQDT or "aggressive tracking"
become available, and workload scores can be collated with tracking
values., In particular, the early flight data must really be
considered baseline data, since the aagmented control modes and the
fourth control axis have not yet been used. Operator output bandwidth,
channel capacity and queueing of output elements will be of much
more interest in the four axis augmented modes.

Nir.
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Apart from the further processing of strip chart data
several other procedures for analyzing AFTL F-16 workload
levels are possible. Power spectral density and cross-spectral
transformations of the motor output time serles would permit
a more precise look at bandwidth and shared power aipects of
multi-axis tracking. Once available, these transformations
can also be used for calculating event-linked postgrade and
retrograde averaging of control operations. In such a data
reduction, the "events" would be critical points in the
flight scenario, and the averaged responses’ would show such
things as the time needed to damp out responses in particular
frequency bands.

.

Once the magnitude and quality of data generated by the
AFTI F-16 test flight program is known in more detail, I will

- present a proposal for NASA support of further work, along

the lines suggested in the p&rograph above, to be done at
the Human Factors Laboratory at the University of South
Dakota, and involving approximately 12 man-months of data

.analysis effort by senior graduate students in the doctoral

program in human factors. \




- e . e coe L ”» o o wwbme PO

REFERENCES ORIGINAL PAGE S | |

1.

10.

11.

©F POOR QUAL\TY

Berkhout, J. Psychothsiological Stress: Environmental
factors leading to degraded performance. IN: DeGreene,

K.B., (ed.) Systems Psychology, McGraw-Hill, NY, 1970,
PP 407-450. ’

Berkhout, J. Sources of inter-individual differences in
the perceived difficulty of F-18 pilot subtasks accecrding’
to mechanisms of learning and execution. Final Report,
Contract N00123-79-Cl59, PACMISTECEN. Human Factors
Laboratory, University of South Dakota, Vermillion SD,
April, 1981. . '

Berkhout, J. Incorporation of Human Performance
Measurement Capability in the NADC Crest Simulator
Facility. NADC, Warminster PA. Technical Report,
June, 1982

Brown, I. D. Dual Task Methods of Asséssing Workload.
Ergonomics, 21:3, 1978, 221-224. :

Chiles, W. D., and Alluisi, E. A. .0On the Specification

-0of Operator or.Occupa*ional Workload with Performance

Measurement Methods. Human Factors, 21:5, 1979, 515-528.

Cooper, E. and Harper, P. The use of pilot rating in the
evaluation of aircraft handling qualities. AGARD report
#567, Paris, April, 1969. . '

Crombie, ‘-R. B. and Frazier, M. L. 'The AFTI~F1l6 flight

' test program and opportunities to evaluate pilot-

vehicle interface and mission effectiveness. AFFTC
Technical Report No. 82-30, Edwards AFB, 1982.

Donnell, M. L. and O'Conner, M. F. The application of
decision analytic techniques to the test and evaluation

phase of the acquisition of a major air system. Technical

Report #TR 78-3-25. Decisions and Designs, Inc.,
McLean VA, April, 1978.

Greene, J. H., Arbak, C. J., Courtright, J. F., and
O'Donnell, R. D. Ground Attack Tactics Survey (GATS)
AFAMRL, TR-81-68, Wright-Patterson AFB, 1981.

Hart, S. G., Childress, M. E., and Hauser, J. R.
Individual Definitions of the Term "Workload".
NASA Ames Research Center, Personal Communication, 1982.

Heffley, R. K. Pilot Models for Discrete Maneuvers.
Technical Report, Systems Technology Inc., Mountain

View, California, 1982.

T T

T



12.

13.

14.

15.

16.

17.

20.

21,

22,

23.

24.

26.

.o

L_Pkdt\g ‘
OR\G\NSR QUALITY ‘

Kinsbourne, M. Single-Channel Theory. In: Holding (ed),
Human Skills, Wiley, NY, 1981, pp 65-90.

Mérnay, N. (ed), Mental Workload, its Theory and Method.
Plenum Press, NY, 1979. .

Ogden, G.'D., Levine, J. M. and Eisner, E. J. Measurement
of Workload by Secondary Tasks. Human Factors, 2L1:5,
1979, P9529 -548,

Poulton, E. C. Tracking Skill and Manual Control.
Academic Press, London, 1974.

Reader, D. C. Physiological and Pexrformance Parameters
as Indices of Pilot Workload. An Analysis of Data from
the AFTI-Fl6 Project. AFTI-F16 Project Memorandum,

-USAF School of Aerospace Medicine, Brooks AFB, 198l.

Reid, G. B., Shingledecker, C. A. and Eggemeier, F. T.
Application of Conjoint Measurement to Workload Scale
Development. Proceedings, Human Factors Society 25th
Annual Meeting, Rochester, NY, 1981.

Roscoe, A. H., Ellis, G. A. and Chiles, D. Assessing
Pilot Workload. WNATO AGARDOGRAPH AG-233, Neuilly-
sux—Spine, 1978.

nLg@&lEld, B. L., Twisdale, T. R., Kltto, W. G. and

ssfiurst, T. A. Development of Handling Qualities
Testing in the 1970s: A New Direction. Projoct
Memorandum, NASA Dryden FRC, 1982.

Sheridan, T. B. and Ferrell, W. R. Man-Machine Systems.
MIT Press, Boston, 1974. pp 247-258 (Chapter 12: Optimal
control models using state variable concepts)

Shingledecker, C. A.-and Courtright, J. F. Subsidiary
Radio Communications Tasks for Workload Assessment in
Simulations. Technical Report No. AFAMRL, TR-80-126,
Wirght-Patterson AFB, 1980.

White, John A. Analysis of Queueing Systems. Academic
Press, NY, 1975.

Wierwille, W. W. Physiological Measures of Aircrew
Workload. Human Factors, 21:5, 1979 pp 575 - 594.

Williams, K. N. Assessment of Reliability and Validity
for the Systems Operability Measurement Algorithm (SOMA)
AFTI-F16 Project Memorandum, PACMISTECEN, Mt. Mugu Ca, 1982.

Williges, R. C. and Wierwille, W. W. Behavioral Measures

-of Aircrew Mental Workload. Human Factors, 21:5, 1979.

Zacharias, G. L. and'Levison, W. H. A performance . LA
Anzlyzer for identifying changes jp Human . . k
Tracking Strategies. AMRL TR-79-17 4N Operator

WPATB, March 1979: C vy




ORIGINAL PAGE I8
OF POOR QUALITY

Infrared Observations of M17

Elizabeth Brackmann

state University of MNew York at Stony Brook

There is increasing observational evidence that massive stars
tend to form near the edges of dense clouds of gas
and dust in the galaxy, leading to the formation of "blisters" of
ionized hydrogen at the surface of the clouds. This summer I
have studied infrared emission from one of the most energetic of
these star forming complexes, ML7., Attention has been focused on
the properties of the emission at 20, 50, and 100 microns, on the
temperature distribution of the IR emitting dust, and on the role
of several stellar-like point sources recently discovered in the
near-IR by Ames observers in the overall energy palance of the
region. The results of this analysis have been combined with the
work of past investigators who have studied other aspects of
M17-- its stellar populations, radio emission from diffuse and
compact regions of jonized hydrogen, millimeter wavelength
observations of molecules deep in the cloud core and IR emission
at other wavelengths and resolutions-- to refine‘our view of
ongoing star formation in %this region. A paper is now being
prepared on this work in coliaboration with Mike Werner of the
Space Sciences Division. A

The initial analysis was done using the high resolution (30

arc seconds) data at 50 and 100 microns taken with the Kuiper
Airborne Observatory. Dust temperatures were derived by fitting
a black body temperature curve to the 50 and 100 wmicron emission
at each measured point and then correcting for a dust absorbing
efficiency which goes as 1/x. The temperature decreases steeply
from east to west. Comparison of the 100 micron brightness with
that estimated for a blackbody at the observed 50-100 micron
color temperature indicates that the opacity increases steeply to
the west. In addition, the 50 and 100 micron emissjon maxima are
displaced from one another in the direction of the steepening
density gradient. The most Tikely interpretation of these results
is that a high extinction ¢loud is heated from its eastern side
by young stars located near its cdge. The longest wav:lengths
penetrate the furthest into the cloud with the lTeast ability to
heat dust, hence the warmer (50 wmicron) dust lies closer to the
heating source than the cooler (100 micron) dust.

This model is an extension of the picture proposed by other
observers, The 6 cm radio emission from ionized hydrogen
adjacent to the far-infrared peaks has been interpreted as the
front between the HII region and the molecular cloud seen edge
on. The present results depart from previous work in showing
that the peak IR Tuminosity in the molecular cloud is too bright
and compact to be heated by the star clusters to the east which
.are thought to power the HII region. My hypothesis is that there

i
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is a deeply embedded unobservable star cluster closer to the IR
peak providing local heating. The newly discovered near-IR point
sources 1ie in the predicted location for the new heating source.
Examination of the spectrophotometry of the 14 near-IR sources
shows that they are very Tuminous but cool ( 100°K) objects, most
1ikely massive young stars ( 30,000°K) throwing off dust shells
heated to 100°K. The heated shells may be the only evidence of
other nearby young stars without heated shells, but highly
obscured by foreground dust, whose unbounded radiation is
powering the local area. Work is now in progress on the other
possible interpretations of the near-IR point sources.

one of my main motivations for coming to Ames this summer
was to become more familjar with the techniques of IR
jnstrumentation and data handling. I have had several usefull
demonstration-discussions with my NASA colleague Tom Roellig on
the state-of-the-art rescarch being done in his Tab (NASA-Ames
Space Sciences Division) on low temperature high sensitivity IR
detectors. During the summer I also spent a substantial fraction
of my time reducing the data for a very high resolution (5 arc
second) 20 micron map of ML17. The data was taken using a
beam-switching mode in which a position is sampled at the same
time as adjacent positions a few arc seconds on either side.
When the adjacent measurements are of blank sky they provide an
easy means of removing atmospheric contributions from the signal
at the central point. In this case adjacent measurements were
taken within the Ir emission region and a scheme had to be
devised to deconvolve true signal from the relative measurements
at cach point. The final 20 micron map shows a number of peaks in
addition to an extended background which is co-extensive with 6
cm radiation from the ionized hydrogen at the edge of the cloud.
The 20 micron peaks coincide with compact HII regions and with
some of the near IR point sources and have been useful in
determining the nature of the new cmbedded cluster.
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1., ANALYSIS OF TWO-WAY CONTINGENCY TABLE BY ROCK AND VEGETATION TYPES

2. MODIFIED MAXIMUM LIKELIHOOD CLASSIFICATION PROCEDURES AND THEIR
APPLICATION TO PATTERN RECOGNITION IN REMOTE SENSING

Hubert J. Chen
Department of Statistics and Computer Science
University of Georgia

1982 ASEE Summexr Research Fellow
Stanford University and NASA/Ames Research Center

Dr. David.Mouat at the Technology Applications Branch is currently conducting
a- research project in geology on determining the relation between rock

and vegetation types. The sampling survey and statistical analysis are to

be used as basic tools for the study. It is suggested that a minimum

sample of 250 items for the ten by five contingency table be collected by

a random process. ‘It is also suggested that a large sample be considered

if more budget funds and time are allowed.

Due to possible empty cells in the contingency table, the actual statistical
analysis could be more complicated. Empty cells occur in two situations: (1)
when the sample size is not large enough (small sample effect), and (2) when
the cell combinations are impossible (with probability zero cells). & reso-
lution for the former case is to add a small number, say 0.5 or 1 to every
cell and then the usual chi-square test for independence (or equivalently, no
interaction) could be employed [1]. 1In addition, a log linear model via
logorithmic transformation of the expected frequency may be used to convert
this table into a two-way ANOVA type problem. Thus, Tukey's one-degree-of-
freedom test for interaction is possible and furthermore, test and compari-
sons among row/column effects can be made. For the latter case the with-
probability-zero cells cannot be adjusted or estimated; a special method
through iterations must be used to derive the expected frequencies for the
rionempty cells. Then, a chi-square test for the quasi-independence can be
performed [1]. Further analysis can also be made by a log transformation for
all nonempty cells. In this situation an ANOVA test is possible using re-
" gression model via the use of SAS statistical package [5] in which sum of
squares type I, II, III and IV should be read and interpreted with caution.

The second problem I have been working on 'is pattern recognition in remote
sensing via a satellite, which was hinted by Dr. Don Card of the Technology
Applications Branch, NASA/Ames Research Center. This subject interests me a
lot. A modified maximum likelihood classifier which should have the potential
of increasing the accuracy of classification is studied.

At the present time statistical model used to classify a picture element
(pixel) on earth into an appropriate category of land cover and land use is

a multivariate normal probability distribution on the brightness values or
coloxr-coded values (Xl, Xz, sens Xp) collected and digitized by multispectral

scanner system (MSS) installed in a land satellite [3, 6]. The domain of
the model which is assumed to be in the entire multidimensional space may
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not reflect the practical situations. Instead, it is more likely to be

restricted in certain finite intervals say (a,b).

The brightness

values from a spectral band, for example, are confined in the range of

(0, 127) in an MSS of Landsat.

Based on this reason a doubly (two-

sided) truncated multivariate normal probability model is assumed on the
vector (Xl’ Xpp eees Xp); and the conjecture is that based on the trun-

cated model the accuracy of classification of a pixel into a class could
be increased using maximum likelihood classification principal.

Since the true parameters of the probability wmcdel are generally unknown,
one has to estimate them using training samples of known features on the

ground.
be used {2, 4].

To do this the maximum likelihood method or moment method can
As a result, a system of simultaneous p(p+3)/2 nonlinear

equations must be solved by high speed computers. A generalization of

the model to several classes with different mean vectors but with the

same covariance structure will be investigated in the future. Comparisons
between nontruncated and truncated probability models will be made
accordingly in terms of the chance of misclassification.

(1]

(2]

(3]

[4]

(51
(6l
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Dick Desautel
Associate Professor,
Mechanical Engineering
San Jose State University

My summer project has consisted of developing an understanding of the
problem posed of experimentally esimulating orbital transfer vehicle (o1V)
aerothermodynamics. The proposed OTV mission involves a unique flight regime
for the dominant aerodynamics and heat transfer. This flight regime is one of
hypersonic (18 €o 37 for M), low density (Kn = 0.001 to 0.3), and intermediate
Reyﬁolds Number (10 to 100,000) flow. The flow ié dominatea by real gas effects and
and nonequilibrium conditions due to the high total enthalpy. This ’r‘é'girm‘has :
been enc_.ountefed on previous missions, but has never been the snle regime in
which the vehicle experiences the significant atmospheric effects. The summer's
project addressed the 'quést;i.on: What is the eﬁperimental' aerothermodynamic
.simulation problem posed by this méssion and how should we go about'sQibin.g~it?‘
It will be, recognized that the state of knowledge concemming ‘gas kinetics, gas
dynamins, and gas chemistry is far from adequate in the hypérsonic-, low densi_t;y
regime., and hence there is a strong moﬁivatioh for achieving experimenta‘i
simulation of the aerothermodynamics.

During work on the project, I reviewed the literature, both on flundamentals
and on applications, of impulse-type flow facilities with emphasis‘ on shock“tube
derived facilities. I also interacted strongly with Dr. Chule APark'to gain
ihsighi: into particular advantages/diadvantages of each device, and prégmatic-.
per}fomance capabilities. At the same time, I studied the basic concepts of

similitude as applied to the hypersonic and low demsity (rarefied) gas regimes.
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A further background investigation considered the rationale for OIV flight regime
and its consequent free-stream flow parameters.

All this background and developing famliliarity with the problem was synthesized
and a simulation strategy evolved. The project's conclusions were primarily that
separate  simulations of flow field (aerodynamics) and the relevant gas kinetics/
chemistry were needed, the former involvinéi&irst simple glow-discharge diagnostics
in a simple shock tunnel and the latter involving long-term commitment to proper
modification of existing shock tube facilities to produce the required gas purity

and total temperature.
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"Hoddal o Reductidion Hethods for Mangaver autopilel Dosign”
Bt by Dun i paace

i asa Undwer sity o Purrdue Undversity ot Indianepalis
Frroatessor of Bogineer ing

Thes Froobd e

bines dynamic models of airoraflt and other complex svstems
are ofLen represented by & high-order differential equation.  Such
el s oare wsusal by durived from conplicatoed analyvbical design
prooceduras and dnvolve predicohed values of numerous systen
parametars.  The complenity oF such models provide & serious
hardicap Lo undersitanding system behavior.  Similarly. the
vttpttbabive ef facl or uneertainties in prodicting parameter values
lead to gpross dosoouwrany and misleading characteristics in the
Feialy wrder models. I addition, lTow-order models are reaported to
be dmportanl dn Cthe deslan of robusl controls.

The ol jecbives of this pproject is Lo develop useable and
raliable procedures for estracting from & higbh-order model those
Powrer o cdenr pmeondel e whiclh retadn the sssetial dynamnics of the resal
gsvstam and procvide desiveabla insight or desion properbies.  Buch
procedures moudd beood curvent value in the desiaon of control laws
For o bhe Mernwever Aubopilol being wsed in the Hi-Mat airocraft.

Pl W31 e of siallar value drn daplenentation of control 1aws
for fubuwere applleation of bhe Manwever Autopilolt concepl.

Blatbigmy

Dudngg Chie stmmer 1 bave Indltiated a literabuwre reviee,
appd dad each of dowr didferent methods Lo a siople example systan
Loy d L Tasle ebe Uhe fuwnetioning of the method.  In addition., I have
gl Llme learning Lo use the GOybar Interactive Feacllity and the
RS subrodtings in applying the metbods studioed amd o
alial veing methods still to bhe considored.

»

Latenature Fesviaws

Al opresent, T have obltadned ten technical reports dealing
wilh ditferent methods of model reduaction. These reports inclode
Fref e e Lo additional reports.  Thus, thare swems Lo have besn
a significanl amount of study on this subject. I expect to
gonbinue my revier of exisling methods.

Three of Lhe melbhodsg presented CRRMAMNDG, HOORE,. and PERNEBEQ)
are apoliad to systens whitoh bave previowsly been "balanced”. The
concepl of "balencing® is presented by Hoore. His report was one
wf Ll firel oblairoed and 1 have spent much of the sumines
derveloping the alaor @ Cho and associ ated computer program to
pet Fora Lhy balaneing procedare. The "balancina” procedure may be
intyimmical by waluable as it is clained to lead to a robust form
cof oo byal dae.

loore® s report cornbainsg A references, some of which showld
bree peviowed far s bional dntormation.  The report also contains
Fpugtd ous prooss Lo supporl the development or {the conceptl and
sovel al enamples of Pls application.  the Hoore mothod of
paduction ds oone o bhe fouwr which T bave (11astr ated by esample.

5
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ey to the Targe ammurl of time spont extracting the
"hedonvina alaoibthm emd cdovaloping Lhe eomputor progean Lo
wmpd cuent Lhe alaoritho, I have not yvol raviewed thn‘gghgrttwm
mel hads applied Lo tho "balancoed” systemn (FERMAONDO, FERNELO) .

b eeent papere o (GUTHAN)Y desaribes & rather siople method
Bomed o disferontialtion of podynomialas, 1L was selocted $or
Ceview Boecatae §1 wan siaple and Ioneeded mabtoerial foromy mid-
el b esenbal o, s une of the fouwr which T have
Pl teembtod e vwampdoe I by wrecent form 40 applies only Lo
sdpgl e dnpuls sioaleoulpul svetems, M essboension Lo the mal bie
wverk dabed o casie mhonaldd by consioler ed.

I o vevenl gbuwds SbalRELEY for DEREFL a mobthod gdeoeriboed as
"resvdue potention® isoused oan parl o of Lhe process of obbaining o
pendticend model o the combinod sewslom composed ot the airerart and
Ll padobe In fhie wbodyy, Lhe Slal arder model is reduced o a
aixth order model . TL den ™ clear whethor this method was
o D nadbaed by Had e of developed form anothoar vaport (BREELTOM) .
i ber oo Tol wel Ulme was spent sludving the Walkor report and the
"recidue telenlion” melthads This method is one of the fows which
Iobave dillustrated Ly @anple. I has the undesireoablo properby
of dnleovdueding spordows high freguency seroes into the » el et
syviibomn Lrasfer function. T have not reviewed the Skelton repoy b,
ol eepech thalb such o revieow will elar ify Uthe arigin of the
roesidae relention” melhod.

The fourth wmelhod 1 Tuel ated by ramplao was callaed "State
W dahl e Obsorvelion” and is slmaly a stalaevariable
rapreseitation of bhe "Dowdnanl-Root Goneoept " prowsanted in
eleentary control textbooks (e. g, DORF) .

the other peporte (FLS0TTaR,  KOREDTOVIC, EELSHNAFUFTIY . anl
SHALED) w  which have not bheon roviewsd, o Jisted in Lhe
i bl i oaraplv.,

The Example Svston:

The estamplo syotom, wsed o illustrate each of the metliod oy
iy

Tea) =008 Ga ) (et Slme]) (eidd) teed)
This syeton has an bopulee, Fesponse ofs - bt
Hslt) = || 54e=F ~ 1,08 2% - 0,024 2
end A s lep renbonme ofs )
Yat)z [ = [ F¥ e~ 4 g.5% 22 0,00¢a" 6%

verl o was chiowon because,  alearly, tha rrenslaaress due o the
Trvalue alt o conbribuben 1itbkie Lo tho o eaponse and the system
thoeess Brave @ aooel Towar - order podel s Henew 36 should bo wifective
in diaplavimg the pordormneo of vard ous TC N STRTR FEA A el of vt
cutsphe wes preraated comnal ing state veriable model 8y
Cransfer - funetion models, dopulse responses, and shap responses of
Lhis system wsimg the classical "Dominant Kool mbhod  COOREY  and
gach of the foou wmethods described abovio.

Ruer to spece Dimd Labions, only Uhe slhap responses are
proeenbod Er stunma) v

fe o Domd nan L oRoelog

HoulR)z |~ hs#2"* Lo, 540-RF

B SBltate Veardable Ohser salion:

HYu )= I~ 159 e~ * +0,59e %%

.

"
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Go Residue Retontion: - ~Rb
iz | ~)53eF +osse?

o Differentiation of Polvnomials 3,)
Hald)= |~ g st g, 24e 3 17%

Ea Hoore methods
Hult)=0,73 =LY 02 * 10,3628 "

Slate Virlable Fecover v

Howt, of the setbhods of model eoduction iovolve stvilarity
Lramsformation of Lhe svotemn model. Thus, the reduced model is
e esmmetd An beras of state verrdables whioh diddes fron those of
Fhee oedudna) evsten moclel . TFe as i usually the case, bLhe
varl bedalesm dn Lhe ordoimal model s phyvsical wariabhles of real
inbersst, Lhon o mothoe wust Do derived Lo recover the original
Blebos from Ghe roducaed states. The simdlardty Pransformatlon
cannmot De poeviorsesd bacense of the reduaction.  @as anm indtial
at bompt st solving this probles, I developed o praogvran which
roduces svebtoms whioh bave hosn "halanced" and then recovers a
Permat cwoutawred estinate of Lhe oricginael abales.  hile the method
wr b2 matbenatically, L does nol sewen to produace phivsioal ly
easaoleb o renmalts. Purlbor ooy i neaded.

I
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Microbial and Nutrient Analyses in Controlled Environmental
Support Systems for Plants

Diane Dudzinski '
Professor of Biology
College of Santa Fe

If higher plants are to be used to supply food, oxygen and potable
water as life support for man durinn large scale manned space missions, then
it seems reasonable to assume that bacterial accumulations will occur within
such systems. These potential contaminants can enter via the alir, the nutrient
medium, man and plants. They may have harmful and/or beneficial effects depending
upon the species. Therefore, it may be necessary to control microbial popula-
tlons within such systems. In addition if nutrient solutions are to be recycled
within such systems, it may be necessary to know at what rate specific nutrients
are depleted from the system for different plants.

Steve Schwartzkopf of NASA/AMES has developed a computer monitored closed
plant chamber which can precisely monitor and control = number of physical and
chemical gas parameters. | came to NASA/AMES this summer to work with Steve
Schwartzkopf and Robert McElroy in the CELSS program, and to Investigate the ,
above mentioned problems. b

Experiments run this summer include the growth of 'Grand Rapids' lettuce
from seedling to harvest in an open environmental plant chamber over two,four
week periods. During these experiments bacterial and nutrient samples were periodi-
cally collected for analyses. During the first four week period a UV lamp was
continuously '"on", and during the second four week period a UV lamp was continuous-
ly Yoff". In another experiment involving the closed plant chamber, a tomato
plant was placed into the chamber and samples were perifodically taken for bacterial
and nutrient analyses.

All microbiological media, supplies, incubators, Quebec colony counters,
plant growth chambers as well as atomic absorption spectrophotometer and reagents
for nutrient analyses were supplied by NASA.

Bacterial findings to date show that UV light emitting wavelengths of
245 nm can reduce bacterial populations from 60,000 cells per ml. to less than 200
cells per ml. within 24 hrs.per 100 liters of nutrient solution having a flow
rate of 20 1. per min. (see FIGURE 1). Bacterial species Identified within the

" chambers include pathogenic Staphylococci spp., Erwinia sp.; opportunistic microbes

such as' Pseudomonas spp., Chromobacterium sp., and other microbes such as Lactoba-
cillus sp., Acinetobacter spp., Sphearotilus natans, Leptothrix sp., Serratia
liquefaciens and Alcaligenes sp.. Several of the species identified are involved
in the production of ethylene and other gases as well as toxins and could be con=-
sidered phytopathogens. Nutrient analyses to date are incomplete, but do suggest
that metals such as iron are rapidly depleted from the nutrient medium and may
pe complexed as precipitates onto the sheaths of Sphaerotilus natans and/or Lepto-
thrix sp. Completion of the analyses from these experiments will be undertaken at
the College of Santa Fe during the year.

If funding is approved for a second summer as a NASA/ASEE, | would like to
examine the same parameters under intermittent UV light exposure which may be
more energy efficlent and just as effective in controlling microbial popylations-
In addition | would like to examine interactions between higher plants, algae and
microorganisms within a closed environmental chamber.
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I'HE PAY=OFF OF HIGH LIPT
Donald L. Elder

San Jose State Universlty
Lecturer in Aeronautics

This project was to examnine the potential benefits of
further developments in the area of conventjional mechanical
high 1ift aerodynamics for subsonic alrcraft. Power augmented
"1ift was excluded. This topic was suggested by NASA colleagues
V. Corsinmlia and Larry Olson.

The approach taken was to review the literature for the
state of the art in aerodynamic high 1lift technology, for
alrcratt deslgn optimization wilith respect to himgh lift and for
the economics of alircraft operations with respect to the
significance of high 1ift capabilities and then to draw some
inferences as to the improvability potential and the cost/benefit
aspects of advanced high 1ift performance.

NASA/AMES is a mood location to carry out this investigation
because of the key research being done here along with the excellent
library/search facilities. Theory, powerful computerized analytical
methods and outstanding research test facilities were found to be
producing excltinm advances in high lift. IIASA sponsored studies
by aircraft industry contractors nroduce excellent independent
assessments of the state of the hirsh 1ift art and its
appropriate applications to the aviation field. Included in this
review were studies by WASA and contractors of High Performance
Sinegle Enrine Alrplanes, Avplications of Advericed Technnlogies to
Smyall Stort Haul Aircraft, Applications of Hish Technolosies to
Cormercial Advanced Designs and High Lift Concepts Selected for
the Energy Efficient Transport Program.

Aerodynemic theory suggests that today's =maximum 1lift and
lift-to~- drag ratios could ideally be doubled or more. Nearly
half of what can be demonstrated on an experimental basis for
two-dimensional Tlow is lost when anplied to a complete aircraft.
Nevertheless, great advances are being made in increasing two-
dimensi~nal high lift. The heretofore unusable region beyond
the onset of wing flow separation may now become part of the
designer's province for tailoring an optimal aircraft desipgn.
Normally unaccepteble flying qualities near, at and beyond the
stall have resulted in conservative Federal resulations which
effectively prohibit utilization of from thirty to forty per cent
of the available well behaved upper portion of the vresently
demonstrated high 1li1ft capability.

A spectrum of aircraft types and operations were exaﬂ§ned
which included sinrle enaine hizh perfonnapce personal/bu51ness
aircraft, small multi-enmine executive/business afrcraft, medium ot
haul 50-150 passenzer aircralt, short haul 3OT60 passenger elrcra
and lons haul =major alr carriers. Tne high }1ft needs for each
type were Tound to be difrerent, especially in e=phasls,

|
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The economlic factors are inltlal cost, direct operatineg cost,
total cost per seat mile, productivity in seat miles per hour per
dollar, utilization potential in revenue miles per day, break even
load factor and the particular market belng addressed. Impllcit
herein is the extremely powerful factor of ever increasing prices

of petroleum fuels for which in the foreseeable future there is
no alternative.

The typlcal flight profile may be divided Into several essent-
1ally independent segments with respect to the aircraft's high
11ft confipurations: teke-off ground roll, teke-off climb to clear
. an obstacle, second semgment take-off climb with one engine inoper~
ative, clean climb to crulsing altitude, crulsing flicht, descent,
landing approach and touchdown, landing ground roll and alternat-
ively, climb following an aborted landing. Each of the foregoing,
under some clrcumstances, can be a limiting condition with respect
to aircraft utility depending on factors such as fleld length, alt-
itude, temperavure, aircraft desimn charecteristics such as power
to weight ratio and the wing desipgn, and, not the least, tie
constraining influence of Federal Aviation Regiillations for insuring
safe flight.

Aircraft 1lift and drag are proportional to the wing size and
the aslrspeed squared., The constants of proportionality for lift
and drag are Cp and CD, varying with the ansular attitude of the
flight. Maximum 1lift at Cymax would provide the lowest landing
or teke-off speeds and distances., Climbing performance 1s nmost
strongly related to the 1ift to drag ratio L/D. Best range is
obteined whtn the product of the speed times the 1ift to drag ratlo
is & meximum (VxL/d)max (for jets). Sophisticated aireralt designs
may provide a different hiah 1ift configuration for each segment
of flight.

Pay-off potentials for a five per cenl improvement infigh
1ift for a flight segment limited jet transport can typically be
a twenty per cent Increase in payload at take-off, a forty-five
por cent increase in useful load in second segment climb anéd a .
fifty per cent increase In payload when landing weight limlted.
Spectacular! However, 1t was found that whereas most aircraft
specifications/desipgns call for maximal high 1ift capabilities,
most alrcraft operations are not constrained by high lift
limitations. It would appear that if all existing alrcraft were
Lo suffer a five per cent reduction in their high 1lift capabilities
the economic impact might go ulmost unnoticed. What then is driving
high 1ift research and development? Among other factors alrcraft
ere being inefficiently used on short hauls for which their con-
figurations are not appropriate and the airlines are losing money,
but deregialation will result in demands for the service belng
~et by teclnologicslly and econonically appropriate new aircrzft.

Low initial cost, energy efficlency and user acceptance
appear to be the most reliable measures of value. Higher lift at
crulse speeds permits smaller, lighter cheaper wings if landing
and taxe-off speeds and rates of climb can be met. Iost of tue
new aircraft still on tine sketch pads will have smaller more slender
and straighter wings demanding all the increased high 1ift per-
formance that can be obtained. The figure on the next page shows

a plan view _comparison of the potential dramatic reduction irfving
size for a 30 passenger transport with advanced hieh 1ift.
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Some pay-offs predicted for new aircralft applications of the
, best of today's state of the high 1ift art are:
High Speed Single Ensine - 50% increases in cruise speed
and ranpe if chax= 3.0

Short Haul Transport -- 18% lower price
(see figure below) -- 24% less operating cost
-- 31% less fuel
Energy Bfficient -- 18% less drag (Cpp,.= 3.0, could
Transport -- 10% less fuel
use 5.0)

While very large improvements are obtalnable with today's
best high 1lift technology, much more can be expected. The tradition-
al two dimensional approach to high 1ift development should soon
glve way to full three-dimensionsl viscous flow high 1if% invest-
1gations made posslble by the massive computer analysis and
corresponding experimental data processing capabilities now in
exlstence and being developed. Complete 3-D high 1ift optimization
will, for example, result in a smooth spanwise blending of wing
high 1ift devices,( flaps, ~odified leading edges, etc.) in contrast
with today's all too typlical usage of highly optimized two-dimens-
ional alirfoils chopped into extremely inefficlent short spanwise :
segments having large lossy gaps between. i

In summary, the rate of prosress in high 1ift technology is !
high with improvements of 50% range over current operational use,
economically attractive new famllies of aircraft have been ident-
ified 1n several thorough preliminary design study programs all
of which show large benefits from improved high lift.

Two areas of possibly useful activity would seem to be:

1. Safe reductions of the presently required stall speed
margins may be feasible through the development of
better stalling behaviour,

2. "All Lirting" wing and tail combinations will require
serious development hecause of the large potential
gains in high 1lift.
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Computer Modeling Nucleotide Base iand Base Pair
Interactions with Amino Acids and Peptides

John S. Garavelli
Plant Sciences Department
Texas A & M University

This investigation was undertaken at the Extraterrestrial
Research D»Division, NASA BAmes Research Center, as a part of
ongoing research into the origin and distribution of 1life and
life-related chemistry in the universe. To achieve an
explanation of the origin of the genetic apparatus of terrestrial
life it will be necessary to understand the geometrics and
energetics of the interactions between nucleic acids and
proteins. Nucleic acids must rely on protein enzymes to
replicate, and in order to synthesize proteins, nucleic acids
must be transcribed and translated by molecular complexes
consisting of both nucleic acid and protein components. The
origin of such an intimately interconnected genetic apparatus may
be explained through the study of the evolution of hypercyclic
systems 1 but such an explanation will require a more complete
description of the chemistry of the interacting components than
is currently available.

An additional reason for undertaking this study is that
recent advances in biotechnology have been absolutely dependent
on the still fragmentary knowledge of the genetic apparatus and a
more detailed understanding of the structure and mechanisms of
this apparatus will be crucial for further advances. Some of the
processes which have begun to be commercially exploited and which
involve the interaction of nucleic acids and proteins are DNA
replication, DNA packaging, RNA transcription, RNA processing,
tRNA charging, and protein synthesis.

This research project consists entirely of computer model
simulations of interacting nucleic acid and protein components
which are created, manipulated and analyzed with AIMS, the Ames
Interactive Molecular Modelling System. The work has progressed
in five phases. The first phase consisted of correcting and
reanalyzing the molecular structure data base. The available
libraries of molecular models included nucleotide bases and amino
acid side chains but these models contained systematic errors
which were detected when preliminary energy calculations produced
inconsistent results. The molecular geometries of these models
were corrected to conform with the work of Arnott and
Hukins 273 and to maintain a uniform set of hydrogen atom bonding
distances 4 . Ppartial charge distributions for molecules with
corrected geometries were reassigned with a program which
calculated molecular orbitals using the MO-CNDO (Molecular
Orbital by Complete Neglect of Differential Overlap) approach 2 .
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The second phase of the project consisted of developing a
procedure for constructing hydrogen bonded molecular assemblies
from the corrected molecular models. The procedure which was
adopted employs the addition of phantom atoms at optimal hydrogen
bonding distances and directions from potential hydrogen donating
groups. One, two or three hydrogen bonds can then be tformed
between two molecules by superimposing the desired phantom atoms
of one molecule on hydrogen accepting atoms of another molecule
using a series of routines available in the MOLECULE program of
AIMS. Two, one or no degrees of freedom, respectively, remain to
be determined either by assignment or by minimization of
non-bonded interaction energies.

In the third phase a library of hydrogen bonded molecular
assemblies was produced. The molecular assemblies consist of
either amino acid side chains or short segments of polypeptide
backbone which are hydrogen bonded to either single nucleotide

bases or base pairs already hydrogen bonded in the Watson-Crick
scheme 6 ,

The intermolecular energy of each of these molecular
assemblies was calculated in the fourth phase of the project.
This was done with a routine available in MOLECULE which
calculated the separate energy contributions of electrostatic,
non-bonded, hydrogen bonded and torsional interactions
empirically derived by Scheraga 7, At this point it became
evident that some of the assumptions about the various energy
contributions might be unrealistic and that more work would be
necessary to delineate clearly which potential energy terms must
be improved and which terms might be neglected.

A fifth phase of the project involved initiation of the
development of a routine to display graphically the results of
intra- and intermeclecular energy calculations. This routine
which produces a plot similar to those introduced by
Ramachandran 8 will be incorporated into the MOLECULE program.
The table of energy values produced by this routine can also be
used in information theory calculations of the apparent
restricted conformation range of flexible molecules and molecular
assemblies 9
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The Farer Tosbrumentations swebemnr when comeleted will diselay
precise values of mueh numbery slbituder and airsreed o the silot
et Zar Flidhlt test enginger while paeing an aireratt uarwlerdoing
Thight testimg, Feesenlt reavirements call for bhe first unit to be
installed in orn F=104 aivelann.  The susten will #dive the orerstor
the shility to freerze the diswlaw for close ohservalion arnd Lo A
selewh corronbod op uncovvestad display dala, .

The herdware will consist of 2 tuo bosrd comeuter sushems, One
of bhe boarcds eresenbiae uredey desidrn 8t NASA holds the
piorarrocsessor (CPUYy arithwmetic srocesser (APUYy volatile z2nd non
volaobile mamordgs ard seriasl and warallel ineut/oubeut (1/0) rorhs,.

The remeining board dn the Peeer syetem will interfree with two i
Garrvelt rrossure btransducevs and the dierlsy unit, PFrovisions will
also be mede to dnterface with 2 flight dets recovder prd/or 2 i
erinter,  Tha diselsy arder prasent considersbion is 2 liwuid i
crustel disrlaw conelebing of twe Lines of Tortey characters each, 1

!

Throuw:stiont Hhe anbive designy the broasder arrlications of the
torduere and software have beern of MWigh sriority, The main sushem
hosed oorbains Lhe rower and Flexibility necesssry in slmost 31l the
on bosrd conewter srrlicetions, The displey unit sromises Lo bhe 3 !
very FTlexibls mezns of sregenting ivfToramation in 2 bost of erodects,
For these rezsonsy Lhe software writtern to drive the diswrlaewsy 1/0
sovrtbasy and bLhe arithmalic erogessor hes peen weiltben s 8 st of
werer level commends Lo be wused bw an sesembly langusde Frosranmnern,

o

To dabte bhe bazedwsre and soflbwere nave bezn develoring
simdlteneouslae:  The mairm thirust of thig felloawshisr hes been the
govelorpent of the softwusre necessary Lo obilize Ythe arithmelic
processor and drive Lthe diselow,  The resull of this woirk his been
the wroelion of & selt of wasros and suproutings Lhat waw be called
Trom gn assembly lansuade wrogram bo rarform math fumctions similer

Lo bhesoe Tound on 3 soelenbific celeulstore A marnusl entitlad 2APY R

(89221) FUNCTIONME MaRUAL» 13-Aug-82 A4, Hosdlew’ has heen eyewprsved f
gdooumanting Yhe saflbwsre written serecificelly For bLhe AFU 3nd Lhe :
Gl being wsed on the medln sweben DUQPU¢ {Lhe taible of conternts of ‘
this mamsal is included in the srrendix,) The prodgrams czn be used |
Wittt o Turther nodificabions using uhe 808% cross aesembley on the |

o 11/34 Toeluded also in this ﬁmcumenL is an oexam~le é
VW[LC&LlOHb srogran (PACERSZEREYy which is thoe eyosgrsm written to i
perforn the caleuwlations roauired by Lhe rzeer 2rodsct. {

The racer errogram sterts with two 20 bhit inealt dets words from §
Lhe eressure Wrsnsducers rerresenting the measured total and static %
rroessures,  The celibrstions ave then arerlied to the insuts using s

i ;.«»...m.u;.l.};;;4.;‘;...1‘4_.4‘;“..”

roleconial solutione  This solutinn is svcomelished be cz3lling the
FOLY, funmction written far the AFU.  Next the pressure ratio is
celowlated using bhe UWIV, function to revform the division. 0As the
erogran conbtinues the mech mumbeyr is corrected using the table
lookus and intevrolation fumction (LOKUF.)Ys  This Tunction looks up
a2 segeifTic inderendent verisble value in a2 table aod returns to the
ser the correct interpolated value afmﬁp’ e endvnb vegriable. The




eslenlations contimae in this werner until Lhe valuos of maeh
! numbary a2ltituder snd zirseroed are caloeuylated, These values

then converted o ASRIT Pormot uwsing the CONVER function and then

disrlaved,

An dezeribed stiove the PACERSVSRC rrogran miabes extensive

of the maceos and subvroubines weitten Tor the APY and CPU.

These functions ecan essily be wused Lo s0lve tecostary eauations
reauired bw Tuture seodects using the APY and OF bhus diving this

vork many fubure arrlicetions,

Each furnetion in the merusl)l is deseribed in the Tollowing

format? .
HAME?

LOKUF, - 0Ly OF2:0P320FASOFGEOF6,0F7
BYNOFEISS

The table lookur Punttion will scareh o given table Lo

Tird bthe wlosast velues o bhe siven inderendent variasble.

Linesr interwrolstion die bthen used to fimd the desdired
roail e

VESCRIFTION

The orerands a2vre defined ps followse!

OF1 = addesss of dndersndent varisble o bhe found in

OFe = sddress of first inderendent varisble value
irn teanle

OF3 = gddress of first derendenl verishle vslue
in tabhle

F4 = the rumber of vslues of the inderendent verishblos

wrbovided Lm bLhe Lahle

OPFS = dhe sgddress of 8 serateh memore ares (& bubes)
DRgG = gddvress wheyre bthe reoseem will Jume 4f the number
stored at address OFL die oubside of Lhe velues

rrovided i bhe tehle,
OF7 = the adedress where bhe resuldt will be stored

Before wusing the LOKHP, furction the user must establish
the table of values wusing the following formst.

OF4Y - EOU Sy '
OFo3 Tl s rwyyat (see EMTER.)

}
]
S it wrrHry wyyui {see ENTER.)
!
]

NOTFS The above grours of dats need
to be in ascending order.

RESULTS!Y
The results sre slored al zddress OP7,
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Measuring Pilot Workload in a Moving—Base Simulator

ORIGINAL PAGE 1S
Barry H. Kantowitz OF POOR QUALITY

Purdue University
Professor of Psychological Sciences and Industrial Engineering

There are three major techniques for measuring pilot workload:
subjective meaurement, objective measurement, and physiological
measurement. The greatest success has been obtained with subjective
ratings where pilots are asked to complete assorted rating scales after a
flight. Howaver, there is no rigorous theoretical framework to explain what
such ratings mean, except perhaps for mathematical scaling models that
contain no axioms related to the content area of workload evaluation. Since
it is well—known that pilots (and other humans) cannot provide
introspective reports with complete accuracy, it is essential to validate
these rating data with objective procedures. So far, researchers have not
been able to obtain systematic workload effects based upon objective
measures of behavior.

I believe that substantial advances in human factors will come about

‘only when theory from basic research is combined with practical problems

(Kantowitz, 1981). Objective measurement of pilot workload is a sufficiently
difficult and challenging problem to serve as a test bed for application of
theory to a practical problem where most investigators have been unable to
find good answers. I case o NASA-Ames this summer to (1)put my money where
my mouth is and try to solve an important practical problem by approaching
it from a theoretical perspective, and (2) get my hands on a GAT flight
simulator, a piece of equipment not available to me at Purdue.

Despite the wvaliant efforts of my NASA colleague Sandra Hart who had

been sending in work orders since last Februrary, the GAT simulator was not

flying when I arrived at the beginning of the summer. Once the GAT was
flying properly, we discovered that the signal conditioner used to record
analog data from the GAT needed work. Making the necessary repairs,
checking calibration, and adding a four—position switch to the GAT yoke
consumed almost five weeks. I used two of these weeks to write a computer
program to control and record the secondary reaction-time task I would use
as an objective measure of workload since the programmer assigned to the
project had quit l=aving the group temporarily without a professional
programmer. Another week was spent writing a complex data analysis program.
By now I was almost as good a programmer as 1 was during my graduate

- student days. To further polish my dormmant programming skills I sat in on
"EE 611, televised at Ames; this was most useful and an unanticipated bonus
- of my summer. I am grateful to the co-ordinators for inforaing me of this
"televised course.

At long 1last the day of reckoning arrived: We tested ouw First
experimental subject. The reaction time data were exactly what the theory
predicted. Alas, the GAT signal conditioner became unplugged during the
experiment and so these data had to be discarded because it is essential to
record both primary and secondary task performance. As of this writing,
the experiment is in full swing and data collection will be completed the

, day I leave (if all subjects show up as scheduled and the equipment keeps
‘on running). Tentative results (see figure) give grounds for cautious

optimism. It appears possible to provide an objective measure of pilot
workload. However, +irm conclusions nead await the complete data analyses




*

.0 be performed at Purdue. Additional work, such as expanding the GAT
‘light scenarios and analyzing the micro-structure and instantaneous
sorkload, could be done next summer.

Experimental research with human subjects is always frustrating, and
.n this regard despite its superior equipment and technical support
‘acilities, fimws is very much like a university. Things always take longer
:han  you plan. Although the chance to use special equipment was what
rought me to Ames, there were many other benefits gainuwed. Discussions with
3andra Hart and members of her group taught me a great deal about aviation
and the problems pilots face. Professors Dan Weintraub and Earl Weiner were
visting Ames and we had many helpful conversations about my project. The
Jednesday evening lectures were uniformly of high quality; this was the
first time in years that I have paid attention to events outside my own
discipline and the effort was well worth it, When I return to Purdue 1
shall try harder to attend lectures outside psychology and industrial
angineering. All in all, the summer was challenying and exciting. It
allowed me to discover a new area with interesting problems that are
related to my own theoretical interests in human attention and information
processing.

Reference
Kantowitz, B.H. Interfacing engineering psycholagy and buman information
processing. In W. Howell & E. Fleishman (Eds.), Human performance and
productivity, Vol. 2. Hillsdale, N.J.: Lawrence Erlbaum Associates, 1981.
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Implicit Model Following as applied
to the Forward Swept Wing.
ORIGINAL PAGE IS
David Kozel OF POOR QUALITY

Purdue University Calumet
Assistant Professor of Engineering

The purpose of the project I worked on this summer was
to repeat the work done by Grumman on the control law design
of the Forward Swept Wing.

The Forward Swept Wing is a control configured vehicle,
which has some unstable modes. For this reason, a proper
and robust controller is essential. Grumman used the method
of discrete implicit model following to produce their gains
for the control laws. Also, they added an integrator in the
forward loop to make the system type one. An algorithm was
then used on the gains so that the output of the forward loop
integrator, an unobservable state, was not fed back.

The first step of the project was to develope the
command augmented state equations (in general form) for,
the model to be followed and the aircraft. This was done
for the longitudinal up and away mode. The model state
equations were derived from a transfer function of,?he model
taken from a technical report published by Grumman.

The aircraft state equations were derived partially from
the output of a linearization program developed by Joseph
Gera of NASA, Dryden, and partially from augmenting on
terms representing actuators and a forward loop integrator.
Afterwards, both sets of equations were augmented by an
equation representing the form of the pilot input. Since
the controller was for a digital fly by wire system, the
equations were then discretized.

The second step of the project was to develop an
algorithg to solve the discrete implicit model following
problem. This was done by transforming the discrete
implicit model following problem to the discrete linear
regulator problem without cross product terms in the
performance index; which was done by using two transforma-
tions. Then, the steady state solution to the discrete
linear regulator prop%em was obtained using an algorithm
developed by Vaughan? The result was improved using the
oracles routines. Then, transforming back the results, the
discrete control law gains were obtained.

The third step of the project was to develop an
algorithm that would take the gains resulting from the
solution of the discrete implicit model following problem.
Gains that included the output of the forward loop integrator.
To gains that did not include the output of the forward
loop integrator, but did include the values of the other states
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at that time instant and the previous one. A similiar
algorithm for the continuous case was developed by Anderson
and Moore. '

The fourth step of the project was to write a program
that given the augmented state equations for the model
and aircraft, the relationship between the two sets of states,
and the desired performance index, it would descretize the
system, solve the discrete implicit model following problem,
and transform the resulting gains as mentioned above.

The following still needs to be completed: Derivation
of the augmented model and airgraft state equations and
their resulting control laws, for the other modes of the
aircraft; Investigation of the capabilities and limitations
of disce¢rete implicit model following as a design methodology.
Both of which can be very much aided by the program developed
this summer,
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Dy, Adrian Mandel, NASA-Amsa Coordinator

Tha project bagan in econforence with Dr. Mandel and Ms, JoAnn Williams. A
computar litarature ssarch (Medlara at SUNY) by the life aciencea vesearch
libracian gave 56 pertinent ahstracts. The Key words wera: rat, hybridowa,
monoclonal antibodies, calvaria, osteoblasts, oataoclasts.

The study rosolvad into thraa phassa: (a) production of hybridomas to yield
mouse monaclonal antibodisa agalnat rat bone cells; (b) scpavation of the

bona calla into subpopulations; (e¢) Lszolation and characterization of cellular
antigens from the aubpopulations,

Y. Monoelonal Antibodias

Three clones were soughts (a) againat bona cells, (L) against a glycoprotein
surface antigen whigh binds to both Con=A and Lantil Yection, () agalnast a
glycoprotain which binds to Paanut Lectin and Soybeaun Laetin, Tha proccducs
€ollowod that of Kohlev and Milatain, (1)

Thrae NALN/e micay woprs fnjfeetad Len, with 1§ l07 hons a~11a.  Tha boun calln
had vesviously hoan prapavad fnsm naonyd) Yat-calvaria by Ma Iednn Widlisme
angd Ly Badle Holton, Moo wmies wore injoetsd L.on. with the Con=A and Lantil
slveaprotein ana thraa »dth the Paanut and Savbean glycopeatain,  Xv the lattev
Ly easaa, LM gy In 20wl o fpdeeted follaved in tep daya by L0 ug heoat,

Four dava aftar the Liab injoetions the mica wara aacriticed, thair sars were
savad and Uested for the antibodies, Antiboding ware presant in the throa
exnarimenta,

Tap wicy gple s wera vemovad; snlenorytaas syparatod batwaap frogted slides,
washed and auspondad fn garum-feea RPMI wadium.  Colls from & wmouse wyaloma
line, 9P2/0 ware also suspondad in sexum-frae RPNI. Bgual numbarcs of splohow
eytas and mydlona cells ware mixed and pelloted togathow at 200y x o win. Tha
supernatant was diseardod,

One ml of 50% PEG (polyethylana glyeol) was added Lo tha wallated cells for

ohe wlmte at 37°C inwediataly follacad by the addition of 1 ml of serum-fres
RPMI for one minute. Anonther ml waq added for a wminute followved by scven
milliliters. 'The calls wore gently nelletoad and resugpendad in 30 wl of
complote medinm (RPMP, feotal calf secvum, penicillin-straptowycin, glutamate,
pyruvate), This veolume was aliquoted into 3«96well microtiter platas and
Lucubated overnight at 37%:, 10% COy, humiditicd atwmosphera. Tha £ollowing
morning, ths wmddium was ghangad to HAT wedium (hypoxanthine-aninopterin-
thymidine). In this wedium, fusions of mycloma-splenocytss will grow but

pot myzloma-myclomn or mplenotyta-spl *noeyte. Half of the volume of tha madium
wag removed and replaced by an equal voluma of HAT on days 1,2,3,5,8, 11, fThan
the wadium was changed to HT complata madium. After a waak the wells ware
asaayad for antibody production. 'Thr noaitiva well contents ware transfoerrad
to 24 well, 1 wl plates to which had heen added feader thymocytes.
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Th? cells in the 24-well plates were selaclively diluted in order to isnlate
118 yhieh could b cloned giving the desired antihodies,

ELYSA (anzyme-linked fmmunosorbent assay) (7)

We prefacreed tnias tachnique to RIA as our assay Eor antibody bocause it Ls

lesy oxpansive and lass hazavdons, 96 well microtiter platles wera coated with
either cells or protein, Cells ware added to wells £irst treated with poly-
lysine. ''ney were then fixed with 0,53 gluteraldebyde and washed wita 0,1 N
Glycina., Protein was added at 10 ug/nl in 0.1 NaMCO,, pll 9.6 and incubated

2 hr, 379C, Sunarnntants from the walls of Lha fused eolla were added to e
nantud walls ard incubated at roow teaperature for four hours. The plates ware
waghad Ln 0.1% detocgant and goat anti-wgugs antib=dy conjugated with alkaline~
phoghrhatase was added overnight at room temparatura. In the morning the nlutes
ware washad ang £1lled with subakrata, PNPP, p-nitroohenyl phosphote(colorleas).
If tha ensyme was prasert, the subytirste chanwd yollow (p-nitronhicnol).

Gndored walls wara o snsidegad wositive Lndicatiog thnt the supernatants contained |
the antibody to @21l or pratasin, i

IL. Sorfaca Auntlcons

Nans ¢311u6 ) 107, ware anlyhiliced n 2wl 0,50 NP-KO (nonidet) for 10 i
winutes, 5°C., Tha tubas were centrifuged 20 min, 3000 rpm and any ingsoluble i
material aiscarded. 'The contents were dialyzed aguinst PBS (phogphate buffered A
auline) to remove the detevpent., The dialysate was passed through a & nl i
Peanut-agaross (Img/l wl agavosa) colunn w ich wag washed with PBRS, When no ;
further protoin wos slanted as deterimined by absorbancy at 280 nm, the colunn !
was elutad with 0,2 M galactoxa followad by 0.1 M horate. Protein was oluted

and was labslled Golactoga=~plus glycoprotein, The experiment was reneated

using Soybean lectin-agavose and the same glycoprotain was nbhtained.

The aolution eluted with PBS wash firow the above enluwng was passed through

1 wl columns of Con-A agarose and Lantil-agarose. EBach column was washad
extensively with PBS and ecluted with 0.2 glucose £ollowad by 0.) borate and

0.2 sucrose, Theae elutions were pooled and dialyzed and protein concentrations
determined. They were labeled glucose-plus glycoprotein.

The galactose(d and glucose (+) cowpounds were passed through Sephadex G-200,
30 ml columns and asluted with PRS, One peak cawe through for galactose (+).

A major peak came through for tha glutoae (+) compound and a lesser peak which
was & multiple of the molecular weight for tha lavger one.

The proteins were further studied on SDS«PAGE (polyacrylamide gel electro-
phoresis)., Purities were found to be singular and their molecular weights
detertined which wers the same cstimated from G~200,

IXI. * Subpopulations of Bone Cella (3)

A fifteen milliliter smolution of 20% fetal calf serum, heat denatured at
56° 30 win, and PRS was prepared., Done cells were mixed with peanut lectin
and layared on this cdlumm, A buffy layer formed at the top., Afte r 30 min
in the cold .gome cells had sunk to the Bottom; wost had remained in the buffy
layer. The cells at tha bottom were removed and suspended in 10 ml of 0,2
galactose in cold for 10 min. They wers pelleted !by apinning at 200g x 10 win.
These colls were labelled Galactose(+) cells.
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This experiment was repeated using lentil lectin., Again cells sank to the
bottom of the FCS-PBS column after 30 min in cold, 7These were susnended in
10 ml 0.2 M glucose and centifuged. They were labsllad glucoge (+) cells,

We are currenhtly cowparing histonchemically the three cell populations:
glucoce (+), galactose (+), and glucose-~galactose (=¥,

We have used our two glycoproteins to immunize mice and are developing
hybridomas to yield specific monoclonal antibodies,

We wish to thank Dr. Adrian Mandel and Ms JoAnn Williams for the.r
cooperation and helps and the administrators of the NASA-ASEE Stanford
University program for permitting me to be a part of this project.
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Generation on the NASA Ames Vestibular
Research Facility '

Robert Lincoln

California Polytechnic State University
Lecturer, Aeronautical/Mechanical fngineering Department

In NASA's space motion sickness research meaningful and valid scientific
measurements must be taken of the inner ear's vestibular system. It is impera-
tive that external noise or vibratijons on the test equipment be kept to a mini-
mum. Scientific study done on various specimens' vestibular systems concludes
that external vibrations in the vertical direction must be kept below 500,4g's
(5x10-4 times gravitational acceleration) between frequencies of zero to 100
cycles per second. Preliminary study on a linear accelerator track apparatus
indicated that an unconventdonal bearing system would be necessary to keep
vibrations below the 500 mxg level. Therefore, the suitability of air bearings
became a necessary research area.

Air bearings fall into two primary classifications: fixed orifice and
porous. Vibration measurements were taken on three commercially available
air bearings and in addition to these a series of measurements was taken on
a roller bearing supported system built and operated by M.I.T. As expected
the roller bearings gave vertical accelerations far in excess of the 5009
level. The maximum acceleration had a magnitude of 3.6 mg(36004g) at 22Hz.
Hard bearings proved to be definitely unsuitable for our purposes but inter-
esting for comparison purposes.

The first of the air bearing systems tested was one in use here at NASA
Ames. A 3-axis coordinate measuring machine built by Brown & Sharpe Mfg. Co.
uses air bearings to hover between 0.0003 and 0.0006 inches above a granite
.slab. This particular bearing had both single and multiple discrete orifice
arrangements with a system of grooves which distributed the air flow over the
bearing interface. A plot of acceleration as a function of frequency was ob-
tained by doing a Fourier analysis with data from Sundstrand accelerometers.
Although this bearing produced audible noise, the vibration magnitudes measured
in the dynamic mede were acceptable as the maximum acceleration was 340 mg at
25 Hz.

A porous type thrust bearing system found on a coordinate measuring machine
built by Bendix Corp. was the next type tested. As its name implies, a porous
bearing consists of a perforated surface resulting from a large number of tiny
orifices, typically 0.1 mm in diameter. This bearing produced no audible noise
and gave vibration levels well below that of the Brown & Sharpe version. The
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peak acceleration was 125 ag at 20 Hz. An interesting note to the tests
run on this system is that some damping occurred in the dynamic mode as

thg accelerations it produced were smaller in magnitude than in the static
mode.

The final system tested proved to be the most impressive and promising.
A custom air bearing shop, Fox International Inc. allowed us to test a
carriage/monorail setup designed for laser applications. The carriage was
supported by eight circular discrete orifice bearings: 4 on the sled bottom
and_two on each side. This particular design had three orifices spaced
120" apart that fed into a channel system. After two dynamic runs the maxi-
mum acceleration was 62 ug at 55 Hz (shown on pg. 3). Therefore, this dis-
crete orifice, minimum film thickness bearing has a maximum vertical accel-
eration half that of the porous type tested. This bearing or a similar ver-
sion of Fox International's appears to be more than satisfactory for our use
on the Vestibular Research Facility linear accelerator.

1. Powell, Grassom, 1964, 'Gas Lubricated Beéarings, Ch.1,4, pp. 158-161

2. Duckworth, R.A., 1971, 'Gas Bearing Symposium #18, "An Experimental
Study of Externally Pressurized Steam-Lubricated Bearings."
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My work this summer involved the study of absolute stability regions of
lincar multistop Tormulas in the solution of tho ordinary difforential ecquatton

dy/dx = fix,yl. £11

My specific aim was to secarch for explicit linoar multistop formulas having
abgolute stability rceglons that included larger portions of the iImaginary axis
about zero than those regions of previously known cxplicit formulas. I conducted
the secarch within the order—~classes of formulas for which the order s the same as
the number of backpoints., Starting at the lower orders, ! compluted the
investigation through order three and have the program prepared for the fourth
order scarch, The Euler explicit formula is the only member of the class of

order one. 1 will discuss the results for orders two and three.

The second order class of such explicit formulas have only one free
parapeter. If we choose that free paramcter to be the cocfficient of the
backmost y-value L[call §t all, then these formulas can be represcented as
follows when applied to equation [1]1. [subscripts are given in parenthesesl

yin+l) = [l-allivy{n) + al¥y{n-1) + H.5*h*{[3+all*f(n) + [~1+all*F(n-1)) £21
The values of al which allow stability at n=0 are thosc for which -1 < al < 1.
The stability regions collapse from the circle z = e® - 1 when al = -1, to the

line segment on the imaginary axis between { and -1, when al = 1. This is
sketched in the sequence of {llustrations shown below in the hi-plane.

. S

[ -1 ai: ~'ao

-1 al=0,67 T~ al: |.0

page 1
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The third order class of formulas has two freo paramecters.
parancters are taken to bu the coefficients of the two backmost y-valuwes [say

GE 13
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al and a2, then this class of formulas can be representoed as follows.,

y{n+1) = [1-al=a2l%y(n) + al%y(n-1) +a2%y(n-2) + [1/121%h*

CL23+5%al+4%a2i*F{n) + [-16+8%al+16%a2]1"f(n=1) + [5~al+4*a21*F(n-2))

The values of al and a2 which provido stability at h = & are those which
satisfy the following system of lincar inequalities. :

1'- a1l > &
1 - a2 > g
1 + al + 2%"2 > g

The stability regions vary throughout this fcasible region, hewever,
to the measurement of stability on the imaginary axis, they are 1ittic betier
than the second order methods discussed previously.
third order Adams-Bashforth formula fal = a2 = g1
stability reglions for members of this class are given below.

-1
'_l a,!—"‘3.0
az= .o
) \\
=t [LI: 0.0
2=0.0

In fact the famfliar
is very competitive.

i at= -0
b}
az = IO
L 4
'_‘ a‘: ‘ID
az=-1.0

When those two

in reqgard

page 2
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As mantieonced carlier, the programming {5 ready for the fourth ordor
fnvestigation, however, time did not poermit 1ts complettion. A couple of othnr
tnteresting points woere noted during tho summer's work. I will =ztate the first
as a conjecture.

Conjecture: Let L be an explicit llncar k-stop, kth-order formula of the form

vint1) = yin-k=1) + h*ﬁ;lb(l)*f(n i,
(=0
where k 1s even.  Then the abso]ute stability region of L s an interval about
zaero on the imaginary axis.

Numerical results for k = 1, 2, 3, and 4 have been constistent with this con-
jecture. In addition, a skotch of a proof has nlso baen supportive. I did
not take the time to pursue a carcful proof, although the direction to pursue
is evident. This type stability ragion exists for a third order formula also
as we noted in the sketchos following the previous paragraph. 1 did not
attemnpt a generalization for odd-orﬁorad formulas.

The second point of interest follows from a consideration of the absolute
stability reglon for tha scheme defined by the pair of equations below. ¥k

Y{n+l) = [1 + z1*%yi{n)
yin+l) = [1 + g¥z3*Y(n+l) 53

In these equations z ls'the eigenvalue~stepsize product, and g is an arbitrary
real paraneter. The stabiliity polynomial for the scheme above is

plg,z] = 1 + [l+gl¥z + g¥z¥w2, . " 163

'

The follawing result is established.

Theorem: The closure of the absolute stabiliiy region of ithe scheme [5]
contains the boundary of the absolute stability region of Euler s explicit
formula for ¥ < g < 1.

Proor1 The absolute stability boundary of Euler's explicit formula is
2 - 1. Consider plg,et® - 11, where p is taken from [61. The magnitude of
. plg, e‘ - 11 {s the magnitude of the quantity ©

©og*e®+ 1 - g ,‘ ' 171
Of interest are those values of g for which [7] is contained in the closed unit
disk, Since the unit disk, g¥*e‘®, and [7] are each circular with center on the
real axis, we may reduce our concern to 8= g, and 7 . Vihen &= g, [7]

reduces to 1 for all g. When ©=7, [7]1 becomes 1 - 2*%g which 1s in the closed
unit disk for & < g < 1.

*%* From oral communication with Harvard Lomax.
page 3
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NONLINEAR SOLUTION TECHNIQUES FOR THE DISCRETIZED
STEADY-STATE EULER EQUATIONS

Charles W.Schelin

The Euler equations amount to a system of conservation
laws that may be used to describe inviscid fluid flow. Many
numerical schemes have been developed to solve these equations
using time step methods. If one 1s concerned only with the
steady state solution the iterative steps toward this solution
need not be time accurate. Thus it may be possible to obtain
the steady-state solution more rapidly using nonlinear schemes
whose iterative steps are in some sense independent of time.

Dennis Jespersen of NASA-Ames has successfully applied
Newton’s method to the steady-state Euler equations using a
Gauss—~Seidel multigrid scheme to solve the linear system for
each Newton step. I began this summer’s work trying to speed
up his scheme.

After a few week’s work,I was able to reduce the comput—
ing time required on some of the intermediate Newton steps by
iterating only on those nodes where a sufficiently large change
was indicated. Regular Newton steps were still necessary, how-
ever, at the beginning and to finally obtain a converged solution.

In the hope that a faster scheme could be developed-I
spent the remainder of the summer analyzing the nonlinear dif-
ference equations that arise when the steady state Euler equ-
ations are discretized using the flux-vector splitting of
Steger and Warming [1] and the second order one-sided differ-
ences used by Jespersen. These equations are linear combinations
of the generalized flux-split vectors E and F evaluated at grid
point (i, j) and up to eight neighboring points. Letting d,u,v,c
represent density, horizontal and vertical components of velocity,
and local sound speed, respectively, one finds that the vectors

E = (el,e2,e3,e4), and F=(fl,£2,£3,£4),

satisfy
el = d*(.8%w] + w2)
e2 = u¥el + d¥%c*w3
el = v¥el
eh = u*e2 + v¥*e3 = ,S*el*(u**2 + vk*2) + 2.5%w2%qkchk2
£l = d*(.8%z1 + 2z2) :
£2 = u*f] E
£3 = v¥fl + d*c*z3 i
f4 = u*f2 + v*£3 -.5*51*(u**2 + v¥%2) + 2,5%z2%dkchk2 e
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where

wl = (u +/-abs(u))/2
w2 = u +/=(abs(utc) + abs(u-c))/2
w3 = ¢ +/-(abs(uic) - abs(u~-c))/2

and zl,z2,z3 are obtained from wl,w2,w3 by replacing u with v.
Using these properties, 1 considered a point Gauss-Seidel solution
scheme.

A point Gauss—-Seidel scheme amounts to solving for the var-
iables d,u,v,c at point (i,j) using the latest values of these
variabies at neighboring points. Such a scheme thus requires sol-
ving a nonlinear system of the form

gl(d,u,v,c) = bl \

g2(d,u,v,c) = b2 A

g3(d,u,v,c) = b3

g4(d,u,v,c) = b4

at each grid point. Taking T = d*c, if bl > 0 and b4*bl > .5%(b2%*2
+ b3%*%2), I have shown that this system has a solution. When u.{ c
one finds

v = b3/(2*X’*T + bl)
u = b2/(2*Y’*T + bl) d
c = 8*(Y'*abs(u) + X'*abs(v))*T/(bl - 2*(X'+Y'))

[
o at

where X’ and Y’ are derlvatives of the coordinate transformation
and T must satisfy g(T) = 0, where

g(T) = 5%(X’+Y’)*Thch*2 = b4 + b3kv + b2%u — .5%(b2k%2 + bI**2).

.

In' the supersonic case the formulas for u and ¢ are more -
complicated, specifically

]

u
where
h

(b1¥b2**%2-(1. 6*X’*Y *abs (b3)+4*b2*X **2)*T*%2) /h,

(2%X % T4+b1)*((5.6*Y *T)* % 225X *b1*T+b1%*2),
and
¢ = (b2-bl*u)/(2%Y *T).

In this case, g(T) is altered by replacing S5*(X’+Y’)*T*c**2 with
5%(X *c+Y *u)*T*c. If T’ is selected so that u = ¢, and if g(T’) < 0
then the system admits a unique solution T in the interval (T’,R)
where u < ¢ and R = bl/(2*(X'+Y’)). If g(T’) > 0, the system has a
solution in the interval (0,T’) where u > ¢, but none with u > c.

-—
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I have written a FORTRAN code for this scheme which I am
taking back with me to UW-LaCrosse foy further refinement. Thanks
to Dennis Jespersen and the other fine people at NASA-Ames this
sunmer’s experience has opened an exciting area of research to

me. With continued work I hope to obtain results that are worth-
while computationally.

REFERENCES

1. Steger,J.L. and Warming,R.F.,Flux Vector Splitting of the Inviscid
Gasdynamics Equations with Finite-Difference Methods,J.Comp.Phys~
ics,v.40,pp.263,293(1981).
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Stabillity of the Flow past a Cylinder
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Dept. of Mathematics, University of Chicago

This project concirned the computer modelling of a viscous incompressible
fluid flowing past a circular cylinder. The flow is a;sumed to have constant
velocity at infinity. The problem reduces to that of a two-dimensional flow
past a disk.

Properties of the flow are dctermined by the Reynolds' number, which is

1,

defined to be Woo f

R = -y

where (lasis the speed at infinity, f 41s the diameter of the cylinder, and
77 is the viscosity. The velocity vector of the flow satisfies the Navier-

Stokes equations:

QM :
el

{

2 Via- Ve
VARSI O

where P is the pressure. A computer program to solve these equations numerically
has been developed by Unmeel B. Mehta of NASA-Ames [1]}. A listing of his program
may be found in [4].

There is a critical Reynolds' number R0 such that for R £ RO » the
flow eventually converges to a steady-state flow. The flew is stable, meaning
that any small perturbation quickly dies away. When R> RO , the flow becomes
unsteady, with eddies constantly forming and being carried downstream. It has
been experimentally determined [3] that RO = 48 + 1. The generally accepted
explanation for this is through a bifurcation of the solution tﬁ‘the Navier-
Stokes equations. There is, presumably, a steady~-state solution for R » RO

but it is unstable.



My project, suggested by lHuxrray Tobak of NASA-Ames, was to obtain some
numerical evidence for this explanation through computer simulations. The

Navier-Stokes equations, written in terms of the vorticity VJ, ara:
” (-} .
N“7 * [ ! 3 . i .
a V%Fw?yV’%A‘V%xV?%
L.
The Linearized equations are:

I TR AR g

O

This leads to the eigenvalue problem: )\\7?{ e \‘7“{ i V\}) ,(\T?q’{ 4 \'\'7‘ ,\\\/Skl[;

Using values for \P obtained from Unmeel Mchta's program, it is possible to
solve for the elgenvalues A on a computer. If R« 48, the eigenvalues should
have negative real part. If R is close to 48, there should be a‘pair of
elgenvalues

% = a -+ bi, (a, b real)
Where a ds close to zero. Then b will be related to the experimentally
observed frequency (see [3]) at which the unsteady solution oscillates.

L used a 128 x 84 grid on an annulus, so the matrix to be diagonalized is
10584 by 10584. I have prepared a computer program to do this using the
following strategy: By reducing to a coarser grid, say 32 x 24 , it is
practical to use the QR algorithm to compute all of the eigenvalues and
corresponding eigenvectors. The only eigenvalues of interest are Lhe ones with
real parts near zero. The accuracy of these can be improved by going back to
a finer prid and using an iterative method such as the Wiclandt method (see [2]).
Preliminary results indilcate that this strategy is feasible, but so far
numerical instabilities have prevented getting results accurate enough fo

compare with experiment. I hope to be able to complete the project next summer.
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Braking in Protostellar Clouds
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Queen's University
Kirgston, Ontario
Assistant Professor of Physics

I have made considerable progress in the effort to model magnetic braking
in protostellar clouds. I have adapted the 3D numerical hydrodynamic computer
code of Tohline (1978) to include the effects of magnetic fields.

I had earlier modelled magnetic clouds in 2D using a vector potential
representation of the magnetic field. This commonly used method is not appli-
cable to non-axisymmetric field geometries, so that another approach had to be
devised. This method, called the "FLUX" wmethod, relies on the principle of
conservation of magnetic flux through any surface comoving with the conducting
fluid. Individual fluxes through elemental areas defined in each computational
cell are used to represent the field, The advantage of FLUX is that it is very
similar to the "“donor=cell" method of the Tohline code for transport of the
various physical quantities such as mass density, momentum density, etc., and
thus is well adapted for inclusion in this code.

FLUX had earlier been tested in a 2D version and proved satisfactory. This
summer FLUX was used in a 3D version, which required much more complicated coding,
thus vrequiring extensive "debugging." The aim was to reproduce an earlier 2D
simulation* of a collapsing magnetic cloud. This provides & crucial test which
the 3D code must pass in order for any later results to be trusted.

The accompanying graph shows the results of this test run. Shown is the
run of central magnetic field strength versus central gas density during the
collapse of an initially uniform, spherical gas cloud. The eﬁolution follows ¥
an irregular early course followed by a steady collapse with Bcentral® gcentraﬁ'
(This behavior is described in detail in Scott and Black (1980)). The Solid
line shows the earlier data derived from the 2D simulation. The "X's" are data
points from current 3D simulation, also starting from an initially uniform
spherical cloud. As can be seen, the 3D data are almost identical to the 2D
data. Unlike the 2D code, the 3D one is not constrained to remain axisymmetric.
However, over the whole evgbution, no spurious non-axisymmetry developed to
better than one part in 10'" using a measure that is essentially ( A )
non-axisymmetric. Because we are interested in precisely the detaile r&iation

history of the clouds this excellent performance on the test case is very
encouraging.

Having successfully reproduced earlier 2D simulations, the 3D code is now
ready to be used to attack problems with both rotation and magnetic fields, in
particular magnetic braking of the protostellar clouds.
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INVISCID TRANSONIC FLOW: INVESTIGATION OF NONUNIQUENESS AND .
., INCORPORATION OF CONVECTING VORTICES

. Final Report - Abstract
1982 NASA/ASEE Summer Faculty

Fellowship PrOgram-NASA—Amé§ |
ORIGINAL PAGE 15 . John Steinhoff

OF POOR QUALITY - . | - "University of Tennessee
- : . Space Institute
. Tullahoma, TN 37388

During the course of the program, two topics related to inVisoid
transoniciflow we?e‘inyestigatediv The first involved determining the
possible existence .of Timit cycles, in unsteady potential- solutions.and
~the existence-of’multiple steady Euler solutions for two dimensional .
transonic flow over airfoils. The second.topic'involved the inclusion
- of convecting VOétices in three dimensional transonic potential flow.

, In the first 1nvest1gat1on, computer runs ‘were first made with an
unsteady small disturbance. computer code, LTRANZ, developed by Peter
- Goorjian and William Ballhaus ‘of NASA-Ames : )These runs were made to in-
vestigate the time-dependent behaviotr of so1utions for flow similar to .
that in which multiple steady:solutions were found. {2) The steady solutions,
" for symmetiic a1rfo1ls at zero ang1e of attack,consisted of a symmetric - )
zero 1ift one and two m1rror-1mage non-symmetr1c 11ft1ng ones. The first
study showed that the symmetric solution was the unstable one. Fig.l .
_shows how 1ift increases with non-dimensional time after a small transient,
for one qoarter time period’, perturbed the initial, symmetric flow. This.
_result has implications for transonic buffetting where the physical flow
does not reach a sfeady state but continues to oscillate. Our results in-
dicate that if due to boondary 1ayer;or other physica} effects, the non-
symetric solutions are unstable, then the entire flow will be unstable.
The time units in the figure,correspond to one period (observed experi-
mentally) for buffetting for a similar airfoil. The slow growth of the
computed instability compared. to the physical phenomenon indicates that ,
another physical effect not included in the calculation.such as boundary !
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layer growth, may be responsible for the observed rapid oscillations. |
Also, self - sustained oscillations were not seen in the computed re-
sults and the unsymmetric solutions appeared-'to be stable, futher in-
dicating importance of other effects such as boundary layer growth in
buffetting. D
A second part of th1s study involved the steady Euler equations. .. _ -
A series of computer runs was imade using a two-dimensional Euler Equation
solver developed by Thomas Pulliam and Joseph Stegers3)to determine
whether non-unique solutions exist for the Euler equations. A systematic
_method for 1nvest1gat1ng this question involves determining the amount of
1ift 1nduced by a small angle of attack as a function of Mach number.
Resu]ts in’ Ref. 2 indicate that this quantity becomes singu]ar at the
bifurcation p01nt where mu]tiple so]utions appear. Pre11minary results
1nd1cate that, for Eulér solutions, th1s quantity-is not singular, at
’ least until Mach numbers are reached for which the code fa11s to converge.
A This convegence fa11ure may “indicate 1ift dlvergence. Further investigation
of this question is requ1red , '
The second ma1n topic: 1nv01ved embedd1ng a convected vortex in a
three-d1mens1ona1 ‘rapidly converging patential flow code(?) The test case
.computed involved convection of a Tine vortex past a wing, ‘where a weak

shock was %nduced The rapid convergence of the code was not affected by
the presence of the vortex.

-
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ISOTOPIC RATIOS IN SPACE DUST AND ATMOSPHERIC AERQSOLS

Allen B, Tucker
Physics Department
San Jose State University

At MeV energies, individual nuclei can be counted and the size
of the pulse produced is a measure of the nuclear charge, Thus mass
spectrometry with nuclear particle accelerators is capable of very
high sensitivity (assays at 10"'12 - 10"15 ratios of desired-to-
background isotopes have been reported) with small samples (about
10~ atoms are needed in a sample for a measurement with 1% counting
statistics). This summer I have done preliminary work on application
of this new technique to two NASA/Ames research programs,

First is analysis of "space dust", As it moves about the sun,
the earth sweeps up interplanetary dust. In conbrast to meteors,
small particles (about 10 microns) can radiate the energy associated
with their cosmic velocities rapidly enough to survive the capture
esscntially unaltered, Collected in the stratosphere on U-2 air-
craft with minimum terrestrial contamination, they are a record
of the composition of the early solar system, I am developing a
proposal for isotopic analysis of selected light elements at the
new NSF-U, of Arizona accelerator mass spectrometry facility, A
preliminary test of ion source output from a 20 mg sample of the
Murchison meteorite was conducted in August., Beams of 1011 parti-
cles per second of the abundant stable isotopes were produced.

A second application is measurement of cosmogenic Be~10. Radio~
active Be~7 and Be-l0 are produced in the stratosphere by cosmic
rays and adsorbed on aerosol particles, With half life of 53 days,
Be~7 activity can be counted by conventional gamma-ray spectroscopy.
The 1.6 s 106 yr half life of Be-10 makes decay counting impractical.
However the Be~lO inventory in samples of the size collected by
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the U-2 airecraft can readily be counted by accelerator mass spectro-
metry. Since the short-lived Be-7 activity will tend exponentially
toward saturation (decay rate equal to production rate), ratios

of Be-7/Be-10 would be a measure of stratospheric residence times
for the air masses sampled. The new NSF-U, of Arizona facility

has not yet measured Be~1l0. However labs at U, of Pennsylvanie,
Orsay, and ETH Zurich (with which I have contact) have experience
with this isotope. A proposal for Be-lO counting of aerosol. samples
is being written,
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Electron Extraction and Attendant Processes
Induced by Ions Incident on Crystalline Metallic Surfaces

I. Harold Zimmerman

Assistant Professor of Physics
Clarkson College
Potsdam, New York 13676

The investigation undertaken this summer is the first stage of a rather
ambitious program of research aimed mainly at understanding how electron trans-
fer takes place when a positively charged jon is neutralized during encounter
with the surface of a metal. Eventually I hope to include nuclear recoil, lat-
tice dynamics and some electronic structure effects in the model, but for the
present a very simple approximation to the system is being.employed. This still
should suffice to demonstrate the basic neutralization process and to give some
indication of how free electrons can be produced by the jon impact. Understanding
these two phenomena, electron transfer to the ijon and the production of free
electrons, is the principal goal of the present stage of research.

The metal is represented by an unidifferentiated, positively charged
"jellium" that occupies the left half-space. The negative x-axis lies with-
in this jellium, with the origin at the jelijum surface and the positive x-axis
extending into the vacuum. The surface thus coincides with the y-z plane.
Ion bombardment is represented by a point charge of magnitude +q moving
toward the surface with a specified velocity along the x-axis. The cloud of
conduction electrons associated with the metal is modeled in accordance with
the density functional formalism! as a charged quantum fluid whose charge
density is equal to that of the jelljum deep in the bulk. Nearer the surface,
the electron "fluid" decreases in density and extends into the region of positive
x owing to its self-repulsion., Within this model there is clearly no possibility
of representing lattice dynamics; the lattice has been smeared out into a uniform
background of positive charge. This, in turn, means that the trajectory of the
incident ion cannot be ascertained from the dynamics of the model. It must be
prescribed. That will do for the present, however; our first interest is in the

electronic response to the impact. Our simple model lets us address several relevant

questions: (1) Are collective electron effects important? (2) Is the neutral-
izatijon accomplished principally by Auger-assisted transfer to the fincident ijon's
neutral ground state, or by quasiresonant transfer to excited levels of the jon?
(3) If Auger transfer dominates, does it manifest itself by means of convoy
electrons traveling in train with the receding (neutralized) ion, by means of
excitation within the electronic fluid that remains associated with the metal,

or by some combination of these?

P
i e



The energetics of (quasi-) resonant and Auger-assisted electron transfer
are sketched in Fig. 1. (Quasi-) resonant transfer can easily be a one-electron
process, but Auger transfer must involve at least two electrons and possibly more,
A reasonable scenario for Auger-assisted transfer involving the production of
both convoy electrons and internal excitation within the metal is indicated in
Figure 2. This figure also suggests how the results of these calculations might
best be displayed: by means of computer-generated motion pictures portraying the
evolution of the electronic fluid under the stimulus of the ion impact, The
computer program is therefore designed to facilitate eventual translation of
the output data into graphic form.

Initially, a 1-dimensional approximation is made whercly +he complexity
of the calculation is greatly reduced as is the time needed for a run, These
reductions let us try out a number of computatioral schemes so that the most
suitable approach will be evident before any large investment need be made.
Within the program the electron density amplitude function is represented
using the finite element method in conjunction with the Raleigh-Ritz-Galerkin
variational procedure?., The functional is written as

5= (at(de B piAg-uld,

where P is the density amplitude function and H is a local approximation to
the muiti-electron hamiltonian operatorl. The ranges of the integration are
assumed to be such as to justify the assumption that U never changes on the
boundary during the times of interest. Within the region of interest,
changes 1in such a way as to render J stationary.

The problem is nonlinear becaus¢ H depends on 'gk. This Teads to a number
of challenging difficulties that have taken up most of the summer's effort.
These seem now to be Targely in hand, and the program can profitably be trans-
ferred to the Clarkson computer system when I return there. By next summer
I expect to have finished work on the present 1-dimensional model system and
to hove the full 3-dimensional calculation ready to run. Treatment of nuclear
dynamics should also be ready to begin at that time, represented by the ad-
dition of a lattice core ion positioned at the impact site,
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Dictyostelium discoideun, an Ontogenetic Model for the
Study of” Bin-Gravitational Effecto on Cellular fo Organismic
Progeammed Davelopment, Including Senescence ond Death

Morris Aaron Benjeminson

lLong Ioland Unilversity College of Pharmacy 8 Health
Agsociate Professor of Public [ealth

Bnowledge of the unigue lif'e cyele and strategic evolutionary position of Dictvo- i
gteliun discoideun prompled me to suggest it as a cendidate Tor Mree Mall ex- :
perimentation in a response I submitted to the first solicitations for life sclence
experiments Lo be Mlown aboord the Space Shuttle.

This grganism beging its carcer, upon emerging from a spore, as an independent,

actively Teeding and dividing myxameba. Its Food congists of bacteria. After :
feeding and cell division have simultansously ceased, certain yxamebog send !
out pulses of chemical signal (hormone) which, upon contacting other amcbae, cause :

them to slaburate pulses of the same chemical messenger (cyclic adenosine mono-
phosphate) and to migrate in the direction of the primory signal. Theoe amehao
becone secodary sources, their target cells, in turn, become tertiary sources, !
and so on (1. The migrating cells clunp Ltogether to form an aggregete which under-
nued a series of worphogenetic movenents with concomitant cellular differentiotion
to form an upright struchere erccted at a il angle to the substrate. This stege :
is polled a papilla. The papillo then lies down wpon the substrate Fotning a !
grex (slug) which migrates for a period of time. It then becomes stationary and

undergoes sub-cellular and gross wmorphelegical reorganization to a sorocarp. This
consists, mainly, of a slender, tapering stalk bearing at its apex a clump of

sporea.  These are disseminated ond repeat the life cycle.

All ol thase evenls are under genctic centrol. Gene action is modulated by in-
trinsic and extrinsic environmental factors. The substrate (agar, in the labora~
tory) should be thought of as an integral part of the organisms' functional anotb-

ony since antagonistic, hormone-like substances reach their target cells by diffusion
through the interstices of the agar lattice. Depending upon genome and environ-
ment, the life cycle is completed in from five to soven days.

My experiments bave been done on bthe ATCC-Raper and OB wild type strains of D.
dispnideun. T have used the stondard tools For determining gravity effects, the
clinostat and the centrifuge. There is an an~going debate as to the validity

of ponsidering rotation on a clinostat a weans of nullifying the effect of the
gravity vector (2,3,4,5,6,7). Salisbury ( 4), however, based upon chservations on
the space flown and Earth experiments, states, "the clinostat simulates free

fall at the cellular level in many important respects." There is, on the other
hand, Little doubt that wereased gravitational foree results fron centri-
Fugation. The resulis of wy clinestat experiments are, in summary: (1) Rota-
tion of cultures in a range of RPM's with the substrate parallel to the gravity
vertor, decelerates development and produces a larger number of grgamisins when
canpared with static horizontal controls, regardless of inoculun stage (spore

or myxameba) and genobype, bearing in mind that CB's rate of development is,

untier standard conditions, slower thon ATGC's. (2) Rotation of cultures with

the substrate perpendicular to the gravity vector decelerates development and ]
often shows fower organisms than do horizontal conbrols. (3) Inverted, static !
plates, with agar surface Tocing downwird, show accelerated devolopment relative i
to stabic cultures incubate with the agar surface Tacing upward. Inverted and ;
rotated plates develop even more rapidly. (&) Neon-rotating culbures maintained
with the agar surface porallel to the gravity vector, usually show decelerated
duvelapment and an incrosse in numbers of organisms when compared with horizontal
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controls. Rotobion ol similarty orioobod aitboros doeelevalos doevelopnont Lo
oogreator degeee, buab shows no nuoeeical dittfeeencos when conparod with conteals,

Thus, o tdependently aet g wmochanisms seom Lo be Involwal, One af'focts pase
suge Peam shone U0 shoge ool Ao cell adbagion, perhops) ad the othoer, posusibly
tho pato of o1l diviston. Bo foey T have nol obsoeevod Lhe speed ot potoblon
OPfeets seen by Teemoe ol Sonea (0) Tor antnuls tod by othery (3) for plunbs.
Huwenver, he ohoervation thal inversion oftects developeent o aephibiin egog ()
ad Bhe pite ol STung to srocarp canveestin o DL dissotjean (1) 36 sonsistont,
with wy Pindinns aod expeetod ong, since Lhe Toroe of geavity s obvionsly ol work
hoere. DMCerunees i developaental rabes omd reoctions So rolodion on Sho ¢linn-
slad W wore ar hees relaled negantoms CGueh as Aho ATCG and O wild dype aleains)
o beem vopoeled befope G Relabive grees molilihy i under gomel e conteol
CO . T Do nhaerevend Whis s comparing the effeets o {1Tuminallon an grox
migralion W ATOG wa. O wild bype steaing. Theeofora, so s the potnt in Gime
aft tho alug bo sorocorp LbransPommbion,

1 Peen 11 ood o) oslal beeatmend con he equatod, the Togieal question bogimes,
Wi, o dovelopeental Luee, does feep o1l ael?" My dali, so for, imillooly
between O nnd 60 hooes atter dhe spore Inoculam has been plosed on cbhe wediom.
Lxpucdmenta ove conrenbly ander way Lo faethee nareow the Gime spone Thore iw
dispgreement os to whetber Treo B0 con bove ane offfect on o onl? bdow Wxw aeross
CrL A2 . De diseoidim spores pange: Prom G-am dn lengbh, while dhe anebde oaee

Ho0 b Wl teroas. Thoeealore, 110 Lhom n, Andoedy on ofect on Lho level ol
Lhe bulividual codt, 16 o probably oo bhe mysanebo. The sell aggreogabion phes
nemenon g vnother Vikoly toegod withio the 0«80 hooe Giee Froms.

Centeifuga b oo of eoctlares starboed Veom omebae an Lhe NASA-UGSE Dobanienl Contpei-
Puge C13) al W28 aod 90 g bdieake deselerabion of developmmt ob o bime whish
coul coreespongd bobhe aoneenpte: o slog beongibion. Gollares bogoan with o spore
thoctthem, centedfoged oo Whe 2 ool eadios ngsbeamend (NASA=Ames) b 3 0 showed
eFfuets which Andteate Lhat hds Leeatoent seeelorated eithor Lhe robo o ool
divigion  opr of dovelopuent, inoqeoneral. Unfortunntoly, dhoe pelotively ceude
webhods 1 hove nvaitable ceeate, Snomy wind, sone uncerbainby conceeadng Lho

thrboe abiboineed, s Lhe tmbers ove sl 1. T v an oxparinent atorbod feom an
ame) InacuTam v Lhe ceobritone, now.

Inouseieoh Foe oo caoncadabe stolob D, mloshomdeia G5 amang obhoes,

lave: beens sugoesibedds Baeber o are prosent in dhe Peeding myxomebae and are simiop
Incdiwens ions doowitochodeia, In bhose coltuess doveloping mobionlosy il on
ares Whe nercase o e tomber of Aodividoals coudd e e result ol 0 sedi-
mentalinn ol hacterial portictoes, contaim) in vacunles, which upsebys Lho cybo-
plosmic oquililishum beigoering the celU ooddvide. This possibility cowtd nluo
explidn shnihap vosollys in culores rototed porallel Lo the gravity vootise ua
sonbriasbid e those rolated simlaely, ol peependicator Lo dhe neavity -« olors
ooy devolevalmd development nol nocossarily couplod Lo inceeased ol o of
Tdlviduate, This is o keeping with dhe sungeation C4) Ghal worphonenehio pos
sponses (ush us pee=tgnreegadave switehing) conld e ollered by syboplasm-vasunie
interashioneg,

Andnspestion of the Spoce Shabb e F gkl Mandtest, lssued 6796782, shows thoat ol
aft the six Lie Geienen Spoco Lab fUghts (983-0787) will Tust foe 7 days.  The
Do dispoidoam Tie eyele Pila into this schedule perfestly. The faet What Pay-
Toad SpesiahistsZSeionlista will he erow wmembors weans thal the enbive experinent,
Ceom eiebboee Ancababion Lo dola recording i be caveied oub in spoace with no

tonger ol Tounehe or re-enbey arlitoch. My suevoy ol Mlight=related dosuments and

i
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literature included descriptions of BIOSATELLITE IT, DISCOY: «. 'R XIT, XU,

SHYLNE 3,4, GEMINI 35,11, NERV I, APOLLD-S0YUZ, APDLLO 16,17, °+ COSPAR volumes,
K05MOS reports, ete. A space Plight effect which has been notew in diverse biota,
ranging from microbes to insects to plont material to fish eggs, is a change

in the rate of the genetically programmed life cyele relative to that of Earth
controls. D. discoideun's life cyclo:  emeegence, feeding and growth, cell
differentiotion, reproduction/senescence, death, lends itself to studies of
developmental rates.  Lost yeor, al Ames, in preliminory studies with the Fluo-
reseent vital dye, b-ocebomide~4'isothiocynnostilbene 2,2' disulfonic acid (8ITS),(10)
T wos able Lo demonsbrate a lack of loxie offects throughout the Distyostolium
Life pyecle and to differontiate, based on the rdye's staining properties, hatween
Living and dead D. discoideuan cells. SIT8 provides sensitive, accurate meons for
monitoring the entire 1iie cycle of the organism. Kotz (17) has pointed out the
analogles bebween the developmental progeom in D. discoideum ond that in de-
veloping embryos.  The bime spon in Dictyosteliuom is, in oot cases, shorter.
Pollurd (11), huced on his calewlations, belicves that studies on developmental
systems greater Lhan 1 mm would be both promising and irvteresting. D. discoideum
is o developmental system which achigves this winlmum size and beyond, goes
through a complete developmontal 1ife oyele in 5-7 days which is similar to
divergent Life Forms, and includes, on analog of embryogenesis in its programme.

It iy, theretfors, an Jdeal condidate for oxperiments in SPACELAB.  The instrumental
parometers Tor integrating D. discoldeun experiments into the SPACELAB configu-
rablon can be casily detormined through use of a doviece such as the Plant Carry-
On Container (PCOC) in its designeted vole in a test similor to the HEFLEX Big-
engineering Test (HAT) (18). '
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DISFLAY FREQUIREFENTS FOR REHOTELY PLLOTED VYREHICLES
Eaarbsawr s @ Dermabo
Flewdda Institube of Toeohnol wyy

A fadr amount of abtention ab Dievdern Flight BHesoarch
Facility has fooused an Lhe functional, operational . and handling
chiracheriotics of ramotely pilobed vm-'h.u*lw aysltoms (RPV)Y . In
sieh e aystem, a pilot controls en adroratt from a around based
goakiad U odm ol Lheyr s F0ll omanual or coupled contral modo.

The dnformation avallable Lo the pilot for flying
pared ey g suel as spin dnitiation, spin recovery, and approach and
Penciings is Limd el to dnstruaments and & TV mond her ubdch displavs
aovieeo dmecie bransmitbed from a camera aountod on the advorart.
Thie presumably provides a pilobt s eyo view of thoe world.

Te dllustrate, one such systen iz the HIMAT, acronym for
Maghly mantsuver bl e alverafh bechnoloov. Tt i a 2/8 scale modeld
floes From a aeownd based cockpit, Sueh a systom ralses a rtumber
of ioue desues with respect to human dnformation procoassing,
deaniied o conteal o andd pllot workload demands. On the one bhand,
unlike a simulation there ig something al stake. While not life

satening, & sociouws ervor could orash bthe aircratt - mol bo

mention crush the pilots eqgo. On the other hand, flving an BPV is
somshhing like doing an dopoverished siowlation, sdg. in a §fixed
biavsimid Ll abar , wince many of, the cuwes present in flight are
unvad Tabl e i Uhe ground based cockpit.

3

FERCEFTUGL, CONSTDERSTIOMNS

Lo Cockupit Layoul -~ Since there is no size congtraint,
thie cockpit instrument lavout is spread out, thus increasing the
necesBary eye abd hesd movements of the pdlob.

d. VMestibular/FPropgriocepbive Cuss -~ Cues to orientation

i space aroe absent. This dn dteeld is not wnmsnoogeable since

vistal  cues can often ovorride o substitute for these. However,
i R fliahts wvisual cuos are al so dopoveridahed,

Heoldmited Visual Field - The pilot s visual Ffield is
constralned o a 19 " TV mondter presenting a 24 degroees ,
biewizantal amd 14 degree vertical field of view., This poses tweo
kinds of problems. @) Specifically in approach to landing. 1t can
cislort parception of pogibion with respect o the runway when
Lhe aireraft de banked or in crosswind condilions. In fact when
hewding is corrected for arosswind Lhe runway may actually Fall
conplabely outside of field of view., The sane is Lrue for steop
apapr oaches where the horlzon may fall outside of field of view.

BY oA limited field of view aleso resulls in an
limination of paripheral vigion whioch supplies important wmotion
cams thal in bwen conteribubte to pmrcwptlmn of altitude and
airepewd. This happens bhaecause objects appoar Lo move more slowly
acrans Lhe visual field than nearer objects. The pilot tvpically
waes bhis subble dinformestion in his assescement of altitude.

Curranl rescarch all Deyden incluwles a wide angle video
gyslem proavide 160 dearess field of view and limibed resclution

P
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32 Rvv-olvwd o Kot uddon o TV Lransmi ssion 55 poor

Arnd catpetimt s by saat e on e Tt abooagebher dha ing Flaahts This
e o paa Biond o Ty abvapad i e ioet dog g appeoaeh and Danding.

WD Tofonwataoge o The pidlat do Tooking o o flal
v bue e whiich dovss nol acd ivab e Vhe ocwdabmodor cwes of
wevtaida b o, comveragene e annd il o digpard vy which aere
b ol o ddepd s aand dies taneyy posroepd Ton.

Iy Sy a1y dhe padol b aovavilable 10 1Y Aho hordeoan
At b twray bbb ooeddess voae pi ol aured vl o anfor mealdon, D
chotnring vupe: paer i U bee whidche o oo ddens soweo ol tidode s, and
Sy awiriant o owvetood by amd Tostag o andient ubidech o pr avioess o
alby bl apfon seabion o fest oy oeac bre Homevar o vl e Shey ransay
a3t st oevnd cu e honercgenootss oven T hiese oo ar e bmpere el sl
Bloo whrdee vl 4 troee Ahat pilot™s oo dnstruament judwa mabion in
el Doy Yo the vidoo dodormation ey aeoo rogene al roluebant to
Tabes thear oveey o By 0 Lo cofor o Ahe instyament display.
Wten Ahi s vesubte i retianee o Lhie ot al oy feue
al Ui buwder sund st ool cal landn, i oo rocattd b fIving RS §w
van cdebe v wo oy Toiahy won b Toced bask e e oo Faators peabyd om
teo Udptes Loy dan Vi Ll portor mance aid peduce pilob wor bYoad,

LR LA

L) onorasis paramelor s vritical ta per formance
HYoucertadn Phe dnfor mation dopoverished oy absont in
Uhee vdchon i o d s,

NP eevieler Ahat dnror mabion an any ad Lerra iy e maniie
REPGBESIROH DIRECTIVES

Noalear alternatise Foreopecaenting dnfeemation to the
pitot st ouwahy The e of an dotog atod hoad up dieplav,e Th &
sludy condueted ey Lo audhior Toest somoen o Uhie fallwing diagptay
Chiaw o ber i s bios wers swoen b Grdtieals 1) focal prosentation, )
LK spoet i flenibalityve 30 relative sltalus. and 3 contiral
input ouddance. A divplay possaosaim bhesoe chea actoristics and
v b enb Iy tneherand g Lestst bl dnes Hosoaoh Centenr do o contaermad
Provawd 7o g i splay dovoloped Dy Rchard i avs Blemerte of tho
Giaptay dne Tuds o hien Aoy b unweayy, booad i ng drelv et e, bt e
ebicabur, Plare caes, ad stee Sg o vosmsmanddss Fore hoalding
Al oo Tope ared Tocaldeer o Popoued woslifivationg of the display
foun B Pl dahibs sa o bedmeg coomdd nabod Wit Devdon sobteare
v it For fodagres Tesstie o Devedens vew Pyans amd Sod ber Tand
(i «‘\}“h (R N T
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GRAVITATIONAL EFFECTS OF THE ASSOCIATION,NGC 206, ON THE DISK OF THE ANDROMEDA
GALAXY

Gene G. Byrd. Associate Professor of Astronomy, University of Alabama !

The galaxy M3l has a two-armed spiral pattern in its disk. Recent 21 cm o
observations by Unwin~ show the hydrogen gas structure of the disk of M3l with S
improved resolution. The main spiral arms can be seen in the observations, but
there are a number of irregularities. In particular, a steeply pitched "armlet"
extends along the southwest semi-major axis of M31's tilted disk between the two
major arms (see figure 1).

My project has been an attempt to explain this structure. Photographs of
M31 show a large star cluster, NGC206, at the inner end of the armlet (figure 1l).
My hypothesis was that the armlet and other nearby disturbances are caused by the
gravitational effect of NGC206. I intended to quantitatively verify this using -
computer simulations of NGC206 orbiting in the disk of M31.

Last summer was spent on two approaches to this project. I worked on developing
a program for a first, simpler, approach to the problem., The second approach,
more realistic but more complicated, involved medifying a program by R. H. Miller
and B. F. Smith (my NASA colleague). During this last winter, I continued work on
the simpler approach and submitted the first version of an article describing
the results to The Astrophvsical Journal.

During this summer, I have completed the simple approach computer runs and
written the final version of the article which has been accepted for publication in
the Jan. 15, 1983 Astrophysical Journal. The results of the simpler approach showed
that less extensive modifications than previously planned would be sufficient in
Miller and Smith's program. I have finished these modifications and am doing
computer runs for the more realistic simulations. The article results show that
NGC206 can create the armlet by its gravitational effect on material in the disk
of the Andromeda Galaxy. These results have wider implications , supporting
ideas that gravitation is the dominant mechanism for generating spiral arms in
galaxies with multiple arm patterns and indicating that mechanisms involving chain
reactions of supernova explosions and star formation are not important in sPiral
arm formation,

I will take the results of the more realistic simulations back to Alabama
for analysis. Discussions with P. M. Cassen, another Ames astronomer, have raised
the possibility that gravitational armlet forming processes may have been important
in the much smaller scale process of forming Jovian planets in our solar system.
I will investigate this interesting possibility further when I return to Alabama.
Finally, I have atAlabama for furter analysis the resu}ts of simulations of:
collisions of elliptical galaxies by Miller and Smith.

1. Unwin, S.C. 1980a, Monthly Notices of the Royal Astronomical Society vol 190,p. 551f

1980b, Monthly Notices of the Royal Astronomical Society vol 192, p. 244

Baldwin, J.E. 1981 The Structure and Evolution of Normal Galaxies (New York: : :
Cambrldge University Press) S.M. Fall and D. Lynden-Bell eds. p.l145.

2, Miller, R. H. and Smith, B.F. 1980, Astrophysical Journal vol. 235, p. 421.
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Determination of Assimilatory Quotients
for Chlorella pyrenoldosa 711~05
Grown in a Closed System

Arthur P. Carroll

Associate Professor
Department of Science )
College of Santa Fe i

In order to sustain extended manned missions in space ( missfons over five
years), it will be necessary to develope regenerating life support systems. The .
CELSS program ( Closed Ecological Life Support Systems ) at NASA/Ames is involved
In research to that end.

One of the most basic problems in sustaining life in closed systems is the
need to regenerate gasses. Animals or heterotrophs consume 7xygen and produce car-
bon dioxide, while plants, autotrophs, consume carbon dioxide and produce oxygen.
In a closed system gas balances could be maintained by combining autotroph and
heterotropn. Unfortunately the ratio of gas consumed to gas produced is not the
same for each. The quantitative expression for the C0, consumed and the 0, producd
by plants is known as the Assimilatory Quotlent ( A f

A great deal of information regarding the Asgimilétory Quotient of plants,
especially the green algae, exists in the literaturc. However, most of these stud-
fes occurred in open, flow through systems rather than closed systems. In order
to study the effect of closed systems on the A_ , NASA designed a closed system
to accommodate growth of both an heteroph and dn autotroph ('Figure 1 ).

Before the system could be fully utilized, it was necessary to test its
reliability and reproducibility. Last summer experiments were performed using
the green alga Clorella pyrenoidosa 711-05. The A of the organism was determined’

in the closed system under conditions of different'0, starting concentrations.
The initial data indicated a variation in the A, at different concentrations.

This summer experiments were performed to verify the results of last summer.
It was necessary to determine the varience in results obtained at constant condi-
tions. Six experiments were performed to determine the A at a starting 0, con-

centation of 20%.

( Table 1 ). 1t quickly became appargnt that reproducible

results were difficult to obtain. The initial experiments were performed at a
reduced pressure ( 650 mm Hg initial ) in a Helium background. Increases in pres-
sure would occur during the experiments. These increases, if due to leaks in

the system,would account for the variations in results. An experiment was perform-
ed in which the starting pressure of 650 mm Hg was used and the gas in the head
space was monitored by means of gas chromatography. The presence of Nitogen in

the closed system would indicate leakage. Nitrogen was found and the quantity
present agreed with the increase in pressure. Two more experiments were run with
starting pressures of 760 mm Hg. The Aq of these experiments showed closer

. agreement.

Because of the existence of leaks the data produced can give erromeous
results. The system must be used with caution at reduced pressure. The high rela~
tive humidity in the system can cause the vacuum fittings to leak gas from the
environment. The system does seem to be reliable when used at atmospheric’ pres-
sure . Experiments done at 760 mm Hg, when monitored for the presence of nitrogen

gas, showed none.
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TABLE 1: Assimilatory quotients for Chlorella pyrenoidosa 711-05 grown in a
closed system at initial oxygen concentrations of .20% and carbon
dloxide concentration of 5%.

.Experlment # A’ Stérting Pressure Pressure Change

q

( mm Hg

( mm Hg )

o N & W N

0.72
0.81
0.68
0.59
0.57
0.64

650
650
650
760
760
650

70
64
83
6
6
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Suyrface Structure of Vitreous Silica -
A Molecular Dynamics Study

By S. H. Garofalini
Department of Ceramics
Rutgers University

The importance of vitreous silica (v-SiOz) in catalysis, microelectronics,
optical fibers, and comnercial glasses is well appreciated by physical scfentists
working in these areas. Many of the details of the structure and dynamics of
v-5i0, at an atomistic level must be inferred from experimental techniques
which provide only average properties (e.g. X-ray and neutron diffraction,

IR and Raman spectroscopy). Also, the amorphous and insulative nature of
v-SiO2 have 1jmited the use of the more common surface analytical techniques
for studying the silica surface in an unambiguous manner.

The tack of these details at the atomic level provides impetus for the
application of the molecular dynamics (MD) computer simulation technique to
study v-SiOz. Once the accuracy of this technique has been established, it
can be used to provide significant information into the structural and dynamic

behavior of atoms in v-SiO2 and at the v-SiO2 surface under a variety of condi-
tions.

The excellent computational facilities at NASA-Ames have enabled me to
perform this evaluation of the adequacy of the MD technique to accurately sim-
ulate v-SiOz. The work last summer showed that the technique accurately simu-
lates atomic motion in bulk v-SiO2 (1) . Thic summer, the work has been aimed
at establishing if the surface of v~S'iO2 can be accurately simulated.

The result of the work this summer clearly indicates the adequacy of using
the MD technique to study the v—SiO2 surface. The simulations reproduced the
expected predominance of the oxygen atoms (rather than silicon atoms) at
the surface, as well as the ocuurrence of several non-bridging oxygen. An
appropriate decrease in the Si-0-Si bond angle was also found to occur at the %
surface. The radial distribution function (RDF) as a function of distance from P
the surface was evaluated so as to determine the structural changes occurring at
the surface. Figure 1 shows the RDF from (a) atoms in the interior of the sample
(approximating the bulk), (b) all atoms within 108 of the surface, and (c) all

b S T

[ N LA %




atoms within 5 R of the surface. The first peak in each ROF is due to the
Si-0 pairs and occurs at the appropriate bond distance of 1.62R. Tie shoulder
in the Si-0 peak in Figure lc was found to be due to the several non-bridging
oxygen (NBO) at the surface,(see Figure 2).

This decrease in the Si-0 distance between the NBO and Si as compared to
the Si-0 spacing for the normal bridging oxygen is very important. Previous
calculations have indicated that the Si-0 distance for NBO should be -0.08§
less than the normal Si-0 distance(2). Our simulation gives this result.

This result is significant in that it shows that the MD simulation used
here accurately reproduces surface and defect properties of v~Si02.

In addition, a study of the motion of K atoms at the K20-3Si02 glass sur«
face immediately after fracture was simulated. Experimental studies (ion
scattering spectroscopy) have indicated a higher than expected concentration of
K atoms occurs on the fracture surface. Results of my simulation show that K
atoms preferentially jump to the fracture surface within a few picoseconds.

References:

1. Garofalini, S. H., J. Chem. Phys. 76(1982) 3189.
2. Lucovsky, G., Phil. Mag. B, 39(1979) 513,
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Aerosol Climate Effect Program-Data Comparison

ORIGINAL PAGE 13 Jindra Goodman
OF POOR QUALITY San Jose State University
‘ Professor of Meteorology

The first project was associated with the Aerosol Climate Effects (ACE)
program. It is well known that stratospheric aerosols play an important
role in global climate. To assess their effect on the energy budget we have
to understand their Ehysical and chemical properties, time and space varia-
tion and evaluate the effects of major volcanic eruptions. Even though
information on aerosol properties have been gathered over past two decades
there remains an urgent need for simulataneous measurement using different
sampling techniques.  Therefore as part of the ACE program a continuous
effort has been made to intercompare instrumerits measuring the same or
similar aerosol properties. The sampling platform is the U-2 aircraft and
the instruments sampling during ACE missions are Tlisted in Table 1 along
with their characteristics.

Our specific research interest concentrated on the comparison of the
Ames wire impactor (AWI) with instruments, which measure similar aeroZol
properties (size distribution). Specifically the AWI was compared with the
ASAS probe and to a lesser extent with the QCM cascade impacter. The major
physical difference between the AWI and the ASAS probe 1is their location.
The AWI dis located directly in the air stream, while ASAS probe must bring a
sample inside probe. To insure the representation of the sample, several
conditions have to be fulfiled. Sampling should be isokinetic and isoaxial
(Fuks, 1975). Detailed analyses of thiz condition 1in connection with ASAS
probe indicates that there may be some problems. The original mecunting
hindered isokinetic flow, but recently a diffuser cone was dnstalled to
insure isokinetic conditions. The probe Tocation on, the U-2 desn't allow
isoaxial sampling. There is a very sharp bend (¥90") in the intak2 probe.
This results in the loss of larger particles and the resulting errors become
altitude dependent (Stokes number of particle increases with altitude). The
comparison of the ASAS data with the wire impactor indicated such a trend
(see Fig. 1). Additional errors in the size determination can be connected
with variations in the refractive index of particles. On the other hand,
sampling with the AWI depend on the collection efficiency of the wire (Lem

and Farlow, 1979), sampling volume and the analytical procedure to determine
particle size.

Detailed examination of data from the ASAS probe and AWI yield relative-
1y good agreement, if we take into consideration that a 10% uncertainty in
particle size will yield a 30-50% error in concentration.
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Aerosol mass data obtained using the QCM cascade impactor didn't agree
well with the AWI. This may be due to the fact that the size intervals are
larger and the particle size is determined by a 50% collection efficiency.
Summary of the data are presented in Table 2.

The second research activity involed the preparation of a proposal to
study the neutralization of tropospheric acid aerosols by ammonium and their

participation in the nucleation processes and connection with acid precipita~
tion.

References:

N. A.Fuks, 1975: Review papers-Sampling of Aerosols. Atmos. Environment,
vol. 9, p. 697-707.

M. Y. Lem and N. H. Farlow, i%79: Efficiency of Aerosol Collection on
Wires Exposed in the Stratosphere. NASA 81147, 28 pp.
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TABLE 1

MENT ACTIVE SCATTERING CONDENSATION AMES WIRE IMPACTOR QUARTZ CRYSTAL FILTER
INSTRU AEROSOL PROBE-ASAS | NUCLE] COUNTER ANl HICR0 BALALNCE (QCM) ‘
quantity aerosol concentratfon | concentration concentration aerosol mass in 10 total SO"' mass
mneasured in 32 size ranges from and size size ranges .0%um
Jpm dia. to Yum dia, distribution to 25m
TABLE 2
1982 ACE FLIGHTS *
DATE LOCATION ALTITUDE No/ana AERSOL SO4HMS COMPARISION OF SIZE DISTRIBUTION COMPARISON
KM >0.06pm YOLUME PRR OBTAINED FROM ASAS WITH AWl BETWEEN QCM
3 : AND ANW1
wN/CC
15 APRIL BAJA CA 16.8 18.3 0.1667 1.0819 ASAS missed some large particles no da:a avail.
. ’e
15 APRIL BAJA CA 18.3 28.9 .2587 1.6789 agree -
15 APRIL BAJA CA 20.7 6.1 2656 1.7237 ro data -
16 APRIL CANADA 16.8 18.8 .1924 1.2487 ASAS missed some Jarge partfcles d
16 APRIL CANADA 18.3 5.1 .0860 .5581 ASAS missed some large particles -
16 APRIL CANADA 20.7 2.2 1167 7574 wo. data .
19 APRIL BAJA CA 20.7 2.5 .0718 .4659 o data -
19 APRIL BAJA CA 0.7 4.85 .0954 6191 wo data .
5 MAY BAJA CA 15.3 23.4 .0603 .3913 ASAS reads more small particles
agreement on large particies disagree
5 MAY BAJA CA 20.7 3.6 .0340 .2205 agree disagree
7 MaY ROCKY MT. 16.8 23.7 .3666 2.3792 ASAS missed some large particles. N/A
7 MAY ROCKY MT. 18.3 12.6 .1718 1.1149 ASAS missed some large particles agree
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LIFE TESTING OF ACCUMULATOR BLADDERS (AIBS SQSTEM)

JOHN S. HILTEN
AUGUST 23, 1982

EMBRY-RIDDLE AERONAUTTICAL UNIVERSITY
INSTRUCTOR - AERONAUTICAL ENGINEERING DEPARTMENT

Two Rotor System Research Aircraft (RSRA) have been built by Sikorsky for NASA.
Each of these aircraft 1s unique in the sense that there are three flight con-
figurations: (1) as a helicopter, (2) as an airplane (with the addition of en-
gines, wings, and a horizontal tail, and with the removal of the rotor blades),
and (3) as a compound (with the rotor blades back on). In the compound config-
uration the aircraft flies like a helicopter or like an airplane at the dis-
cretion of the pilot.

The basic purpose of the aircraft is to serve as a test vehicle for experimen-
tal rotor systems.

Helicopters in general are subject to a wide variety of vibrations; the most
severe of these is known as the blade passing frequency vibration. The RSRA in
its present configuration with five rotor blades that typically rotate at about
200 RPM generates a severe vibration at about 17 HZ. To reduce the transmis-
sion of this vibration to the rest of the helicopter the transmission is sup-
ported laterally by 4 active isolators (shock absorbers) that attenuate the
vibration level. Each isolator has accumulators with bladders that separate a
pneumatic section from a hydraulic section.

This research project will take 3 different bladders and life cycle them at
pressure conditions normally encountered in flight for 12 x 106 cycles each;
this is to verify their durability or mode of failure.

The envisioned procedure is to pressurize the pneumatic side of the bladder to
1100 psi with room temperature nitrogen and then to pressurize and cycle the
hydraulic side via a controller and serve valve to 1650 psi t 80 psi, at 17
HZ. The input to the controller will be from a sine wave generator set to 17
HZ and from the feedback pressure transducer measuring the hydraulic oiil
pressure. A ratio potentiometer will be used to match the two input signals,
A bias potentiometer will be used to set the static pressure level and a gain
potentiometer will be used to set the level of the pressure modulation. A
dither contrdol and limit control will also be provided. The output of the
controller will be fed into the input of the torque motor which will mechanic-
ally position the pilot spool valve in the servo valve. A 3000 psi hydraulic
pump with a maximum flow rate of 31 gal./min. will furnish the pressure for
the servo valve. The controller, torque motor, servo valve, and hydraulic
pump are available commercially. R



.
. -

John S, Hilten/Embry-Riddle Aeronautical University 2.

It is desirable to shut the system down automatically in the event of a bladder
failure or any other malfunction in the system. Since the system pressure is
servo controlled, some failure modes would only show a momentary and hard to
detect pressure change., Other detection methods such as flow, liquid level,
and current also do not look promising. The following scheme (figure 1) is
proposed. Once each hour for a period of three minutes (minute 57, 58, and 59)
the hydraulic pressure to the bladder is shut down. This is done by using a
clock-driven cam to open a switch that is in series with the torque motorcoil.
With the hydraulic pressure removed, the captive nitro.an pressure will return
- to 1100 psi if no nitrogen pressure has been lost due to a leak in the accumu-
lator or a bladder failure. If a failure has occurred, a reed switch in series
with the hydraulic pump start-stop relay opens shutting the system down. This
switch is a normally open reed switch rotated to the 1100 psi position on u
specially modified Bourdon tube pressure gage provided with a magnetic pointer.
This switch is by-passed by a second clock-driven cam-activated switch for all
but minute 58 of the heurly cycle. It should be noted that the temperature
generated by cycling wi«l probably require a pressure set point nigher than
1100 psi. ‘

A second reed switch rotated to 1650 psi on the Bourdon tube pressure gage is
also in series with the hydraulic pump start-stop relay. If the pressure
deviates from the set point of 1650 psi due to power supply, transducer, signatl
generator, controller, torque motor, servo valve, etc. failure the system will
be shut down. This second reed switch is by-passed by a third clock-driven
cam-operated switch for minute 56, 57, 58, 59 and 60 of the hourly cycle.

Thus for the first 55 minutes of each hourly cycle the oil pressure side of the
bladder is monitored and in the last 5 minutes of each hourly cycle the nitre-
gen pressure is monitored. I¥ a bladder failure should occur, its time of
failure may be known no better than 1 hour which represents 1/2 % of the test
period. The output of the strain gage pressure transducer will also be record-
ed on a slow strip chart recorder.

Other details are shown in figure 1.

At this writing all components have been ordered but delivery schedules are
typically quoted at 8-12 weeks.

ORIGINAL PAGE 1S
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Signal Detection Algorithms in the OF PCOR QUALITY
Search for Extraterrestrial Intelligence

Steven Lord

Department of Physics and Astronomy
University of Massachusetts at Amherst

In efforts to detect radio transmissions from unknown intelligent extra-
terrestrial sources, any effective search depends on the employment of sensitive
data processing algorithms. In conjunction with the Ames SETI Group Science
Team, I have have explored the possibility of using several previously suggested
techniques (Drake, '81; Lord, '8l1) and have suggested some new ones as well.

One established technique, called pseudobinning, is an examination of the
output of the Multi-Channel Spectrum Analyser at successively coarser resolu-
tions in hopes of matching the bandwidth of any incomming signal. This summer I
assisted by designing digital circuits for this technique, eand by exploring
theoretical threshhold setting calculations (Drake, ibid.) that prescribe how to
achieve a desired false alarm rate using this method under noise conditions. 1In
addition, I developed software algorithms for off-line use of this method, and
determined the assembly language version's minimal time hudget.

In the two summers I have provided the group with ideas for various alter-
pati7d Zlgorithms and processing techniques including the block diagrams for &
data arvay (time,frequency) transposition scheme that arranges MCSA data in a
mory gicessible form, followed by cross-correlation processor that serves &s a
matched filter for on-again, off-again carrier waves. As a "nonspecific signal”
type detector, a pattern recognition simulation was written which isolated and
highlighted detected signals in noise on a video graphics display. The tech-
nique used an adjancency algorithm, which detected the presence of multiple
detections closely associated in frequency and/or time.

To prepare for the day when the available detection equipment includes
a radiotelescope with dual othogonally polarized receivers, algorithms
possessing greatly enhanced sensitivity to polarized signals have been developed
(rord, ibid.), which, by processing the complex output of two MCSAs, dynamically
match to the polarization of the incomming signal. The eventual desirability of
such coherent detection was discussed and agreed upon by the team, and this
technique called generalized coherence, is likely to be the subject of further
investigation.

By attempting to determine the sensitivity of various algorithms, espe-
cially pseudobinning and coherent detection, I studied the work of Oliver in
Drake, ibid. This led me to conclude that there did in fact exist a generzl way
of determining' unambigously and objectively the sensitivity of an algorithm.



This method is shown in the figure below. Once the algorithm'’s response to s
knowvn noise spectrum in learned, either Yty theory or simulation, as wvell as the
algorithm's response to relatively large signal to noise ratio environment, a
single sensitivity estimate bere called S/N my be obtained for any desired pro-
bability of felse alarm and probability of missed signal, here represented by Prfm

and Pr .
ms

This method can be used to rate two candidete algorithms that mey have been
designed to respond to the same signal type.
ORIGINAL PACE IS
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Figgre 1.

Step 1. Use fixed Pr. to give T. Here

L-CPD we plot 1 minus the cumulative probability
density fuction of the algorithm's response

to noise alone. A desired probability of

a false alarm yields the threshhold 7T

of the algorithm (the ocutput level at which

the algorithm will declare the presence

of a signal.)

FULIEL A R L e e e

Rggfo\\se 1o nowse T §

A~CPD
Step 2. We use T and Pr,  to find S/N.
@/’}L Here we plot 1-CPD for various wvalues of
(% S/N input to the algorithm. For a fixed
5@1 Pr.. there is one S/N curve which passes

through the point (T,Pr_. ). The S/N,value

may be thought of as the algorithms sensit-
ivity for the given Pr. and Pr, conditions.
A lower S/N corresponds to a higher sens-
itivity.

Re sponse. to %.3‘.;& T

+ vioise
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Infrared Spectroscopic Studies of the Effect of Elevated
Temperaturc on the Association of Amino Acids with Clays

John W. Macklin
University of Washington
Department of Chemistry

One of the models associated with origin of life chemistry at Ames involves

the enhancement of peptide bond formation between amino acids by heating in

the presence of clay minerals. Clay and amino acid mixtures are cycled
repeatedly through wet cold and dry hot conditions to achieve increases in 1.2
oligomer formation of 40 to 200 times that obtained in the absence of clay.

The explicit chemical mechanism is not known. Recent chemical studies suggest
that a covalent type association between the clay and amino_acid may constitute
the "activated intermediate" that leads to oligomerization.~ The research
described in this report seeks to determine the nature of clay amino acid
association at elevated temperatures and elucidate the mechanism for pro-

. motion of amino acid oligomerization in the presence of clays.

The experimental approach 1s to usc Fourier transform infrared spectroscopy :
- (FTIR) to measure variations in the vibration spectra of clay-amino acid
samples with increasing temperature. Thin, free standing clay films are
prepared by evaporation of water from large droplets containing the clay or
clay-acid mixture placed on a smoothed sheet of flexible polyethylene.
Silica and alumina samples are measured as films on AgCl. Pyroglutzunic
acid was chosen for these studies because the carboxilate group will have
the same character as that of other amino acids but it is not likely to
form intermolecular peptide bonds that would dlsplace covalent associations
of the carboxilate group with the clay. The clay acid association is thus
preserved for obscrvation. The samples are held undisturbed in a heated
thermostated cell4 while spectra are measured at temperatures near 24, 60,
120, 160 and 220°C. The temperature is measured with a chrome-alomel
thermocouple near the sample. Spectra taken at lower temperatures are
computer substracted from higher temperature measurements to obtain the
explicit changes dependant upon increasing the temperature.

Results from cne of the exiaeriments are shown in Figure 1. The known
temperature dependent variations in the separate spectra of the clay® and
pyroglutamic acid® are accounted for so that variations dependent upon
interactions of pyroglutamic acid with the clay can be determined. The
experiment has been carried out with several types of clay as well as silica
gel alumnia in the form of Gibsite.

. 3

A number of intensity variations are consistently observed in the difference
spectra of clay-pyroglutamic acid mixtures. TFor example, note the intensity



increases at about_1200, 1320 and 1780 cm~! and decreases near 700, 1245,
1442 and 1680 cm ™+ in the measurcments shown in Figure 1. The observed
changes are consistent with the formation of an ester type association
between the pryoglutamic acid carboxyl group and the mineral surface at
clevated temperatures. TFor cxample, formation of an aceyl silicate may be
indicated. We are continuing cxper iments in order to fully define the meaning
of the specctral variations.

My experience as a NASA-ASEE has been most rewarding. I intend to continue
my association with NASA colleagues and am formally proposing to contr 1bute
to other NASA projects by contractual arrangement.
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Figure 1. FTIR difference spactra of sodium montmorillonite containing

50% pyroglutamic acid by weight taken at various temperatures.

The temperatures at which the spectra included in each sub-
traction were measured are indicated below each trace.
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Peter H. Smith

Lunar and Planetary Lab
University of Arizona

Most of the observations of Titan that are now available really "see”
the upper haze layers which are known to blanket the entire lower atmosphere
and surface. Therefore, when we study Titan with optical methods we are
Tearning about aerosol properties. Although it has been three years since the
first flyby mission to Titan, there is still no general concensus as to what
the basic properties of the main haze layer, i.e. size, optical constants
and pressure levels, are. It was in order to reconcile some of the conflicting
results proposed by different groups working in this area that I camer-to Ames
and decided to work with James Pollack.

The observed characteristics of the haze layer are now accepted as follows.
Ground-based observations of the geometric albedo reveal an increasing amount
of absorption of solar energy toward shorter wavelengths in the hlue. This
has interpreted as an absorbing haze high in the atmosphere. Voyager I
confirmed this hypothesis and placed the haze layer about 250 km above the
solid surface. Both the Pioneer and Voyager missions found this haze to be
extremely highly polarizing. Tomasko and Smith (1982) interpret this to be
evidence that the aerosols are small (~0.1 um), dark and that their size
increases with depth. Physical models of Titan's aerosols (Toon et al., 1980)
also predict this behavior but with Targer sizes. Voyager I found a new property:
the haze is very forward scattering. Rages et al. (1982) explain that the
observed forward scattering is indicative of the diffraction from particles of
radius greater than 0.19m and they favor a size nearver 0.5 um, Voyager II
confirms this forward scattering character of the atmosphere Teaving investi-
gators in the position of choosing between mutually exclusive models for the
haze layer.

My first project this summer at Ames has been to put together the Pioneer
and Voyager data sets in such a way as to derive the single scattering
properties of an aeroso} particle. Normally, these properties serve as the
input to an atmosphere model. From a preliminary analysis I've found that the
phase function is decidedly non-spherical: forward scattering yet with 1ittle
back peak and highly polarizing (see Figure). WUe investigated prolate spheraids
last summer (Smith, 1982) with some success. Of course, because other shapes
may be more appropriate, we have started a literature search of the various
Taboratory data pertaining to non-spheres of different classes. Analytical cal-
culations are only possible for spheroids and cylinders.

In analyzing the laraest phase angle images this summer, it has become clear
that plane parallel atmosphere calculations are inadequate. So to really define
the single scattering properties at the most forward scattering geometries, 1
am collaborating with Kathy Rages who has written a spherical scattering program
and can help develop correction factors to boost the intensities calculated from
my plane parallel program. We are very close at the end of this summer to a
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final definition to the forward peak of the phase function for the atmosphere of
haze aerosols and are ready to begin the search phase of our project. I plan

to continue this search at the Lunar and Planetary Lab in Tucson and will

stay in communication with Pollack and Rages as the project progresses.

In developing the procedures and techniques for analyzing the Titan data
it has been useful to exchange ideas with other workers in the field here at
Ames. 1'm especially indebted to Brian Toon and Morris Podolak, on Teave from
Tel Aviv.
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