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THE INDIRECTLY FUNDED RESEARCH AND EXPLORATORY
DEVELOPMENT PROGRAM

The Applied Physics Laboratory is primanily engaged in
Navy-funded engineering development tasks. These tasks have
specific operational goals, require dedicated engineering effornt
to meet nigdid time scales, and therefore use primarnily state-of-
the-ant technology. VYet, innovation and advancement of the state
of the ant is essential to continued vitality. In nrecognition of
the importance of basic and explonatony research gorn these pur- E
poses, the Laboratony conducts an Indirectly Funded Research and |
Explonatony DevelLopment Program through which a small graction of
its effonts is devoted to gfundamental and exploratory research |3
not explicitly provided for within the dirnectly funded tasks. {

RN R R

The objectives of this program remain constant:

1. To provide current, in-depth understanding of tech-
nical fields of importance to the Laboratory's ap- ;
plied tasks; ; 1

2. To originate and explore new concepts of potential
importance to the solution of national problems; and

3. To provide a window into science to cultivate the
technical competence of the Laboratory, as an organi-
zation devoted to development and engineering tasks.

e e

Whereas no one Laboratory may make a major contribution
5 in a given field and a given year, it is necessary to be continu-
el ally at the forefront of research in order to be aware and appre-
5 : ciative of new developments in basic science, wherever they cccur,
‘ to grasp their significance for new technology, and to be able to
convey the essence and applicability of these discoveries to the
engineers who need this information to solve specific problems
and enhance the capabilities of systems or components.

To achieve these objectives, the IR&D program is organized
into two major components:

1.

Research, carried out in the Research Center of the
Laboratory, encompassing mainly long-term, scientifi-
; cally based investigations looking toward the inter-
B disciplinary transfer of advancing science into the
; Laboratory's technology, and
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2. Exploratory Development, comprised of mainly short-
term investigations, specifically authorized by the
Director, emphasizing the evolution of technology
through early stages of development of new ideas ap-
plicable to hardware systems, components, and mate-
rials.

The IR&D program has made and continues to make important
contributions to science and technology in general and to the Navy
and the Laboratory in particular. Foremost among these has been
the concept of doppler navigation by Research Center scientists
that led to the Navy Satellite Navigation System. Other notable
developments described in previous reports of this series include
detection and tracking of aircraft leading to the Navy AN/SYS-1
automated detection and tracking systems, dual-mode Redeye, the
Box-Launcher, and Electrostatic Stabilization of Aircraft. The
program also continues to make widely recognized contributions iu
areas such as chemical propulsion and laser technology. Projects
in all of these and many other areas have been initiated by the
IR&D program and subsequently supported by various DoD agencies.

With the encouragement of the Secretary of Defense and
the Department of the Navy, the Laboratory also assumes a role in
urgent nondefense problem areas. During the present fiscal year,
about 15% of the Laboratory's efforts were devoted to projects di-
rectly funded by civilian agencies, including the National Aero-
nautics and Space Administration, the Federal Aviation Administra-
tion, the National Institutes of Health, the Energy Research and
Development Administration, and the State of Maryland. Accordingly,
whereas the major part of the program is defense oriented, it also
uses IR&D funds derived from non-DoD sponsors to support investiga-
tions in primarily civilian areas.

These investigations have produced many important contri-
butions, as described in previous reports of this series. Signifi-
cant new developments continue to emerge, as described in subse-
quent sections of the present report, where the quality of the work
is indicated by the cited recognition accorded many of the investi-
gators.

- 10 =
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THE RESEARCH CENTER

Introduction
The purpose of the Research Centern 48 to contribute to
37 the scientific and technological vitality of the Laboratorny: 2o
g 1 advance new concepts, to apply existing concepts in new areas,
E and to stimulate the thansfer of advances grom the foregront of
= sclence to technology. Results are published in the professional
Literature.

The IR&D program constitutes about two-thirds of the Re-
search Center's efforts. It provides the long-term continuity
essential to in-depth and up-to-date understanding and facility in
fields of importance to the Laboratory's present and future tech-
nolegy. Research is conducted both independently and in collabo-
ration with colleagues at universities and at industrial, govern-
ment, and not-for-profit laboratories. Results are routinely
presented at meetings of professional societies and published in
the professional literature. More than 700 papers have been pub-

s lished in dozens of fields of physics, chemistry, mathematics,
engineering, and life sciences. To disseminate information to
other divisions of the Laboratory, the Research Center conducts

1 seminars reporting on national and international scientific meet-
ings and on its own research, and also contributes to ongoing tasks
through consultations and/or direct funded participation.

J The Research Center is comprised of a staff of 40 broadly
trained senior professional investigators and 7 associate scien-
i I tists (physicists, chemists, engineers, and mathematicians), who
are assisted by a supporting staff of 15 technicians, machinists,
and secretaries. Laboratory facilities for advanced research in
» fields of long-term and/or emerging significance include a mass
spectrometry laboratory, a solid-state laboratory (with sputter-
ion mass spectrometer), a spectroscopic laboratory (ultraviolet,
- optical, and infrared), a microwave physics laboratory, a molecu-
’ lar free-radical laboratory, a gas kinetic laboratory (with fast-
flow reactor), and a scanning electron microscopy laboratory with
ultra-high vacuum capability for surface studies.

pcas ey
»

Ll

Overview, 1975

Through the IR&D program, the Research Center continues
to conduct broad scientific and technological research activities
in selected areas which change with time in concert with the ad-
vancing needs of the Laboratory and new developments in science
and technology. The present period has been productive. A total
of 62 Research Center publications appeared in print, and 23 addi-
tional manuscripts were accepted for future publication. Nationally
and internationally recognized stature has been maintained. During
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the present fiscal year, Dr. K. Moorjani (Solid-State Physics

Group) was visiting professor at the University of Grenoble; a

national geophysical conference was dedicated to Dr. A. J. Zmuda E
(died July 1974) of the Electronics Physics Group; Dr. F. J. I
Adrian (Microwave Physics Group) was named Associate Editor of

the Journal of Chemical Physics; and Dr. V. 0'Brien (Theoretical

i Problems Group) was named to present one of three invited papers
at the Biophysical Fluid Mechanics Symposium at the Spring Meet-
ing of the American Physical Society. Numerous invitations were
extended to participate in conferences and workshops, three with
funding support from foreign agencies and two with funding support
from national agencies.

The IR&D program cont. ues as an orderly unfolding of the
work of previous years, with research in seven general areas:
| (a) Applied Analysis, (b) Applied Mathematics, (c) Atomic, Molecu-
lar, and Electronic Physics, (d) Chemical Physics, (e) Microwave
Physics, (f) Quantum Electronics and Excitation Mechanisms, and
(g) Solid-State Physics. The nature of the projects and signifi-
cant results are indicated in the subsequent sections of this re-
port.

Technical Highlights

It is noteworthy that the present year marks certain par-
ticularly significant shifts of emphasis. First, the Research
Center had long maintained a small (2 man-years) but distinguished
E space physics project carried on in the Electronics Physics Group
r by Dr. A. J. Zmuda and Dr. T. A. Potemra. The Research Center's
I ability to carry on such research effectively was severely com-

E promised by the death of Dr. Zmuda in July 1974. Accordingly,
with the beginning of the present fiscal year on 1 October 1974,
Dr. Potemra and the project were transferred to the Space Develop-
I ment Department where work continues under the Exploratory Devel-
‘ opment phase of the IR&D program. Thus, for the first time in
many years, the Research Center IR&D program has no space-physics J
component.

El Second, there is a general trend in five of the above ()8
seven project areas away from concern with bulk phases and toward
increased concern with interfacial and near-surface physics and .
chemistry. This reflects a widespread and accelerating surge of El {
activity in the scientific community and an expectation that im- §
L portant new technology in electronics and energy-related areas

will emerge. In general, surface and near-surface phenomena are {}
difficult to study both theoretically and experimentally and are
not thoroughly understood. Recent acquisition of a sputter-ion
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; mass spectrometer and the acquisition, this year, of an ultra-
- high-vacuum scanning electron microscope have facilitated increas-
ing efforts in these areas.

iy Eionnssy ; LRSS RGN
.

& Third, a particularly significant shift of emphasis has
occurred within the Applied Mathematics Project. Much of the pre-

] vious concern with the advancement of general methods is now ap-

- | plied to the specific area of stratified flow. Stratified flow,

. ' particularly phenomena associated with the movement of submerged
bodies, is of great concern and is very incompletely understood.
The present application of advanced mathematical techniques to
such phenomena has already made significant contributions.

Finally, it is noteworthy that a project dealing with the

: { properties of the internal and external electromagnetic fields of

51 waveguides in the presence of anisotropic and absorptive media

; came to a close with the retirement of Dr. A. I. Mahan on 31 De-
cember 1974. Dr. Mahan has had a long and distinguished career,

~ the last 19 years being at this Laboratory. He has been Trea-
surer of the Optical Society of America since 1960 and Associate
Editor of the society's journal since 1961. Dr. Mahan continues
to be associated with the Laboratory as a part-time assistant to
the Chairman of the Research Center. During the past year, he was
asked to present his work at international meetings in France and
in Czechoslovakia for which the National Academy of Science ap-
pointed him alternate delegate to represent the Academy and the
National Research Council.

oy
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APPLIED ANALYSIS

directed toward maintenance and development of innovative capa-
bility in new theoretical techniques applicable tc a broad spec-
thum of probLem areas of imporntance to the Laboratory, Zhe Navy, 3
DoD, and the nation. 1

E
The Applied Analysis component of the TRED progham is g
]

Emphasis continues to be placed in four general areas:
theoretical chemistry, wave phenomena, statistical methods, and
7™ mechanics of fluids. The research is carried out through the
part-time efforts of eight senior scientists and one associate
scientist, in several instances with the collaboration of scien-
tists in other divisions and at other institutions not funded by
the APL IR&D program. Fifteen publications were issued during
s the present reporting period, and five others were accepted for
future publication. Two of the APL scientists received invita-
tions and financial support to participate in internationally
3 i sponsored workshops. Dr. M. H. Friedman, Supervisor of the group,
‘ continues to serve as (part-time) Associate Professor of Ophthal-
E mology in The Johns Hopkins University School of Medicine. He
{ is a Fellow of the American Institute of Chemists and a recipient
of the National Capital Award of the District of Columbia Council
of Engineering and Architectural Societies.

Theoretical Chemistry: Molecular Structure and Reactivity

Valence-bond theory has been exploited to predict the
outcome of concented chemical reactions, based on the molecular
symmethy properties of the reacting molecules. Accurate deter-
mination of the electronic sthucture of several diatomic mofe-
cules hz: been accomplished by applying the diagrammatic tech-
niques of many-body perturbation theory.

Chemical reactions lie at the heart of combustion, pro-
pulsion, and a vast number of energy-related phenomena of DoD and
3 civilian importance. Assured capability to achieve new and im-

1 [ proved reactions depends in large part on developing an improved

‘ quantitative understanding in fundamental, atomic/molecular terms.
The studies in theoretical chemistry are a continuing effort to
develop this capability.

The general method of approach is primarily through so-

ui \ phisticated techniques of many~body perturbation theory (MBPT), and

E { has been carried out by Dr. D. M. Silver, of APL, and with collabo-
: rators at other institutions who are not funded by the IR&D program.
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The work continues to be outstandingly successful as mea-
sured by published results and the wide recognition accorded them.
During the present period, for example, Dr. Silver was invited to
and attended the summer workshop on Collisions on Excited State
Potential Energy Surfaces sponsored by the Centre Européen de
Calcul Atomique at Moléculaire, expenses being paid by the French
government. He also received, from the U.S. National Research
Council, National Academy of Sciences, an award to attend the XXV
International Congress of Pure and Applied Chemistry, Jerusalem,
6-11 July 1975. 1In addition, he was invited by The Johns Hopkins
University Department of Chemistry to give a series of lectures
on his research during the forthcoming academic year.

The development and understanding of selection rules is
of wide importance to reaction chemistry and has constituted one
phase of the program, as described in a previous report of this
series. A new set of selection rules for concerted chemical reac-
tions has been developed using the valence-bond theory to describe
the structure of the molecules undergoing reaction; the methods
are described in detail in a comprehensive publication (Ref. 1)
in collaboration with Prof. M. Karplus of Harvard University.
Using these methods, complicated molecular species can be analyzed
in terms of pairs of electrons. The selection rules can then be
applied to predict the feasibility of a reaction occurring. These
predictive rules are of particular value in synthetic organic
chemistry and in analyzing fast chemical reactions involved in com-
bustion and upper atmospheric processes.

The properties of individual reaction paths at critical
points on potential energy surfaces are of special importance in
understanding the unfolding of reactions, and a mathematical ex-
amination of these (Ref. 2) was carried out in collaboration with
E. A. McCullough of Utah State University. The study shows that
a path of steepest descent follows a smooth kinkless trajectory.
Such information is particularly relevant to studies of the dy-
namics of chemical reactions. Classical mechanical trajectory cal-
culations on a bimolecular reaction (Ref. 3), carried out in col-
laboration with Dr. N. J. Brown of the University of California,
Berkeley, are found to be quite sensitive to the detailed nature
of the interaction potential. Hence, the most powerful methods
(e.g., many-body perturbation theory) are required in order to ob-
tain these potential surfaces with sufficiently high accuracy
(Ref. 4).

In collaboration with Dr. R. J. Bartlett (The Johns Hop-
kins University and, subsequently, Battelle Memorial Institute),
the technique of applying many-body perturbation theory to deter-
mine the structure of molecules has been developed from preliminary
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small-scale low-accuracy calculations (Refs. 5 and 6) into rather
large-scale calculations with which the desired 'chemical" accu-
racy (in the range of 1 to 10 kcal/mole) has been achieved for
molecular energies of several diatomic hydrides (Refs. 7 and 8).
It is important that this accuracy be achieved using calculations
that include only correlation effects due to pairs of electrons

- (two-body effects). The perturbation series is truncated after
third order with higher order contributions included by means of
denominator shifts (Ref. 9). In the many-body approach, the cor-~
relation energy is developed in terms of several diagrams repre-
senting the various types of interelectronic interactions (Ref. 10).
Such diagrams are particularly useful for translating algebraic
expressions into extremely efficient computational schemes for use
on the computer (Ref. 11).

In developing the many-body methods for molecular appli-~
cations, a number of aspects must be considered. One of these
(Ref. 12) involves the use of modified potentials for the deter-
mination of excited state orbitals. Although it is possible to
tailor these orbitals to some physical feature of the system un-
der study by using a modified potential, it is found that the
modified and standard potentials yield total electronic energies
within 1 kcal/mole of one another when the perturbation calcula-
tions are performed through third order with shifted denominators.
This shows that the costly integral transformation, required when
a modified potential is used, can be avoided without significant
sacrifice of accuracy. The high accuracy and low computer cost
associated with the many-body calculations suggest that the many-~
body methods should be particularly valuable for the determina-
tion of potential energy surfaces corresponding to chemically re-~
acting molecules.

Principal Investigators: D. M. Silver, M. Karplus, E. A.
McCullough, Jr., N. J. Brown, and R. J. Bartlett. Dr.
Silver is a senior chemist in the Theoretical Problems
Group of the Research Center. Drs. Karplus, McCullough,
Brown, and Bartlett are not funded by the program.
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Radiofrequency Enhanced Plasma Confinement

PRasma confinement poses a key probLem to the develop-
ment of nuclear reactorns. The concept of enhancing confinement
An magnetic mirnons by use of an RF electromagnetic field at a
grequency sLightly above the Lon cyclotron frequency 44 atthac-
tive but has received relatively Little study because theonretical
fustification has been based on adiabatic invariant approxima-
tions that break down under conditions of practical intenest.
This study examines an Lidealized situation that 4is solved with-
out approximation. It 4is found that conginement occurs, Ao that
the concept is valid under more general conditions than has been
Aupposed.

Plasma and electromagnetic wave phenomena are important
in DoD and civilian areas, including lasers, semiconductors, and
radio propagation as well as thermonuclear fusion. The present
study, carried out part-time by Dr. E. P. Gray, is a continuation
of a low level of effort to maintain forefront analytical capa-
bility in areas of plasma physics and electromagnetic waves. Dur-
ing the present period, Dr. Gray received an invitation and an
award from the U.S.-Australian Scientific Exchange Program to
participate in the Workshop on Plasma Waves (Sydney, Canberra, and
Adelaide, 10-18 February 1975), where he presented the results of
the present study (Ref. 1). Also, Dr. Gray continues to author
the annual update of progress in plasma physics for Science Year.

One of the serious difficulties that has beset attempts
at using magnetic mirrors as thermonuclear reactors is the effect
of the loss cone. Not only does this region of phase space act as
a sink for particles that are scattered into it, but its existence
distorts the particle distribution function in such a way as to
drive the loss-cone instability and thereby further deplete the
confined plasma. Any method that could eliminate or reduce the
loss cone may therefore contribute significantly to the possibil-
ity of mirror reactors.

-—
|

It has long been realized that RF electromagnetic fields
suitably applied to a mirror plasma might prevent the escape of
some or all of the particles in the loss cone. However, the in-
teraction between field and plasma is inefficient except near
resonance, and there the RF loss to the plasma has appeared to be
intolerable.
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Several years ago, Watson and Kuo-Petravic suggested a
possible way out of this dilemma. They showed that by using a
frequency only slightly above the largest ion cyclotron frequency
encountered by a plasma ion in the mirror (i.e., at the point
where it is reflected), the field-plasma interaction can be made
sufficiently large without incurring RF loss to the plasma. This
theory, which is based on the existence of several adiabatic in- ; |
variants, was verified numerically by these authors and later by |
Gray (Ref. 2).

Recently the concept has been criticized by Klima (Ref. 3)
and Lichtenberg (Ref. 4). They have shown that only a frequency
very close to cyclotron resonance will permit mirror stoppering
with an electromagnetic pressure much below the unacceptably large
value it would require far from cyclotron resonance; such a close
approach to cyclotron resonance, they point out, invalidates an
assumption underlying the adiabatic invariance on which the theory |
is based. '

In the present work it is shown that there are circum- :
stances when the breakdown of the adiabatic invariant near reso- vg
nance does not result in RF absorption, nor does it necessarily 3
lead to less particle continement. This was accomplished by de- ]
vising a combination of constant magnetic field and position- 3
dependent RF electromagnetic field for which closed-form exact 3 Q
solutions to the equations of motion were found. The RF field : .
used is circularly polarized in a direction perpendicular to the
static magnetic field; its strength is proportional to the dis-
tance along magnetic field lines from some null-point where it
vanishes. (Such a field is approximation valid near the midplane
of a cylindrical cavity of a circularly polarized standing wave.)

In such a field, the component of particle motion in the
direction of the magnetic field is the superposition of two sinu-
soidal motions with frequencies m, and m_, where
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and e and m are the particle's charge and mass, c 1s the
velocity of light, E,, L, and w are the strength, scale length,
and frequency of the electromagnetic field, and B, is the magnetic
field strength. No matter how closely one approaches cyclotron
resonance (R = 1), where the adiabatic invariant breaks down, no
RF energy is absorbed by the particle, and the amplitude of its
oscillation does not increase significantly. This shows that
Klima's and Lichtenberg's criticism is not applicable to this ex-
ample.

It is clear, therefore, that the Watson/Kuo-Petravic con-
tainment concept remains valid under conditions not envisaged in
its original proof, and that the criticism of the scheme by
Lichtenberg and Klima, while pointing out real difficulties, can-
not be regarded as proof that the method must fail. However, it
has still not been ascertained conclusively whether or not near-
resonance RF stoppering of magnetic mirrors can actually be made
to work.

Principal Investigator: E. P. Gray. Dr. Gray is a senior physi-
cist of the Theoretical Problems Group of the Research
Center. He is also an instructor in the Evening College
of The Johns Hopkins University.
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Statistical Physics of Phase Transitions

Techniques of statistical mechanics are important to the
understanding, prediction, control, and utilization of many phe-
nomena including phase transitions, interparticle fonrces, and
material properties.

A modified Pade approximate technique 44 developed for
studying the sinaularities of the thewmodynamic functions at a
phase transition ernitical point and forn studying the dependence
0f these singulanities on the nature of the forces of interaction
between the constituent atoms on molecules. The method 48 applied
to the three-dimensional 18ing model of crystalline materials and
Leads to improved determination of citical exponents and new Lin-
84ght into their dependence on interparnticle forces.

For several years, study of the Ising model has been par-
ticularly rewarding in elucidating the fundamental nature of phase
transitions. Previous analysis of series expansion coefficients
for the low-temperature compressibility exponent suggested a smooth
convergence to a value different from the high-temperature exponent
and thus in violation of the '"universality" hypothesis. During the
past year, we completed a study in which our modified Padé approxi-
mant technique was used to analyze recently available low-tempera-
ture series coefficients. The results of this study (Ref. 1) yield
little change in the previously predicted values for body-centered
cubic (BCC) and face-centered cubic (FCC) lattices but suggest
values for the simple cubic (SC) and diamond (Dia) lattices which
agree with universality. However, there remains some irregularity
in the behavior for the SC and Dia lattices so that the addition
of a few more terms appears warranted. Also, preliminary steps I3
have been taken toward the development of virial expansions of the &
free energy of Ising models with longer range forces.

o

o, R T 2

Shali abagic i3

Remarkable similarities in the gas~liquid, the paramag-
netic-ferromagnetic, and the disordered alloy-ordered alloy tran-
sitions suggest that, in an important sense, these diverse systems
are equivalent. The inference is that the transition properties
are insensitive to the detailed nature of the forces of interac-
tion, and this has stimulated intensive study of the Ising (two
discrete levels of interaction) model in which these diverse sys-
tems are mathematically equivalent. We had previously developed a
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modified Padé approximant technique for inferring critical point
properties of the Ising model from power series representations

of the diverging thermodynamic functions (Ref. 2). Such power
series are valid representations only in regions far removed from
the critical point, and in extrapolating the predicted behavior

to the critical point one expects, if the critical point is in
error, that this will lead to an erroneous estimate of the strength
of the divergence. It is customary to assume a power law type di-
vergence, and in the modified Padé procedure the test estimate for
the exponent in the power law is obtained by plotting various Padé
estimates for the exponent against the corresponding Padé estimates
for the critical point, and then extrapolating or interpolating a
straight line fit through these points to the actual critical point,
which is found independently.

The method has now been applied to the most recently
available sets of power series coefficients for the free energy of
two- and three-dimensional nearest-neighbor-Ising models. Esti-
mates for the low~temperature compressibility exponent y' are
shown in Fig. 1 for four three-dimensional lattice structures.

(The actual critical temperatures [indicated by vertical bars]

have been inferred from the relatively well-behaved series expan-
sions for the high-temperature compressibility.) The highest order
term that is available is indicated by the number in parentheses
next to each curve. The closed circles, open circles, and open
diamonds correspond to results obtained by retaining, respectively,
all the N known terms, all but one term, and all but two terms.
The data for the SC lattice are particularly noteworthy. The esti-
mates drawn as stars were obtained from low-order Padé approximants
(obtained by terminating the series at a substantially lower value
of N), and their extrapolation would suggest y' & 1.30 for the SC
lattice. However, when all the known terms are employed, the esti-
mate is y'(e) = 1.255 which is very close to the value y' = 1.25
predicted by "universality." In general, the data for the SC and
DIA lattices suggest that the addition of three or four more coef-
ficients might lead to a significantly better estimate in those
cases.

There are certain alloys and magnets which are nearest-
neighbor Ising-like in their behavior very close to the critical
point, but which show obvious deviations from this type of be-
havior as one goes further away from the critical point. It is
possible that longer range forces are responsible for these devia-
tions, and we are presently developing virial expansions for higher
neighbor Ising models in order to investigate the effects of these
forces.
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Fig. 1 Plot of the Low-Temperature Compressibility Exponent Estimates
versus Corresponding Critical Temperature Estimates in the Pade’
Analysis of the Three-Dimensional Ising Model. The temperature
variable is defined by Uc(®) = exp (—4J/kTc(®)), with J the
exchange constant, k the Boltzmann constant, and Tc(°) the Pade
estimate of the critical temperature. The lattice structures are
body-centered cubic (BCC), face-centered cubic (FCC), simple cubic
(SC), and diamond (Dia). Note that the exponent estimate for the
SC lattice is extremely close to the value predicted by “universality.”
The dashed and solid lines for the Dia lattice indicate that 7' deduced
by this method depends on which data point is chosen at low Uc(e).
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Signal Analysis of Eye-Brain Systems

New techniques in signal processing continue to be impor-
tant to science and technology, in general, and to the DoD, the
Navy, and the Laboratony, in particular. Understanding of the
visual system of primates (including man), viewed as a sophisti-
cated signal processing system, offens the promise of significant
new concepts. A generally applicable theony of thansient signals
A8 hene vernigied by studies of visually evoked potentials (VEP) 4in
the brains of monkeys. The analysis demonsirates close associa-
tion of the VEP signals with an elemental response of human vision.
The good agneement with predictions of the theory recommends s
application to othen complex systems.

The study of complex systems via signal analysis has
wide-ranging application to problems of Naval and Laboratory con-
cern. A sovereign model for complex signal-processing systems is
the eye~brain system, in which light signals are processed through
visual sensations into perceptual information. Thus, along with
their function importance, visual systems offer a demanding test-
ground for signal analysis.

A theory of system dynamics was developed in an abstract
form that is applicable to general, complex systems. The theory
postulates high-frequency linearization of a system about its dy-
namic steady state, from which an abrupt frequency shift is then
predicted to elicit the elemental response (Green's function)
characterizing the system behavior. This prediction was tested
and proven by specific application to the visual system.
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While there exists a massive body of visual research,
little has concerned high-frequency ("suprafusion") vision. How- ¥
ever, a novel technique using perceptual, behavioral, and neural )
suprafusion responses has been developed at APL for analyzing
signal processing in the visual system (Ref. 1 and earlier cita- ]
tions therein). Recently, we have detected suprafusion electrical 3
signals in the eyes and brains of monkeys (Ref. 2). 3

We report here on the analysis of VEP signals stimulated
by period jumps in a luminance modulated at 5 100 Hz. 1In brief,
experiments on rhesus monkeys with electrodes implanted on their
brain cortex were conducted repetitively, and the responses en-
semble-averaged to bring the VEP to accurately measurable levels
relative to noise. A series of such experiments with varying
period jumps gave data on the behavior of the VEP transient.
Analysis of the VEP signals into principal components (PC) per-
mitted quantitative comparison with human behavioral and percep-
tual responses and with theoretical predictions. Further details
are published in Ref. 3.

Analytical results for PC waveforms, labeled by their
eigenvalues in percent signal variance, are shown in Fig. 1. Fig-
ure la covers the full duration of the signal, Fig. 1lb the early
part only. The latter analysis serves to isolate and magnify the
polar (signed) PC, which is of special perceptual interest. The
polar PC, though small overall (0.7%), is clearly significant in i3
the early signal (11 to 14%). 8

Analysis of PC eigenvectors as a function of the experi-
mental period jump (tp - t;) further showed that to a good approxi-
mation all the VEP signals may be summarized into the empirical
formula

VEP(t) < (tz - 1) * G,(¢)

where G, is (+) the dominant PC, the sign depending on the sign of
the jump.

We conclude from these results that the VEP signals show o
intimate association with suprafusion responses in man (Ref. 1).
The fact that the early VEP carries a distinctive, but slight,
polar component is suggestive of human perception of a definite,
though elusive, polarity to the suprafusion phenomenon. Quantita-
tively, the close proportionality of the VEP to (t; -~ t;) fits
well with the psychophysical threshold value of t, - t; being
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3 accurately a constant for all t; and tz < 10 ms (frequencies
> 100 Hz), and is consistent with visibility studies above thresh-
old.

Further, the empirical formula for the VEP above accords
with our theoretical prediction of suprafusion signals (Ref. 1),
namely, V(t) « (tp - tj) * G(t,0) where G(t,0) is Green's func~
5 tion for the responding subsystems; her: the "on'" and "off'"
& brightness systems (cf. G+ above). One can then speculate on the
4 possible role of the PC as Green's functions for brightness
3 (Ref. 4). Finally, because the theory is applicable to other
4 than visual systems, it bears broad significance for diverse sig~-
nal analyses.

Principal Investigators: J. F. Bird, G. H. Mowbray, and R. W.
Flower. Dr. Bird is a senior physicist of the Theoreti-
cal Problems Group of the Research Center. Dr. Mowbray
is a senior psychologist no longer associated with the
Laboratory. Mr. Flower, a senior physicist of the Bio-
medical Programs Office, is not supported by the IR&D
program.
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Fluid Mechanics and Transport Phenomena

Advances in the mechanics of §luids continue to be of
Ampontance to a broad spectrum of Laboratony interests and to
the IRED program. 1In past yeans, Research Centern investigatons
, have made contrnibutions in many areas, including interiorn and ex-
3 terion ballistics of namfet and rocket motons, combustion, heat
F and mass transport, and fLow-separation phenomena, including bio-
R - medical applications.

4 Currently, the Applied Analysis component of the IR&D

: phase of the Research Center's activities in fluid mechanics and
transport is devoted to further elucidation of flow-separation
transient phenomena and to new techniques for the determination
Ly of diffusion coefficients. The two following articles describe
'f N this work. The work is carried out through the part-time efforts
E of Dr. C. B. Bargeron, Mr. R. L. McCally, and Dr. V. O'Brien, in
collaboration with Dr. L. W. Ehrlich of the Applied Mathematics
Group. Current work has been described in more detail in the
publications cited in the following discussions and by several
presentations at scientific meetings. Some of Dr. O'Brien's work
on incompressible flows was presented by her in an invited talk
for the Spring Meeting of the American Physical Society. The de-
velopment of new mathematical techniques for dealing with separa-
tion and also with stratified flows (with particular application
to Navy-related oceanographic problems) is carried on primarily
by the Applied Mathematics Group, as described in a subsequent
section of this report.

Viscous Flow Theory

Prediction of neal unsteady flow 48 important, but difgi-
cult in many technical applicaiions., Although the basic §Low
equations have Long been known, complete sofutions (viscous gLow
I theony), which are dependent on geometry, wall boundary conditions,
b | and various §low parameters, are relatively few. Through analytic
i and numerical simubation we have enfarged this inventory, Leading
Ansdight to such phenomena as separation, porows wall boundary con-
ditions, and phase shifts <in unsteady §low. Detailed quantitative
exz:nimgntaﬂ verd fication of some ursteady Adimulations has been
achieved.

Reliable quantitative predictive laws for laminar viscous
flow problems can only be constructed by rigorous theoretical study
(in contrast to gross aspects often handled semi-empirically).

Fine details of model incompressible flowfields are now being
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simulated by efficient finite~difference (approximate) solution
of the unsteady nonlinear momentum equation (Navier-Stokes equa-
tion). Valid prediction of a real flow system by numerical simu-
lation depends upon proper hypotheses for the mathematical bound-
ary conditions as well as the accuracy of the numerical methods.
The latter is sometimes tested by analytical solutions (where they
;4 exist), but ultimately experimental verification of a simulation
3 (although itself inevitably limited by measurement difficulties)
provides the necessary check on theoretical progress. Once the
simulation is verified, a wide class of related flow problems is
predicted confidently.

In some few instances of parallel flow, the details of
the flow can be expressed analytically and by direct numerical
approximation. One of these special cases is oscillatory flow in
| a straight rectangular duct. Previous published solutions were
: found wanting, and new analytic expressions for the harmonic flow
details were derived (Refs. 1 and 2). 1In this geometry, any
parallel unsteady flow can be synthesized by Fourier superposition
or calculated by numerical time-marching.

Another tractable case of parallel unsteady flow is pro-
vided by an oscillating plate apparatus (Ref. 3) for which we can
both express the viscous flow solution analytically and calculate
it numerically. These flow solutions, including the induced pres-
sure gradient, are a function of a single "Stokes number" or un-
steadiness parameter, n = ‘/m/2v L where Real part [elWt] is the
harmonic driving plate motion, v 1is the Newtonian fluid kine-
matic viscosity, and L 1is the separation between the parallel
plates (a fixed one and the driving one). The theoretical veloc-
ity fields (analytic and numerical approximation) and experimental
measurements agree satisfactorily over a wide range of n values
(Ref. 4).

Analytic steady simple shear solutions are also possible
for flows parallel to a corrugated surface (Ref. 5), which are
more easily (i.e., inexpensively) calculated numerically. Deep
narrow corrugations provide an analog for the surface layer of an
| idealized porous macrix and allow the calculation of the average

‘ surface "slip velccity.'" These had previously been defined semi-
ﬂ.} empirically on the basis of a '"slip coefficient" for certain
l

porous surfaces. Numerical computations for parallel tangential
shear flow, pressure-driven parallel flow, and pressure-driven
transverse flow provide slip velocities for the same surface un-
der various shear flows. The numerical calculations allow a cri-
tical examination of the definition and estimation of a slip coef-
ficient (Ref. 6).
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Two-dimensional Reynolds number (Re)-dependent unsteady
flows have also been simulated numerically. A simple box flow
reveals transient moving recirculation regions (Ref. 7) and illumi-
nates the conditions for unsteady flow detachment (and reattach-
ment) on a flat wall and the "breakaway' intersection of separated i

-y streamlines in midstream (Ref. 8). In all three cases, there is
also a junction of a zero vorticity contour and the zero stream-
I wise velocity component curve at the stagnation point. However, |
i the midstream streamline intersection is orthogonal while the |
separating streamline may meet the wall at any angle (demonstrated |
analytically for certain steady Stokes flows). %
Principal Investigators: V. O'Brien and L. W. Ehrlich. Dr. |
0'Brien is a senior physicist in the Theoretical Prob-
lems Group and Dr. Ehrlich is a senior mathematician in
the Applied Mathematics Group of the Research Center.
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Laser Intensity Correlation Spectroscopy of Macromolecules

Intensity correlation spectroscopy is now the most accu-
nate and rapid means of determining diffusion coefficients of
monodisperse macromoleculan particulates. This method is ex-
tended to polydisperse systems and verified by application to
Low and very Low density Lipoproteins (LOL and VLDL) of human
pLasma.

Improved methods for remote, noninvasive, sensing, and
physical characterization of particles are important to a large
variety of problem areas. In some instances, e.g., colloidal
particles in the atmosphere or macromolecular and cell complexes
in blood, emphasis may be placed on size and the concentration
of the suspended particles themselves. In other instances,
known particulates may be used to permit inferences to be drawn
regarding properties (e.g., temperature) of the medium in which
they are suspended.

A
| -

Laser intensity correlation spectroscopy is a technique
for measuring the time-dependent fluctuations in the intensity
of light scattered from various media. Particles in solution
scatter light, and intensity fluctuations arise from the Brownian
motion of the scatterers; the decay constant of the autocorrela-
tion function of the scattered light is related to the molecular J
diffusion coefficient. The diffusion coefficient is, in turn,
related to the frictional coefficient by the Stokes-Einstein
equation. Thus, the effective hydrodynamic diameter of scat- 3}
terers can be determined from intensity correlation spectroscopy, 4
and it is now the most accurate and rapid means for determining
this important property. J

The interpretation of data from polydisperse samples is
complex; however, recent advances in data analysis have made the
investigation of such systems practical. The cumulant method
(Ref. 1) is a completely general approach to the study of polydis-
perse systems. Cumulant analysis yields the so-called z-average
diffusion coefficient, its variance, and, in ideal cases or with
sufficiently noise-free data, a third parameter related to the
skewness of the generalized distribution of diffusion coefficients.

L —

During the present period, we have applied this method
to LDL and VLDL of human plasma. Plasma lipoproteins are macro-
molecular complexes of lipid and protein which enable the trans-
port of normally insoluble lipids throughout the tody. LDL and
VLDL are the principal carriers of cholesterol and triglycerides,
respectively, and are of considerable interest because of their
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{ possible involvement in atherosclerosis. In current practice,
lipoproteins are defined by their flotation properties in the
ultracentrifuge. LDL comprise those lipoproteins in the density
range of 1.019 to 1.063 g/cm3 and VLDL are those having densities
less than 1.006 g/cm3 (excluding the transient species called
chylomicrons that appear shortly after eating and disappear within
a few hours). In the electron microscope, LDL diameters range
between 21.0 and 25.0 nm and VLDL have very broadly distributed
diameters ranging between 30.0 and 80.0 nm.

Db s o

Pure lipoprotein samples were provided by Dr. S. Margolis
of the Johns Hopkins Medical Institutions for our study, using the
intensity correlation technique. Preliminary results on LDL and
VLDL were reported to the Biophysical Society (Ref. 2). We find
that the diameters computed from the z-average diffusion coeffi-
cients of both LDL and VLDL are in general agreement with the
diameters reported in electron microscopic studies, being 24.0
and 71.0 nm, respectively. Additionally, these studies suggest :
a much broader size distribution for LDL than is indicated by 4
electron microscopy. One possibility is that larger aggregates
(oligomers) are present. Indeed, our preliminary data show that
the z-average diffusion coefficient of LDL increases and its
va.iance decreases with decreasing concentration. This behavior
is indicative of both a smaller average particle size and a nar-
rower distribution at smaller concentrations and is consistent
with the occurrence of an equilibrium reaction between LDL mono-
mers and LDL oligomers.

el A
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We also investigated the possibility of specifying a
form for the size distributions and then using the light scatter-
ing data to predict the parameters that describe this function.
Up to now, analytical techniques have been developed only for
finding the parameters of a Gaussian size distribution from the
values of the cumulants (Ref. 3). In the case of VLDL, our data
yield a reasonable value for the center of the Gaussian, but its
width 1s much too great to describe the known range of VLDL
diameters. Our LDL data could not have resulted from a Gaussian
distribution of diameters. We conclude that, for this approach
to be useful in lipoprotein research, other distributional forms
will be required to describe VLDL and LDL sizes. Nevertheless,
{: the cumulant approach is valid even in the absence of knowledge

i
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of the distribution form.

Principal Investigators: R. L. McCally and C. B. Bargeron. Mr.

McCally is an assoclate physicist in the Theoretical
Problems Group and Dr. Bargeron is a senior physicist in
the Electronic Physics Group of the Research Center.
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APPLIED MATHEMATICS

The Applied Mathematics Group specializes in areas 0f
classical and modern analysis of concen to the Laboratory. The
group supports various Laboratory proghams, but the majon portion
0f its work is in suppont of and funded by the Research Center's
IRED program. The ghoup 48 made up of four senior mathematicians,
each necognized as a significant contributon to his field through
his published oniginal nesearches. In general, active areas in-
clude numerical analysis and the development of computational
algonithms, analysis of the behavior and of approximation of solu-
tions to parntial differential equations, and the development of
estimation techniques 4in spectral theony. Applications have in-
cluded improved computational procedures {in numerows progham
areas, parnticularly those involving structural and §luid mechanics.

The present year has been especially notable for the in-
ception of stratified flow studies and the early achievement of
important results. Significant progress also has been achieved
in the continued development of general approximation methods in
differential equations and estimation techniques in spectral
theory. Results are described in detail in three papers which
have been accepted for publication. It is also noteworthy that
Dr. D. W. Fox, Supervisor of the Applied Mathematics Group, was
invited by The Johns Hopkins University to accept an appointment
as William S. Parsons Visiting Professor in the Department of
Mathematical Sciences for the academic year 1976-1977 and was an
invited lecturer at the J. M. Jauch Memorial Workshop in Mathemati-
cal Physics held in Geneva, Switzerland, in the summer of 1975.

A Fundamental Solution for Stratified Fluid Flows

A grequently used model fon the flow of stratified fLudds
acted on by gravity can be described by a coupled pairn of second-
orden partial differential equations in space and time. Fon this
system, we have found the gfundamental solution in three dimensions
and a solution fon a general inhomogeneous initiak value problem
in tenms of the fundamental solution. The importance of the fun-
damental solution L8 that it nreduces the solution of a Large
class of impontant problems fon these equations to integrhation.

The study of problems in the theory of stratified fluids
is motivated by a need to understand the behavior of atmospheric
and oceanographic flows in which the stratification and gravity
introduce significant buoyant forces. When a fluid of variable
density is acted on by gravity, the displacement of the heavier
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fluid by the lighter brings buoyant forces into play, and the
movement of such a stratified fluid is also properly called a
buoyant flow. Among such flows of practical interest are the in-
duced movements caused by the displacement of submerged bodies in
the ocean, which is a slightly stratified fluid.

Although buoyant flows have been widely investigated by
hydrodynamicists for many years, only the simplest problems have
been solved and phenomena have remained poorly understood. It
appears, therefore, that systematic mathematical techniques, in-
cluding the use of fundamental solutions, should provide valuable
new insights. Thus, during this reporting period a project was
initiated to bring such techniques to bear.

When the equations of motion for an inviscid incompressi-
ble slightly stratified fluid are linearized about static equilib-
rium, the introduction of a potential for the horizontal velocity
allows the system of equations to be reduced to a convenient pair
of second-order equations. Under the usual hypotheses — constant
buoyancy frequency and inertial density — we have found an explicit
gxpression for the fundamental solution of this system of equations
and its interpretation as the effect of impulsive injection of
fluid into a fluid at rest.

The importance of a fundamental solution derives from the
fact that, for the equations and region for which it is valid, it
reduces the solution of a great variety of inhomogeneous initial-
value problems to integration. Further, by a variety of more-or-
less standard devices it often can be modified to apply to a num-
ber of other regions. Equally important, analysis of the behavior
of a fundamental solution yields considerable information on the
properties of whole classes of solutions, any of which might other-
wise be difficult to obtain explicitly. In addition, it is a
usual starting point for a formulation of initial-boundary-value
problems in terms of integral equations.

The structure of the fundamental solution shows a natural
decomposition of the flow into two parts, one the flow of nom-
buoyant ideal fluid of constant density and the other a modifica-
tion that gives the influence of buoyancy. The first part re-
sponds immediately to the impulsive injection, the second is slow
and long lasting. We give especially simple expressions for the
fundamental solution directly above and below the singular point
and in the horizontal plane with it.

s o

The solutions of the initial-value problem are then ex~-
amined in light .of the properties of the fundamental solution. We

2=
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note that, in addition to an oscillating source-like (injection)
effect, the initial conditions produce a term that decays with
time without changing its spatial distribution. Under certain
conditions, this can be the total effect of the initial condi-
tions. In other circumstances, when the initial conditions are
confined to a bounded region, we show that the influence of the
initial conditions dies off at large distances faster than that
of a source distribution with nonzero total strength.

Principal Investigator: D. W. Fox. Dr. Fox is Supervisor of the
Applied Mathematics Group of the Research Center. He is
the recipient of the Scientific Achievement Award in
Mathematics of the Washington Academy of Sciences and a
Fellow of the Academy.

Numerical Solutions of Partial Differential Equations

The application of the conjugate gradient method to the
iterative solution of Large Linean systems has Led to a technique
that appearns to have great promise.

A standard technique for solving differential equations
is the replacement of the partial derivative with difference
quotients, imbedding the regions in a grid or network of points
and applying the difference equations at each grid point. This
leads to a large sparse system of algebraic equations. If the
original differential system is second order, linear, and separa-
ble, the resulting algebraic system can be solved by direct
methods. In most other cases, iterative methods are needed. To
use these iterative methods efficiently, one must estimate a re-
laxation factor, which in turn requires an estimation of the
largest eigenvalue of the linear system.

The conjugate gradient method, on the other hand, does
not require a relaxation factor. Indeed, it essentially deter-
mines the eigenvalue distribution as it iterates.

Current techniques for solving the biharmonic equation
use a relaxation method that requires (a) the decomposition of
the biharmonic equation into a coupled pair of harmonic equations
and (b) an estimation of the largest eigenvalue with which to
compute the relaxation factor (Ref. 1). Use of the conjugate
gradient method avoids both requirements. The biharmonic matrix
is split into the sum of two matrices and the gradient method ap-
plied to the resulting system. Because the relevant matrix has a
single dominant eigenvalue, the gradient method converges rapidly.
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Current investigation centers around applying this method to other
problems.

Principal Investigator: L. W. Ehrlich. Dr. Ehrlich is a senior
mathematician of the Applied Mathematics Group of the
Research Center. He taught two courses at the Evening
College of The Johns Hopkins University for the Academic
year 1974-1975.
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1. L. W. Ehrlich, "Solving the Biharmonic Equation in
Irregular Region,'" presented at the 1975 National
SIAM Meeting, Troy, NY, and Symposium on Sparse
Matrix Computations, Argonne National Laboratory,
1975.

Approximating Solutions of a Biharmonic Boundary Value Problem

The biharmonic operaton

[N 4 4
S Jd'u d'u
50 ax" ke axzayz - Syu

plays a prominent nole in many gluid mechanics and elasticity
problems, e.g., the theory of plate deformation used in the
strwctunal analysis of ship hulls. Unforntunately, the boundary
value problems associated with the operator are not solvable ex-
actly except for a few special cases, and approximation methods
must be resonted to. The numerical method developed here has
two advantages over many other methods: (a) it 48 applicable
oven negions of very general shape, and (b) 4t 48 the only
method fon which erron bounds are computable.

The method depends on the existence of certain a priori
inequalities (Ref. 1); their use will now be briefly outlined.

We start with an appropriate a priori inequality, which for the
present boundary value problem is stated by

fv2 dx dy < o3 f(sz)z dx dy + azfvz do
D

D aD

2 2
+ aj {(%) do + ay (-g—:-) do ,
d 3

« 38 =
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where v = v(x,y) is an arbitrary but sufficiently differentiable
function. Notice that the first three integrals on the right are
in terms of data of the boundary value problem,

A%u = £, , in D,

ww £a on 3D, (2)
du
= ) on aD ,

while the last integral is in terms of the tangential derivative
of the given boundary data. If we now denote the solution of (2)
by u and construct an approximate solution uy by

n
Ua - igl ai¢i ’ (3)

where the ¢; are a suitable set of approximating functions, then
setting v = u - u, we have

o 2
2
ﬁu = ua)2 dx dy < oy f(fl = Z aiA ¢i) dx dy + a5 f(f2 = ua)2 do
D D oD
2

i=1
du 8y au \*
+ boos ARV TRl SRy
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Thus we have a norm error bound on the approximation uy; to u in
terms of the undetermined coefficients a,, 1 = 1,2,...,n. The aj

that minimize the right hand side of (4) are found by solving the
linear system:
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n
kzu:l ak{oq fa%kzs%idx + ay f b by do + aj f3¢k/3n'3¢i/an do
D aD aD

+ ooy f3¢k/¢s-8¢i/as do} = o ff1A2¢idx
aD D
(5)

+ o ffzd)ido‘ + a3 /f33¢1/3n do
aD aD

+ ay fafz/as-atbi/as deo o
D

1=t 20 Wasn

The inequality (1) has been used to calculate approxi-
mate solutions for a group to test functions over rectang s, tri-
angles, and circular sectors. The results indicate that the
method can indeed yield quite good approximations with maximum
relative errors of the order of 1076 to 10~7. A more detailed dis-
cussion of the method and results of the test examples are given
in Ref. 2.

Principal Investigator: V. G. Sigillito. Dr. Sigillito is a
senior mathematician of the Applied Mathematics Group of
the Research Center. He was the instructor for two
courses at the Evening College of The Johns Hopkins Uni-
versity for the academic year 1974-1975.
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Estimating Frequencies of Differential Operators

A method 48 given for estimating points in the spectrum
0f a general self-adfoint elliptic partial differential operaton.
Given nough preliminary estimates on thein Location, the method
systematically employs arnbitrarny trniak functions to give both
upper and Lower bow. 15.
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E Eigenvalue problems associated with certain elliptic

E ’ partial differential operators are of significant interest in

{ naval structural mechanical applications because, among other

4 things, the eigenvalues of such problems are proportional to the
frequencies of the vibration of membranes and plates. Often,
however, only crude bounds are known for the eigenvalues and more
refined estimates are needed for design purposes. Given rough
preliminary estimates of the eigenvalues, the method presented
here can be used to give refined estimates through improved upper
and lower bounds for the eigenvalues. The unique feature of the
method is that the trial functions used to obtain the bound can
be quite arbitrary and need not satisfy the boundary conditions
of the problem.

e - By
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5 We present the method in the setting of a symmetric op-
erator in a Hilbert space to preserve and illustrate the general
applicability of the method. Those readers unfamiliar with this
approach would probably gain a clearer understanding by thinking
of a concrete representation of the operator A (defined below),

E for instance as the Laplacian with zero boundary conditions. Cen-

tral to the method is the combination of the a posteriori inequal-
ity (1) with the a priori inequality (3) to produce the bound (4).

Suppose, then, that A 1is a symmetric operator on a do-
main D(A) dense in a separable Hilbert space H, and that A has
pure point spectrum {Ai} with corresponding orthonormal eigenvec-
tors {uy} that are complete in H. Let A4 be an invertible exten-
sion of A (i.e.,DA)c D (A ) CH with Agu = Au for u€ ©(A)).
Then, if there exists a function w satisfying

'é : X Agw = Ay, = du, 3 u, - w€DA) , (1)

>

mets
Bmcian s
I'

then for any number Ax and any function ux € D(A),

min e Ai < ” w”

)
1 i Il ugll

(2)
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Now the inequality (1) is combined with an a priori esti-
mate for w in terms of wu. For example, suppose R 1is a body
with boundary 3R, the Hilbert space is £2(R), and the operator is
the negative Laplacian -A on R, with domain consisting of the
twice-differentiable functions on R that vanish on 3R. The in-
equality a priori applicable is

(hot ot ccs (e v ca(fie ot -

where C;, C, are explicitly computable constants depending only on
R (see Ref. 1). Putting (3) into (1) and using (2) yields

i L
Cy (,/;(Au* i+ A*u*)2 dx)“'2 4G5 (}Q‘Ru*z ds)2
<~/~u 2 dx>%
RYx

Squaring and using Schwarz's inequality gives

2C).2 fl;(Au* + )‘*“*)2 dx + 2022 -};R u*2 ds
< . (4)
Ru*2 dx

Now let ul,up,...,u be arbitrary test functions that are twice-
differentiable. Let usx = ajurtazup+...+aju_ and let Ax be a guess
for an eigenvalue. Now minimize the right side of (4) with re-
spect to the undetermined coefficients aj; as in the Rayleigh~Ritz
method. The minimum is €2, the smallest eigenvalue of the relative
matrix eigenvalue problem

Aa - ¢2Ba =0
where the matrices A and B are defined by

: e
Aij = 2C, J{;(Aui + A*ui)(Auj + A*uj) dx + 2C, ar YgYy ds

L
Bij = ,/R-uiu:| ax

- 4] =
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and the vector a is the transpose of (aj;,...,a_ ). The more test
functions that are used, the smaller €2 will be. The minimizing

: value ug can be used to find an improved guess Ax for the eigenvalue.
i r Details are given in Ref. 2.

] - Principal Investigators: J. R. Kuttler and V. G. Sigillito. Dr.

b - Kuttler and Dr. Sigillito are senior mathematicians in

4 : the Applied Mathematics Group of the Research Center.

; Dr. Kuttler was an instructor at the University College
(Evening College) of the University of Maryland from
September 1974 through December 1974.
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ATOMIC, MOLECULAR, AND ELECTRONIC PHYSICS i

Improved basic understanding of energy Levels and energy- £
trans fen mechanisms continually Leads to new ftechnological capa- :
bilities in a very wide variety of areas, including Laserns, com-
putens, electromagnetic detectons, and rocketry. Fundamental
neseanch in atomic, molecular, and electronic physics continues
to be a fruitful component of the Research Centern's IRED program.
Emphasis s placed on the development of techniques and basic un-
derstanding with hespect to energy states and energy-thansfen
mechanisms .

In the past year, the Electronic Physics Group has made
significant progress on a variety of research studies in atomic,
molecular, and electronic physics. Six publications appeared in
the literature during this period and others are now in prepara-
tion. Present studies include (a) mass spectrometry of highly
reactive species, (b) scanning electron microscopy, (c) acoustic
waves in cavities and crystals, and (d) hyperfine structure con-
stants of halogen molecule ions.

The work carried out on each of these topics is summarized
in the attached individual research reports. In addition, the
Electronic Physics Group has for many years been involved in elec-
tron spin resonance studies of free radicals in collaboration with
the Microwave Physics Group. Work on this topic is included in the
IR&D report of the Microwave Physics Group.

Mass Spectrometry of Highly Reactive Species

Atomic fluorine reactions of the type (R-H) + F » R + HF
have been studied in the crossed molecular beam reactor. These
are found to be a nich sowrce of free radicals. The hydrogen
gluoride product s sometimes Left in a highly excited
state.

The identification and characterization of highly reactive
chemical species (e.g., free radicals and excited molecules) are
fundamental to the understanding of a great variety of chemical
and laser systems. Molecular beam techniques provide a unique
means of carrying out such studies under particularly well-defined
conditions. The Laboratory has pioneered in the development and
use of molecular beam techniques for the study of fundamental
chemical reactions. The work has achieved wide recognition; dur-
ing the present year, Dr. S. N. Foner, Supervisor of the Electronic
Physics Group, was invited to prepare for publication the early
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personal reminiscences on molecular beam research of the late
Dr. Immanuel Estermann (Ref. 1).

Emphasis in present research with crossed molecular
beams is being placed on reactions involving fluorine. The reac-
tions of fluorine atoms are of curreant interest because they have
not been as intensively studied as reactions involving more trac-
table materials, and the large amounts of energy released in re-
actions with hydrogenous compounds suggests potential applicabil-
ity in the fields of high-energy fuels and chemical lasers. The
crossed molecular beam inlet system of the APL mass spectrometer i
(Ref. 2) provides a unique method for directly observing the prod-
ucts of elementary reactions. In some cases it is possible to
determine whether a product is in an electronically excited state,

{ which relates to laser applications as well as to chemical kinetic
1 theory.

f o aa L Ut e aden o el

Bimolecular reactions of the type X + F + R + HF where 11
R = radical and X = (R-H) are currently being studied. ot

A Fluorine, diluted by a carrier gas of helium and/or argon,
flows through a 0.5-in.-diameter alumina tube at reduced pressure.
Immediately before reaching the molecular beam entrance orifice,

it passes through a 2450-MHz electrodeless microwave discharge,
where the fluorine is more than 99% dissociated. The reactant X [ ]
is introduced via a molecular beam just behind the entrance ori- N
fice. Table 1 gives a list of reactions that have been observed, \
together with values for the theoretical energy release. ?i

The occurrence of the radicals CH3 and NH; in the reac- :
tant column is a consequence of their high production rate in 13
initial reactions. Their subsequent reactions with F atoms pro-
duce secondary products in small but observable quantities. Ioni- i
zation potential measurements were obtained for all radicals listed ]
in Table 1 except CpH and H, which had low intensities. The low Ji
level of the hydrogen atom signal may be the result of momentum
conservation and the consequent low density of the atoms because i
| of theilr high velocity if a substantial part of the reaction en- '3
| ergy 1s converted to kinetic energy. However, the low density of 4
g | C2H radicals is probably due to a relatively low reaction rate,
. although any reaction observed by this technique must be con- \J‘

{ sidered to be moderately fast.
Measurements of the ionization potential of the HF reac-

tion product indicate that it is sometimes left with substantial ‘§
excitation energy. The onset energy for HFt from the reactions - %

- if = 3

g‘.
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Table 1

Atomic Fluorine Reactions

ground state molecule.

CyHyj9 + ¥ > C4Hg + HF

total heat of reaction in each case.

Reactant Radical Product Energy Release
X R AH (kcal/mole)
n - CyHjyg n - CyHg 35.0
n - CyH;p sec - CyuHg 44.7
CHy CHjy 30.6
CHj3 CH, 23.2
CoHp CoH 25.9
NH3 NH, 317
NH, NH 45.7
Hy0 OH 16.6
Hp H 31.6
NH3 + F - NH, + HF
and

occurred about 0.6 eV (13.8 kcal/mole) and 1.0 eV (23.1 kcal/mole),
respectively, below the ilonization potential of 15.77 V for the
This energy accounts for about half the

Figure 1 shows the de-Boltzmannized ionization curve of

HF from the reaction with ammonia, together with that of the argon
The sharp upward break at about 15.8 V indicated
in the figure by the arrow probably represents ions produced from
ground state molecules, while the curve below that point results
from metastable molecules.

reference gas.
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Principal Investigators: S. N. Foner and R. L. Hudson. Dr. Foner

is the Supervisor and Mr. Hudson is a senior engineer of
the Electronic Physics Group of the Research Center.
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Scanning Electron Microscopy

The scanning electhon microscope has been used to study
the topognraphy and chemistry of solid surfaces and to analyze Aim-
portant features of a variety of microcomponents.

The recently acquired scanning electron microscope (SEM)
has a magnification range of 5 to 240 000 and a spatial resolution
of about 7 nm. With its energy-dispersive X-ray accessory system,
it can provide elemental analysis of surface composition with a
spatial resolution of about 100 nm. The ultra-high-vacuum pump-
ing system on this instrument eliminates the possibility of con-
tamination of the samples by ambient background gases, particularly
pump oil, thereby making it feasible to carry out physical and
chemical research on clean surfaces.

The SEM arrived in late March 1975, and the X-ray analysis
accessory system came in May. A considerable effort was dedicated
to setting up the instrument, determining its characteristics, op-
timizing operational parameters, and learning specialized SEM tech-
niques.

The investigations carried out with the SEM have ranged
from research on the surface structure of thin films of amorphous
semiconductors and electron breakdown effects in boron switching
capacitors to secondary electron and X-ray analysis of the causes
of failure in microelectronic devices. During this period, sam-
ples analyzed included 19 electronic packages such as integrated
circuits transistors and other microelectronic components, 13 sam-
ples of thin-film amorphous semiconductors and switching capacitors,
and 4 sets of organic crystals which are one-dimensional conductors.
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Overall View of a High-Frequency
Transistor from a Transit
Improvement Program ||

Satellite

Fig. 1b  Close-Up of Extraneous Matter between 1
the Gold Electrode Fingers. The small
outlined area was analyzed for
elemental content by detecting
emitted X rays
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Fig. 1c  X-ray Spectrum of Outlined Region in
Fig. 1b. The lines of tantalum are
very prominent




1
THE JOHNS HOPKINS UNIVERSITY i
APPLIED PHYSICS LABORATORY
LAUREL. MARYLAND
e
7

f:
A
440x _
; Fig. 2a A Thin Film Capacitor Consisting of a 1 um Boron Film between L
. Two 0.25-um Titanium Electrodes 3
5 |
= |
|
| ;
| %
; l q :
k| | I3
o E
B
1y i
i L 440x
i Fig. 2b  The Capacitor after a Single 2.5-ms Switching Pulse of 20 V
§ 1 Amplitude Was Applied
i |
- 51 -




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

Some of the analytical capabilities of the SEM are illustrated
by the following examples from these studies.

An important application of scanning electron microscopy
is in the evaluation of microelectronic components and in the
definitive analysis of the mechanisms responsible for failure.

As an example, consider the failure of a high~frequency Transit
Improvement Program II satellite transmitter transistor, as shown
in Fig. la. If the SEM is focused on a region of undamaged tran-
sistor as shown in Fig. 1b, extraneous material is observed be-
tween the gold fingers. Focusing the SEM on the small region out-
lined in Fig. 1b and analyzing the X rays excited by the electron
beam, one obtains the spectrum exhibited in Fig. lc in which the
lines of tantalum are prominently displayed. This indicates that
tantalum had migrated between the gold fingers and, probably,
caused a short between the emitter and base electrodes of the
transistor, resulting in the massive damage seen in Fig. 1la.

Another example that provides information on the physical
mechanism of electrical breakdown is the observation in the micro-
scope of the effect of applying a voltage pulse to a thin-film
boron switching capacitor. Figure 2a shows a capacitor before a
single electrical switching pulse was applied to the electrodes
via a multipin electrical feedthrough into the chamber. Figure 2b
shows the capacitor after a single 2.5-ms pulse of 20 V. The ex~
ceptional resolution of this and other pictures of the surface
permitted observations of microcracking that are not detectable
with an optical microscope. The results of these studies, which
clearly localize the breakdown regions, tend to substantiate the
electrothermal model for switching in these films (see the section
on Solid State Physics of this report).

A number of research applications of the SEM to the study
of physical and chemical phenomena on surfaces are being investi-
gated, including catalytic properties of various materials and
several aspects of the corrosion of metals.

Principal Investigators: C. B. Bargeron, R. B. Givens, and S. N.

Foner. Dr. Bargeron is a senior physicist, Mr. Givens
is an engineering assistant, and Dr. Foner is the Super-
visor of the Electron Physics Group of the Research Cen-
ter.

Acoustic Waves in Cavities and Crystals

Viscous acoustic damping by Large particles was found,
Ain accond with theony, to depend upon body shape. A disk placed
edge-on attenuates Less than a sphere of the same area, while a

- 52 ~
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§ine mesh screen placed broadside attenuates more than a sphere
by a factor of 14. Initial experimental siudies of surface-wave-
to-bulk-wave convernsion at the ends of rectangularly cut crystals
0§ anisotropic materials commonly used for surface wave devices
have shown that the Largest bulk wave generated on reflection-
convension in Y-cut, Z-propagating LiNbO3 is a shear wave beam
with a gorward component of direction. In certain crystal ornien-
tations thene 4s a common path for end-generated compressional
and shear wave energy glow.

Acoustic Damping by Particulates in Cases

The absorption of sound by small particles continues to
be of interest in connection with the stability of rocket motors.
Previous studies of the thermal and viscous damping of spheres in
an acoustic field (Ref. 1), showing good agreement between experi-
ment and theory, were published during the present year (Ref. 2).

During the present year, further experiments were per-
formed to determine the effect of particle shape on viscous and
thermal damping. The result for large particles is that thermal
damping is a function of body area, not of shape. On the other
hand, Kanwal (Ref. 3) has made a theoretical study of the effects
of body shape upon the drag (which produces viscous damping) ex-
perienced by the body in slow vibration in a fluid along an axis
of symmetry. For equal body areas, his theory gives the drag
ratio (damping ratio): disk broadside/disk edge-on/sphere as 9.60/
5.23/6.0. We have performed a single experiment at APL giving the
viscous damping ratio for the three cases as 10.2/5.7/6.0, in good
agreement with Kanwal's theory.

Other experiments were performed toward the goal of maxi-
mizing viscous damping with the result that fine screens (300 mesh
and 400 mesh) of surface area equal to that of a 0.95-cm-diameter
sphere produce 14 times as much damping at 1200 Hz.

The large viscous damping property of small disks of the
fine screen suggests possible uses in rocket motors that are mar-
ginally stable to acoustic oscillation. In these cases, the burn-
ing propellant gases must not contain particles. The screen disks
should be placed broadside to the particular acoustic particle mo-
tion of concern.

Bulkwave Generation in Surface Wave Crystals

The study of bulk wave generation in surface wave crystals
(Ref. 4) continues and has now been extended to include surface-
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f wave-to-bulk~wave conversion at the rectangularly cut and polished
E ends of crystals. While some of this work is preliminary, the ex-
f periments already show several interesting results. For example,
§ interdigital transducers launch the Rayleigh surface acoustic wave
; bilaterally with equal efficiency in both directions even in an
i

s

anistropic material. On the other hand, particularly in the widely
used Y-cut, Z-propagating LiNbO3, the conversion of surface waves
to bulk waves at the crystal ends appears to be about 20-~fold
greater for the shear wave with a forward direction component than
for that with a backward direction component. This implies that
suppression by absorption of the backward traveling Ravleigh wave
would eliminate the largest single bulk wave produced in a Y-cut

LiNbO3 crystal.

[ — g e+

A second feature of note is that, in both Y-cut, Z-propa-
gating and X-cut, Z-propagating LiNbO3 and in X~cut, Y~-propagating
quartz, there are vertical shear beams and compressional wave
beams that are reflected along the same path in the crystal. For
anisotropic materials, this is clearly an unexpected result since
the compressional velocity depends upon different elastic moduli
than those that determine shear wave propagation. 2

e Dkttt ks il et

Principal Investigator: B. H. Nall. Mr, Nall is a senior engineer
of the Electron Physics Group of the Research Center.
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Hyperfine Structure Constants of Halogen Molecule Anions from
Spin-Correlated Valence Bond Wave Functions

An approximate valence bond (VB) wave function that in-
cludes corrnelation between efectrons of opposite spin L5 used Zo
intenpret the experimental hyperfine structure (hfs) and elec-
thonic g-fgactor data forn the halogen-moLecular anions (XY)™ 4n
tenms of the internuclear distance and charge distrnibution of
these moLecules. 1% was found that interatomic comrelation and
the inclusion of both the valence and innen shell & electrons
are Amporntant factorns in the determination of the isotropic hfs
constants. The estimates of internuclear separation and charge
distribution obtained are consistent with considerations of Lon
s4zes and electrhonegativities.

Theoretical studies of structure at the atomic/molecular
level have continued. The interpretation of fine and hyperfine
structure in metastable states of molecular hydrogen described in
the FY 74 IR&D report (Ref. 1) have now been published (Refs. 2
and 3). During the present reporting period, emphasis in theoreti-
cal analysis has been placed on the study of defect centers in
alkali halides.

The study of defect centers in the alkali halides has re-
ceived renewed interest recently since there is a possibility that
their anisotropic optical absorption properties can be exploited
as memory devices in computer applications. One class of such de-
fects is the Vg center or halogen-molecule anion (XY)~ formed and
stabilized at low temperatures in an alkali halide lattice. This
work is an extension of our earlier work (Ref. 4) on the optical
behavior of the homonuclear molecules to the magnetic properties
of both the homonuclear and heteronuclear molecule anions.

Since these molecules have an unpaired electronic spin,
they are paramagnetic and exhibit a resolvable hyperfine struc-
ture caused by the interaction of the unpaired spin with the nu-
clear magnetic moments. The experimentally determined coupling
constants are subject to theoretical analysis. Using the VB
method, a semiempirical wave function was constructed of the form

¥ =N [e Y(X--Y ) + \/1 - €2 Y(X --Y)]

which includes electron correlation for the (XY)~ molecules. In-
tra-atomic correlation is treated by using halogen atom orbitals
for X and halogen anion orbitals for Y~ in VB structures (X--Y )
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and vice versa in VB structures (X --Y). Interatomic electron
correlation is treated by a perturbation theory calculation of
the polarization of X by Y in (X--Y ) and vice versa in
(X™--Y). Interatomic polarization and the requirement that orbi-
tals on different atoms be orthogonal are the important factors
in the isotropic hfs constants. It is also important to consider
both the valence and inner shell s electrons.

With the spin-correlated VB wave function, the isotropic
hyperfine constant A was calculated as a function of internu-
clear distance R and electronegativity factor €. The electro-
negativity factor weighs the electronic charge distributions cen-

tered on the nuclei of the molecule (¢ = 1/ V2 for the homonuclear

molecules). The values of R and ¢ were determined as those
giving the best fit between the calculated and experimental A
values. The anisotropic coupling constant B was then calcu-
lated and compared with the corresponding experimental quantity
after the latter had been corrected for the contribution arising
from spin-orbit mixing of the ground and excited states of the
molecule. This correction can be related to the electronic g-
factor data. The results are tabulated in Table 1.

Table 1

Comparison of Experimental and Theoretical Hyperfine
Coupling Constants for the Halogen-Molecule Anion

in the Alkeli Halides

Exp Exp Theory
Substance A(MHz) R (nm) € B(MHz) B(MHz)
- *
F, in KF 772.8 0.184 | 0.707 | 1792.2" | 1778.1
cl; in KC1 112.7% | 0.263 | 0.707 | 175.4" 173.1
Br in KBr 48.9% | 0.288 | 0.707 | 792.1" 787.7
%%k *%
? c1 | 92.0 0.278 | 0.661 | 165.0 157.4
Cl1Br in KC1 *k "k
Br | 517.3 0.275 | 0.750 | 875.5 840. 2
> F s66.5' | 0.224 | o.661 | 1710.3" | 1634.7
FC1~ in KC1 A :
cL | 146.6 0.222 | 0.750 | 211.4 182.0
3 F 542.6" | 0.237 | 0.600 | 1476.67 | 1445.4
FBr 1in KBr $ +
Br | 594.6 0.254 | 0.800 | 1096.1 887.5
*Ref. 5, **Ref. 6, tRef. 7
-5 =
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From this table, it is noted that a completely consistent
description of the molecule-ions is achieved with the VB treatment
" with reasonable values for the internuclear distances. For the

heteronuclear molecules, two internuclear distances are obtained
- depending on whether the experimental hyperfine data for X or
¥ for Y in (XY) are used in fitting to the theoretical calcula-
tions for A. The difference between these distances can be used
as an assessment on the success of the theory in addition to the
comparison between the experimental and theoretical values for B.
Also note that the sum of the squares of the electronegativity
factors for the heteronuclear molecules add to one as a conse-
quence of the normalization of the wave functions. The electro-
- negativity factors are in accord with the relative electronegativ-
ities of the component atoms in the heteronucleai molecules.

B b et i

j— Principal Investigators: F. J. Adrian and A. N. Jette. Dr. P
Adrian is Supervisor of the Microwave Physics Group and ¢

’ Dr. Jette is a senior physicist of the Electronic Physics 1
Group of the Research Center. 1

3
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CHEMICAL PHYSICS

The objective of the Chemical Physics component of the
IRED program 4is to continue to provide an up-to-date advanced
capab%m interdisciplinany areas between chemistry and
physics ugh Lnnovative reseanch on selected topics o0f s4ignifi-
cance.

The Chemical Physics Group has long pioneered in basic in-
vestigations of gas phase interactions between atoms, molecules,
and the molecular fragments (free radicals) that are produced dur-
ing gaseous reactions as the reactants are fragmented and recon-
stituted to form the reaction products. Early studies were an
outgrowth of Laboratory programs concerned with explosives and
high-speed propulsion systems and gained a widely recognized
stature for the Laboratory. More recently, the first realization
that the natural ozone layer of the earth can be perturbed by hu-
man activities is attributed to presentations of Dr. A. A. Westen-
berg (Supervisor of the Chemical Physics Group of the Research
Center) and Prof. H. S. Johnston (University of California) in
March 1971. Stature continues to be maintained — it is noteworthy
that in September, Dr. Monchick became William S.Parsons Visiting
Professor in the Chemistry Department of The Johns Hopkins Univer-
sity for the academic year 1975-1976. It is also significant that
recognition of sophisticated acoustic techniques, developed in the
course of basic research studies of intermolecular energy transfer,
led to a request and directly funded support, by a nonprofit agency
concerned with safety, for an ongoing study of acoustic detection
and localization of gas leaks in gas distribution systems.

Current emphasis is placed in areas of combustion, laser,
and pollution chemistry. Projects include the measurement of the
rates of reaction between atoms, free radicals, and molecules,
the rates of energy transfer between molecules, and theoretical
studies of molecular collision processes. Results are described
in detail in nine publications that appeared in print during the
present year and two other papers that were accepted for publica-
tion.

Kinetics of Gas Phase Reactions

The fast fLow reactorn with elLectron spin resonance (ESR)
detection has been used to measure the nate of the reactions
0+80, +M~>3803+M, H+ CHsX > CHy + HX, and 0 + CH3X + CH X
+ OH over a nange of temperature and pressure.

” 3 e
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¥ 3 Practically all reactions that occur in gases involve

: atoms or free radicals, either reacting with each other or with
stable molecules. The chemical kinetics research program under-
takes the study of such elementary reaction rates under precise,
well-defined conditions. The experimental approach makes use of
a fast-flow system in conjunction with ESR spectroscopy for the
detection of atoms and radicals and mass spectroscopy for the
measurement of stable species. In this method, a stream of atoms
or radicals from a suitable source is carried down a tube by the
fast flow of an inert gas (such as helium). A stable reactant
gas is injected into the stream, and reaction between the atom
and the stable species begins. By monitoring the concentration
of the atoms at a point downstream, the rate of the reaction can
be determined. The use of the ESR technique for quantitatively
measuring the concentration of atoms and radicals in such a sys-
tem was developed and verified at the Laboratory; it is now the _
best single method available from the standpoint of sensitivity, i

versatility, and reliability. The apparatus is useful over a
temperature range of 200 to 1000°K.

Research efforts during the year involved a study of the
rate of the important reaction O + SO; + M - SO3 + M. Besides
the measurements over a range of pressure required because of the
termolecular nature of the reaction, it was also necessary to in-
vestigate an unusually wide range of SOz concentration in order to
separate “he effects of the inert diluent gas (He or N;) as the
third body M from that of SO, itself. In this way, it was es-
tablished that the efficiency of SOy as a third body is 10 times
that of He, but not more than a factor of 100 higher as had been
previously supposed.

The temperature dependence of the reaction was investi-
gated over the range 250 to 415°K, with the interesting result
that the effective activation energy was found te be positive.
This is an unusual feature because the rate constant for most
termolecular reactions that have thus far been studied under well-
defined conditions have a negative temperature coefficient (i.e.,
a negative "activation energy'). The reason for the opposite be-
havior in the O + SO, case can be traced to the spin~forbidden
nature of the fundamental step. Taken in conjunction with the
E 0 + SO3 + M reaction previously investigated in our laboratory
E (Ref. 1), which has a normal temperature dependence, the relative
rate (0 + SO,)/(0 + SO3) depends strongly on the temperature.

,‘ Thus, at combustion temperature one would expect appreciable SOz

formation, while at typical atmospheric temperature SO3 would tend
to be suppressed. This conclusion is of considerable practical
significance. A paper on this work has been accepted for publica-
tion (Ref. 2).

- 60 -~
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Another phase of research in this area involved measure-
ment of the rates of the reaction H + CH3X - CH3 + HX (X = F, Cl1,
Br) and O + CH3X + CHpX + OH, both of which are crucial to under-
standing the behavior of such halogenated compounds as flame in-
hibitors. In the former case, the data obtained up to 1000°K
overlapped the temperature of actual flame experiments on this
reaction performed previously in this Laboratory by an entirely
different technique. This is one of the very few examples where
flame and nonflame experiments have been possible at the same tem-
perature, and the excellent agreement found was gratifying. The
essential difference between the H and the O reactions is
that the H is removed from the system by being tied up in HX,
while the O 1is simply converted to the still more reactive OH
radical. Thus, the inhibiting action of CH3X effectively acts
via the H rather than the 0. Two papers on these reactions
were published during fiscal year 1975 (Refs. 3 and 4).

Dr. Helmut Schacke, a postdoctoral fellow from the Uni-
versity of G8ttingen in Germany, was associated with the group
for 6 months during the year, during which time he was involved
with experimental studies of plastic flammability.

Principal Investigators: A. A. Westenberg and N. deHaas. Dr.
Westenberg is the Supervisor of the Chemical Physics
Group of the Research Center. He has been awarded the
Combustion Institute Silver Medal and the Hillebrand
Prize of the Chemical Society of Washington. Mr. deHaas
is a senior physicist of the Chemical Physics Group.
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Kinetic and Collision Theory

Gas phase transpornt and collisional phenomena have Long
been of concern in many areas, including Lasens, combustion, atmo-
sphenic pollution, and aerodynamics. The study of the phenomena
is being continued, and signigicant new results have been obtained
with respect to notational thansition probabilities, Line broaden-
ing, thanspont coefgicients, and difgerential and integhal scat-
tering crhoss sections.

Two studies have been completed — one on He~CO collisions
(Ref. 1) and the second on He-HCl collisions (Ref. 2) — in which
a variety of collision properties were computed. These include
line broadening, primarily a function of the long-range anisotropy;
rotational transition probabilities, primarily a function of short-
range anisotropies; and transport, differential, and integral scat-
tering cross sections. Although all of these properties are really
functions of the whole intermolecular potential, the functional
dependence is particularly hard to disentangle for the last three. |
There are many ideas extant on how this could be done, but nothing 1
has yet been developed in a systematic way. The aim of our proj-
ect is to carry out accurate calculations on a set of representa-
tive systems modelled by realistic potentials and to predetermine
how useful approximate schemes are in treating scattering pro-
cesses. The two completed studies have already been able to shed
some light.

.5 SR TP - S

In both studies, it seems that the transport coefficients
are principally a function of the spherical average of the poten-
tial. Approximations based on this make for a great saving in
effort in calculating transport properties and, working backward,
an inversion of transport properties can thus perhaps be used to
determine one component of the intermolecular potential. This is
not true of integral and differential scattering cross sections
; in general; in particular, it is not true of He-CO collisions
; (see Ref. 1). But it is true of He-HCl scattering, and study
£l shows that the difference derives from the faster rate of rota-
B¢ tion of the HCl molecule. This suggests a criterion for the
| neglect of the molecular anisotropy in collision cross sections.

These calculations have been carried out for intermolecu-
lar potentials approximated by the Kim~Gordon electron gas model
(Ref. 3). They can also be compared with experiment, and so can
be used to test the Kim-Gordon model, an extremely fast method of
calculating intermolecular potentials. Other approximate methods
of solving the scattering equations are being tested for molecular
collisions. So far, the results are mixed auu seem to indicate
that there are no widely valid shortcuts to calculating scattering
properties of anisotropic molecules.

‘jr ' ~ 62 - ‘,1
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In a separate study (Ref. 4), an approximate form of the
collision Ehrenfest theorem (see Ref. 5) was used to determine an
approximate relation between the hardness of an intermolecular
potential, defined in terms of the logarithmic derivative of the
potential at an energy somewhat higher than thermal energy, and
the thermal diffusion ratio. This relation is exact for inversc
power potentials and very accurate for exponential repulsive po-
tentials.

A paper was published in another field (Ref. 6) that ex-
tended the theory of diffusion controlled reactions with a built-
in time delay. The results have application in photodissociation
processes in liquid solutions.

Principal Investigators: L. Monchick, S. Green, and E. A. Mason.
Dr. Monchick is a senior chemist in the Chemical Physics
Group of the Research Center and will be Parsons Profes-
sor in the Chemistry Department of The Johns Hopkins Uni~
versity from 1 September 1975 to 1 June 1976; Dr. Green
is a senior Postdoctoral Fellow at Columbia University
and the NASA Institute for Space Studies, and was not
funded by the program; Dr. Mason is at Brown University
and was not funded by the program.
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Molecular Energy Transfer

This nesearch 4is directed toward an undenstanding of the
mechanisms of moLecular energy thansfer in collisions of gas
moLecules. Types of energy Ainvolved include rotational, vibra-
tional, and electronic. Possible transfen modes consist of
vibration »~ translation (V-T), inten- and intra-molecular vibra-
tlon » vibration (V-V), vibration » notation -~ thanslation (V-R-T),
electhonic +~ thanslation (E-T), and electronic - vibration (E-V).
A new area of reseanch that has emenged involves the thansfer of
moLeculan electronic energy to micrnobiological systems.

Research conducted during the past year is a continua-
tion (Refs. 1 and 2) of past investigations (Ref. 3) on the colli-
sional deactivation of laser~excited singlet molecular oxygen
Oz(lAg). The studies indicate that, although deactivation of vi-
bration 02(1Ag)(v' = 1 » 0) can be rapid, deactivation to the
ground electronic state in most cases is quite slow. The inabil-
ity of most molecules to deactivate 02(1Ag) is probably due to the
fact that the transition to the ground state is doubly forbidden.
However, certain molecular species such as the methylamines and
ozone are distinguished by their ability to efficiently deactivate
02(1Ag). In the case of the methylamines, it has been shown that
no chemical reaction occurs so the process must be physical, i.e.,

Oz(lAg) + M~ 02(32;) + M + translation. (1)

For 03, however, the possibility of chemical reaction exists since
02(1A )(v' = 1) represents an energy of 1.165 eV compared to the
0,-0 ﬁissociation of 1.04 eV. 1In this case,

oz(lAg) (v' =1) + 03 + 202(32;) +0(%) . (2)

The quantity of experimental interest is the phase, P, of

the acoustic signal sensed by the microphone (see Refs. 1, 2,

and 3 for details) relative to that of the exciting chopped laser
beam as a function of the chopping frequency f. For the case of
deactivation by the methylamines, the variation of tan @ with f
is indicated in Fig. 1 along with that for pure 0 (dashed curve)
for comparison. Figure 2 contains a similar plot for 05-03 mix-
tures in which O3 concentration is varied. 1In both cases, the
total pressure was 35 atm. The dependence of tan # on £ for

-
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Fig. 1 Experimental Values of tan ¢ Plotted versus Frequency for O,
Containing Trace Amounts of NH3, CHgN, and CngN. In all
cases, the total pressure was 35 atm and the temperature 25°C.
The dashed curve gives values of tan ¢ for O, (! Ag) (v'=0)in
35 atm O,.
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Experimental Values of tan ¢ versus Frequency for Mixtures
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35 atm with O, at a Temperature of 26°C. For the case p(0g)=
5 mm, it is necessary to multiply the plotted values of tan ¢ by
a factor of two to reproduce the experimental values.




S el s e 0 89 M A s o g g B o e, R W

THE JOHNS HOPKINS UNIVERSITY
I APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

] the 02-03 is linear in contrast to the data for the methylamines,
= § indicating that the deactivation by O3 is not a simple physical
‘ process.

i A possible model of the Oz(lAg)(v' = 1) deactivation by
i 03 has been developed for the interpretation of the experimental
5 data. This involves, first, the transfer of electronic energy

L from 02(1A ) to form electronically excited (triplet) O3, and

: then the d%ssociation of the latter to ground state O, and O. The
second step appears to be the slow rate~determining process in the
overall deactivation, the O formed eventually regenerating O3
by reaction with the O, present in excess. The importance of
these results as they affect the chemistry of the upper atmo-
sphere — particularly the ozone layer — remains to be considered.

The second area of investigation involves the effect of

8 laser-excited singlet molecular oxygen on microbiological systems

b and is based on three known results: (a) 02(1A ) in the gas phase
is known to be able to kill bacteria; (b) laser radiation of

1.06 um can produce 02(1A ) in mixtures of 0, in solution with vari-
ous liquids; and (c) radiation at 1.06 uym can penetrate water. Col-
lective consideration of these three separate pieces of informa-
tion suggests a means of water sterilization using a combination

of oxygen pressurization with laser radiation.

A series of experiments carried out with the help of the
Washington Suburban Sanitary Commission has indicated that this
hypothesis is correct. Further analytical tests have established
that the mode of bacteria killing involves destruction of cell
walls. Moreover, it has been shown that laser radiation of the
intensity used in these tests is by itself ineffective. Thus, the
oxygen excited by the laser deactivates collisionally, transfer-
ring its energy to the organism to apparently a sufficient degree
to cause local damage. The phenomenon of damage to biological
organisms by molecular energy transfer is an interesting subject
for future studies and may have significant health applications.

Principal Investigator: J. G. Parker. Dr. Parker is a senior
i | physicist of the Chemical Physics Group of the Research
e Center.
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b 1) MICROWAVE PHYSICS

_—

The applications of microwave radiation in defense sys-
Zems and defense oniented researnch ane 80 widespread that it is
essential fon the Laboratony to be highly competent both in cur-
rnent microwave technology and in the fundamental aspects of micro-
wave science that will be the basis for future technological ap-
. ptications. Funthermone, the necent advances {in the generation
{ and use of coherent infrared and visible radiation have Led %o a
gradual broadening of the subject area beyond the pure microwave
region with emphasis on areas of overfap between microwave and
visible radiation.

i g,

Basic research in microwave physics and related areas
has been pursued in the Research Center since shortly after its
formation. The activity has provided a scientific base for deal-
ing with a variety of new technologies including lasers, micro-
wave optics, and microwave acoustics. In particular, the exten-
sive military use of microwaves and other electromagnetic radia- “d
tion makes it important to understand those relations between the
structure of matter and its interactions with electromagnetic
radiation that are important in the generation and utilization of
radiation. An important byproduct of this work is the ability to
carry out studies of the molecular and solid-state structure of a
variety of materials with current or potential importance in de-
fense technology. Areas where this ability has been used are:

(a) the structure and chemical reactions of free radicals, a sub-
ject of importance in high energy combustion, the photochemical
and oxidative decay of materials, and the synthesis of unique
materials, a study that has been done in collaboration with the

i Electronic Physics Group; (b) the recently discovered l-dimension-~
E ally conducting organic charge transfer salts, a study that was

i done in collaboration with the Quantum Electronics Group. Earlier
studies in microwave spectroscopy of molecular rotational energy
levels and the effects of electric and magnetic fields on these
levels, electron spin resonance (ESR) studies of the so-called
"“color centers'" in alkali halide crystals, and studies of free

j ! radicals and their reactions have made the Laboratory internation-

ally recognized in these areas. An example of the level of experi-
ence in free radical physics and chemistry, was the major contribu-
‘ £ tion of the Laboratory to the theory of the recently discovered
! 2? phenomenon of chemically induced magnetic polarization in free

3 radicals reactions, despite having no experimental program in this
= area. Most recently, improvements, such as techniques for grow-
[g ing single crystal samples, have been made in procedures for ob-

: taining highly resolved optical spectra of complex organic mole~

cules by incorporating them in dilute solid solutions at low
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temperatures (Shpol'skii method). Molecules that can be studied :
in this way include laser dyes and porphyrins of importance in 4
many areas including biology and medicine. -

Dr. F. J. Adrian, Supervisor of the Microwave Physics
Group, has been named Associate Editor of the Journal of Chemical

R e R R S RO

1 Physics. During FY 75 he was invited to attend the European
k Chemical Society Conference on Chemically Induced Magnetic Polari-
3 zation in Grenoble, France, and was awarded a travel grant from

E the sponsors. He was also an invited panelist at the Workshop on
! Microwaves as an Adjunct to Cancer Treatment of the American Asso-
j ciation for the Advancement of Science and the National Cancer In-
1 stitute held in April at the National Institutes of Health.

These studies are described in more detail in the four
publications that appeared and two others that were accepted for
purlication during FY 75. The Microwave Physics Group is comprised
of five senior scientists, one associate engineer, and one engineer-
ing assistant.

Photoexcited Triplet Mechanism of Chemically Induced Electron Spin
Polarization

oo it s

The photoexcited trniplet mechanism of chemically Anduced
electrer spin polarndization 4in the photodecomposition of carbonyl
compounds has been developed in detail by solving the appropriate
time dependent Schrodingern equation. The prediction that the
electron spin polanization depends on the ordientation of a polar-
{zed photoexcitation source with nespect to the external magnetic
5Lﬁﬁd has been observed by several groups, thereby congirming this
mechanism.

Detailed knowledge of photochemical reaction mechanisms
is important for such problems as detection of radiation, utiliza-
} tion of solar energy, photochemical degradation of materials, and
g syntheses of unique compounds; however, the complexity and rapidity
F_ of the elementary reactions that lead from the initial absorption
of a light photon to the final product(s) make the acquisition of
such knowledge very difficult., A promising technique for studying
photochemical reactions utilizes the recently observed phenomenon
oi chemically induced magnetic polarization. This is the generic
#i name for a number of processes involving photoexcited molecules
‘ ‘ and photolytically generated molecular fragments (free radicals)

J that lead to abnormal populations of the nuclear spin states of
: the final products and abnormal populations of the electron spin
| 1o states of the free radical intermediates. The key point is that
' 1; these nuclear and electron spin polarizations are sufficiently

. N ?,’:%"{.R; A |
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long lived to be easily observed by nuclear magnetic resonance
i (NMR) and electron spin resonance (ESR), respectively, yet they
result from, and thus give information about, the rapid individ-~
ual steps in the photochemical reaction.

One source of chemically induced magnetic polarization,
1 which has been analyzed extensively in previous reports, is the
4 interplay between electron-spin-dependent chemical bonding inter-
actions between two radicals and the nuclear-spin-dependent mag-
netic interactions in the individual radicals (radical pair
mechanism). Although this mechanism was and is highly successful
in explaining a wide variety of chemically induced magnetic polar-
izations, a question arose whether the radical pair mechanism or
another mechanism known as the triplet mechanism was the proper

. explanation of the electron spin polarization observed during the
ﬁ - photochemical decomposition of certain carbonyl compounds.

4 In the triplet m#chanism, the electron spin polarization
1 . is initiaily produced in a photoexcited triplet molecule that de-
composes or reacts with another molecule to give an electron-spin-
polarized pair of radicals. The triplet molecule is born, so to
speak, with an initial elactron spin polarization because of the
spin selective nature of the spin-orbit interaction (i.e., the
interaction between the magnetic moment of an electron and the
magnetic field resulting from its orbital motion in the electro-
static field of the molecule) that enables the molecule to make
the spin-forbidden intersystem crossing (ISC) from the initially
produced photoexcited singlet state into the lower energy triplet
state. The resulting electron spin polarization is initially
with respect to the intermolecular triplet spin states, but evolves
with time into a preferential population of the electron spin states
with respect to the external magnetic fjeld. _ ey
Although attractive in many ways, the triplet mechanism
was regarded with great skepticism because it required that the
excited triplet react to yield the spin-polarized radical pair
within 1078 s or less, otherwise spin lattice relaxation, which
is very effective in triplet molecules, would remove the polariza-
3 tion. Early experiments (carried out elsewhere) aimed at distin-
guishing between the triplet and radical pair mechanisms in car-
bonyl phctolysis failed to yield clear-cut answers despite the
considercble differences between the two mechanisms.

e

The work reported here is a detailed analysis of the
triplet mechanism using a time-dependent quantum mechanical formu-
lation to account for the rotation of the molecule during the
evolution of the electron spin states. This led to several inter-
esting conclusions, the most notable being that the electron spin

e
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polarization depends on the relative orientation of a polarized 4
photoexciting light and the external magnetic field (Ref. 1).
Shortly after preprints of this work were sent to scientists work-
ing in the field, the predicted light polarization dependence was
observed by Dr. A. J. Dobbs, and K. A. McLauchlan at Oxford Uni-
versity, England (Ref. 2) and Prof. J. K. S. Wan and his co-

: workers at Queens University, Ontario, Canada (Ref. 3), in the

E photochemical decomposition of various quinones. This not only

2

PRI

confirmed the triplet mechanism as the source of the electron
spin polarization in these systems but gave considerable informa-
tion about the electronically excited states involved and their
chemical reactivity which, as stated earlier, must be considera-
bly faster than believed from earlier "wet chemistry' experiments.
Furthermore, retention of the polarized-light-dependent initial
orientation of the photoexcited singlet requires that the singlet-
triplet intersystem crossing rate be comparable to the rate of
molecular reorientation in solution; that is, the intersystem
crossing occurs within approximately 10711 g; this result agrees
with picosecond spectroscopy measurements.

Principal Investigator: F. J. Adrian. Dr. Adrian is supervisor
of the Microwave Physics Group of the Research Center.
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Secondary Photolysis of Alkyl Radicals

3 TR TRy

Results of the ESR investigations of the spectrum and
stwetune of NaOs, descrdibed in the previous neport, were pub-
Lished duning the present period (Ref. 1). Cwurent electron 4spin
nesonance (ESR) studies of the ultraviolet photolysis of n-butyl
Lodide in an argon matrix at 4°K show that the products depend
both on photon energy and the duration of the photolysis. The re-
sults are consistent with a secondary photodecomposition of the
n-butyl radical,which 4s formed by the primary photolytic step of
dissociating the carbon-Lodine bond.

The mechanisms whereby organic moiecules are decomposed
by light are of importance for the photostability of various mate-
rials of importance in defense technology such as oils and plastics.
They also may be important in current attempts to use photolytic
methods for synthesizing useful exotic materials (Ref. 2). De- p
spite extensive photochemical work in many laboratories, many prob- .5
lem areas remain. One of these problem areas is secondary photoly- e
sis; that is, the absorption of light and further photoreaction by '
a product of the primary photolytic step. Its occurrence is likely
in those photodecomposition reactions that yield more products than
can be accounted for by a single photochemical step in the reaction
mechanism. Secondary photolysis is also likely to be a factor in
synthetic photochemical processes using high intensity arc lamps
or laser sources. A related problem is the wavelength dependence
of various photochemical processes, an area that has been ex~-
tremely difficult to investigate until the recent development of §
very high intensity arc lamps and tunable dye lasers.

For an initial study of the above phenomena, we chose
the photolysis of n-butyl iodide, which should be representative
of the general class of alkyl iodides whose ultraviolet photoly-
ses lead to more products than can be explained by the expected
primary process of dissociating the carbon-iodine bond. The most
frequently observed additional products are hydrogen, H, atoms
and methyl, CH3, radicals. A secondary reason for choosing the
n-butyl iodide photolysis was a desire to observe the electron
spin resonance (ESR) spectrum of the n~butyl (n-CyHg) radical free
from interfering lines of the CH3 radical.

The study used the method of matrix isolation spectros-
copy in which a dilute solid solution of n-butyl iodide in argon
at 4°K was photolyzed and the free radical products subsequently
examined by ESR spectroscopy. It was found that, for A > 280.0 nm
(4.44 eV), only the n-CyHq radical was formed, but for A < 250.0 nm
(5.04 eV) H atoms and CH3 radicals were also observed (Ref. 3).
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The results for the photolysis of n-butyl iodide at
246.0 nm, including the relative growth of the various products
as a function of photolysis time, are shown in Fig. 1. The n~-
butyl signal increases linearly and the H atom signal increases
quadratically with photolysis time. The weak sharp-line CHj3
spectrum, which is superimposed on the four central lines of the
# n-butyl spectrum also increases supralinearly with photolysis
k4 time. These results are consistent with the photolysis mechanism
3 involving secondary photolysis of n-butyl, as shown below.

U e i e T

(CoH5)CH=CH, + H
Cyg ———>

' CH2CH23H2 + CHgy

& hv

but not the direct photolysis mechanism

3 (CoHs)CH=CH, + H + I
V
CH’HSI —_——

E———
CHaCHoCHy + CHj + I , i

in which the concentrations of all products should increase lin- “d
early with photolysis time.

It is suggested that the secondary photolysis of alkyl
radicals involves the photoexcitation

H H H H % H H
e . b J
! R —-T —-?- —> |R—C = T SR—C = ? +H 2
i ) L
B H H+ H H
" where the dot denotes the unpaired electron. An empirical molecu- \

lar orbital calculation involving the bonding orbitals of one of
the B-CH bonds and the unpaired electron orbital indicates that
this transition has a sizeable oscillator strength and a lower
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A g Fig. 1 Growth of Various Free Radical Species during the Photolysis at
246 nm of n-Butyl lodide in Argon at 4°K. (a) 15-min photol-
ysis, (b) 30-min photolysis. H atom denotes the high field hydro-
; gen atom ESR line, and CH3 denotes the sharp methyl lines that
\ . are superimposed on the four broader central lines of the n-butyl
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transition energy than is required for photoexcitation of the cor-
responding saturated hydrocarbon R-CH;-CHj.

Photolysis at A > 280.0 nm instead of with a polychro-
matic mercury arc enabled preparation and observation of the
n—-CyHg radical free from interference by the CH3 radical. The
resulting interpretation of the ESR spectrum clearly indic?tgd
that the two B-protons .1 this radical [n-CH3CH,C(B HZ(B)C @)y, (2)]
are inequivalent, a result of possible significance for understand-
ing the interactions between nonbonded atoms that determine this
secondary structural feature of the radical (Ref. 3). An earlier
study of this radical by others had concluded that the R hydro-
gens were equivalent; however, certain critical lines of their
spectrum were obscured by CH3 lines.

Principal Investigators: F. J. Adrian and V. A. Bowers. Dr.

2 Adrian is supervisor of the Microwave Physics Group.

L Mr. Bowers is an associate engineer with the Electron

' Physics Group. Shortly after the beginning of the pres-
ent fiscal year, Dr. Cochran, who has been a senior
chemist in the Electron Physics Group of the Research
Center for many years, was elected to the position of
Howard County Executive and resigned from the Laboratory
in November 1974.
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- Spectroscopic Studies of Electron Donor-Acceptor Molecules

:'} The electronic and vibrational sthucture of electron

donor-acceptor molecules 48 studied by the techniques of optical
spectrwoscopy and electron spin resonance. The present work is
concerned primarnily with porphyrin moLecules whose electron
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thans fen properties arne important in bioLogical chemical systems.
The goal of this wonk is to correlate electronic and vibrational
structurne to the electron thansfen properties of these molecules.

Organic molecules are becoming increasingly likely candi-~
dates for various applications; organic dye molecules, for example, :
are being used as laser materials. Our present studies are pri- :
marily concerned with the porphyrins that have many of the proper-
ties (optical, photoconductive, semiconductive, photochemical,
etc.) deemed important. These porphyrins also have the features
that make them good model compounds for studying the relation be-
tween structure and the signiiicant properties of high’ conju-
gated molecules. Many of the techniques being used to study por-
phyrins can be applied to other organics such as dye laser mole~
cules.

High resolution absorption spectra of several metallo-
porphins have been first reported by this Laboratory. The sharp
line spectra were obtained by a novel technique in which the
metallo-porphins are incorporated as guest molecules in a single
crystal organic host (triphenylene), and their spectra observed
at low temperatures. The single-crystal host technique, like the
previously used Shpol'skii method of incorporating the molecule
under study in a glassy solid solution, greatly reduces the in-
homogeneous line broadening that is responsible for the broadband
spectra of organic molecules observed in solution at room tempera-
ture. However, the single-crystal method gives better resolution
than the Shpol'skii method and also provides oriented guest por-
phin molecules that allow the polarization of the spectral transi-
tions to be observed.

Apparatus for fluorescence spectra spectroscopy has been
assembled, and some preliminary fluorescence spectra of porphyrins
have been observed. 1In this technique one observes the emission
spectrum resulting from excitation of a single sharp absorption
line (our excitation source is a tunable dye laser pumped by an
ultraviolet nitrogen laser). This method has several powerful
advantages: (a) related lines, such as various vibrational states

L of the same electronic transition can be identified by their com-
mon fluorescent response, (b) the fluorescence can be time re-
solved, which gives information about rates of decay of different
excited states, rates of energy transfer, etc., and (c) slightly
different spectra resulting from the same molecule in different

E sites of the host crystal can be distinguished. The last point

), is of special importance in the porphyrin studies because the one

: disadvantage of the single-crystal-host technique is complication
of the spectra by the presence of inequivalent sites in the host

) crystal.
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Fig. 1 Fluorescence Spectrum of Zn Porphin in Tirphenylene at 4.2°K ’




O SO TR R R e S i M

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

Preliminary spectra of Zn porphin in triphenylene hawe
been obtained. These results, illustrated in Fig. 1, show that
there are three principal sites of Zn porphin in triphenylene.
The lowest excited singlet transition for each of these site
species occurs at 567.7, 568.6, and 570.0 nm, respectively. Fig-
ures 1lb, lc, and 1d show the fluorescence spectrum obtained by
separately exciting each of these wavelengths. In each case,

4 : these spectra originate from a single species of site. Figure la
3 shows the fluorescence spectrum obtained using the conventional
technique of broadband excitation. A comparison of this spectrum .
with the single-site spectra shows that this spectrum contains 1
the spectra from all the principal site species. Further studies
of Zn porphin and free base porphin in triphenylene are in prog-
ress using these site selection techniques.

s Lo e iy s

st

3 ' Results on Pd porphin, Ni porphin, and free-base porphin
are published in previous and current publications (Refs. 1 and 2).

APTEY L

Principal Investigators: B. F. Kim and J. Bohandy. Drs. Kim and .-é
Bohandy are senior physicists of the Microwave Electronics ;
Group of the Research Center.

References: E
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Electron Transfer Luminescence in Solution

The possibility of dye Lasen pumping using elLectrochemi-
Bl cal reactions at an active electrode as the pumping source L8 now

{1 | under Lnvestigation. The potential utility of simultaneous elec-
tron spin nesonance and optical spectroscopic experiments Ain
cLarifying the majorn questions of the efficiency of these reac-
tions 48 discussed, and proghess towarnd applying these methods An
centain potentially useful reactions 44 described.

i~

———"

A search for more efficient excitation mechanisms for dye
lasers as alternatives to optical pumping has led to renewed in-
terest in chemiluminescent reactions. A particular subclass of

Lo s
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reactions of this type are those termed electrochemiluminescent
and are characterized by having the process initiated by formation
of reactive species at active electrodes in an electrochemical
cell. The detailed mechanisms are largely unknown. Nevertheless,
total electrical-to-light conversion efficiencies of 27 have been
reported, and a clearer understanding of the underlying physics
may permit improvements in these reported efficiencies.

Whether or not reactions produce significant light emis-
sion is related in some cases to the nonradiating character of
the molecular states involved and in others to the relative effi-
clencies of competing nonradiative processes. The particular type
of luminescent reaction selected for study is the so-called charge
transfer reaction involving molecular radical ions in aprotic sol-
vents, i.e., solvents lacking detachable hydrogen atoms. The
radical ions may be formed chemically as the result of a secondary
process, or electrochemically at active electrodes in electro-
chemical cells. The ions may be of either charge and commonly
are formed by addition or subtraction of one or more electroms
from a stable neutral molecule such as anthracene, naphtalene,
or an organic dye such as rhodamine.

It is the objective of this project to elucidate these
questions experimentally using simultaneous electron spin reso-
nance (ESR) and optical spectroscopy. This will be combined with
in situ radical ion generation in an electrochemical cell. Each
spectroscopic method has been used in the past in a variety of
similar problems. For example, ESR has been used to uniquely I
specify both kinds of radical ions present and their concentra-
tions, and optical emission spectroscopy has been used to be simi-
larly specific with respect to the final species responsible for
light emission. It is hoped the combined information from the
ESR and optical measurements will define more clearly the mecha-
nisms of luminescence in these systems.

The initial phase of adapting a spectrometer system, used
previously for optical detection of microwave absorption in solid
samples, to ESR, optical spectroscopy, and possibly microwave-
optical double-resonance spectroscopy on molecular ions in aprotic
solvents is essentially completed. Several electrochemical cells
compatible with ESR/optical detection have been designed. Prelimi- :
nary ESR measurements of chemically generated radical ions have I
been made. A representative spectrum appears in Fig. 1. Visible .
emission from a simple electrochemical cell has been observed. The
combined ESR/optical/electrochemical cell experiment should be f
ready shortly. A short paper describing instrumentation designed L
for this application has already appeared (Ref. 1).
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Fig. 1 Magnetic Resonance Spectrum of the Perylene Positive lon in
Concentrated Sulfuric Acid.

Simultaneous ESR and optical emission spectroscopy on
chemiluminescent reactions should provide a significant new toocl
for the investigation of these reactions.

Principal Investigators: J. C. Murphy and L. C. Aamodt. Drs.
Murphy and Aamodt are senior physicists of the Microwave
Physics Group of the Research Center.

Reference:

1. J. C. Murphy, P. R. Zarriello, L. C. Aamodt, and
H. A. Kues, "A Convenient ESR/ODMR Spectrometer,"
Review of Scientific Instruments (accepted for pub-
lication).
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QUANTUM ELECTRONICS AND EXCITATION MECHANISMS

Shontly agten the neponted discovery of the Lasen, the
Research Centen established a group Zo explore the kinetic mecha-
nisms generally associated with Lasens, both from a fundamental
and an applied point of view. Early basic contrnibutions wene
made 4in He-Ne Laser physics and, more recently, in the physics
and chemistry of ingrared Lasers. Definitive contributions have
been made in chemical Lasens (APL was the §inst to demonstrate a
one-atmosphenre DF-CO, pulsed-chemical Laser and to devise a chemi-
4 . cal Lasern using a safe fuel-oxidizen) and far-ingrared Laserns
3 useful fon plasma diagnostics. Research in quantum electronics
‘ o has expanded to include synthesis and analysis of newly-discovered
organic conductons.

, : —

Quantum electronics per se is a rather inclusive title
. generally applied to the study of the interaction of radiation
| : with matter. Lasers are a specific example, and these devices
: ! are continuing to play an important role in both military and
: civilian technology. Laboratory missions require familiarity
with laser technology, and two Research Center Groups (Quantum
Electronics and Excitation Mechanisms) are actively engaged in
fundamental studies in this area. The direction of research is
influenced by DoD's interest in high-energy lasers and laser
radar; to this end, previously initiated investigations in chemi-
cal lasers have continued with studies of high-~pressure pulsed
DF-CO; chemical transfer waveguide lasers and in kinetic mecha-
nisms of the safe-fueled Na-catalyzed N,0-CO combustion laser.
Additionally, the usefulness of far-infrared lasers as diagnostic
tools to study thermonuclear plasmas has prompted further studies
of the dynamics and lasing mechanisms of the 95 and 217 um wave-
length infrared lasing emission of the He atom.

An evolving rcle of the Research Center in collaboration
with the Department of Chemistry of The Johns Hopkins University,
has been in assessing the potential of the new class of organic
conducting materials, which are of potential significance to DoD
in many electrical and electronic applications. 1In this program
organic donor-acceptor complexes are synthesized under controlled
conditions, and an exteusive series of physical measurements are 1
, directed toward understanding the physics of these unique mate-

V1 | rials. To date, these procedures have led tc markedly increased
| . conductivity of the first organic material (TTF-TCNQ) and the de-
8 ! velopment of a new material (HMTSF-TCNQ) that exhibits high con-
i ! ] ductivity over an extended temperature range (1 to 300°K).

a9
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Infrared Lasers: Far-Infrared Helium Laser Studies

Diagnostic studies have been made of an electrical-dis-
charge gan-ingraned helium Laser. Accurate wavelength measure- 3
ments of 216.13 + 0.01 and 95.763 + 0.006 um of Laser emission 3
have provided furthen verification of the previously-assigned 3
31P) > 31D, and 4P, ~ 41D, energy-Level transitions. Optical v
probes have been used to study the spatial and temporal variation )
of electrons and metastable species in the plasma. These Later !
measurements have demonstrated (a) that wall-generated electrons E
migrate toward the axis where theirn concentration is always at a
minimum and (b) that quenching of Laser action is due to kRinetic
heating that occuns during the excitation pulse. An attempt is
being made to improve diagnostics oy far-ingrared Lasers by devel-
oping a time domain michowave &pectrometer.

Far-infrared lasers are important tools for thermonuclear
plasma dlagnostics and solid-state studies. They also have poten- .
tial as precision radars if efficient high-power sources can be de- 4 3
veloped. The present studies have emphasized electrical-discharge
excited He, HCN, and H30 far-infrared lasers.

Far-infrared laser emission at 95 and 216 um wavelength
from electrical-discharge in helium have been observed in experi-
ments conducted at APL and other laboratories. These transitions
have been tentatively assigned to the transfer between the energy 8
levels 3!P; » 31D, (95 um) and 4!P; > 41D, (216 um). If these
are the appropriate upper laser level energy states, it is quite
likely that inversions exist at even higher energy levels that
would afford the potential of lasing action at longer wavelengths.
If the energy level assignments are to be made on spectroscopically-
measured wavelengths'alone (as they have been), the measurements
must be highly accurate. Experiments of this type were completed
at APL along with basic investigations into the dynamics of the
electrically-discharged helium plasma leading to lasing action.
These later experiments elucidate the excitation mechanisms and
the cause for the quenching of lasing action that occurs during
excitation.

S et

The operation of the helium laser is highly transient,
and its output depends critically on the plasma conditions exist-
ing during emission. For example, it is found that lasing action
is quenched while the discharge current is still rising even L4
though the excitation cross sections and indicated life-times are
greater for the lp gtates than the 1D states. In the type of dis-
charge used for our experiments, we have shown experimentally that
the electrons are created at the wall and move toward the axis,
producing a time-varying radial electron density distribution
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e with a minimum on axis that persists throughout the laser emis-
sion. The radial distribution has been studied by observing the

P spatial and temporal variation of the visible lines by probing
the plasma with 337 um radiation and by observing the effect of
metastable atoms in the discharge on 0.5015 and 0.3965 um radia-

. tion transmitted through the discharge. There is also a rapid
increase in kinetic temperature during laser emission because of

the excitation pulse; this in turn is found to increase colli-

; sion frequency and prevent the inversion necessary for lasing

from being maintained even for the duration of the excitation

pulse (Ref. 1).

Wavelength measurements of the 3!P; + 31D, and 4!P; -
41D, laser transitions have been made with a far~infrared Fabry-
Perot interferometer, and have yielded measured vacuum wave-

it e WS R < o K

ia lengths of 216.13 + 0.0l um and 95.763 + 0.006 um (values derived
from other optical measurements are 216.18 and 95.785 um). The |
intensities of the visible lines associated with the upper and d

lower lasing states were found to correlate properly with the
presence or absence of far-infrared lasing action, confirming
the identity of the lasing transitionms.

An improved experimental technique is being attempted ? 3
through the development of a K-band time domain microwave spec- =
trometer using a Fabry-Perot resonator for measuring the time

[ ¥ dependence of the excitation of various gas molecules of interest
as infrared laser sources. A time domain emission technique is
used to measure energy relaxation times, which are the Fourier
transform of pressure and wall collision broadened linewidth in-
dependent of doppler broadening. The flexible resonator configu-
ration yields sensitivities comparable to waveguide spectrometers
with various gas cells suitable for collision studies or IR double-
resonance experiments (Ref. 2).

Principal Investigators: R. Turner and T. O. Poehler. Mr. Turner
is a senior engineer of the Quantum Electronics Group and
Dr. Poehler is the Group Supervisor.

References:

T T

F : 1. R. Turner and R. A. Murphy, "The Far Infrared Helium
Laser,'" paper presented at International Conference
on Infrared Physics, Zurich, Switzerland, August
1975 (to be published in Infrared Physics, 1975.

wave Time Domain Fabry-Perot Emission Spectrometer,"
Rev. Sci. Inst., Vol. 46, No. 6, June 1975, pp. 719-

725.

[: b 2. R. M. Somers, T. O. Poehler, and P. E. Wagner, "Micro-
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Chemical Lasers: High-Pressure Pulsed DF and DF~-CO, Chemical
Lasers

Rapid electrical initiation of combustible D,-F,-He mix-
turnes with and without C0, 4in a Lasern cavity has been used %o
study kinetic mechanisms of the DF and DF-CO, transfer chemical
Lasens at high pressure. Time-resolved emission spectra of the
DF-C0, Laser exhibits prompt Lasen emission from both DF and CO,
in addition to the usual more energetic but delayed CO, Lasen
emission. Studies of the time comrnelation of the vib-rot trhansi-
Lions provide evidence that the high rate of energy trhansfer from
DF(v < 4) to C0, 4involves collisional enengy thansfers in which
the notational Level change in DF exceeds unity. Furthen, the
delayed emission grom COp 48 mainly due to energy trhansferred
gnom DF(v < 4). The results provide additional valuable insight
into the kinetic mechanisms of chemical Lasens.

Chemical lasers are particularly attractive candidates
for high-power laser systems because of the reduced requirement
for auxiliary power. Chemically-pumped DF-CO, and DF lasers are
especially attractive for military applications because the laser
outputs correspond to atmospheric windows, and the Research Center
has had a continuing experimental study in high-pressure pulsed
DF and DF-CO, chemical lasers supported in part by NAVSEA. One
of the early developments in this NAVSEA-supported project was
the first demonstration of a pulsed DF-CO, chemical-transfer laser
operated at pressures to 1 atm; more recently, this project led
to the adaptation of this technology to a waveguide laser configu-
ration (Ref. 1).

During the course of this research, in which very fast
electrical discharges through Rogovsky electrodes were used to
initiate high-pressure (ca 300-760 Torr) mixtures of He-D,-F, with
and without CO;, some anomalies in the temporal laser emission
were observed. Specifically, combustible Dy + F, (+He + CO3) mix-
tures when ignited by 150 ns electrical discharge exhibited a
prompt laser radiation from the DF molecule (3.6 um) and the CO,
molecule (10.6 um) followed by a delayed 10.6 um laser pulse nor-
mally observed with slower electrical excitation pulses (450 ns
or longer) or with flash photolysis initiation. This behavior is
intimately related to the not-well-explained energy transfer pro-
cesses in DF chemical lasers. It was felt that measurements of
the time-resolved spectral output could more clearly define the
excitation mechanisms. Consequently, an in-depth study of their .
phenomena was undertaken in the Research Center in support of the i
NAVSEA-sponsored program (Ref. 2). The results of that study are %)
summarized below.
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The use of fast electrical initiation makes it possible
to produce electron energies (1.5 eV) near the maximum cross sec-
tion for the Fp + e » F + F reaction. The increased F concen-
tration results in a rapid increase of excited DF from the 'cold
reaction," F + D, DF* + D, which populates the v = 3 vibrational
levels. The sequence of emission lines when CO; is present and
when it is not present make it possible to demonstrate that the
high rate of energy transfer from excited DF to CO, can be ex-
plained if the energy difference is taken up by AJ changes in DF
of +2 or +3 as proposed by others. The main energy transfer to
CO, is most likely due to the "hot reaction," D, + F + DF* + D,
which populates the v < 8 states. In this case, the difference
in the reaction rates for the two branches makes it possible to
achieve an inversion at v = 5, and the energy is transferred with
a AJ = +1. There is evidence in this laser that, with fast elec-
trical excitation, an inversion can be achieved in CO, by direct
electrical excitation of DF.

;o 0N

Principal Investigators: R. Turner and T. O. Poehler. Mr. Turner
is a senior engineer of the Quantum Electronics Group and
Dr. Poehler is the Group Supervisor.

References: T

1. T. 0. Poehler, R. E. Walker, and J. W. Leight, "High-
: Pressure Chemical Waveguide Laser,'" Appl. Phys. Ltrs.,
B Vol. 26, No. 10, 15 May 1975, pp. 560-561.

2. R. Turner and T. O. Poehler, "Electrically Initiated
Pulsed Chemical DF-CO, and DF Lasers," presented in
part at the 4th Conference on Chemical and Molecular
Lasers held in St. Louis, MO., 21-23 October 1974.
The final paper was submitted for publication to
J. Appl. Phys. (Abstract published in IEEE J. Quan-
tum Electronics, Vol. QE-11, No. 8, August 1975).

. Chemical Lasers: Modeling of the Na-CO Electronic-Vibrational
F | Energy Transfer

- : The quenching of electronically-excited atoms by molecu-
: ) Lan species is an impontant if not dominant process in some Lasen
i systems. A case in point is the quenching of chemically-produced
- excited Na atoms by CO in the N,0-CO chemical Lasern in which the
) Na atom is used as a catalytic agent. The probLem has been ex-
L amined ana!.yucau.g to show that enengy thansfer from electrond-
cally excited Na(32P) to CO(v = 8) 4s 4indeed fast, but that the
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§iltening of this enerngy into the Lowern vibrational Levels where
At is available fon Lasing action 48 slow at the pressunres and
Lemperatures of interest. The result explains in part the ab-
sence of Lasing action for conditions where CO 47 present in ex-
cess. ,

ERTiC o 4

Electronic-vibrational (E-V) energy transfer processes
are of increasing interest recently since they are extremely fast
& (essentially gas kinetic in many cases) mechanisms for the deac-
| tivation of excited states involved in visible lasers. E-V pro-
X cesses also provide a potential means of achieving lasing in the
visible region via rapid energy transfer from vibrational levels
to excited electronic levels. In addition to providing a basic
understanding of E-V transfer, processes involving sodium atoms
are of immediate interest with regard to the pumping mechanism of
the Na-catalyzed N,0 + CO chemical laser developed at APL (Ref. 1).
1 The present work provides basic understanding that complements
'1 directly funded (NAVSEA) work on the CW chemical laser.

One of the proposed mechanisms of the N0 chemical laser
involves the direct production of electronically excited sodium,
Na(32P), in the chemical reaction:

Na + N0 -+ NaO + Ny + 21.0 kcal/mole
NaO + CO » CO, + Na(32P) + 17.6 kcal/mole.

The Na(32P) energy is then rapidly transferred to the vibrational
levels of Np, CO, N0, and CO,. Since there is rapid V-V transfer
between the vibrational levels of all four molecules, equilibrium
is readily established between the asymmetric stretch modes (upper
laser levels) of CO, and N0 and the vibrational levels of CO and
N2. Because of this equilibrium and energy sharing, when N,0 is
the major constituent, most of the energy is deposited in the N0
vibrational levels. This results in the N,O species lasing at
10.8 um.

o However, when N0 is a minor constituent and there is a

t large excess of CO, no lasing at 10 um has been observed. A pos-
5 sible explanation is that most of the energy will be transferred
b to the CO(v) levels, presumably those levels that are most reso-
' } nant with Na(32P), i.e., CO(v = 7,8,9). Since it is known that

- the V-V relaxation of CO by CO itself is rather slow for the high
vibrational levels, then the energy might remain trapped in CO(v).
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In order to obtain an estimate of the time evolution for
the CO(v) population during the E-V transfer from Na(32P), a sys-
tem of differential equations describing the rate processes was
solved using standard computer techniques. The rate constants
and radiative lifetimes of all the pertinent levels have been pre-
viously measured. However, it is not known which CO vibrational
level is most important in the transfer. Thus the calculations
were simplified by constraining the E-V process to involve only
CO(v = 8), the level most nearly resonant with Na(32p).

The results for typical pressures of Py, = 0.02 Torr
and P = 2.0 Torr and initial electronic temperatures of sodium
Te = 1500, 2000, and 2500°K all show that the E-V transfer to
CO(v = 8) is essentially complete in 1077 s and that the co(v)
levels for v > 4 remain highly populated, i.e., equilibrium among
CO(v) is not established even after 1 ms. This is rather long
relative to most energy transfer times and may explain why no
lasing has been observed from CO, or N,O when CO is the major
constituent. Experiments are in progress to measure the gain (or
loss) for CO(v) in the Na-N20 + CO system and thereby determine
if the upper vibrational levels of CO are indeed highly populated
because of the efficient E-V transfer from Na.

Principal Investigatcr: R. C. Benson. Dr. Benson is a senior
chemist in the Excitation Mechanisms Group.

Reference:

1. R. C. Benson, C. B. Bargeron, and R. E. Walker, "Gain
Measurements in a Transverse-Flowing Na-N,O0 + CO
Chemical Laser,'" Chem. Phys. Ltrs., Vol. 35, No. 2,

1 September 1975, pp. 161-166. See also D. J. Benard,
R. C. Benson, and R. E. Walker, '"N,0 Pure Chemical

CW Flame Laser,'" Appl. Phys. Ltrs., Vol. 23, No. 2,

15 July 1973, pp. 82-84.

Organic Conductors

Development of new organic conductons of excepiional con-
ductivity, and chemical control of thein clectronic properties Ais
in progress in collaboration with the Department of Chemistry of
The Johns Hopkins University. A steady progression has been
achieved grom the original development of TTF-TCNQ, which raised
the electronic conductivity of the organic metallic states by
ndens of magnitude, to the necently synthesized HMTSF-TCNQ, which
cxtends the nange of metallic conducti-vity from 300°K to at Least
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The first organic material to behave electrically as a
metal throughout the temperature range 1 to 300°K is the compound
hexamethylene-tetraselenafulvalenium tetracyanoquino-demathanide
(HMTSF-TCNQ) , which was developed and studied during the present
year (Ref. 1). The molecular structure of HMTSF-TCNQ is illus-
trated in Fig. 1. The donor molecule is the logical extension
of the tetramethyl analogs TMITF (Ref. 2) and TMTSF (Ref. 3),
which become insulating at low temperatures. The room tempera-
ture DC conductivity of HMISF-TCNQ of over 2000 (Qcm)~! is the
largest of any known organic substance. However, in contrast to
other one-dimensional organic conductors that undergo transitions
from metallic to insulating phases as the temperature is lowered,
HMTSF-TCNQ remains metallic to below 1°K. Preliminary X-ray
crystal structure studies show this compound to be the most nearly
two-dimensional conductor of the TTF-TCNQ family. The low-tem-
perature metallic behavior may arise from the two-dimensional sup-
pression of the Peierls instability as well as the lack of long-
range order along the weakly coupled a axis of the crystal.

The difficulties inherent in the conventional four-probe
DC conductivity measurements in highly anisotropic crystals are
avoided by use of microwave techniques. Microwave conductivity
measurements of organic conductors were first made at APL, and
the early measurements of TTF-TCNQ were in substantial agreement
with previously obtained DC results (Ref. 3). More recently,
these techniques were applied to HMTSF-TCNQ with the results
shown in Fig. 2. These studies have now been extended to theo-
retical and experimental studies of the microwave response of
small, strongly anisotropic conductors. The results have been
used in properly interpreting measurements of conductivity and
dielectric constant in samples of TTF-TCNQ of varying chemical
purity to evaluate critically the relative importance of crystal
perfection and chemical purity in determing the sample-dependent
electrical parameters of TTF~-TCNQ (Ref. 4). Results of general
applicability have been obtained, allowing proper interpretation
of microwave loss and electron spin resonance experiments over a
wide range of experimental parameters (Ref. 5).

Principal Investigators: T. O. Poehler, D. 0. Cowan, and A. N.
Bloch. Dr. Poehler is Supervisor of the Quantum Elec-
tronics Group of the Research Center. Dr. Cowan is
Professor of Chemistry and Dr. Bloch is Associate Pro-
fessor of Chemistry at The Johns Hopkins University, and
are not supported by the IR&D Program.
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SOLID STATE PHYSICS

L e L et o g o

The Sofid State Physics component of the Research Centern's
IRED program continues to be orlented towards providing an innova-
tive capability in newly developing areas, primarily of inorganic
amonphous semiconductons, through research in the development and
application of new concepts and techniques. (0then aspects of
s0lid-state physics are carvied on in other IRED profects sum-
marized elsewhere in this neport.)

Fad Al

Emphasis continues to be placed on amorphous semiconduc-
tors which have been the subject of considerable investigation in
recent years both at the Laboratory and elsewhere. Substantial
contributions continue to be made and internationally recognized;
during the present period Dr. K. Moorjani, the group's theoretical
physicist, spent most of the year in France, having been appointed
by the French govenment to a visiting professorship at the Univer-
sity of Grenoble and a concurrent term at the Phase Transition

‘s Laboratory of the National Center for Scientific Research at
Grenoble. The Group's work is described in detail in two cited
reports, in three publications that appeared in print during the
current year, and in five papers that have been accepted for pub-
lication. Specific projects undertaken in FY 1975 are as follows:

1. Switching in amorphous boron films;

: 2, Effects of carbon and hydrogen impurities in amor-
B phous boron;

3. Mossbauer effects in solids;

4., Kinetics of amorphous to crystalline transformation
in germanium films;

5. Sputtering processes in sputter-ion source mass spec-
trometry;

| (7 6. Thin-film crystalline silicon solar cells; and

A ; X, 7. Theory of disordered solids.
/. - ; -
l i} These interrelated projects are described briefly below.
i
& Switching in Amorphous Boron Films

Steady-state and pulse-switching-time studies in amor-
! phous boron, boron plus carbon, and silicon thin §i&ms show the

ﬂ - 93 -




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

1 presence of gilament gormation and nelate transition times fo RC

: time constants. At Low frequencies, necovery time is proportional
to power dissipated in the ({Lament; delay time is inversely pro-
portional to sample thickness. MNew nesults fon shornt pulses are
obtained, and a previously proposed model is refined.

Switching in elemental amorphous semiconductors and
chalcogenide glasses is of considerable interest, partly because
& of potential applications to well-known electromagnetic pulse pro-
4 tection problems. In this connection, a substantial part of the
Research Center's switching studies have been supported by the
Army's Harry Diamond Laboratories. During the present period,
measurements of switching times have been extended into the nano-
second region, and phenomena associated with pulsed high-voltage
signals examined. The previously developed model combining both
the thermal and the electronic switching processes (Ref. 1) has
3 been refined. Details of time dynamics in the instability pro- ;
k- cess in boron is described further in Ref. 2. It has been deter- i
mined that phenomena at voltages higher than those required for
switching are in keeping with the electrothermal model; a paper
reporting these new results is being submitted for publication.

Principal Investigators: C. Feldman, H. K. Charles, Jr., and .
G. Turner. Dr. Feldman is Supervisor of the Solid State 9
Group of the Research Center; Dr. Charles, Jr. is a sen-
ior engineer of the Microelectronics Group of the Engi-
neering Facilities Division; Mr. Turner is a doctorate
student at The Johns Fopkins University.

References:

1. H. K. Charles, Jr., and C. Feldman, '"Switching Times
in Amorphous Boron, Boron Plus Carbon, and Silicon
Thin Films," J. Appl. Phys., Vol. 46, 1975, p. 819.

2. "A Study of Amorphous Semiconductors for Symmetrical
Varistor Applications,'" APL Project Z730, Final Re- {
port, 12 June 1975.

Effects of Carbon and Hydrogen Impurities in Amorphous Boron

_‘ Carbon and hydrogen were placed in amorphous boron by §
4! deposition in a parntial pressure of acetylene. Carbon in amon-

4 phous boron has the effect of increasing the nesistivity of the r
§4iLm, which is opposite to the neponted effect of carbon in crys- {:
talline boron. The Aincrease of nesistivity appears to be a com- ‘
pensation effect of carbon Lin boron. Hydrogen appears to reduce
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the number of dangling bonds in the amorphous network. Infrared
optical experiments have been performed on boron §ilms, which
quantitatively indicate the presence c¢§ carbon and hydrogen, and
noughly cornelate with SIMS studies o4 the same samples.

ey

The possibility of developing stable, room~temperature
) switching devices, very high-resistance thin-film resistors, and
ﬂ energy barriers emerge from our investigations of carbon-doped
' amorphous boron. The resistivity, electron paramagnetic resonance
(EPR), and Poole-Frenkel effect have been investigated in amor-
phous boron films containing controlled amounts of carbon and
hydrogen impurities (Refs. 1 and 2). Samples were formed on fused
silica substrates by the previously used electron beam deposition
; method at a rate of 1.5 to 2.0 nm/s. Controlled introduction of
3 carbon (and hydrogen) was achieved by introducing acetylene and
b using a gas analyzer to monitor the result. Composition analysis
was achieved using a sputter-ion source mass spectrometer. EPR
signals, thought to arise from dangling bonds as in amorphous Si
L and Ge films, remained unaffected by carbon but tended to decrease 3
% with increasing hydrogen. Resistivity was found to increase by

N S W T %

more than two orders of magnitude with increasing carbon content,
indicating the possibility of developing high-resistance thin-film
4 3 resistors. (The effect of carbon on switching behavior has been
previously described.) Results and interpretation are described

in detail in Refs. 1 and 2.

Principal Investigators: C. Feldman, F. G. Satkiewicz, H. K.
Charles, Jr., and J. Bohandy. Dr. Feldman is Supervisor
of the Solid State Group; Dr. Satkiewicz is a senior
chemist of the Solid State Group of the Research Center.
Dr. Charles, Jr. is a senior engineer of the Microelec-
tronics Group of the Engineering Facilities Division.

Dr. Bohandy is a senior physicist of the Microwave Physics
Group of the Research Center.

References:

1. C. Feldman, H. K. Charles, Jr., F. G. Satkiewicz, 2
and J. Bohandy, "Electrical Properties of Carbon-
Doped Amorphous Boron Films," Proceedings of the
l: Fifth International Symposium on Boron and Borides,
#

Bordeaux, France, September 1975 (to be published).

2. C. Feldman, K. Moorjani, and N. Blum, '"Mass Spectrome-
try, Optical Absorption, and Electrical Properties of

g Amorphous Boron Films," Boron — Production, Structure,

3 and Properties, F. N. Tavadze (Ed-in-Chief), Science

i Publishing House, Moscow 1974, p. 130 (in Russian).




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

Mossbauer Studies

Tnvestigations of the amorphous-to-crystalline phase
trhans formations continued with Mossbauer studies on tellurium
being reported at the International Conference on the Applica-
tions of the Mossbauer Effects (Reg. 1). 1In this work, the amon~
phous-£o-crystalline trhansition produced a Large change in the
Mossbauer recoil-free graction, and a small but measurable change
An the quadmupole splitting of the tellurium spectrum. These nre-
sults wene interpreted in terms of changes in the microscopic
sthucture of the sample going through the transformation. In addi-
tion, Mossbauer studies of hyperfine interactions were undentaken
on a well-characterized sample of ewropium telluride and will be
reponted at the December mewytg o4 the Conference on Magnetism
and Magnetic Materials (Ref. 2)

It is important to understand the relation between the
properties of amorphous materials and their degree of order.
Mdssbauer spectroscopy has been a well-known technique for study-~
ing order in crystalline materials, and its use was first extended
to elemental amorphous semiconductors at this Laboratory.

Work of the current period has dealt primarily with
Europium Telluride (EuTe). EuTe is the only member of the euro-
pium chalcogenides that is antiferromagnetic; there has been con~
siderable controversy concerning the interpretation of its prop- &
erties. It is a cubic antiferromagnet with a Néel temperature of
9.6°K. 1In conducting samples there is a spontaneous magnetic mo-
ment below Ty-

o e oo e SRR

In collaboration with Dr. R. B. Frankel (Massachusetts
Institute of Technology, not funded by the IR&D program) we have
used the 35.5 keV Mdssbauer transition in 125Te to examine the
nature of the hyperfine field. At 77°K, the spectrum shows a
single broadened absorption line compared with nonmagnetic ZnTe,
indicating the absence of significant electric quadrupole split-
ting. At 4.2°K the linewidth increased by a factor of 1.5, equiva-
E lent to an average hyperfine field at the Te sites of about 80 kOe,
E: | in agreement with recent nmr measurements. The line continued to
] broaden with increasing external longitudinal magnetic field up to i
. 75 kOe at 4.2°K. These observations were interpreted in terms of
the magnetic field/temperature phase diagram and compared with
models for the Eu spin system involving canting or nonuniform spin
distribution associated with impurities.

P
i
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b1 Principal TInvestigators: C. Feldman and N. A. Blum. Dr. Feldman
B | is Supervisor and Dr. Blum is senior physicist of the
LT Solid State Group of the Research Center. f{
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References:

’ 1. N. A. Blum and C. Feldman, '"M&ssbauer Investiga-
tions of Amorphous and Polycrystalline Tellurium," :
§ J. de Physique, Vol. C6, p. 401 (Proceedings of the |
s International Conference on the Applications of the :
M¢ssbauer Effect, Bendor, France, 1974).

! 2. N. A. Blum and R. B. Frankel (MIT), "Hyperfine Inter-
actions in Antiferromagnetic EuTe Using the 1257¢
Mossbauer Resonance,' Proceedings of the 21st Annual
Conference on Magnetism and Magnetic Materials,
Philadelphia, Pennsylvania, 9-12 December 1975 (to

be published).

Kinetics of the Amorphous-to-Crystalline Transformation in

Germanium Thin Films o
The amorphous-to-crystalline thansformation in vacuum- =
deposited germanium thin-§ilm samples was studied by measurning 1

the time and temperature dependence of thein optical trhansmission.
The thansformation curves obtained optically were then convented 3
to volume thansformation-time curves, giving a possiblLe measure ;
of the deghee of amorphicity within samples. The kinetics of the

process are described by an equation that contains a parameter

Adentified with the self-digfusion activation enengy of the con-

responding crystalline material .

In order to make effective use of semiconducting amor-
phous films in electronic device technology, it is necessary to
understand the mechanism of transformation to the crystalline
state in as much detail as possible. Through this understanding,
there is the possibility of controlling the size and growth pat-
tern of grains during the crystallization process. The work also
; L) provides important information for studying temperature-dependent

properties of amorphous films without crystallizing the samples or

1 introducing impurities. é

[
. §

: Films of amorphous germanium prepared by vacuum deposi-
tion were subsequently heated for various times at different tem-
peratures. Optical transmission of the films was measured at
wavelengths where the absorption is most strongly affected by the
change from the amorphous to the crystalline state. Isothermal
transformation curves of volume transformed versus time were de-
scribed by a semiempirical kinetic equation that characterized
various states of the transformation. From the isothermal trans-
formation curves, a time-versus-temperature plot of crystallization

TR
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can be prepared that is described by a simple exponential depen-
dence of time as a function of reciprocal temperature. A detailed
report of this work has been accepted for publication (Ref. 1).

g Principal Investigators: C. Feldman and N. A. Blum. Dr. Feldman
3 is Supervisor of the Solid State Group and Dr. Blum is
k. a senior physicist of the Solid State Group of the Re-
2 search Center.
Reference:
1. N. A. Blum and C. Feldman, "The Crystallization of
Amorphous Germanium Films," J. Non-Crystalline Solids
(to be published in 1976).
ﬁ Sputter-Ion-Source Mass Spectrometry

Extensive sputter-Lon-source mass spectrometern studies
have been performed on samples prepared at this Laboratorny as well
as on CuyS/CdS solan cells from the Univernsity of Delaware and
GaAs crystals grom the Naval Reseanch Laboratony. Studies have
continued 4in ondern to obtain a detailed understanding of the
mechanisms of secondary Lon generation by sputtering. The solar
cell investigation has identified fabrication effects and celd
Ampunities; the investigation of sputtering mechanism has provided
a method for determining detection Limits forn impurities under
centain adverse conditions.

The sputter-ion-source masc spectrometer (SIMS) acquired
last year has proved invaluable for impurity analysis and under-
standing the physical properties of materials. The beam of the
ion source interacts with the target (sample), producing atomic
and polyatomic fragments of which some fraction is ionized.

These secondary ions are focused electrostatically into a double-
5 focusing mass spectrometer.

The capability of the SIMS for obtaining depth profiles
of both ionic and polyatomic constituents has been used to study
various copper sulfide/cadmium sulfide (Cu,S/CdS) solar cells to
determine the effect of processing on composition profiles and
presence of impurities. Differences in constituent profiles
caused by processing have been observed. The results of this work
are presented in the Exploratory Development Section of this re-
port under the topic Solar Cell Research and are described in de-
tail in Ref. 1.
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Although sputter-ion-source mass spectrometers have been
available for several years, the mechanism of ion generation by
sputtering is still not thoroughly understood. One of the practi-
® ; cal consequences is the need for ad hoc time-consuming empirical
calibration procedures. Accordingly, studies to characterize and
clarify the sputtering mechanisms have been continued. It is par-
ticularly important, for double-focusing instruments where the :
secondary ion energy/window is variable, to characterize the en-
. ergy dependence of secondary ion distributions. Determination

curves were made for several materials. This approach enables an
analyst with any such instrument to determine detection limits for
impurities at masses where isotope ratio measurements are not pos-
sible and when instrument resolution is insufficient to decouple
interfering species. Results are described in detail in Ref. 2.

shies e el Sl

e . Principal Investigators: F. G. Satkiewicz and H. K. Charles, Jr.
¥ Dr. Satkiewicz is a senior chemist of the Solid State

- Group of the Research Center and Dr. Charles is a senior
engineer of the Microelectronics Group of the Engineering
Facilities Division.

References:

b { 1. F. G. Satkiewicz and H. K. Charles, Jr., "Sputter Ion
: Mass Spectrometer Analysis of Copper Sulfide/Cadmium
Sulfide Solar Cell Samples,'" APL/JHU TG 1234.

3 2. F. G. Satkiewicz, "Initial Cnergy Distributions of

3 Secondary (+) Ions from the Sputtering of Non-Metallic
Solids with Art (3 KeV to 10 KeV)," Proceedings of the
23rd Meeting of the American Society for Mass Spec-
trometry, Houston, Texas, May 1975 (to be published).

Thin-Film Solar Cells

] Wonk on thin-§ilm silicon sokar cells was initiated.

i Techniques fon depositing pure §ilms with thicknesses greatern than
B | the required 10 um were developed. Studies on conversion of the
By amonphous thin films to the crystalline phase and on doping by

! difgusion were conducted. Doping profile studies using SIMS were
; L L begun. Appropriate deposition masks forn sclarn cells were gabri-
P cated.

IZ The high cost of presently available silicon solar cells i
derives in large part from intricate crystal growing steps neces-

sary to their manufacture. These expensive steps might be avoided

if a way could be found to merely deposit a thin film of silicon i3

ll in the disordered state, and use the amorphous-to-crystalline phase 1>
transition. The p-n junction is then formed by a diffusion process.
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4 APL has pionecred in the development of advanced tech-
niques for vacuum deposition of pure amorphous films; for convert- !
ing these layers to the crystalline phase, and for creating p-n -
junctions in such layers. The present period marks the beginning
of a project to extend these techniques to the formation of vacuum-
deposited thin-film solar cells. The project will emphasize (a) ot
forming cells with efficiency comparable to that obtained in sin-

: gle-crystal bulk material and (b) fabrication techniques that

lead to low-cost cells. Substrate interactions, diffusions

and impurity, and doping profiles will be studied using sput-

ter-ion-source mass spectrometry.

Preliminary work has been encouraging. Techniques for
achieving pure amorphous films of appropriate thickness (# 10 um
to ensure absorption of light) have been developed and proved to
be successful. Further studies have been initiated on the amor-

| phous-to-crystalline transition with emphasis on achieving maxi-
3 mum grain size (e.g., minimum number of barriers). Diffusion 4
; studies to produce p-n junctions have been initiated but, in the 3

absence of knowledge of diffusion constants for such films, nec-
essarily proceed empirically and slowly.

Principal Investigators: C. Feldman, F. G. Satkiewicz, and H. K.
Charles, Jr. Dr. Feldman is Group Supervisor and Dr.
Satkiewicz is senior chemist of the Solid State Group of
the Research Center. Dr. Charles is a senior engineer
of the Microelectronics Group of the Engineering Facili-

/ ties Division of the Laboratory.

B

f Theory of Properties of Disordered Solids

[N

Relatively Little theoretical work on the properties of
disondered so0lids was continued as a part of the IRED program,
since Dn. Moorfani was on Leave of absence for 11 months of the
yean as a visiting professon in Grenoble, an appointment funded
: by the French government. However, a study by him was initiated
f\ and completed, .in collaboration with Dr. S. K. Ghatak (C.N.R.S.

Phase Transition Laboratonry, Grenoble, noi funded by the progham).

!“ The work deals with site and bond disorder in a Heisen-
L berg Ferromagnet, a disordered solid in which a fraction c¢ of ;J
lattice sites are randomly occupied by magnetic atoms and the re-

] i maining sites are occupied by nonmagneti: atoms. Bond disorder

A is introduced by allowing two possible bond strengths; the mag- ;]
B [ netization and magnetic susceptibility are developed and inter- {

i preted in terms of the Bethe-Pelerls-Weiss approximation. The re- d
sults are being prepared for publication (Ref. 1). f] -
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E Principal Investigator: K. Moorjani. Dr. Moorjani is a senior
' L physicist of the Solid State Group of the Research Cen-

ter.

[ R § AN

Reference:

1. S. K. Ghatak (C.N.R.S., Grenoble) and K. Moorjani,

i "Structurally Disordered Heisenberg Ferromagnet,"

i Solid State Communications (to be published);

M. Avignon (C.N.R.S., Grenoble) and K. Moorjani,
"Order Parameter Dependence of Band Splitting in
C.P.A.," Bull. Am. Phys. Soc., Vol. 20, 1975, p. 412.
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EXPLORATORY DEVELOPMENT

Introduction

About one-founth to one-thirnd of the Laboratory's indi-
recetly gunded work 48 generally devoted to exploratory develop-
ment studies aimed primanily at advancing the definition of new
concepts related to Laboratony missions. These studies nurture
the growth of L{nnovative approaches to the point of clarifying
the need for theirn inconporation into directly funded tasks.
Examples of past contributions include the Navy Satellite Naviga-
tion System, Tt it; the automatic detection and tracking system,
AN/SYS-1; Dual-iwide Redeye; Zhe Box-Launcher; and electrostatic
stabilization of aircragt.

In general, the IR&D Exploratory Development projects
are initiated and carried out on a short-term and part-time basis
by experienced principal investigators whose primary responsibili-
ties are to directly funded Laboratory missions. Authorization

for each project, including levels of effort and funding, must be B
obtained in advance from the Office of the Director of the Labo- .
ratory.

Although the Applied Physics Laboratory is engaged pri-
marily in support of national defense objectives, it also engages
in projects that are directly funded by civilian agencies of the
government. Thus, IR&D Exploratory Development projects are car-~
ried out also in civilian-related areas. These projects enhance :
the transfer of defense-related science and technology to impor- 4
tant nondefense problems by nurturing the growth of innovative
approaches to clarify their potential value. Examples of past
and present contributions include the development of new concepts
of navigation, air traffic control, communications, urban trans-
portation, energy utilization, and medical technology.

A dia it

The Research Center has been engaged in 24 exploratory
projects during the present reporting period. As in the past,
these are generally short-term efforts and relatively small;
most of the work was done at levels of less than one man year.
Their quality and productivity derives in large part from the
compecence and experience of the senior investigators and rele-
vance to larger directly-funded programs.

A eyttt

The exploratory projects are individually summarized
(except for the very smallest) in the following parts of this
section. However, those adjudged too small for individual sum-
maries are worthy of mention.

W10 S iR i o o,
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One very small exploratory study, extending part time
over a period of four months, provided l:aboratory participation
i in an assessment of Automated Guideway Transit Systems conducted
- by the Congressional Office of Technology Assessment. The re-

] sults of the study were reported to the Senate Appropriations
- Subcommittee on Transportation (Senate Hearing, Department of

; Transportation and Related Agencies Appropriations, Fiscal Year
A : 1976, 94th Congress, First Session, H.R. 8365, part 2) and have
Br been published (Ref. 1).

A second small project (total, approximately 4 man months)
is concerned with the application of new techniques to air traffic 1
safety problems. The first objective is the application of the
3 new technology of charge-coupled devices to video quantizers. 1
Specific application is to solve inadequate performance problems
1 of the analog delay line of an analog rank quantizer (built else-
bk - where) for the FAA en-route system. Success with the application
3 has potential benefits in the development of any type of video
quantizer. The second objective is developing a method for auto-
‘ mated air traffic advisory service utilization of track-file data.
(Currently, automated air traffic control tracking systems assess
the position coordinates of reported aircraft positions relative
to selected tracks for preset neighbtoring regions around each
| track. This information is used to update the current track files
and then deleted, but it is also information that is provided to
pilots by traffic advisory services generated by the controller.)

In a third small (1.5 man month), short-term exploratory
effort, weapon system simulation studies were carried out to in-
vestigate the advantages of applying ramjet propulsion systems,

: such as those being developed at this Laboratory, to future anti- e
By | ship missiles (ASM's) and antiair missiles for antiship missile !

defense (ASMD) systems. Six missiles were considered in kinematic :

studies of various threats using, principally, appropriately ex-
B | tended weapons simulations previously developed and used by the
Systems Analysis Group. For reasons of national security, the
results of this study are classified, but have been published and
are available to properly authorized individuals.

- A very small (1 man month) experimental investigation,
started near the end of last year and completed early in the
present year, established the feasibility of using a single travel- :
ing wave tube for the radar altimeter and microwave-scatterometer 4
> in SEASAT-A .

) Three other small-scale exploratory studies (total level ]
e | of effort 2.1 man months) were initiated late in the present
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: reporting period. The first of these is an outgrowth of a real

& time hemodynamic monitoring unit developed in the Myocardial In-
farction Research Unit Program (MIRU) with the Johns Hopkins
Medical Institutions. As a result of that development, the ad-
vantages for portability became apparent. The project was ini-
tiated to investigate the design and fabricate from one to four
portable monitoring units and test their utility in a variety of
clinical environments. Much of the preliminary feasibility analy-
sis has been completed, and participating physicians have been
identified.

The second, very late-start exploratory effort, was ini-
tiated to support the real time generation of sophisticated tacti-
cal displays for Navy ships, using high~speed access mass-storage
devices. Equipment to support this study has been identified.
When the equipment is delivered, it will be interfaced and pre-
liminary applications will be tested.

The third late-start project (0.6 man month during the
present year) deals with problems of assuring equipment readiness
through the development of an Automated Maintenance Support Tool
(AMST) that can interact with and provide broad support to an
operator during routine maintenance and diagnostic repair. The
need is a result of the increase in sophistication of individual
components in Combat Weapon Systems, where readiness is frequently
limited by the ability to maintain equipment. Moreover, in the
case of smaller ships the ability to maintain equipment with a
small crew has resulted in an effective ceiling on the complexity
of the components deployed. Thus, a significant increase in the
ability to maintain equipment can directly result in an increase
in combat effectiveness. The preliminary studies indicate that it
will be possible to demonstrate an AMST with features to include:

1. Programmed support for routine maintenance and stan-
dard diagnostics for a given equipment set, and a
ls mechanism for including additional programmed support
for an arbitrary equipment set;

{{ 2., Nonprogrammed access to and display of technical data
including text, drawings, waveforms, computations,

{ { etc., to support troubleshooting in situations for

- { | which no diagnosis has been anticipated; and

| i { 3. Ability to be inexpensively mass produced in a semi-
P portable model that can directly interface with stan-
e dard test equipment. 3
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One small exploratory study (approximately 1 man month)
concerned with internal combustion engines was initiated at the
end of the previous period and completed during the present period.
§ Currently, low pollutant emissions from such engines are generally
- achieved by operating at high fuel/air ratios (lean burn), and re-
lying on some form of after-treatment such as a catalytic converter.
Z Primary limiting factors are cycle-by-cycle variations in the power
' stroke. The present study was concerned with assessing the possi-
bilities for improvement through spark-electrode design. The
study indicates that significant improvement would result from the
use of electrodes designed to project ions (including free radi-
cals) into the combustion chamber ahead of the flame front, since
the transition from spark kernel to flame front tends to be rela-
tively slow and variable under lean burn conditions. The results
: of the study are promising, and direct-funding support is being
A* sought for detailed experimental verification.

Reference:

1. U.S. Congress Office of Technology Assessment, ''Auto-
mated Guideway Transit — An Assessment of PRT and
Other New Systems" (including supporting Panel Re-
ports), June 1975.
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BOX LAUNCHER DEVELOPMENT

The APL Experimental DevelLopment Model (EDM) Box Launchen
has been tested successfully. Provisions for obtaining range time
forn the test were made with the assistance of the Standard Missile
Project Office at APL and with the suppont of the SM-2 Navy Pro-
gram Office.

e T R T S My S A I S AN

APL has been engaged in the development of a universally
adaptable box launcher for the Standard Missile family and future
missiles similar in performance and configuration. Details were
reported previously. A prototype of the box launcher was tested
in 1969 and was approved by the Navy in 1970 for installation on
1052 class destroyers under the Interim Surface-to-Surface Missile
Capability (ISSMC) Program. Following the ISSMC Program, APL con-
tinued development work on the box launcher to improve components,
structures, and reduce cost. As a result, a second-generation
Engineering Development Model (EDM) launcher cell was completed in
June 1974 and a Blast Test missile was fired from it on 29 Septem-
ber 1975 at the White Sands Missile Range (WSMR).

It was planned initially to conduct a test firing from
the EDM launcher during the spring of 1975 using a Blast Test Ve-
hicle (BTV) airframe from parts at APL and equipped with a rocket
motor constructed by APL and loaded with propellant by the Aero-
jet Solid Propulsion Company, Sacramento, California. However,
the cost of loading one rocket motor was excessive and arrange-
ments were made to purchase from Aerojet, at a reduced cost, a
complete loaded motor assembly made from parts that would be fab-
ricated during a production run for the Navy during 1975. The
motor became available in early September and was shipped to WSMR
for assembly into the BTV airframe in preparation for a test fir-
ing from the EDM launcher.

The test firing from the EDM was made on 29 September
with the objectives of demonstrating functional operability,
evaluating new and improved operating mechanisms, investigating
shock and vibration effects on the elastically suspended launch
rail system, and testing a new design of frangible forward and
aft launcher closures. The test was completely successful. Ex~
tensive photographic data were obtained of the missile launch and
disruption of the test closures. Shock and vibration data were
also obtained from accelerometers mounted in the launch rail. A
preliminary visual examination of the EDM launcher after the test
disclosed no damage to operating components of the launcher.
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Films of the tests were sent from WSMR to APL for analy-
sis. The EDM was returned for disassembly and detailed study of
blast effects on components and mechanisms. Following the test-
data analysis a report will be prepared and recommendations will
be made for future action on a box launcher design to meet full
tactical requirements for shipboard installation. It is antici-
pated that the data reduction and report can be completed during
the second quarter of FY 76. Direct Navy funding will be re-
quested for the development and test work required to achieve a
finalized design for tactical installation.

o+ el P M kbl

Principal Investigators: §S. Kongelbeck and W. F. Williams.
Mr. Kongelbeck is APL's Chief Engineering Consultant
and Mr. Williams 1is Branch Supervisor of the Mechanical
Engineering Branch of the Engineering Facilities Division.
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ATMOSPHERIC ELECTROSTATIC FIELD MEASUREMENTS 1

Stability of the electrostatic field of the eanth is im- ;
portant to the DoD in connection with stabilization of remotely
piloted aincragt. An Anvestigation was devoted tec the acquisi- 3
tion of electrostatic gield gradient data during the §Light of ]
the Project Da Vinel manned balloon Laboratony. The §inst §Light
test of an APL experiment package demonstrated overall success in
design perfornmance, but data interpretation was hindered by non-
design deployment of other experiments aboard the balloon.

The balloon-borne manned laboratory established for the
investigation of phenomena within a moving parcel of air in the
lower atmosphere is known as Project Da Vinci. The laboratory
has been sponsored by ERDA, the National Geographic Society, and
the Army Atmospheric Sciences Laboratory. Some eighteen other
laboratories, both U.S. Government connected and private, are
participating in Da Vinci. The first flight of the Da Vinci bal-
loon took place on 29 October 1974 from a launch site near Las
Cruces, NM. The second flight of a modified and expanded program
is expected to leave from a location in Oklahoma early in 1976.

Very little usable and reliable information on atmo-
spheric horizontal potential gradients is presently available, so
one purpose of the APL experiment was to ascertain the circum-
stances that cause horizontal gradients to reach a sufficient
magnitude to interfere with the navigation of electrostatically
stabilized RPV's (Refs. 1 and 2).

A dual-channel electrostatic field meter, designed and
built at the Applied Physics Laboratory to measure vertical and
horizontal components of the electric potential gradient in the
atmosphere, was delivered to the Da Vinci assembly location at
Kirtland AFB, Albuquerque, NM and installed on the gondola.

The balloon was launched at about 9:00 p.m. on 29 Octo-
ber with the APL experiment package deployed shortly after launch
approximately 100 ft below the gondola on a Dacron line. The
package functioned normally and usable data were generated. How-
ever, at about 1:40 a.m. of 30 October another larger instrument
package (not a part of the APL experiment) was lowered on a line
to the vicinity of the APL meter, causing an unacceptably large
artificial horizontal disturbance of the electric field. Flight
plans called for lowering this second package well below the APL
instrument, but this was not possible because of other problems.
So the situation continued for the remainder of the flight, which
was terminated earlier than planned because of weather at about
8:00 a.m. 30 October near Wagon Mound, NM.
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During the flight the APL package was rotated slowly
about the vertical axis to provide sensing of horizontal compo-~
nents of the electric field in all directions and to give ade-
quate ventilation to the radiocactive sensor probes. A two-axis

i magnetometer on the package gave continuous information about the
; orientation of the probe antenna. Analog signals from the hori-
? zontal and vertical gradient voltmeters and the magnetometer were
; converted to FM multiplex and relayed to a recording station in a
truck that attempted to follow the path of the flight along the
ground.

E

E

[

F Early in 1975 APL received the data tapes from the flight;
¢ results of initial analysis were issued in March 1975 (Ref. 3).
Results of the analysis show a reasonable trace of vertical poten-
} tial gradient as the flight progressed. Insofar as data could be

E analyzed, there appeared to be no horizontal gradients that would

? be large enough to cause notable disturbance of an electrostati-
cally stabilized vehicle.

In March 1975, meetings were held at ERDA to discuss Da ol
Vinci I results and to begin planning for Da Vinci II. The main .
purpose of the remaining flights will be the chemistry of sulfate
pollution in the atmosphere in connection with combustion of fos- -
sil fuels. Continued participation by APL in the Da Vinci proj-
ect could lead to development of air pollution monitoring and de-
tection equipment based upon the principle of sensing atmospheric
electric phenomena with lightweight and relatively inexpensive
devices similar to those used in the electrostatic stabilization
of Mini-RPV's, but future participation will be contingent upon .
receipt of direct funding. .

Principal Investigator: M. L. Hill. Mr. Hill is Supervisor of
L the Aerophysics and Flight Research Group of the Aero-
E nautics Division.

References:

| 1. M. L. Hil1ll and T. R. Whyte, "Investigations Related
[\ to the Use of Atmospheric Electric Fields for Air- _
b craft and RPV Stabilization," APL/JHU TG 1280, No- f

4 vember 1975. '
k 2. M. L. Hi11, "Introducting the Electrostatic Autopilot," )
: Astronautics and Aeronautics, Vol. 10, No. 11, Novem-

ber 1572, pp. 22-31. |

3, T. R. Whyte, "Preliminary Analysis: First Da Vinci
Flight," APL/JHU BAF-75-02, March 1975.
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; AIR TRAFFIC CONTROL RADAR SURVEILLANCE

e dgpata. e Moo T

System concepts have been developed for conducting termi-
nal airspace suwrwveillance on a cost effective basis using radar
Ain support of ain thaffic control duing the 1980's.

Air traffic control is presently conducted in high-traffic-
density terminal-control areas using surveillance systems that use
both search radar and aircraft beacon transponder sensor subsystems.
The signal returns from these subsystems are processed and corre-
lated to establish and display the position histories of the air-
craft, thus permitting the air traffic controllers to vector the
pilots. A concept is under development for airspace surveillance
in the 1980's that will use a next generation beacon transponder
technique, Discrete Address Beacon System (DABS), as the primary
sensor. This approach should offer a viable solution to air traf-
fic control in high~density airport areas; however, it is judged
that it will not satisfy all the air-traffic-control surveillance
requirements. First, in high-density areas with DABS, a backup
surveillance capability that does not depend on aircraft-installed
support equipment will be required. Second, many terminal areas
that will not require installation of this rather expensive next
generation system will require a surveillance capability. There~
fore, the Systems Research and Development Service of the Federal
Aviation Administration undertook a study to guide future develop-
ment of terminal radar-based surveillance systems.

R i - g o

The FAA requested the Mitre Corporation, Massachusetts
Institute of Technology Lincoln Laboratory, and The Johns Hopkins
University Applied Physics Laboratory to participate in this study
by supporting their Radar Study Committee. The three organizations
were chosen because of their background in applicable military and
related FAA tasks. Because of the importance of the task and the
unavailability of direct funding, the work at APL was supported by
its IR&D funds.

The Radar Study Committee established two subcommittees,
one to address surveillance for airports that would be equipped
with DABS and the other to address airports that will not qualify
for DABS because of lower traffic densities. The former system
was identified as the DABS Backup Radar, while the latter was
called the Short-Range Terminal Radar (SRTR). The SRTR subcom-
mittee was chaired by Mr. D. B. Staake of APL, and most of the
Laboratory effort was concentrated on this subtask. The DABS
Backup Radar subcommittee was chaired by Mr. E. Muehe of Lincoln
Laboratory.

sy

.

=

The work of the two subcommittees resulted in the concep-
tual definition of two radar-based surveillance systems to satisfy
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: the stated requirements. The discussion to follow highlights the
! salient aspects of the SRTR portion of the study.

The primary operational requirements for a short-range
terminal radar were identified as listed on the bottom of Table 1.
Attention then focused on the definition of radar system parame-
ters that would satisfy these requirements and be consistent with
other influencing factors such as cost and ease of operating fre-
quency allocation. The investigation resulted in three candidate
systems, which are identified as a function of operating frequency
across the top of Table 1. Each of the candidates has, in common,
pulse width, pulse repetition frequency, and antenna beamwidths.

{
1
|
|

Analysis indicated that the ground clutter requirement
for each candidate system was equivalent and that circular polari-
1 zation to obtain required weather clutter performance was not re-
quired (i.e., linear polarization was sufficient). As operating
frequency increases, RF power increases, antenna size decreases,
and rain clutter improvement requirements become more stringent.

Figure 1 presents a functional block diagram of the re~
sulting configuration for the three candidate systems. The dashed
lines indicate configuration changes that are possible should the
L-band candidate be implemented using a common antenna system with
the existing L-band beacon surveillance subsystem.

Several new design approaches were used in the definition
of the three candidate systems. First, the entire system, with
the exception of the display in the control tower, is to be pack-
aged using modular techniques in a self-contained unit. Such pack-
aging will reduce maintenance and installation costs significantly.
Second, a new two~channel video processor developed by Lincoln
Laboratory, called the Moving Target Detector, would be used. This
video processor has a significantly wider dynamic range than pro-
cessors presently used,which will enable better performance to be
achieved in the presence of clutter and possibly the display of
more meaningful weather data. Last, the control tower display sys-
tem is to be of the interactive graphics type, which will permit,
among other advantages, a cheaper and easier installation of re-
mote displays in the control tower, an easier display of weather
$ information, and the presentation of aircraft tracks using scan
' history techniques.

—

The definition of these three candidate SRTR systems in-
| dicated that any of the three could be implemented with relatively
= low risk and cost. In addition, available technology should en-
sure that such systems would be highly reliable, thus requiring
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low maintenance. These two highly desirable logistic support
characteristics should be the result primarily of the modest RF
power required, small antenna size, and solid-state modular con-
struction. And finally, the life cycle costs for the three candi-
dates should be roughly equivalent.

Consideration of operating frequency allocations, possible
radio frequency interference problems, and proper use of the fre-
quency spectrum indicates that the S' band candidate should be
given preference.

The work on this project has been documented in draft
form (Ref. 1), and a final report will be issued.

Principal Investigator: D. B. Staake. Mr. Staake is Branch Super-
visor of the Operational Systems Development Branch of the
Fleet Systems Department.

Reference:

1. '"Short Range Terminal Radar,'" FAA-RD-75-7, 1 (Draft),
January 1975.
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RADAR DETECTION OF TURBULENCE ASSOCIATED WITH THUNDERSTORMS 5

Severe thunderstorms and other weathen phenomena repre-
sent a mafjorn problem in aviation safety, chiefly because of the
advense effects of associated turbulence. A study has been com-
pleted (Refs. 1 and 2) that reviews and evaluates nesearch that

has been done, and degines additional neseanch that is needed %o
-~ establish the use of radar for neliable detection of turbulence.

Turbulence is frequently present in the atmosphere and
is usually associated with thunderstorms, but there is no satis~
factory method at present of determining the location of these
turbulent patches so that pilots could be warned of their pres-
ence. The only tactic available to air traffic controllers for
complete safety is to avoid storm areas. However, in many in-
stances, and in the vicinity of large airports in particular, it
is not always possible for air traffic controllers to route air-
planes around weather patterns. TI» 1974 the Federal Aviation
Administration (FAA) expressed to tine Applied Physics Laboratory
an interest in developing techniques to detect and adequately dis-
play regions of turbulence within weather patterns. Because of
the importance of this problem, and because APL has expertise in
radar meteorology as well as in the application of adaptive tech-
niques to radar data, a study was begun to apply this expertise
to the solution of the turbulence detection problem.

Although turbulence associated with weather has been
studied, it still is not completely understood. Methods of de-
tecting it are still in the research stage. However, it has been
clearly demonstrated that radar can detect clear-air turbulence
where fluctuations in the refractive index, on the scale of one-
half the radar wavelength, act as tracers of the air motions.
Since radar is also effective in detecting hydrometeors asso-
ciated with thunderstorms and clouds, it should also be capable
of measuring such turbulence to the extent that the hydrometeors
trace the air motion within the storm.

The problem has been that the reliability of radar echo
parameters to indicate the presence of turbulence has not been de-
termined. Atmospheric turbulence is the random fluctuation of
velocities, and must be described statistically. The phenomenon
spans several scales of turbulence; those scales that affect the
aircraft depend on the characteristics of the aircraft (size, de-
sign, etc.). Hence any parameter that indicates turbulence must
be of a statistical nature.
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Incoherent Radar as a Turbulence Detector

il Dl S s s > s -

Incoherent radar is the type most commonly available for
detecting air turbulence. Its use was explored previously but
results were disappointing. In principle, the variance of the
spectrum of radar amplitude fluctuations is related to the rms
fluctuations of velocity. The problem with incoherent radar is
that its response is determined primarily by fluctuations of ve-
locity components only on a scale given by one-half the radar
wavelength. It has yet to be shown experimentally whether the
measurement of any given scale will define adequately turbulence
for other scales such as those of special concern for aircraft
safety. However there is theoretical evidence that the spectrum
of velocity fluctuations should follow a power law. Thus, if the
theory is valid, then the entire spectrum of velocity fluctuations
could be inferred from a measurement of velocity fluctuations on
the scale of one-half of the radar wavelength. For this reason
incoherent radar cannot be ruled out and experiments should be
performed to determine its usefulness.

po

Doppler Radar as a Turbulence Detector

Doppler radar systems seem to be the most promising
means for detecting turbulence because velocity fluctuations can
be sensed over a wide range of turbulence scales. With single
doppler systems, it is possible to measure the radial velocity of
air motions (using the hydrometeors as tracers); with dual dopp-
ler systems, the two-dimensional vector velocity can be measured.
As with incoherent radar, some experiments have been performed,
but no definite turbulence parameter has been isolated. There
are several potential parameters including, e.g., variance of the
doppler spectrum, and the velocity gradient between two regions
of space. None has been tested thoroughly to assess usefulness
alone or in conjunction with other parameters.

Data Processing

The feasibility of optimal data processing is necessarily
of concern when radar~derived parameters of a statistical nature
must be displayed on a real time basis. Although the best method
of processing turbulence data cannot be determined until those
quantities to be processed are decided upon, it is found that
mini~computers and advanced radar data handling techniques allow
almost any parameter to be processed and disseminated in a manner
easily understood by air traffic controllers or others needing i
A the information. For example, until recently it was extremely
difficult to determine accurately radial velocity in real time
: for large areas of the atmosphere. The reason is that, in the
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&F past, radial velocities were obtained by spectrum analyzing the

i radar signal and computing the mean and variance of that spectrum,
a process that entails storing large quantities of data and exe-

Ty cuting lengthy computations. In recent years this problem has

| been eliminated by using a correlation technique (pulse-pair

i processing) which allows fast, real time acquisition of radial
velocity values.

b Finally, an experimental program was defined (Ref. 2)
to determine those radar derivable parameters that best indicate
B | turbulence. The experiment could be performed at Wallops Island, i
N | Virginia (where APL has three high-power radars) using the
| Spandar radar to measure intensity and velocity in a three-dimen-
a ; sional storm pattern and an aircraft equipped with sensors to |
! . measure velocity fluctuations to confirm the validity of the :
. - radar data. These data would be recorded and analyzed to deter-
mine the turbulence parameters and to investigate adaptive tech-
1 niques that could be used to develop a turbulence detection sys-
8 tem.

In summary, the potential for radar in general, and dopp-
ler radar in particular, as a turbulence detector is good. The
y parameters that could be derived from radar data and used to indi-
H cate turbulence in a reliable manner should be determined by ex-
periments as described in Ref. 2.

i Principal Investigator: Ella B. Dobson. Mrs. Dobson is a senior
| mathematician in the Radar Atmospheric Physics Group of
B L. the Fleet Systems Department.

[

References:

1. "A Review and Study of Radar as a Turbulence Detec-
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4 ; VESSEL TRAFFIC SYSTEM
§ Improved vessel trhaggic monitoring and contrnol is an im-
; - portant goal in both DoD and civilian areas. APL was a mafon
participant in the development of the U.S. Coast Guard's San
Francisco Experiment Vessel Trhaffic System, an all-weather radanr/
! communications /computer/display complex used to advise mariners
2 | 0f tragfic conditions within the area's deep draft waterway sys-
4 . tem. The project reponted here builds on that experience to de-
§<ne advanced technical concepts for future Vessel Control Sys-
Zems.

3 PR AT I R T R AW WINCYRI S e o O

A unique aspect of the San Francisco Experimental Vessel
Traffic System (VIS) was its extensive use of real time data pro-
cessing technology. That installation (Refs. 1 and 2) demon-
strated automatic detection and tracking of vessels within radar
ﬁ coverage areas, even in the presence of sea clutter (Ref. 3). In-
i formation on the movement of vessels was extracted from the radar
signals, presented to operators on computer animated displays, and
the traffic was analyzed both automatically and at the request of
the operator (Ref. 4).

The present study was initiated to explore advanced con-
cepts for iuture VTS systems (Ref. 5), and in particular, to de-
fine elements of a system suitable for deployment in the Port of
Baltimore and its Chesapeake Bay approaches. Major objectives
included use of economical commercial radars and computers,
coupled with a reduction in operational manning requirements.

Vessel traffic systems are intended to minimize colli-

sions, rammings, and groundings through computer-aided visual
and radar surveillance, display, risk recognition, and management
of vessel traffic. A comprehensive VIS design begins with an ob-
jective and methodical appraisal of the risk potential of the
area in which the system would be used. Established patterns of
movement define a track network. A quantitative risk associated
with movements along each segment of each track is computed, and

¢ analysis defines regions that offer the greatest potential for
g | mishaps, ranked in accordance with risk. This procedure leads to
Re | recognition of safe routings and speeds, and makes possible auto-
? mated evaluation of risks associated with off-course errors.

The present study defined a modular system consisting of
'w a traffic subsystem located at a central VTS management facility,
a number of surveillance subsystems deployed at key sites in the
bay area, plus data entry and communications capabilities. Sig-
nificant departures from the approach employed in San Francisco
were recommended, including the following:

-
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b

Dottt RS-

1. Active Traffic Management in which departure, speed,
4 and routing is adjusted to limit congestion in cri‘i-
cal regions;

<] 2. Telephone Data Links to remote radar sites, rather
than microwave communications;

5 3. Enhanced Automatic Tracking capabilities through use
4 of amplitude data, an integrated track file, and
‘ radar-site preprocessing; and

4. Reduced Manning Requirements via active participa-
tion of key maritime community elements.

Study outputs included lists of candidate surveillance sites, ves-
sel movement reporting points, operator services, and computer-
initiated alerts. A variety of other functional capabilities that
1 should be considered for inclusion were also enumerated.

Documentation of the effort was forwarded to Coast Guard
. R&D and Engineering personnel. Additional copies defining
Chesapeake Bay vessel traffic system requirements were sub-
sequently requested for distribution to 5th Coast Guard Dis-
trict personnel.

Py

Principal Investigator: A. J. Cote, Jr. Mr, Cote is a senior
engineer in the Operational Systems Development Branch
of the Fleet Systems Department.

References:
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MICROPROCESSOR APPLICATIONS

A genenal goal of the microprocessorn profect 48 fo de-
velop an 4in-house capability in microprocessor applications to
Laboratony projects. Two commercial microprocessons have been
acquined and integrated into several systems to study their capa-
bilities and Limitations. Because of the exceptional versatility
04 these devices, continuing studies are expected to provide the
Laboratorny with a valuable capability 4in the new technofogy.

Very small-scale computing devices appeared in the mar-
ketplace about 1972, but were of limited capability. By 1974,
several microprocessors were developed that seemed to offer suffi-
cient computational power for tackling nontrivial applicationms.
To exploit this new potential, the microprocessor project was
established to develop a familiarity with these devices and a
capability for applying them to operational systems.

I1C-8080

One of the devices initially investigated was an 8-bit
processor-on-a-chip manufactured by the Intel Corporation, the
8080. This device is already available from at least two vendors
and is in the Navy Standardized Electronic Module (SEM) program
in Mil. Spec. versions. At least four other projects within APL
benefited directly from this investigation; one of them has adopted
the 8080.

An important milestone was successful integration of the

microprocessor in both hardware and software aspects, with an avail-
able high-speed paper-tape reader. With the support software (a
text editor and an assembler) available, software could be devel-
oped with low-level languages. Next, a plasma display device was
connected to the microprocessor and elementary supporting software
was written. Thus two radically different devices were readily

< interfaced to the processor. This feature alone makes the device
of interest to a large segment of the logic design and system de-
sign communities.

Many studies of software cost and reliability have demon-
strated the advantages of using a higher-level language for pro-
gramming. The IC-8080 has such a language, and its capability was
L successfully demonstrated. Two test programs of moderate complex-~

ity were written in the higher-level language, translated into
] machine's language by the IBM 360/91, and executed on the micro-
processor. (The use of a large host computer is required because
of the limited capabilities of the microprocessor itself.) The
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higher~level language itself has been found to be quite useful
and is now the more popular language.

Two further milestones have been reached, both dealing
with interfacing the microprocessor with a computer. The first
microprocessor/computer link was established with the IBM 360/91.
The object of this connection was to facilitate transmission of
microprocessor programs written in the higher-level language and
translated by the IBM 360/91. Another microprocessor/computer
interface was made with a minicomputer, the Alpha LSI. This lat~-
ter link is operational at the hardware level, but software is
incomplete. The purpose is to demonstrate the effectiveness of
a multiprocessor/computer configuration. The ultimate system
architecture would have several microprocessor. and one minicom-
puter. Each microprocessor would perform a local control func-
tion such as closing a servo loop or operating a printer while
the minicomputer would control the microprocessors in some system-—
wide optimum manner.

IMP-16P/308

Another microprocessor investigation focused on the
National IMP~16P/308 Prototyping Microprocessor System that was
delivered on 20 December 1974. The IMP-16P/308 is a complete
microcomputer prototyping system that allows program and hardware
development for the IMP-16C (16 bit) microprocessor card. Inves-
tigation in software development resulted in the procurement and
installation of the IMP-16 Conversational Assembler and the IMP-
16 Off-Line Cross-Assembler programs. The first operates on the
IMP~16P microcomputer and is used for on-line program assembly
and editing. The second is a cross-assembler residing on the
IBM~360/91 and is used for off-line program assembly. Both assem-
blers were successfully demonstrated and used.

The main objective of this project was to make a micro-
processor system available for familiarization and system develop-
ment work. After checkout and interface with a teletype, the IMP-
16P/308 system was almost 1007 available for use in direct funded
programs. It is noteworthy that an initial limitation of the IMP-
16P/308 system was its slow input speed through the teletype. As
part of the IMP~16P/308 interface investigation, a magnetic tape
input interface was implemented, thus improving the system input
rate by a factor of 10 or so.

Since its installation, the IMP-16P/308 has been used in

a number of diverse applications. With assistance from APL staff
members, Dr. Alan Zuckerman of Johns Hopkins Hospital performed
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the masking (programming) of the PROM memory to be used in an IMP-
16C microprocessor, a component part of a new pulmonary function
screening system. The IMP-16P/308 system was also used extensively
in the development of the PROM's for the IMP-16C used in the Transim,
a low-cost satellite navigation system; and the APL Mechanical Fab-
rication Division used the system extensively in the preparation of
pumched-paper tapes for a newly acquired digitally-controlled mill-
ing machine.

Summary

The general goal of the microprocessor project is being
achieved. Capability for using these very small computing devices
has been demonstrated via several projects encompassing both soft-
ware and hardware facets. It is expected that the equipment now
on hand will serve a steadily increasing number of users and that
additional devices will be acquired in order to stay abreast of
the state of the art.

Principal Investigators: M. J. Gralia and S. Tsakos. Dr. Gralia
and Mr. Tsakos are senior engineers of the Operational
Systems Development Branch of the Fleet Systems Depart-
ment.

= 17 =
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NAVY SATELLITE COMMUNICATIONS

The general objective 04§ this profect was to examine sat-
ellite communications technoLogies and system concepts that could
provide the Navy with an enhanced satellite communication capabil-
Aty to meekt the present and profected requirements, while continu-
ing wtilization of the planned wltra-high frequency (UHF) and super-
high §requency (SHF) tewminal equipment. Alternative satellite
constellations were examined and a conceptual design of the sat-
ellites has been defined for two candidate systems.

The Space Development Department, with the assistance of
other portions of the Laboratory, has performed studies of Navy
communications by satellite. The studies consisted of two sepa-
rately defined and separately supported complementary parts; the
analytical aspects of the work were performed with IR&D funds,
whereas the engineering studies were direct funded by the Navy.
Conclusions from these studies are listed below; details have
been published elsewhere.

0f the satellite systems examined, one is a conventional
1 x 4 ring of synchronous equatorial satellites,and the other is a
2 x 4 constellation containing two orthogonal peclar rings, each
with four satellites in circular orbit at an altitude of 4503 nmi
(and with orbital periods a little less than five hours). The two
systems would be capable of providing operational service starting
in the early 1980's and represent second-generation replacement
candidates for the FLTSAT I system. The satellites in both con-
stellations incorporate design features to enhance jamming resis-
tance, increase traffic capacity, improve connectivity, and permit
central control of the system.

Candidate constellations were compared, using FLTSAT I as
the baseline for capabilities and costs, to determine the optimum
system for the Navy. The primary conclusions are as follows:

1. 1In the comparison of the synchronous, subsynchronous,
and FLTSAT I constellations, it is evident that the
synchronous and subsynchronous systems offer better
communication capacities than FLTSAT I, and of greater
importance, the SHF communication services (provided
by steerable spot beams) of the second-generation
systems are highly resistant to enemy uplink and down-
link jamming. Crossbanding of the UHF and SHF com-
munications is an inherent capability of both second-
generation systems.
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2. A subsynchronous, polar-inclination satellite con-
stellation offers several advantages over a synchro-
nous constellation in global coverage, jamming re-
sistance, and communication effectiveness including
any periods of satellite signal outage. The failure
of an equatorial satellite at synchronous altitude
results in loss of service over nearly one-fourth of
the covered surface of the earth. This outage may
last for a period of a week or more until an in-orbit
spare can be brought on station. A superior adapta-
tion to satellite failure is provided naturally by
the constellation of subsynchronous satellites. No
fixed geographic region completely loses service dur-
ing the outage period at a single orbiting station.
Furthermore, the size of the everchanging geographic
region that is not covered because of the outage is
much smaller than in the case of the synchronous
equatorial constellation. At latitudes above 40° no
outage occurs as the result of one satellite failure.

3. A constellation of second-generation synchronous sat-
ellites designed to the cost of FLTSAT I (176 million
dollars) would provide only one-half the UHF capacity
and one-quarter the SHF capability assumed to be re-
quired to serve the user communication terminal equip-
ment planned for Fleet deployment in the 1980's. The
constellation of subsynchronous satellites, designed
to the same cost, has the full UHF and SHF capacities
to meet these assumed needs for all the planned users
in the 1980's. It is estimated that a subsynchronous
constellation, providing the same service as a syn-
chronous constellation, would cost one-half as much.

4. The post-launch operations and routine tracking of a
subsynchronous satellite constellation can probably
be accomplished by the existing CONUS facilities of
the Navy Astronautics Group without interfering with
the Transit system. Optional stations may also be
established at sea or overseas. Although the track-
ing of the synchronous satellites can possibly be
performed from CONUS using the satellite-to-satellite
link, post-launch operations in deploying replacement
synchronous satellites will probably require overseas
stations for tracking, telemetry, and control.

.
————

5. Neither the synchronous nor the subsynchronous system
require CONUS satellite communication ground stationms.
However, each is compatible with communication opera-
tions with such stations.
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Division of the satellite UHF downlink carriers
among several antennas and reduction in the number
(compared to FLTSAT I) and selection of downlink
frequencies will eliminate intermodulation self- j
jamming of the UHF uplink receivers. Multiplexing ¢
of the downlink carriers can be used to provide

greater Navy traffic capacity from the reduced num-

ber of carriers.

Economy in satellite manufacture can be obtained

from the use of solar power arrays using reflectors

that increase the intensity of illumination on the

silicon solar cells and reduce the number of cells

required. Also, the use of solar concentration per-

mits the use of thick cover glasses over the cells j
to provide radiation resistance. '

Three-axis attitude control of a subsynchronous sat- %
ellite to provide the required orientation of the |
communication antennas and the satellite-to-satellite

data link antennas can be accomplished by techniques

proved in the Transit, Small Astronomy Satellite

(SAS), and Geodynamic Experimental Ocean Satellite

(GEOS) Programs. These techniques require no expen-

diture of propellant and therefore do not limit ser-

vice life.

No new technology is required in the satellite de-
signs considered. Hardening and reliability measures
established in the previous and current Navy and NASA
satellites appear to be directly applicable. A ser-
vice lifetime comparable to commercial communication
satellites (i.e., 8 to 10 years) should be realized.

Principal Investigator: T. Wyatt. Mr. Wyatt is a senior engineer

in the Space Department Office.
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SPACE RESEARCH AND TECHNOLOGY

science and technology through directly gfunded DoD and NASA pro-
grams. Characteristically, however, such programs tend to em-
phasize state-of-the-ant knowledge. Accondingly, a small but con-
tUnuing, indirectly funded efgfont has been devoted to enhancing
vitality and advancing state-of-the-ant knowledge in these areas.

The Laboratory has Long been active in space-nelated f

Over the years, indirectly funded exploratory research
and development at APL has led to many significant advances in
space-related science and technology. Technologically, the most
significant advance was the concept that led to the present Navy
Satellite Navigation System. More recently, instrumentation de-
velopment included the first satellite-borne solid-state detector
and also the longest lived solid-state detector system, still
functioning after more than 12 years in orbit. Recent scientific
achievements include the discovery of field aligned currents in
the ionosphere and the development of increasing understanding of
their effects on radio communications.

During the current period, work has been performed and
significant new results have been achieved in areas of (a) space-
craft data analysis, and (b) satellite instrumentation. These in-
clude the discovery of a new region of field-aligned currents that
appear to be involved in coupling between the interplanetary
medium and the magnetosphere of the earth, and also the character-
ization of the response of various thin-film scintillators to low-
energy particles. Additionally, (c), a new project in radio-
astronomy has been initiated in collaboration with COCOA-Cross
radio-telescope scientists.

Analyses of Spacecraft Data

Disturbances of the earth's magnetosphere and ionosphere
are important for several reasons, including their disruption of
DoD and civilian radio communications. Many spacecraft provide
unique data that can contribute toward understanding and predict-
ing these phenomena. Using IR&D funds, the Laboratory has for
many years supported a low level of effort directed toward these
ends; many significant results of this work hav~s received inter-
national recognition.

During the present period, emphasis has been placed pri-
marily in two areas, analysis of TRIAD magnetometer data and con-
tinued analysis of Interplanetary Monitoring Platform (IMP) ener-
getic particle data.
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Field-Aligned Currents. The Navy/APL TRIAD satellite
provides the only extensive vector magnetic field data for the
inner ionosphere. These data have been undergoing analysis at
APL for several years. During the present period, the study has
been performed primarily by Dr. Iijima, a Postdoctoral Associate
on leave from the University of Tokyo. The results reveal that
the magnetosphere-ionosphere current system, which contains field-
aligned currents, consists of two distinct parts. The first part,
located at the high-latitude boundary of the auroral region, is
permanent. The second part, located at the equatorward boundary
of the auroral region, is variable, and is an important element
of the auroral electrojets. The total magnitude of these cur-
rents varies between 10® and 107 A depending upon geomagnetic
activity. Dr. Iijima has recently discovered a region of field-
aligned currents that is located within the region associated
with the dayside magnetospheric cusps. The relationship of the
intensity of these currents with interplanetary magnetic field
values suggests that they may play an important role in the cou-
pling between the interplanetary medium and the magnetosphere.
Dr. Iijima has also correlated field-aligned current distribu-
tions determined from 1400 TRIAD passes with the global distribu-
tion of ionospheric currents in the polar cap. The results of
this study indicate that the field-aligned currents, located at
the polar boundary of the auroral region, are a permanent feature
of the three-dimensional current system coupling the magnetosphere
and ionosphere. They are dependent upon ionospheric conductivity
in addition to polar geomagnetic activity. The source of these
field-aligned currents appears to be associated with the dayside
magnetospheric boundary where the geomagnetic field lines have
continuous and free interaction with the solar wind and inter-
planetary magnetic field.

During his visit at APL, Dr. Iijima has co-authored two
manuscripts that have been accepted for publication and is pres-
ently preparing two more. He has participated in seven papers
presented at the spring and fall American Geophysical Union meet-
ings, the Conference on Quantitative Magnetospheric Models in
La Jolla, California in May 1975, and the XVI General Assembly
of the International Union of Geodesy and Geophysics in Grenoble, |
France in August 1975. :

o

4

Energetic Particle Analysis. During the present period,
this phase of the data analysis effort has been carried out pri-
marily by Dr. E. T. Sarris, a Postdoctoral Research Fellow at the
Laboratory. He has been working primarily with energetic particle
data from APL experiments on IMP (Interplanetary Monitoring Plat-
form) satellites 6, 7, and 8. Simultaneous measurements of ener-
getic protons (Ep 2 0.21 MeV) by the APL instruments on board
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satellites IMP-6, -7, and -8 show that (a) proton bursts are ob-
served simultaneously (+30 min) inside the magnetosphere, in the
magnetosheath, and upstream from the bow shock in association
with the expansive phase of magnetic substorms. Therefore the
magnetospheric bursts everywhere are part of one global phenomenon
with a common origin. (b) Proton bursts are not observed inside
the tail lobes at large distances (|ZgM| > 10 Rg) from the neutral
sheet. (c) The highest proton intensities during proton bursts
are observed in the vicinity of the neutral sheet.

On 16 October 1973, a magnetospheric burst was observed
in the magnetotail simultaneously by the IMP-6 and -7 satellites
while a magnetic substorm was in progress. The two spacecraft
were only & 1 R, apart along the Ygy—axis (AXgM = 1 Re, AY¥YgM
= AZgM = 0 Rg). Proton anisotropy measurements during this unique
occurrence show earthward fluxes at both spacecraft at first, then
earthward fluxes at the near earth spacecraft and tailward fluxes
at the spacecraft further out, and finally tailward fluxes at both
spacecraft. The sequence of anisotropy observations during this
burst indicates the detection of the possible locus, size, and
movement of the "source'" of energetic particles in the magnetotail.

Results of this work have been published in two brief
manuscripts and presented in six papers at scientific meetings. 1
A comprehensive description has been submitted for publication
and another is in preparation.

New Satellite Instrumentation

Support from IR&D funds allows a small continuing effort
in research and development directed toward future spacecraft ex-
periments, making it possible to remain at the forefront of experi-
mental space research. Instruments developed here are well de-
signed, reliable, and operate at or near the state-of-the-art.

We have pioneered in the use of solid-state detectors, with both
the first solid-state detector ever flown on a satellite, the APL
INJUN I experiment, and the longest-lived 1963-38C, which contains
detector systems that are still operational after more than 12
years. A complex MIS-77 experiment is the most recent product of
our advances in the use of very thin detectors (2 um), ultra-low- i
noise electronics, and hybrid circuitry. Recent efforts in the |
evaluation and development of new detector techniques have con-

centrated on time-of-flight measurements in particle detector

telescopes, and on the development of suitable thin front elemente

for such telescopes. We have developed and explored thin-film

(S 25 ug/cm?) scintillator technology for future use in flight

applications, and have developed and successfully proposed for
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the high background flux environment of the Electrodynamics Ex-
plorer Mission, a three-parameter particle telescope based on a
first-element mosaic of very thin solid-state detectors and pre~-
cise time-of-flight measurements.

At present a small ongoing development program, aimed at
extending time-of-flight technology to even lower energies, is ex~
ploring the applicability of secondary emission foils as a front
element in flight-qualified particle telescopes. Since direct

funded projects are committed specifically to the production of i
flight hardware, the support for advanced development provided by i

IR&D funds is extremely important to continuing vitality. P

Radio Astronomy — COCOA-Cross Collaboration

A two pronged collaborative effort was initiated during
the current period with scientists operating the COCOA-Cross radio
telescope. One part of the effort is a study of interplanetary
scintillations, the other part deals with improved data acquisi-
tion.

s Tn

Interplanetary Scintillations (IPS). An analytical study
was begun in the hope that prediction techniques could be developed ;
on arrival of geomagnetic and ionospheric disturbances. Gotwols
and Roelof (of APL) working with Cronyn, Erskine, and Shawhan (Uni-
versity of Iowa) have analyzed 8 months of IPS observations taken
in 1974 on the COCOA-Cross radio telescope. The IPS measurements
were merged (Roelof et al., 1975) with Ha solar structure and in-
terplanetary particle data to infer the three-dimensional configu-
ration of the interplanetary medium. With the observation of over
100 IPS sources per day, the array can map interplanetary turbu-
lence throughout the north ecliptic hemisphere and parts of the
south ecliptic hemisphere. In an analysis of 20-30 June 1974 it
was shown that a propagating interplanetary disturbance front
could be seen approximately 6 hours before it engulied the earth.
IPS data, when combined with Ha and 0.3 to 0.5 MeV proton data
from the APL experiment on IMP~7 (Explorer 47) in a simulated pre-
diction of solar fluxes, revealed the three-dimensionali configura-
tion of the interplanetary medium and predicted a storm sudden
commencement and delayed particle event 6 hours before it reached
the earth.

A statistical study (Gotwols et al., 1975) of the varia-
tions in scintillation indices revealed a tendency for the scintil-
lation index of a source at small solar elongation angles (& 40°)
to be depressed, while simultaneously a source at the same longi-
tude but at high latitude is enhanced. This is tentatively inter-
preted as a saturation effect, i.e., the source at small solar
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elongation is in the strong scattering region where an increase

in turbulence results in a decrease in scintillation. This satu-

ration effect may account for the occasionally observed situation
- where sources separated by S 10° show significant differences in
their scintillation indices.

D. G. Mitchell (University of New Hampshire, Ph.D. dis-
sertation, 1975) and Roelof have completed a detailed analysis of
i the analytical representation of the power spectrum of inter-

planetary radio scintillations (in the weak scattering approxima-
tion). The computational improvement is so considerable that ex-
tensive modeling of the response of the interplanetary medium in
radio scintillations can be performed on a computer considerably
smaller than the CDC 6600 previously required.

o S i e e

Data Acquisition for the COCOA-Cross Telescope. The
COCOA-Cross radio telescope routinely monitors the interplanetary
scintillation (IPS) of radio sources. However, data must be ac-
quired in the presence of sharp ncise spikes arising from terres-
trial interference. Thus, there would be considerable advantage
to using a minicomputer to recognize these noise spikes and re-
place them with data obtained by extrapolation between nearby
interference-free data. Once this has been accomplished, the
data rate can be compressed by a factor of 10 while still retain-
ing all of its usefulness to the IPS study.

During the past year, a Nuclear Data 812 minicomputer &
was obtained on indefinite loan. It is planned to send this mini- j
computer to the Clark Lake Radio Observatory to serve as a ''smart" 1
data acquisition system in conjunction with the COCOA-Cross radio d

telescope. Several algorithms (digital filters, etc.) were de-
veloped for processing the data once the noise spikes have been
"cleaned up'. However, the exact criteria for identifying inter-
ference is still under study (because of the log-normal nature of
IPS, the scintillations tend to be spiky, so great care must be
taken in distinguishing between these legitimate spikes and inter- iq
ference spikes). Analog signal conditioning equipment was de-
signed and built at APL and sent to the COCOA-Cross to allow ana- g
log tape recordings of the IPS signals to be made. These tape |
recordings allow the interference to be studied with the full
I gamut of instrumentation available in our laboratory. When this
} study 1s complete the interference rejection algorithm will be
3 written, the remaining equipment interfaced, and the computer
sent to Clark Lake to begin its observing chores. Beside allow-

';
I ing us to see between the occasional interference, this system .
U will provide digital data with sufficient time resolution to al-
low power spectrum analysis, a major improvement over the analog
i chart recorder scheme now in use.
i
B - 137 -
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Principal Investigators: S. Krimigis, T. A. Potemra, E. C. Roelof, ?
B. C. Gotwols, T. Iijima, and E. T. Sarris. Dr. Krimigis
is Group Supervisor; Drs. Potemra and Roelof and Mr.
Gotwols are senior staff members; and Drs. Iijima and
Sarris are postdoctoral appointees; all of the Space
Physics and Instrumentation Group of the Space Develop-
ment Department.

Publications:
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2. J. W. Kohl, "Response of Various Thin Film Scintil- i
lators to Low-Energy Particles,'" Nuc. Instr. and | 4
Meth., Vol. 125, 1975, p. 413. &
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"Observations of Jovian Electron Events in the Vicin-
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ENVIRONMENTAL IMPACT EVALUATION

In recent yeans, this Laboratorny has pioneered in the
development of techniques for predicting and evaluating the en-
vironmental Limpacts of proposed electric power generating Linstal-
Lations through studies carnied out for and funded by the State
04 Maryland. The present IRED project shows that such techniques
can be extended and adapted to predict the Aimpact of proposed on-
shore 04l production facilities. The project also assisted State
04§ Maryland Legislative committees in graming the coastal Facili-
ties Revdiew Act which became Law in May 1975.

Predicting and evaluating the environmental (and social)
impacts of large industrial/utility installations poses a great
variety of unsolved problems. The methodology for coping with
such problems is still in its infancy. In recent years, APL has
acquired recognized competence in envirommental impact evaluation
through participation in the electric power plant siting program
of the State of Maryland. Therefore, it is worthwhile to con-
sider whether methodology developed for electric power plant eval-
uations can be usefully generalized and extended to apply to ex-
tensive petroleum-related installations of the kinds that have
been projected for much of the East Coast. Problems posed by on~
shore o0il production facilities are particularly timely because
of state legislation proposed for early 1975. Accordingly, an
IR&D study project was initiated during the last weeks of the
previous fiscal year and completed early in the present period.

This study consisted of comprehensive surveys of the en-
vironmental problems related to on-shore support facilities for
off-shore drilling, transportation of crude oil, refinery and
finishing plants; and in addition, reviewed the available tech-
nologies for the control of oil spills. The general approach to
cost~benefit analysis was also outlined. It was conciuded that
much of the methodology that has been developed in the Power Plant
Siting Program would also be applicable to impact prediction for
0il support facilities. A report was issued in July (Ref. 1)
which was well received, attracting considerable attention in this
country and also abroad. In this connection, it is noteworthy
that in part due to the acceptance given (Ref. 1), this Laboratory
was asked by the FEA to carry out a Regional Pilot Study for the
National Energy Siting and Facility Report. The Pilot Study was
completed in the last month of this fiscal year, and the results
are available in report form (Ref. 2).
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Principal Investigators: R. C. Eberhart and M. L. Moon. Dr.
Eberhart is senior engineer of the Power Plant Site
Evaluation Group. Dr. Moon is Supervisor of the Power
Plant Site Evaluation Group of the Environmental Programs
Office.

References:

1. R. C. Eberhart, "Environmental and Socioeconomic
Analysis for Proposed Petroleum Related Coastal
Facilities in Maryland," April 1975 (available from

author).

R. C. Eberhart, "A Regional Pilot Study for the Na-
tional Energy Siting and Facility Report,' APL/JHU
CP-043, October 1975.
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OCEAN THERMAL POWER PLANTS

An exploratory study of the use of solan energy through
Ocean Thermal Enengy Conversion (OTEC) shows that installations
using astate-of-the art technology could be operable within the
next decade to produce huge quantities of energy-intensive prod-
ucts at costs that would be competitive with present methods
which depend on diminishing foss4il fuel resources.

As U.S. fossil fuel resources, especially natural gas
and oil, decline it becomes increasingly important to develop
solar energy systems. Such systems offer many environmental ad-
vantages in addition to 'free fuel." A very attractive system
would use the sun-warmed surface layer of tropical oceans and
cold water from a 2500-ft depth as the heat source and sink to
run a closed-Rankine-cycle system including a turbogenerator to
develop electric power. Hydrogen could be generated by electroly-
sis of water, liquefied, and shipped to U.S. ports as a fuel.
Even more attractive for the near term would be the use of the
gaseous hydrogen at the floating plant with nitrogen from the air,
to make ammonia. Available projections indicate that by 1985 the
U.S. demand for ammonia will exceed the 1975 U.S. supply (pres-
ently made from our most scarce energy resource, natural gas) by
at least 10 million tons. Our study indicates that this projected
increase could be provided by 21 floating plants each generating
500-MW, of power.

The APL concept for an OTEC/ammonia plant-ship is cen-
tered around an economical design of heat exchangers using large-
diameter aluminum tubes. Ammonia is used as the working fluid to
drive the turbine. The choice of using aluminum as the heat ex~
changer material and a plant-ship design, in which the heat ex-
changers are submerged in the ocean to provide approximately half
of the necessary buoyancy for the plant-ship, lead to considerably
lower costs than the ''baseline' titanium-tubed heat exchangers
housed within many-decked hulls proposed recently by industrial {8
teams headed by TRW and Lockheed (Ref. 1). 2_%

A computer program has been developed for analysis of
the proposed heat exchangers, which operate with two-phase flow
of the ammonia inside multiple-pass (folded 20 or more times)
tubes. Sea water flows from head ponds over these evaporators,
then downward in a single pass between the tubes. It is then
discharged below the ship where it sinks to a level where its
density matches the loccal sea water density (a depth of about
200 ft for the warm sea water flowing through the evaporators
and 1000 ft or more for the cold sea water that flows through the
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condensers). Our tentative estimate for cost of producing ammonia

at sea and delivering it to shore is approximately $70/short ton,

. compared to recent ''plant gate' sales prices of $145-165/short

i ton for ammonia made from natural gas. Since the cost of natural

| gas and the demand for ammonia surely will rise, the OTEC/NHj 3
plant should be competitive in the 1980's even if this tentative '3
estimate were in error by a factor of more than 2. The estimate g
y for liquid hydrogen, delivered to shore, is $5/million Btu and is

§ less than half the recent sales prices. Manufacture of aluminum,

B magnesium, and other energy-intensive products is also being con-

¢ sidered.

The Laboratory has attained significant stature in the
OTEC field as a result of these exploratory OTEC studies (ini-
tiated during the previous reporting period). Eight papers
(Refs. 1 through 8) have been published and three contracts have
1 been obtained. In February 1975, APL was selected by ERDA to run
| their third OTEC Workshop; the proceedings (Ref. 1) were published 3
in August. In April the U.S. Maritime Administration (MARAD) 'y
sponsored, at APL, a more thorough engineering and economic feasi- 4
bility analysis to investigate the maritime construction, opera-
tion, and raw-material, product shipping aspects of plant ships
based in tropical oceans (Ref. 9). In June ERDA requested a more
detailed analysis of the heat exchangers and a proposal for con-
ducting a follow-on experiment on the heat exchangers at the APL
Propulsion Research Laboratory (Ref. 10). A small continuing ex-
ploratory study is planned to address certain special aspects not
envisaged in present MARAD and ERDA sponsorship.

T

Principal Investigators: G. L. Dugger, W. H. Avery, H. L. Olsen,
W. B. Shippen, and E. J. Francis. Dr. Dugger is Asst.
Division Supervisor, Dr, Avery is Division Supervisor,
Dr. Olsen is senior physicist,and Mr. Francis is execu-
tive assistant of the Division Office, and Mr. Shippen
is Group Supervisor of the Propulsion Group; all of the
Aeronautics Division.
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SOLAR CELL RESEARCH

. Coppern sulgide/cadmium sulfide (CuyS/CdS) solan cells are
advantageous from the standpoint of ease and economy 04 fabrica-
tion. Howevern, cells made by present techniques suffer grom Zwo

i senious gaults, poor eggiciency and degradation of performance
with time. An exploratorny investigation was made to determine
whethen sputtern Lon mass spectrometry of such celds would be valu-
able for understanding and hopefully alleviating thein majon faults.

R T

Recent cost analyses have shown that, for the CuyS/CdS
system to be "economical' when compared to other energy systems,
the CupS/CdS solar cell efficiency must be greater than 10%,
whereas typical efficiencies are 5 to 6%. Theoretically there are
no physical reasons for not achieving an efficiency of 10% in the
: CuyS/CdS system; in fact, several studies predict efficiencies of
b up to 18% (AMI). V,. (open circuit voltage) appears to be the
i major cell parameter where an improvement could be achieved. Voc
Q for a typical cell is approximately 0.5 V; theoretically it can be
i g as high as 1.2 V (i.e., difference in band gap between CuyS and
E CdS). It has been predicted that Voe could be improved by reduc-
|

R S
] y 3=

S s

. ing interface trapping states (dislocations) at the junction by
. proper doping. Reduction of trapping states would also improve
the degradation problems if the assumed mechanisms are correct,

E For terrestrial applications of CupS/CdS solar cells, the
i strongest lifetime degradation factor is temperature followed by

1 ambient gas and light exposure (i.e., spectrum, cycling rate, etc.). if
i : The degradation mechanisms may be attributed to one or more of the

. following parameters and/or processes: surface oxide and hydrate &
formation, bulk impurities in both CuyS and CdS, impurity diffu-
sion in CujS and CdS, and strain (or dislocations produced by lat-
tice mismatch, etc.). These effects are usually lumped under two
1 general categories: (1) surface, and (2) junction effects. Sur-
F 1 face effects will be controlled by a proper protective coating

2 | once the mechanisms (species) are isolated. Hopefully, junction
(bulk) effects will be eliminated or minimized by proper cell
preparation and controlled doping.

Both the efficlency and the useful 1life of CupS/CdS solar ;
cells depend on the concentration profile of desired species and ¥
impurities through the thin (10 to 30 um) lavers of the cell. The
sputter ion mass spectrometer (SIMS) is an instrument for obtain-
ing microscale compositional profiles by using a beam of high en-
ergy (= 10 keV) argon ions to sputter off the surface and a double
focussing mass spectrometer to analyze the products. The mass-
spectral intensities can be converted to concentrations by applying

o
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sputter ion yield factors determined from the particular experi-
mental conditions. Thus, the SIMS is found to be a valuable in-
strument for developing a detailed understanding of the perfor-

mance of solar cells.

SIMS was used to analyze Cu,S/CdS solar cell samples ob-
tained from the University of Delaware (Ref. 1). The basic sam-
ples included: an as-evaporated CdS layer, a CupS/CdS sample re-
moved after barrier formation (i.e., topotaxial growth of Cuz$S
layer by dipping the CdS into a copper chloride solution), and a
CupS/CdS sample subjected to a simulated gridding and lamination
process. SIMS analysis resulted in a tractable number of species
with observable differences in constituent profiles (e.g., Cu,
Cd, and S) caused by processing. Typical profiles are shown in
Fig. 1. Changes were attributed to the formation of the species
CuyS03°Hy0 on the cell surface, CuS or CuO at the end of the Cuj$S
barrier layer, and CdO at the original CdS surface before topo-
taxial growth.

Both the CuzS and CdS layers were found to contain im-
purities such as Fe, Mn, Li, Na, Ca, K, and Si; such impurities
are potentially very important to the operation and stability of
CuyS/CdS solar cells. Several of the above species, e.g., Na, K,
and Fe, could act as dopants for the CdS and thus slow the diffu-
sion of copper into the CdS, i.e., act as a diffusion barrier.
Diffusion of copper into the CdS (and analogously Cd into the
CuzS) is viewed as one of the major junction instability mechan-
isms in CupS/CdS cells.

It was also observed that the concentration of CuOH+ in-
creased with time, possibly indicating the introduction of H;0
during prolonged exposure to the atmosphere. Profiles of CuOH
as a function of depth may be of interest in establishing the ef-
fect of the ambient on these cells. Oxygen is another species
that should be investigated in great detail.

Principal Investigators: H. K. Charles, Jr., and F. G. Satkiewicz.

Dr. Charles is a senior engineer of the Advanced Tech-
nology Project of the Engineering Facilities Division.
Dr. Satkiewicz is a senior chemist in the Solid State
Group of the Research Center.

Reference:

1. F. G. Satkiewicz and H. K. Charles, Jr., '"Sputter Ion
Mass Spectrometer Analysis of Copper Sulfide/Cadmium
Sulfide Solar Cell Samples,'" APL/JHU TG 1284, October
1975.
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INERTIAL ENERGY STORAGE

The Laboratory has developed a family of §Lywheel configu-
hations based on the optimum use of high-performance anisotropic
glament and composite maternials. These §lywheels appear to be
capable of stoning morne energy per weight, volume, and unit cost
than any othen known type. Studies indicate widespread applica-
tions of these concepts for both DoD and civilian areas; e.g., 4in
wtility company peak-Load compensating equipment, to have a s4ig-
nificant effect on the national progham of energy independence.

For several years, APL has supported studies under a low
level of effort to explore the potentials of inertial energy stor-
age. These studies show that advanced flywheel-type inertial-
energy-storage techniques would be advantageous with respect to
the amount of energy stored per weight, volume, and unit cost, and
the Laboratory is a recognized authority in this area. The pres-
ent IR&D program terminated in March 1975 when another source of
funding became available.

The thin-rod and thin~ring Superflywheel configurations
covered in previous reports have been analyzed to determine their
applicability to various energy conservation programs, and espe-
clally to those programs connected directly with the utilities
industry. Of particular interest is the implication that the use
of these flywheels in lieu of future gas-turbine diurnal and load-
following peak-load installations could eliminate the need for
these gas turbines, along with their dependence upon an unstable
fuel supply. The use of Superflywheel energy-storage systems in-
stead of the turbines would not only substantially reduce the fuel
requirement, but would reduce the cost of producing this peaking
power by nearly an order of magnitude. The fuel-use cost of the
gas turbine can be 10 to 20 times the fuel-use cost of the nuclear-
base-load utility plants, which would provide the energy to be
stored in an equivalent flywheel system. However, at the present
time, the base-load plants are predominantly fossil fueled, and
thus are only 5 or 10 times more fuel-effective than the gas-
turbine peaking units.

The applications studies also showed that the very high
power density, the instant-response, high-efficiency, scalability,
and intrinsic reliability of the flywheel could permit additional
economies to be realized that would not be possible with gas-
turbine peaking plants. Properly exploited, these economies in
associated equipment and improvement in efficiency of operation
can amount to dollar values that total about 50% of the nominal
installed cost of the flywheel peak-load compensating equipment.
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; The studies thus indicated that the flywheel peak-load

' compensating equipment, which was already cost-competitive with
other proposed future peaking system=, is now felt to be improved
in this category nearly 100%.

In view of the results of these studies, a program was ol
established to obtain adequate government R&D funding for demon-
strating the feasibility of these APL flywheel concepts. A number
of government-related Superflywheel presentations were given in
pursuit of this objective, and eventually an unsolicited R&D pro-
posal was submitted to the National Science Foundation. (This
proposed program was approved by NSF subsecuent to the close of
this reporting period.)

Principal Investigator: D. W. Rabenhorst. Mr. Rabenhorst is a
senior engineer in the Space Development Department.
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SMALL-CAR STUDY

- A brief exploration of the potential of increased use of
small carns examines the effect on energy consumption and other

: secondany advantages and disadvantages. Three major questions

i were consdidened:

L P

1. How small is the smallest practicable can?

2. How would various Federal policies effect a thansi-
tion to such small carns?

3. What transportation and economic effects would re-
sult?

”w g This study, initiated to response to an inquiry from a

{ member of the U.S. Senate, differs essentially from studies else-

4 where by considering the energy that may be conserved by encourag-
ing a widespread transition to small cars in the range of 1000 to
2000 1b. The impact of such a transition on safety, comfort, and
parking is examined, and policies that might be adopted by the
Federal Government to encourage such a transition are investigated.

How Small Is Practicable?

The first question is, in essence: How small can a pri-
vate car be and yet satisfy safety, emission, comfort, cost,
aesthetics, and performance criteria acceptable to the consumer
and to current/proposed government regulation. Our findings sug-
gest that a private passenger automobile with a curb weight some-
what below 1500 1b can be built and that it would be acceptable
in today's market with respect to performance and comfort. Cur-
. rently the lightest automobile sold in this country is the Honda

Civic which has a curb weight of 1700 1b. A reduction in weight

to less than 1500 1b implies a small, two-passenger, limited-
';i i performance vehicle for urban use. The major problem is safety,
fﬁ and it is concluded that an increase in fatalities or serious in-
; juries resulting from a major shift to small cars may be on the
order of 15% unless some measurecs are taken such as a reduction
(and enforcement) of speed limits, improvement and more extensive
use of passenger restraint systems, and improved structural de-
sign.

Future emission goals also represent an unknown as they
act counter to the requirements on fuel conservation and cost.
In this area, it is suggested that the current California stan-
dards be adopted as the Federal standards and that a further
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reduction not be considered for a period of 5 years. There do

not appear to be any technological reasons why a small, clean,

economical, and safe private automobile, with a curb weight less
than 1500 1b, cannot be mass produced.

Effecting a Transition to Small Cars

Current automotive industry marketing is directed toward
making the consumer aware of fuel economy as evidenced in recent
advertisements. The methods considered in this report are those
that can be formulated into legislation by the Federal Government
with an attempt to compile what is known regarding price elastici-
ties (i.e., a measure of the effect of a price change on the de-
mand for a product). A review of the current literature has shown
that the pertinent long-run elasticities vary over a considerable
range so that the long-run market response to increased costs due
to taxes and/or rebates cannot be predicted with great certainty.
It is felt, nevertheless, that a shift to small cars, through
government policy, might best be effected in the short run by
tax/rebate policies designed to raise exponentially the original
investment cost of automobiles as their fuel economy declines,
and that large increases in the cost of gasoline must occur to
effect a significant reduction in gasoline consumption.

Transportation and Economic Effects

The conversion to small cars will have significant ef-
fects on transportation and the economy. The effects on trans-
portation can be great if the majority of cars are small. Traf-
fic conditions would be improved and a large portion of the park-
ing problems would be alleviated, assuming the number of vehicles
does not increase 2 or 3 fold.

The effects on the economy are difficult to assess,and
a meaningful analysis would require better data than currently
available. A "first approximation'" analysis of the industries
that supply the raw materials necessary to manufacture the auto-
mobile indicates that the effects could be large, e.g., an 8%
reduction in sales for the steel industry. A previous study
(Ref. 1) has attempted to correlate the automobile weight to the
employment in the auto manufacturing industry and concluded '"that
1 percent change in new car weight results in a greater than 1
percent change in auto manufacturing employment."

It has been concluded that the effects on the economy
will be large, and it 1is recommended that a detailed study be ini-
tiated using economic methods such as input-output analysis in
order to account for the interrelationship of the various economic
sectors.
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An APL report is being published to detail and document
the results.

Principal Investigators: L. L. Perini and R. A. Makofski. Mr.
Perini is a senior engineer of the Aeronautics Division
and Mr. Makofski is Supervisor of the Transportation
Technology Group of the Aeronautics Division.

Reference:

1. S. Wildham, B. K. Burright, J. H. Enns, and J. F.
Kirkwood, "How to Save Gasoline: Public Policy
Alternatives for the Automobile," Rand Corp. R-1560-
NSF, October 1974.
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WATERJET ACOUSTICS

A Limited number of Zesis were conducted to determine
the undewater nadiated nodise Level nesulting grom a watenjet
stheam impacting a water surface. The data and theoretical con-
sdiderations indicate that the acoustic intensity increases ap-
proximately as the §inst power of the 6£o¢g rate. The efficiency
0f enengy trhansfer 48 of the ornden of 10°

The Surface Effect Ship (SES), the Surface Effect Vehicle
(SEV), and the hydrofoil are all marine vehicles currently in de-
velopment by the United States Navy. Concurrent with the crafts
development, applications engineering and supporting effectiveness
studies are being performed. Among other considerations the high
speed of these advanced surface craft make them desirable candi-
dates for ASW missions, The potential for ASW necessitates an
understanding of the detailed acoustic emission of the craft, with
particular emphasis on the slow-speed operating region appropriate
to deploying ASW sensor systems.

The propulsion systems considered for these craft are
air propeller, supercavitating, fully submerged or partially sub-
merged, and waterjet. In the case of the waterjet, little or no
empirical or theoretical data were available to permit a compari-
son to be made with other forms of propulsion or to determine how
emitted noise varies with parameters such as ship size and speed.
To gain some insight into these parameters a brief theoretical
and experimental investigation was undertaken.

Two types of experiments were conducted to determine the
underwater radiated noise from a waterjet. In the small-scale
test a stream of water from a hose with a 3/4-inch nozzle was
positioned over a tank filled with water. In the large-scale test
water was pumped through a fire hose (1%-inch nozzle) into a
water-filled quarry. Hydrophones and test instrumentation com-
pleted the test setup to record the acoustic intensity. The pri-
mary test variables were water pressure and the height of the noz-
zle.

The data from the fire-hose test were processed on the
CSS-3 real time analyzer using a processing bandwidth of 200 Hz.
Two typical spectra are shown in Fig. 1. Bioadband intensity
was determined by integrating from 200 Hz to 20 kHz.

Theoretical considerations, based on the geometry and
energy of the impacting jet stream, indicated that the noise
level (dB) could vary as 10 log R, where R is the flow rate
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(ft3/s), which is equivalent to a variation according to 5 log P,
where P 1is the dynamic pressure. As shown in Fig. 2, a noise

increase according to 5 log P fits the data quite well. The varia-

tion of the noise level with the nozzle height, h, was generally
within the accuracy of the experiment. Comparison with published
data on rainfall (Ref. 1) showed a reasonably good correlation,

the increase in acoustic level with computed dynamic pressure be-
ing nearly the same.

The efficiency, n, of energy transfer, expressed as the
rate of the acoustic power output to the waterjet power, is

2P a?
pEEE
o R3

where

P = acoustic power output,

w
n

flow rate,

p water density, and

a = cross sectional area of the nozzle.

order of 1078

Principal Investigators: C. R. Brown and T. R. Small. Mr. Brown
is senior mathematician and Mr. Small is senior engineer
of the Fluid Mechanics Group of the Aeronautics Division.

Reference:

1. B. Nicolass, "Effect of Rain on Underwater Noise
Level," J. Acoust. Soc. Am., Vol. 45, No. 1, 1969.

The efficiency, based on the data and the above equation, is of the
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MINI-RECORD DATA RETRIEVAL SYSTEM

Rapid access to medical neconds poses numerous probLems
that can be alleviated by computers. APL, with its broad experi-
ence 4n computer technology and its association with the Johns :
Hopkins Medical Tnstitutions, L8 in an advantageous position to | g
contribute Lo the solution of such problems. 1In the present ! 3
profect, a data netrnieval system has been developed that is suit- | 4
able for clinics such as the Genernal Medical CLinic of the Johns
Hoplins Hospital. The system was placed in operation and nre-
Leased to the Hospital forn use and evaluation at their expense.

The Mini-Record Data Retrieval System is a new explora-
tory IR&D project that was both initiated and completed during
the present reporting period. The primary objective was the de-
velopment and demonstration of the use of a low-cost, medical-
summary/problem-1list retrieval system for General Medical Clinic
outpatients. The development was carried out in collaboration
with the staff of the Johns Hopkins Hospital, which is now sup-
porting an extensive evaluation of the system.

The Mini-Record Demonstration was designed as a health
care delivery aid that would:

1. Provide minimal information so that a patient is not
placed at undue risk either from unnecessary diagnos-
tic procedures or from inappropriate new prescrip-
tions during an unscheduled encounter;

2. Provide continuity of medical care for those patients
who rely upon the General Medical Clinic as their pri-
mary source of health care or are currently being
treated by more than one clinic. This should result
in better follow-up of known problems;

3. Facilitate the implementation and use of telephone 3
inquiry service for General Medical Clinic patients; i
and ‘

4. Assure the presence of an easily maintained patient
E | medical-summary/problem-list in the Medical Records
‘ of all General Medical Clinic patients.

The Johns Hopkins Hospital performs the services of
,4 family physician for the local population as well as for a fairly
: extensive outpatient referral from the suburban hospitals. The

General Medical Clinic is that clinic that accepts the ongoing
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care of outpatients with chronic problems that do not fall within
the specialty clinics, e.g., diabetes. However, General Medical
Clinic patients do visit specialty clinics or the Emergency Room.

The General Medical Clinic treats approximately 7000
patients a year. It was selected for this pilot effort because
of the potential advantages of an on-line Mini-Record system for
a group of this size and varied makeup.

The APL-supported part of the project was performed in
three phases: Requirements Definition, Program and Data Base De-
velopment, and Operational Demonstration over a period of five
months. At the end of this period the fully operational system
and data base was transferred to the Johns Hopkins Hospital for
operational use and an extended evaluation.

Requirement Definition. Specifications were established
for the demonstration system. Each General Medical Clinic patient
visiting the clinic has a Mini Record that contains (a) demographic
and administrative information, (b) brief text descriptions of
major medical problems and/or history, (c) identification of medi-
cations currently prescribed, and (d) an indication of visits to
other outpatient clinics since the last General Medical Clinic en-
counter. The Mini Record is available for display from interactive
terminals; a hard copy of the most recent Mini Record is maintained
in each patient's medical folder. Access to the on-line Mini Record
is by either patient history number or name from any of three
clinics. Finally, procedures were set up to maintain the data base,
automatically capture data, and manage processing flow.

The Program and Data Base Development. Information for
the data base was obtained from (a) an Encounter Form, which was
filled out for each General Medical Clinic visit, (b) the billing
file, which recorded all visits to other clinics, (c) discharge
summaries, which provided problem lists and medications for newly
discharged patients scheduled for follow-up at the General Medical
Clinic, and (d) physician-submitted corrections and additions to
existing Mini Records.

Computer programs were developed to capture and process
the data, display Mini Records interactively, print Mini Records
and status reports, provide on-line and batch mode editing, and per-
form general support functions. In all, five major programs com-
prising over 3000 instructions were developed. All programs were
written in PL/I for the IBM 360/91 for tests at APL.
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: Operational Demonstration was begun at the Hospital 3

8§ within three months after the beginning of the initial phase.
The initial capability provided on-line access to a data base of
approximately 2000 Mini Records. During the first month the Op-
erational Demonstration was used for (a) general indoctrination,
and (b) system refinement. As a result of experience with the
on~line demonstration, operating procedures were modified and
computer programs altered and expanded. By the end of the Op-
erational Demonstration phase, all computer programs were fully
tested, operational procedures were implemented with trained
personnel, computer programs were transferred to execute on the
Johns Hopkins Hospital computer, and a data base of over 5000 Mini
Records was made available.

Evaluation

; A preliminary evaluation was performed during the Opera-
] tional Demonstration. It was decided that (a) all preliminary
;k indications suggested that the system was an effective aid to the
operation of the General Medical Clinic, (b) the Mini-Record sys-
tem was a necessary prerequisite to establishing a desired tele-
phone inquiry service for General Medical Clinic patients, and
(c) an extended evaluation period would be required in order to
assess the impact of the Mini Record and the telephone inquiry
service upon health care delivery. As a result of the prelimi-
nary evaluation, JHH provided funds to operate the system after
the APL funded demonstration period.

In brief, the system appears to be successful. Physi-
cians are using the Mini Records, procedures for file update and
maintenance are running smoothly, and all computer programs are
performing correctly.

-

In addition to satisfying its stated objectives, the Mini
Record Demonstration System produced ancillary benefits:

j . 1. A request from the Office of Health Care Programs to
assist in the evaluation of outpatient visit patterns
and distribution;

2. Support to adapt and expand the system for Cancer
Center Tumor Registry; and

3. The possible adaptation of the system (or its logic)
for use in an on-line visitor control system for APL.

Principal Investigator: P. G. Casner. Mr. Casner is Group Super-
visor of the Information Processing and Display Group of
the Fleet Systems Department.
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F. J. Adrian, "A Possible Test of the Photoexcited Triplet Mecha-
: nism of Chemically Induced Electron Spin Polarization:

2 Dependence of the Spin Polarization on Polarized Light

' . Orientation," J. Chem. Phys., Vol. 61, No. 11, 1 December
1974, pp. 4875-4879 (APL Reprint No. 1620).

F. J. Adrian, V. A. Bowers, and E. L. Cochran®," ESR Spectrum and
Structure of NaO3," J. Chem. Phys., Vol. 61, No. 12,
15 December 1974, pp. 5463-5465 (APL Reprint No. 1629).

F. J. Adrian, V. A. Bowers, and E. L. Cochran*, "ESR Study of the
g Photolysis of n-Butyl Iodide: Secondary Photolysis and
| Structure of the n-Butyl Radical," J. Chem. Phys., Vol. 63,
No. 2, 15 July 1975, pp. 919-923 (APL Reprint No. 1701).

C. B. Bargeron, F. F. Mark, and M. H. Friedman, '"Pulsatile Flow in
a Rectangular Cross-Section Bifurcation,'" Proceedings of
28th Annual Conference on Engineering and Medicine and
Biology, Vol. 17, 20-24 September 1975, p. 276.

; R. J. Bartlett® and D. M. Silver, "Correlation Energy in LiH, BH,
and HF with Many-Body Perturbation Theory Using Slater-

é‘ Type Atomic Orbitals," Internat'l. J. Quantum Chem. Symp.,

§ Vol. S8, John Wiley & Somns, 1974, pp. 271-276 (APL Reprint

k No. 1681).

|

R. J. Bartlett® and D. M. Silver, '""Many-Body Perturbation Theory
Applied to Hydrogen Fluoride," Chem. Phys. Ltrs., Vol. 29,
No. 2, 15 November 1974, pp. 199-203 (APL Reprint No. 1607).

|

|

§ R. J. Bartlett® and D. M. Silver, '"Pair~Correlation Energies in
Sodium Hydride with Many-Body Perturbation Theory," Phys.
Rev. A., Vol. 10, No. 6, December 1974, pp. 1927-1931
(APL Reprint No. 1627).

i R. J. Bartlett® and D. M. Silver, "Many-Body Perturbation Theory

Applied to Electron Pair Correlation Energies. I. Closed-
5 Shell First-Row Diatomic Hydrides," J. Chem. Phys., Vol. 62,
3 No. 8, 15 April 1975, pp. 3258-3268 (APL Reprint No. 1673).
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R. C. Benson, C. B. Bargeron, and R. E. Walker, "Gain Measure-
ments in a Transverse-Flowing Na-N,0+CO Chemical Laser,"
Chem. Phys. Ltrs., Vol. 35, No. 2, 1 September 1975, pp.
161-165 (APL Reprint No. 1707).

A. N. Bloch*, D. 0. Cowan*, K. Bechgaard*, R. E. Pyle*, and R. H.
Banks* (JHU), and T. O. Poehler, Low-Temperature Metallic
Behavior and Resistance Minimum in a New Quasi One-Dimen-
sional Organic Conductor, Phy. Rev. Ltrs., Vol. 34, No.
25, 23 June 1975, pp. 1561-1564.

A. N. Bloch*, D. 0. Cowan*, and T. 0. Poehler, "Design and Study
of One-Dimensional Organic Conductors 1II: TTF-TCNQ
and other Organic Semimetals," Energy and Charge Trans-
fer, K. Masuda and M. Silver (Ed.), Plenum Press, 1974,
pp. 167-174 (APL Reprint No. 1711).

N. A. Blum and C. Feldman, MGssbauer Investigation of Amorphous
and Polycrystalline Tellurium, J. de Physique, Vol. 35,
December 1974, p. C6-401.

N. J. Brown*, R. M. Fristrom, and R. F. Sawyer*, “A Simple Pre-

mixed Flame Model Including an Application to Hp, + Air
Flames," Combustion and Flame, Vol. 23, 1974, pp. 269-
275 (APL Reprint No. 1693).

H. K. Charles, Jr., and C. Feldman, "Switching Times in Amorphous
Boron, Boron Plus Carbon, and Silicon Thin Films,"
J. Appl. Phys., Vol. 46, No. 2, February 1975, pp. 819-
830. :

L. W. Ehrlich, "Digital Simulation of Periodic Fluid Flow in a
Bifurcation," Computers and Fluids, Vol. 2, Pergamon
Press, 1974, pp. 237-247 (APL Reprint No. 1613).

I. Estermann®, "History of Molecular Beam Research: Personal

Reminiscences of the Important Evolutionary Period 1919-

1933," S. N. Foner (Ed.), Am. J. Phys., Vol. 43, No. 8,
August 1975, pp. 661-671.

C. Feldman, K. Moorjani, and N. Blum, '"Mass Spectrometry, Optical
Absorption and Electrical Properties of Amorphous Boron
Films," Boron-Production, Structure and Properties,
F.N. Tavadze (Ed.-in-Chief), 4th International Symposium
on Boron, Tbilisi, USSR, 9-15 October 1972.

*Not on APL Staff
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R. W. Flower, J. F. Bird, and G. H. Mowbray*, "Retinal and Cortical
Electrophysiological Responses to Instantaneous Frequency
Shifts in Light Modulated above Fusion," Invest. Ophthal.,
Vol. 14, No. 1, January 1975, pp. 75-78 (APL Reprint No. i

i | 1664).

: S. N. Foner and B. H. Nall, "Attenuation of Sound by Rigid Spheres:
g8 Measurement of the Viscous and Thermal Components of At-
3l tenuation and Comparison with Theory," J. Acous. Soc. Am.,
Vol. 57, No. 1, January 1975, pp. 59-66 (APL Reprint No.
1626) .

M. H. Friedman, V. O'Brien, and L. W. Ehrlich, 'Calculations of
Pulsatile Flow through a Branch," Circulation Res., Vol.
36, February 1975, pp. 277-285 (APL Reprint No. 1661).

R. M. Fristrom, '"Chemistry, Combustion, and Flammability,'" J. Fire
and Flammability, Vol. 5, October 1974, pp. 289-320 (APL :
Reprint No. 1637). 3

R. M. Fristrom, "Flame Sampling for Mass Spectrometry," Internat'l.
J. Mass Spectrometry and Ion Phys., Vol. 16, 1975, pp. 15-
32 (APL Reprint No. 1647).

R. M. Fristrom, ""Some Activities of the Committee on Fire Research
of the National Academy of Sciences/National Research
Council of the United States of America,'" Kommunikaty —
Communications, Vol. 5, No. 3, 1974, pp. 349-352 (APL
Reprint No. 1§92).

R. M. Fristrom, "Fire Research in the United States," Revue Energie
Primaire, Vol. X, No. 1, 1974, pp. 2-6 (APL Reprint No.
1718).

: B. F. Hochheimer and R. W. Flower, "Angiography of the Cervix,"
4 J Johns Hopkins Medical J., Vol. 135, No. 6, December 1974,
pp. 375-382 (APL Reprint No. 1678).

2 R. Gemmer*, D. 0. Cowan*, T. 0. Poehler, et al., "Chemical Purity
4 and the Electrical Conductivity of Tetrathiafulvalinium
B Tetracyanoquino-dimethanide," J. Organic Chem., Vol. 40,
No. 24, 1975.

s E. P. Gray, "Some Further Studies of Radiofrequency Supplemented
& Mirror Confinement," Proceedings of the U.S.-Australian
Workshop on Plasma Waves, February 1975, Paper No. 8,
pp. 8.1-8.4, Texas Technical University, 1975.

P 3 {? *Not on APL Staff
i




THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL. MARYLAND

A. N. Jette and T. A. Miller™, "Fine Structure in Rydberg States
of the H, Molecule," Chem. Phys. Ltrs., Vol. 29, No. 4,
15 December 1974, pp. 547-550 (APL Reprint No. 1635).

. Jette, "Coupling Constants of the Fine and Hyperfine Inter-
action in the C 37, Mestable State of Hp," J. Chem.
Phys., Vol. 62, No. 11, 1 June 1975, pp. 4579-4580 (APL
Reprint No. 1685).

. Kim, J. Bohandy, and C. K. Jen, "Optical Fluorescence
Spectra of Porphins in Organic Crystalline Hosts,'
Spectrochimica Acta, Vol. 30A, Pergamon Press, 1974,
pp. 2031-2040 (APL Reprint No. 1650).

. Koeppen and R. E. Walker, "Effective Radiance Attenuation
Coefficients for Underwater Imaging," Proceedings of 19th
Annual Technical Symposium, Seminar-in-Depth, Ocean
Optics, held in San Diego, CA, 19-20 August 1975.

Kues and G. A. Lutty*, ""Dyes Can be Deadly," Laser Focus,
Vol. 11, No. 5, May 1975, pp. 59-61.

. Kuttler, "A Remark on the Paper, 'A Maximum Principle for
Fourth Order Ordinary Differential Equations,' by Chow,
Dunninger, and Lasota,' J. Differential Equations, Vol. 17,
No. 1, January 1975, pp. 44-45 (APL Reprint No. 1610).

. Mark, C. B. Bargeron, and M. H. Friedman, "An Experimental
Investigation of Laminar Flow in a Rectangular Cross-
Section Bifurcation," Proceedings of the ASME 1975 Bio-
mechanics Symposium held in Troy, NY, 23 June 1975, pp.
7-10.

. Mason* and L. Monchick, "Hardness of Intermolecular Forces
and Thermal Diffusion," Chem. Phys. Ltrs., Vol. 34, No.
1 August 1975, pp. 427-429 (APL Reprint No. 1703).

McCullough, Jr.*, and D. M. Silver, "Reaction Path Proper-
ties at Critical Points on Potential Surfaces,'" J. Chem.
Phys., Vol. 62, No. 10, 15 May 1975, pp. 4050-4052 (APL
Reprint No. 1684).

E. Meijer* and R. A. Farrell, '"Padé Approximations and the
Critical Exponents in the Two- and Three-Dimensional
Ising Models," Phys. Rev. B., Vol. 12, No. 1, 1 July
1975, pp. 243-252 (APL Reprint No. 1596).

*Not on APL Staff
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A. Meyer and A. Brunsting*, "Light Scattering from Nucleated
Biological Cells," Biophys. J., Vol. 15, 1975, pp. 191-
203 (APL Reprint No. 1670).

Monchick, The Ehrenfest Theorem and Gas Transport Properties,"
Physica, Vol. 78, 1974, pp. 64-72 (APL Reprint No. 1649).

Monchick, "Time Delays and Diffusion Controlled Reactions,"
J. Chem. Phys., Vol. 62, No. 5, 1 March 1975, pp. 1907-
1910 (APL Reprint No. 1659).

Monchick and S. Green*, "Validity of Central Field Approxima-
tions in Molecular Scattering: Low Energy CO-He Colli-
sions," J. Chem. Phys., Vol. 63, No. 5, 1 September 1975,
2000-2009 (APL Reprint No. 1706).

. H. Nall, "Time and Space Resolution of Bulk Acoustic Waves

Generated Concomitantly with Rayleigh Surface Waves by
an Interdigital Transducer," J. Appl. Phys., Vol. 46,
No. 5, May 1975, pp. 1884-1892 (APL Reprint No. 1676).

. 0'Brien, '"Unsteady Separation Phenomena in a Two-Dimensional

Cavity,'" AIAA J., Vol. 13, No. 3, March 1975, pp.415-416
(APL Reprint No. 1666).

0'Brien, '"Stokes Drag for Arbitrary Bodies," Can. J. Chem. Eng.,
Vol. 51, December 1974, pp. 793-794.

. 0'Brien, "Unsteady Cavity Flows: Oscillatory Flat Box Flows,"

J. Appl. Mech., ASME, Vol. 42, No. 3, September 1975,
pPP. 557-563.

. 0'Brien and L. W. Ehrlich, "Unsteady Blood Flow through a

Branch,'" 27th ACEMB Meeting, Marriott Hotel, Philadelphia,
PA, 6-10 October 1974, p. 281 (APL Reprint No. 1639).

. G. Parker, "A Study of the Role of Vibration-Vibration Exchange

on the Collisional Deactivation of Vibrationally Excited
Singlet Molecular Oxygen," J. Chem. Phys., Vol. 62, No. 6,
15 March 1975, pp. 2235~2239 (APL Reprint No. 1665).

. G. Parker and D. N. Ritke®, "On the Mechanism for Collisional

Deactivation of Vibrationally Excited Singlet Molecular
Oxygen," J. Chem. Phys., Vol. 61, No. 8, 15 October 1974,
pp. 3408-3413 (APL Reprint No. 1602).
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J. C. Pirkle, Jr., and V. G. Sigillito, "Analysis of Optically :
Pumped CO; Laser," Appl. Optics, Vol. 13, No. 12, Decem-
ber 1974, pp. 2799-2807 (APL Reprint No. 1612).

proey g

3 T. 0. Poehler, R. E. Walker, and J. W. Leight, '"High-Pressure
; Chemical Wave-Guide Laser,' Appl. Phys. Ltrs., Vol. 26,
No. 10, 15 May 1975, pp. 560-561 (APL Reprint No. 1688).

a T. A. Potemra, '""Ionizing Radiation Affecting the Lower Ionosphere,"
Proceedings of the NATO Advanced Study Institute, ELF-VLF
Radio Wave Propagation, Spatine, Norway, April 17-27, 1974,
D. Reidel Publishing Co. (APL Reprint No. 1593).

T. A. Potemra, 'The Use of VLF Propagation Measurements for Studies
Magnetospheric and Meteorological Tnfluences on the Lower
Ionosphere," Proceedings of the Symposium COSPAR Methods

1 of Measurements and Results of Lower Ionosphere Structure,
1 Constance, F.R.G., 23-26 May 1973, Akademie-Verlag, Berlin,

1 1974.

D. M. Silver and M. Karplus¥*, "Valence-Bond Approach to Conserva-
tion of Symmetry in Concerted Reactions," J. Am. Chem.
Soc., Vol. 97, 1975, pp. 2645-2654 (APL Reprint No. 1698).

R. M. Somers and T. 0. Poehler, '""Microwave Time Domain Fabry-
Perot Emission Spectrometer,'" Rev. Sci. Instrum., Vol. 46,
No. 6, June 1975, pp. 719-725 (APL Reprint No. 1691).

R. Turner and R. A. Murphy, "The Far Infrared Helium Laser," Con-
ference Digest, International Conference on Infrared
Physics, Eth Zurich, August 1975, p. C-191 (Abstract).

R. E. Walker and M. E. Langham*, "Pneumatic Applanation Tonometer
Studies. TIII. Analysis of the Floating Tip Sensor,"
Exptl. Eye Res., Vol. 20, 1975, pp. 167-172 (APL Reprint
No. 1712).

Tt G

4 R. E. Walker, G. A. Compton®, and M. E. Langham*, "Pneumatic Ap-
'ﬁ planation Tonometer Studies. IV. Analysis of Pulsatile
; Response,' Exptl. Eye Res., Vol. 20, 1975, pp. 245-253.

A. A. Westenberg and N. deHaas, "Rate of the O + SO3 Reaction,"
o : J. Chem. Phys., Vol. 62, No. 2, 15 January 1975, pp. 725-
3 730 (APL Reprint No. 1642).

*Not on APL Staff
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A. A. Westenberg and N. deHaas, "Rates of H + CH3X Reactionms,"
J. Chem. Phys., Vol. 62, No. 8, 15 April 1975, pp. 3321-
3325 (APL Reprint No. 1674).

A. A. Westenberg and N. deHaas, "Reaction Rates of 0 + CH3Br and |
0 + CH3Cl*," J. Chem. Phys., Vol. 62, No. 11, 1 June 1975, |
pp. 4477-4479 (APL Reprint No. 1689).

A. J. Zmuda and J. C. Armstrong®, "The Diurnal Flow Pattern of
Field-Aligned Currents," J. Geophys. Res., Vol. 79, No.
31, 1 November 1974, pp. 4611-4619 (APL Reprint No. 1631).

A. J. Zmuda, T. A. Potemra, and J. C. Armstrong*, "Transient
Parallel Electric Fields from Electromagnetic Induction
Associated with Motion of Field-Aligned Currents,

J. Geophys. Res., Vol. 79, No. 28, 1 October 1974,
pp. 4222-4226 (APL Reprint No. 1616).

*Not on APL Staff
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PUBLICATION DURING FISCAL YEAR 1975

*
J. Bartlett and D. M. Silver, "Some Aspects of Diagrammatic
Perturbation Theory," Internat'l. J. Quantum Chem.,
Vol. S9.

F. Bird, R. W. Flower, and G. H. Mowbray*, "An Elemental Phe-
nomenon of Vision — Suprafusion Transients: General
Theory, Retinal-Cortical Manifestations, Potential Ap-
plications," J. Theoretical Biology.

A. Blum and R. B. Frankel® (MIT), "Hyperfine Interactions in
Antiferromagnetic EuTe Using the 1257¢ Mgssbauer Reso-
nance," Proceedings of the 21st Annual Conference on
Magnetism and Magnetic Materials, Philadelphia, PA.,
December 9-12, 1975.

Bohandy and B. F. Kim, "Optical Spectra of Ni Porphin, Pd
Porphin, and Free Base Porphin in Single Crystal Tri-
phenylene," Spectrochimica Acta.

W. Ehrlich and M. H. Friedman, '"Steady Convective Diffusion in
a Bifurcation," IEEE Trans. Biomedical Eng.

Elcrat® and V. G. Sigillito, "An Explicit A Priori Extimate
for Parabolic Equations with Applications to Semilinear
Equations,'" SIAM J. Math. Anal.

Feldman, H. K. Charles, Jr., F. G. Satkiewicz, and J. Bohandy,
Proceedings of the Fifth International Symposium on
Boron and Borides, September 8-11, 1975, Bordeaux, France.

W. Fox, "Transient Solutions for Stratified Flow," J. Res.,
National Bureau of Standards.

W. Fox, 'Spectral Measures and Separation of Variables,"
J. Res., National Bureau of Standards.

H. Friedman and L. W. Ehrlich, '"The Effect of Spatial Varia-
tions in Shear or Diffusion at the Wall of an Arterial |
Branch,'" Circ. Res., October 1975. ti

H. Friedman, "Self-Consistent Analysis of Arterial Uptake of i |
Cholesterol from Persusing Serum," Circ. Res. |
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. Ghatak® and K. Moorjani, "Structurally Disordered Heisenberg
Ferromagnet,'" Solid State Communications.

. Kistenmacher®, T. E. Phillips®, D.0. Cowan*, A. N. Bloch*,
and T. 0. Poehler, '"Crystal Structure and Diffuse X-Ray
Scattering in the 1.3:2 Salt of 4,4', 5,5'-Tetramethyl-
A2°2 _pi - 1,3-dithiole (TMTTF) and 7,7,8-Tetracyano-p-
quinodinethane (TCNQ), a Non-Stoichiometric Quasi-One-
Dimensional Organic Conductor, Acta Crystallographica.

. A. Meyer, R. E. Walker, and V. B. Mountcastle*, "A Laser Stimu-
lator for the Study of Cutaneous Thermal and Pain Sensa-
tions," IEEE Biomedical Eng.

Moorjani and S. K. Ghatak*, "Behte-Pierls-Weiss Approximation
in Disordered Ferromagnets,'" Proceedings of the 21lst
Annual Conference on Magnetism and Magnetic Materials,
Philadelphia, PA, December 9-12, 1975.

H. Mowbray*, R. W. Flower, and J. F. Bird, '"Visual Cortex Re-
sponses to Abrupt Changes in the Periodicity of Rapidly
Intermittent Light," Electroenceph. Clinical Neurophys.

. C. Murphy, P. R. Zarriello, L. C. Aamodt, and H. A. Kues, "A
Convenient ESR/ODMR Spectrometer,'" Rev. of Scientific
Instru.

. 0'Brien, "Pulsatile Fully~Developed Flow in Rectangular Chan-
nels," J. Franklin Instit.

. 0'Brien, "On Unsteady Separation,' AIAA J.

G. Sigillito, "A Priori Inequalities and the Dirichlet Problem
for a Pseudo-Parabolic Equation," SIAM J. Math. Anal.

G. Sigillito, "A Priori Inequalities and Approximate Solutions
of the First Boundary Value Problem for A2u - f," SIAM J.
Num. Anal.

D. M. Silver and R. J. Bartlett®, "Modified Potentials in Many-
Body Perturbation Theory," Phys. Rev. A., Vol. 12, 1975
(FY-1976).

Turner and R. A. Murphy, '""The Far Infrared Helium Laser,"
Infrared Phys.

*Not on APL Staff




NOSI———" =N

el
Y

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

RESEARCH CENTER SHORT ABSTRACTS
PUBLISHED DURING FISCAL YEAR 1975

F. J. Adrian and V. A. Bowers, '"Wavelength Dependence of Alkyl
Indide Photolysis: Photolysis of Alkyl Radicals, Inter- ok
national Corporation of Photochemistry," August 1975.

1]

F.J. Adrian and A. N. Jette, "Hyperfine Structure Constants of
Halogen Molecule Anions from a Spin-Correlated Valence
Bond Wave Function,'" Bull. Am. Phys. Soc., Vol. 20, 1975,
p. 329.

C. B. Bargeron, R. L. McCally, M. H. Friedman, and S. Margolis*
g "Particle Size Distributions of Human Plasma Lipopro-
‘# teins by Intensity Correlation Spectroscopy,' Biophys. J.,
ki Vol. 15, Part 2, 1975, p. 25la.

R. C. Benson, C. B. Bargeron, and R. E. Walker, "Parametric Inves-
tigation of the NA-N, + CO Chemical Laser," 4th Conference
on Chemical and Molecular Lasers in St. Louis, MO, 21-23
October 1974.

R. C. Benson, D. J. Benar&t and R. E. Walker, '"Vibrational Relaxa-
tion of Ny and CO,(001) by Alkali Metal Atoms,'" 4th Con-
ference on Chemical and Molecular Lasers, in St. Louis,
MO, 21~23 October 1974.

’ﬂ A. N. Bloch, D. 0. Cowan, T. 0. Poehler, et al., "Low Temperature
. Behavior and Resistance Minimum in the New Organic Con-
ductor HMTSF-TCNQ," Bull. Am. Phys. Soc., Vol. 20, 1975,
p. 466.

J. Bohandy, B. F. Kim, and C. K. Jen, "Electron Spectra of the
Free Base, Ni, and Pd Porphin,'" Bull. Am. Phys. Soc.,
Vol. 20, No. 3, March 1975, p. 492.

N. J. Brown® and D. M. Silver, "Reactive and Inelastic Scattering
- | of Hy + Hy on Four Semi-Empirical Potential Energy Sur-~
g faces," IXth International Conference on the Physics of
Electronic and Atomic Collisions, Seattle, WA, 25 July
1975.

0. Cowan, A. N. Bloch, T. 0. Poehler, et al., "The Organic
Metallic State," Bull. Am. Phys. Soc., Vol. 20, 1975,
p. 415.

*Not on APL Staff
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Farrell and R. L. McCally, "On the Interpretation of Mea-
surements of the Depth Dependence of Light Scattering
in Normal Rabbit Corneas," Bull. Am. Phys. Soc., Vol. 20
1975, p. 316.

Farrell and R. L. McCally, "On the Interpretation of Mea-
surements of Angular Light Scattering,'" Program of Asso-
ciation for Research in Vision and Ophthalmology, Spring
Meeting held in Sarasota, FL, April 1975, p. 49

Fox, '""Transient Solutions for Stratified Fluid Flows,"
Notices of the Am. Math. Soc., Vol. 22, No. 5, August
1975, p. A-559.

Friedman, "Implications of Epithelial and Endothelial Struc-
ture as Regards Theories of Corneal Thickness Control,"
Program of Association for Research in Vision and Ophthal-

mology, Spring Meeting held in Sarasota, FL, April 1975,
p. 49.

N. Jette and F. J. Adrian, "Interpretation of Hyperfine Struc-
ture Data for Mixed Vi Centers Using a Spin Correlated
Valence Bond Wave Function,' Bull. Am. Phys. Soc., Vol.
20, 1975, p. 329.

L. McCally and R. A. Farrell, "Light Scattering from Cells in
the Rabbit Cornea,'" Ninth Annual Corneal Research Con-
ference, 13-14 June 1975, p. 4.

. Monchick, '"Close Coﬁpled Scattering Calculations on He and CO,"
Bull. Am. Phys. Soc., Vol. 20, Ser. 11, No. 3, March
1975, p. 467.

Moorjani (with M. Avignon*), "Order Parameter Dependence of
Band Splitting in C.P.A.," Bull. Am. Phys. Soc., Vol. 20,
Ser. 11, No. 3, March 1975, p. 412.

0'Brien, "Pulsatile Viscous Flows Related to Atherosclerosis,'
Bull. Am. Phys. Soc., Vol. 20, April 1975, p. 700.

0. Poehler and R. Turner, "Electrically Initiated Pulse Chemi-
cal DF-CO; and DF Lasers," IEEE J. Quantum Electronic.,
Vol. QE-11, 1975, p. 710.

0. Poehler, A. N. Bloch, J. Bohandy, and D. 0. Cowan, ''Micro-
wave Response of Quais-One-Dimensional Conductors,'
Bull. Am. Phys. Soc., Vol. 20, 1975, p. 440.

*Not on APL Staff

RN PRI

rerpagis




il S

i @S MBI ¢ il i

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
LAUREL, MARYLAND

R. E. Pyle, A. N. Bloch, D. 0. Cowan, T. O. Poehler, et al.,
"Conducting and Insulating Forms of the New Organic
Charge Transfer Salt TMTSF-TCNQ," Bull. Am. Phys. Soc.,
Vol. 20, 1975, p. 415.

D. M. Silver, "Many-Body Perturbation Theory Applied to Diatomic
Molecules," XXVth Congress of the International Union
of Pure and Applied Chemistry, Jerusalem, Israel,

8 July 1975.

R. Turner, "Plasma Effects on the HCN Laser,'" IEEE Trans. on
Microwave Theory and Techniques, MIT-22, December 1974,

p. 1118.
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EXPLORATORY DEVELOPMENT PUBLICATIONS AND
REPORTS PUBLISHED DURING FISCAL YEAR 1975

Publications

A.

. L. Dugger (Ed.), "Proceedings, Third Workshop on Ocean Thermal

J. Cote, Jr., and A. C. Schultheis, "Keeping a Watchful Eye on
Harbor Traffic," Electronics, 31 October 1974, pp. 82-86.

J. Cote, Jr., "Concepts for Future Vessel Traffic Systems,"

Navigation, Vol. 21 (winter 1974-75), pp. 310-319.

Energy Conversion, Houston, Texas, May 8-10, 1975," APL/
JHU SR 75-2, August 1975.

L. Dugger, "Ocean Thermal Energy Conversion," Astronautics and
Aeronautics (to be published).
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L. Dugger, "Ocean Thermal Energy Conversion," a chapter for
the Handbook of Energy Technology, D. M. Considine (Ed.)
McGraw-Hill (to be published in 1976).

L. Dugger, H. L. Olsen, W. B. Shippen, E. J. Francis, and
W. H. Avery, "Tropical Ocean Thermal Power Plants and
Potential Products,'" AIAA Paper No. 75-617, April 1975.

L. Dugger, H. L. Olsen, W. B. Shippen, E. J. Francis, and
W. H. Avery, "Floating Ocean Thermal Power Plants and
Potential Products,'" J. Hydronautics (to be published).

L. Dugger, H. L. Olsen, W. B. Shippen, E. J. Francis, and
W. H. Avery, "Ocean Thermal Power Plants,' APL Technical
Digest, January-March 1975.

Iijima and T. A. Potemra, "The Amplitude Distribution of Field-
Aligned Currents at Northern High Latitudes Observed by
TRIAD," J. Geophys. Res. (to be published).

" e S,

J. Killian, G. L. Dugger, and J. Grey (Eds.), Solar Energy for
Earth, An AIAA Assessment, American Institute of Aero-
nautics and Astronautics, New York, NY, 21 April 1975.
(Chapter X, "Ocean Thermal Energy Conversion," by G. L.
Dugger.)
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W. Kohl, "Response of Various Thin Film Scintillators to Low-
Energy Particles," Nuc. Instr. and Meth., Vol. 125, 1975,
p. 413.
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S. M. Krimigis, E. T. Sarris, and T. P. Armstrong, '"Observations
of Jovian Electron Events in the Vicinity of Earth,"
Geophys. Res. Ltrs., Vol. 2, 1975, p. 561.

D. G. Mitchell and E. C. Roelof, "A Mathematical Analysis of the
Theory of Interplanetary Scintillation in the Weak-
Scattering Approximation," J. Geophys. Res. (to be pub-
lished).

T. A. Potemra, T. Iijima, and S. Favin, "Field-Aligned Currents
in the North and South Auroral Regions Measured with
TRIAD,'" EOS, Vol. 56, 1975, p. 617.

E. C. Roelof, W. M. Cronyn, P. S. McIntosh, and S. D. Shawhan,
"Solar Wind and Energetic Particle Events of June 20-30,
1974, Analyzed Using Measurements of Interplanetary
Radio Scintillations at 34.3 MHz," Space Research XVI,
M. H. Rycroft (Ed.), Akademie-Verlag (Berlin) 1975 (to
be published).

E. T. Sarris, S. M. Krimigis, and T. P. Armstrong, ''Observations
of a High-Energy Ion Shock Spike Interplanetary Space,"
Geophys. Res. Ltrs., Vol. 3 (to be published January 1976).

S. Wildham, B. K. Burright, J. H. Enns, and J. F. Kirkwood, 'How
to Save Gasoline: Public Policy Alternatives for the
Automobile," Rand Corp. R-1560-NSF, October 1974.

Internal Reports

Ella B. Dobson, "A Review and Study of Radar as a Turbulence De-
tector,” APL/JHU FIE74U-058, 16 December 1974.

I Ella B. Dobson, "Proposed Turbulence Experiment,'" APL/JHU F1E75U-
| 002, 17 January 1975.

i E. J. Francis, "An Analysis of the Critical Marine Engineering and
H Economic Factors of a Tropical Ocean Thermal Plant Pro-

E ducing Ammonia and/or Other Products,' Contract No. 5-
B 38054 with the U.S. Maritime Administration, Department

ﬂ” of Commerce, APL Technical report (to be published).

R. C. Eberhart, "Environmental and Socioeconomic Analysis for Pro-
1 posed Petroleum Related Coastal Facilities in Maryland,"
e Unnumbered APL report, April 1975 (available from author).
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R. C. Eberhart, "A Regional Pilot Study for the National Energy
Siting and Facility Report, APL/JHU CP~043 (in press).

M. L. Hill and T. R. Whyte, "Investigations Related to the Use of
Atmospheric Electric Fields for Aircraft and RPV Stabili-
zation," APL/JHU TG 1280, November 1975.

H. L. Olsen, "Analytical Study of Two-Phase-Flow Heat Exchangers
for OTEC Systems," U.S. Energy Research and Development
Administration (to be published).

F. G. Satkiewicz and H. K. Charles, Jr., "Sputter Ion Mass Spec-
trometer Analysis of Copper Sulfide~Cadmium Sulfide Solar
Cell Samples," APL/JHU TG 1284 (to be published).

T. R. Whyte, "Preliminary Analysis: First Da Vinci Flight," APL/
JHU BAF-75-02, March 1975.

Committee Report, D. B. Staake, Chairman, '"Short Range Terminal
Radar," APL/JHU FAA-RD-75~7 (to be published).

U.S. Congress Office of Technology Assessment, "Automated Guide-

way Transit — An Assessment of PRT and Other New Systems,"
including panel repcrts, June 1975.
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