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- I. INTRODUCTION AND EXECUTIVE SUMMARY
» About the 1983 Program -
u — 7 (s -;(I'l wa diaa o
"=~ Continuing and é¢xpandirg the Navy Summer Faculty Research Program
- (NSFRP) conducted for by the American Society for Engineering Education
f; (ASEE) previously in the summers of 1979, 1980, 1981 and 1982, the NSFRP

N program in 1983 brought 111 faculty members from United States colleges and

universities to 10 Navy laboratories for 10 weeks cooperative summer research
!' between the NSFRP participants and Navy scientists at the laboratories working
- in areas of mutual interest to both parties.

As in the earlier years the objectives of the NSFRP program in 1983

were:
- o |) To engage university faculty members in the research programs
- of the participating Naval laboratories;
- + 972 To develop a basis for continuing research of interest to the
. Navy at the participating faculty members institutions;
[
- o ;.To establish continuing relations among faculty members and
their professional peers in the Navy laboratories; ~. 4.
-~and
- ® " To enhance the research interests and capabilities of the
. science and engineering faculty members taking part in the
[ ] Navy program. -— - - R N J,‘}
As previously the NSFRP program was conducted in 1983 by ASEE with
e John Lisack, Jr. and Jeffery (Jeff) Jarosz serving as Project Directors
=~ and F. X. (Tim) Bradley serving as a Consultant at ASEE.
.' As before participation was restricted to United States citizens holding
- teaching or research appointments in American institutions of higher education.
The 10 Navy laboratories that took part in the program during 1983
were:
Naval Research Laboratory, Washington, DC
L

Naval Medical Research Institute, Bethesda, Maryland
Naval Air Development Center, Warminster, Pennsylvania
Naval Coastal Systems Center, Panama City, Florida
Naval Ocean Systems Center, San Diego, California

Naval Personnel Research and Development Center,
San Diego, California

Naval Ship Research and Development Center,
Annapolis and Carderock, Maryland




Naval Surface Weapons Center, Silver Spring, Maryland
and Dahlgren, Virginia

Naval Underwater Systems Center, Newport, Rhode Island
and New London, Connecticut

Naval Weapons Center, China Lake, California

The 111 faculty member participants taking part in the 1983 program
were selected by the Navy laboratories from 614 applicants and came from
colleges and universities in all parts of the United States. Included in
this representation were 46 of the contiguous states, the District of
Columbia, Hawaii, Puerto Rico and the Virgin Islands.

Disciplines covered in the research, conducted under the NSFRP
program in 1983 againC;EEEEH—?;BE_EEHIEET~EHEJpersonnel research to topics
in physics, chemistry, computer science and the several branches of engineering
and applied mathematics and statistics.. The selection of topics varied at each
Navy laboratory to suit the specific areas of research within the individual

laboratories charter assignments while at the same time being chosen so as
to be of interest to the faculty member participants.

Virtually all -- in fact, 93 percent -- of the NSFRP participants
in 1983 held the Ph.D. or an equivalent doctoral degree in his or her field of
expertise and approximately one third were assistant professors, one-third
were associate professors and one-fourth were full professors, with the remainder
holding other types of academic appointments. Some 24 percent were women or
members of minority groups including representatives of almost all categories
of the latter, including, in particular, 13 women, and eight Black Americans.
The physical sciences collectively constituted the dominant field of the partici-
pants this year at 36 percent followed by engineering at 24 percent and
mathematics and the mathematical sciences at 14 percent with the remaining
26 percent in the life sciences and related areas. The ages of the partici-
pants again showed quite a spread but the average remained unchanged from
the proceeding year at 43,

The 1983 NSFRP participants were paid stipends of 6000 dollars for
their 10 weeks tenure at their Navy laboratories plus suitable allowances
for travel. The total cost to the Navy of the 1983 program was about 767,000
dollars. Somewhat less than half of these funds were provided by ONR while
the balance came from the individual Navy laboratories on an agreed prorated
basis; more particularly each Navy laboratory was assigned from 4 to 8 NSFRP
participants funded by ONR and was allowed to take at its option an additional
number to be paid for out of its own funds, the actual number of such
additional appointments in the event ranging from zero at the Navy Coastal
Systems Center to 22 extra at the Naval Research Laboratory.

Many favorable and even glowing comments and expressions of
enthusiasm for the program were received by ASEE and the writer regarding
the experiences of the participants and their host Navy laboratories in
1983 and previous years and -- aside from a few minor difficulties experienced
at one or two of the Navy laboratories in timely establishment of clearances for

— -3-




a few of the NSFRP participants and a fairly commonly expressed desire by
the participants for more remunerative stipends -- ASEE and the writer
found no significant problems with administration of the program or with

its reception by the individual participants and Navy laboratories involved.

At the end of the summer each NSFRP participant prepared a report
on his summer's research at his host Navy laboratory. Abstracts of 107
of these reports are presented later in this document and a number of these
have been -- and it is anticipated that many more of these will eventually
be -- further developed into professional research papers appearing in the
archival scientific literature. Abstracts for the remaining reports on the
1983 program were delayed for various reasons and were not available in
time to be included here.

Finally, before the NSFRP participants departed to return to their
home colleges and universities, an appropriate certificate was presented
to each of them by the Navy and ASEE in recognition of their participation
in the 1983 program.

Growth of the Program in its First Five Years

Starting in 1979 with a total of 16 NSFRP participants and three
Navy laboratories the program grew to 26 participants and seven Navy
laboratories in 1980 with funding during these first two years provided
entirely by ONR. In 1981 with the decision made to permit additional
participants to be supported by Navy laboratory funds, the NSFRP program
grew that year to 59 people and 10 Navy laboratories and expanded again
in 1982 to 97 participants at the same 10 Navy laboratories. In 1983
without further growth in the number of Navy laboratories cooperating in
the program, the number of faculty member participants grew to 111.

The percentage growth of the program over the period 1979 through
1983 in participants was almost 700 percent and in Navy laboratories taking
part in the program a little more than 300 percent.

Total funding during the same five year period went from about 99,700
dollars in 1979 to 767,000 in 1983 as noted with more than half of the total
annual funding ultimately coming from the Navy laboratories rather than ONR.

These growth figures are illustrated further in Figures 1 and 2
below. Included in Figure 2 also is a graph showing the growth from 1979
to 1983 in the NSFRP stipends paid each participating faculty member for
his or her 10 weeks tenure in the program. As shown therein the participants
stipends grew from an original sum of 4000 dollars in 1979 to 6000 dollars
in 1983.

Fallouts from the First Five Years of the Program

A number of interesting ''research fallouts'" as we term them of
Navy significance have occurred as a result of the 1979, 1980, 1981, 1982
a-d 1983 NSFRP programs. Among these it is noteworthy that from the first
fiv> years of the program involving a total of 16 NSFRP participants in
1979, 26 in 1980, 59 in 1981, 97 in 1982 and 111 in 1983 -- or 309 all
told -- a total of
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o 40 research contracts adding up to $1,065,000 dollars have
been awarded to 34 former NSFRP participants for follow
on research;

o At least 12 former participants have been further employed
by their host Navy laboratory as consultants or on inter-
government personnel act or exempt part-time civil service
appointments and two such participants have become full-
time civil servants at their host laboratories.

and

o At least 100 papers on, or continuing research started
under, the NSFRP programs have been presented as invited
or contributed papers at scientific and engineering
meetings of Navy interest and/or have been published in
refereed journals or in the conference proceedings of such
meetings and at least two former NSFRP fellows have based
their masters or doctoral theses on work started under
the program.

Clearly these accomplishments go a long way towards demonstrating
the success of the NSFRP programs in meeting the Navy's objectives set
forth earlier.

Organization of the Report

Additional items of interest, factual data, more information on
costs and more detailed statistics regarding various aspects of the 1983
NSFRP program are provided in Section II and further information regarding
personnel, statistical and cost data is summarized for the first five years
of the program in Section III,

The abstracts of the individual NSFRP participants' reports for 1983
on their 10 weeks summer research are presented in Sections IV through XIII,
one section being devoted to each of the participating Navy laboratories,

and full reports on many of the individual projects can be provided by the
writer or ASEE, if desired.

The cummulative compilation of data on the later or subsequent
"research fallouts'" of Navy interest which have resulted from the 1979,

1980, 1981, 1982 and 1983 NSFRP programs is presented in some detail in
Section XIV.

Finally, a brief outline of plans for future NSFRP programs and

plans for continued tracking of future NSFRP program research fallouts are
set forth in Section XV.
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I1. ADMINISTRATION, STATISTICAL DATA AND COSTS FOR THE FIRST
FIVE YEARS OF THE PROGRAM

Administration and Program Execution

Throughout the first five years of the NSFRP program ASEE adminis-
ered the program for ONR. At ASEE F. X. (Tim) Bradley and Jeff Jaros:z
«cted as Project Directors during the years 1979 through 1981. John Lisack,
r. replaced Tim Bradley at ASEE after the retirement of the latter in 1982
ind again served as Project Director in 1983. At ONR the program was led
»v Nick Perrone as Scientific Officer during the years 1979 and 1980 after
ihich the writer took over those duties at ONR.

The administration of the NSFRP program by ASEE has each year
‘ollowed the same general pattern as that described in Section II for the
.983 program and need not be repeated here except to note the effects of
i;rowth of the program and a change or two in the names of the Program Coordi-
1ators at the participating Navy laboratories.

Personnel During the First Five Years

As noted in the Introduction and Executive Summary the NSFRP program
irew from 16 participants and three Navy laboratories at the start in 1979
:0 111 participants at 10 Navy laboratories in 1983. During this period the
’rogram Coordinators administering the program at the Navy laboratories taking
»art in the program were the same as those listed in Section IT for the 1983
)rogram except that during the years 1979 through 1981 David A. Patterson
icted as Program Coordinator at NRL and during the years 1979 through 1983
.. A. Kiesow and V. D. Schinski each served part of the time in that capacity
it NMRI. Except for these changes the Program Coordinators thus have been the
same throughout the entire period of their Navy laboratories' participation
in the NSFRP program.

The names of the faculty member participants during the first
“lve years of the NSFRP program are listed in Table IV. Those who have
returned for a second and, in the one case a third, vear in the program in
this 1ist are marked with an asterisk in the case of second time appointments
ind with a double asterisk in the case of the single third time appointment.
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originally allocated 401,000 dollars and the Navy laboratories put up
approximately 412,000 dollars for the program for 1983, the actual costs
were in the final analysis substantially less.

Table III
APPROXIMATE PRORATED DISTRIBUTION OF 1983 NSFRP PROGRAM

COSTS AT THE NAVY LABORATORIES
IN THOUSANDS OF DOLLARS

Navy Laboratory Cost to ONR Cost to Laboratory Total Costs
NRL 55.3 152.0 207.3
NMRI 41.5 13.8 55.3
NADC 34.6 76.0 110.6
NCSC 27.6 0 27.6
NOSC 34.6 48.4 83.0
NPRDC 27.6 41.5 69.1
NSRDC 41.5 20.7 62.2
NSWC 34.6 6.9 41.5
NUSC 34.6 27.6 62.2
NWC 34.6 13.8 48.4

Totals 366.5 400.7 767.2

The proportionately higher funding of 401,000 dollars provided originally
by ONR for the basic 53 participants as compared to the 412,000 dollars provided
by the Navy laboratories for the extra 58 participants noted in the preceeding
paragraph reflects the basic overhead costs for advertising and organizing the
program while the fixed basic charge of 7190 dollars to the Navy laboratories
per extra participant for the 58 extra people was based on the participants'’
stipend of 6000 dollars plus an incremental overhead and travel allowance for
each participant estimated to average 1190 dollars per extra person with some
slight adjustments to these figures in a few special cases.

As noted above and indicated by the figures tabulated, the actual average
cost per participant as determined after completion of the program for 1983 was

only about 6910 dollars which figure -- when the costs are distributed evenly
between ONR and the Navy laboratories -- yield the prorated data set forth in
Table III.
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As noted earlier in the Introduction and Executive Summary about
93 percent of the participants in the 1983 NSFRP program held the Ph.D. or
another doctoral degree and the three professional ranks were almost evenly
represented in the program. More particularly, 32 percent of the participants
were Assistant Professors, 31 percent were Associate Professors and 28 percent
were Full Professors, the remaining nine percent being in special categories.
Also as noted, virtually every area of the continental United States plus
Washington, DC and several of the overseas states and territories of the
nation were represented in the 1983 NSFRP program.

Participation by Women and Minorities

Similarly as in the two previous summers there was substantial
participation in the 1983 NSFRP program by women and minority group members.
In fact out of 111 participants 27 were either women or from minority groups
or both. More particularly, 14 were representatives of Black, Oriental or
Asian groups and 13 were non-minority women. A total of eight of the 1983
participants were Black Americans. On a percentage basis, 24 percent of all
of the participants were women or minority group representatives, 7.2 per cent
were Black Americans, 5.4 percent were of Oriental or Asian background and
12 percent were women.

Although the Black American participation was less than hoped for,
it should be noted that more Black Americans were offered appointments than
were able to accept them in the final event.

Costs and Distribution of Support

The full cost to the Navy for the 1983 NSFRP program was approxi-
mately 767,000 dollars as noted previously. As originally planned ONR
provided about 401,000 dollars for 53 participants and the Navy laboratories
made available about 412,000 dollars for the 58 extra participants vielding
a total of approximately 813,000 doilars for the complete program of
which -- owing to various savings that occurred -- only about 767,000
dollars was actually spent. Since not all of the Navy laboratories desired
to have more participants than could be paid for by ONR, the Navy laboratory
contribution came, of course, only from those Navy laboratories which actually
took the extra participants.

The approximate distribution of the Navy's costs for the 1983
NSFRP program between ONR and the 10 participating Navy laboratories
corresponding to the distribution of participants shown in Table I is
set forth in Table III below. The contribution made available by each
Navy laboratory that elected to take extra participants was based on a
nominal figure of 7190 dollars times the number of such extra participants.
In the final event, the average cost per participant after deducting the
various savings realized during the actual administration of the program
was approximately 6910 dollars and this latter figure is the basis of the
approximate prorated costs presented in Table III. Thus although ONR
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The names and addresses of the 1983 participants themselves as
well as the names of their Research Colleagues at the Navy laboratories
appear on the abstracts of their reports in Sections IV through XIII and
additional statistical information on the participants, including an
alphabetical listing of them, is presented along with other data in the
following paragraphs.

Some Statistics for the 1983 Program

The 111 NSFRP program participants in 1983 -- 53 of whom were
supported by ONR under the basic program and 58 of whom were supported by
the Navy laboratories -- were distributed amongst the latter as shown in
Table I.

Table I

DISTRIBUTION OF 1983 NSFRP PARTICIPANTS
AT THE NAVY LABORATORIES

Navy Laboratory Funded by ONR Funded by Laboratory Totals
NRL 8 22 30
NMRI 6 2 8
NADC 5 11 16
NCSC 4 0 4
NOSC 5 7 12
NPRDC 4 6 10
NSRDC 6 3 9
NSWC 5 1 6
NUSC ) 4 9
NWC 5 2 7

Totals 53 58 111

Indicated separately therein also are the number of participants

supported at each Navy laboratory by ONR and the numbers supported by the Navy
laboratories themselves.

The names of the 1983 program participants arranged in alphabetical
order along with their academic ranks, departmental affiliations and home
colleges or universities and the Navy laboratories at which they spent the
summer are listed similarly in Table II below.




Personnel in the 1983 Program

The address for John Lisack, Jr. and Jeff Jarosz, the Program Directors
at ASEE, and the names and affiliations of the Program Coordinators at the
10 Navy laboratories taking part in the program for 1983 are listed below:

John Lisack, Jr. and Jeff Jarosz

American Society for Engineering Education
Suite 200

111 Dupont Circle

Washington, DC 20036

Agda A. Cohen
Naval Research Laboratory

R. L. Sphar
Naval Medical Research Institute

Henry Beyer
Naval Air Development Center

W
# B John Wynn

Naval Coastal Systems Center

- - Eugene P. Cooper
. Naval Ocean Systems Center

Bernard Rimland
Naval Personnel Research and
Development Center

Elizabeth Cuthill
Naval Ship Research and
Development Center

Rita Shomette
Naval Surface Weapons Center

Paul Scully-Power
Naval Underwater Systems Center

Dick Wisdom
Naval Weapons Center

-11-
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II. MANAGEMENT, PERSONNEL, STATISTICAL DATA AND COSTS FOR THE 1983 PROGRAM

Administration and Program Execution

The NSFRP program in 1983 was again administered by ASEE for ONR.
John Lisack, Jr. and Jeff Jarosz served as Project Directors for the program
at ASEE and the writer served at ONR as Scientific Officer.

The 1983 prograr as previously was advertised by ASEE in the fall
of 1982 and announcements of the program were sent to more than 40,000 members
of ASEE and the American Association for the Advancement of Science. 1In
addition, announcements were sent separately to about 12,000 deans and
department chairpersons in American colleges and universities including
coverage of departments of mathematics, physics, chemistry, astronomy,
geology, geography, information and communication sciences, statistics,
atmospheric and hydrospheric sciences, general sciences, and the social,
biological and economic sciences.

T —— v T—
~m -~ Ex A

—

-j + N . .

Applications received at ASEE in response to the announcements were
forwarded to the 10 Navy laboratories, distributed according to the preferred
first choice Navy laboratories indicated by the applicants. These were then
circulated at each Navy laboratory to find appropriate matches of talents
and interests following which the Navy laboratories made their selections
and winning applicants were offered appointments to the program by ASEE.

———

LAEREREN G . 9

At each of the Navy laboratories a Program Coordinator acted as a

- focal point for local administration of the program and each NSFRP participant

l' was associated, at the Navy laboratory to which he or she was assigned, with
one or more selected Navy scientists -- referred to in this report as the

o participant's Research Colleagues.

TLTERY

Preprogram visits of the 111 participants to their assigned Navy
laboratories were arranged in order to plan the participants' summer research

II and make preliminary arrangements for their association with the Navy labo-
ratories during the summer and to facilitate finding of suitable housing for

the participants and their dependents and so forth. These preprogram visits

to the participants' Navy laboratories permitted a 'running start" on the partici-
pants' research in many cases and facilitated efficient use of the participants'
and their Research Colleagues' time and energy for the program.

.

re

At the end of their ten weeks tenure at their assigned Navy labo-
} ratories the participants each received a certificate from ONR and ASEE attesting
L to his or her successful participation in the 1983 program and each participant
! prepared a report on his or her summer's work, abstracts of which appear in
this report in Sections IV through XIII as noted previously.

‘ In general the administration and operation of the NSFRP program
in 1983 Fhus followed the same pattern as in previous years, the only
substantial differences being in the gradual expansion and growth of the program.

-10-
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1982

Tapia, M.A.
Tatum, B.C.
Templeton, J.L.
Tillman, C.
Uzes, C.A.

Vechten, D.V.
Varley, R.L.
Vanderah, D.J.
Wachman, M.
Walker, C.C.

Walsh, P.J. *
Wechter, M.A,
Weisgerber, F.E.
Williams, W.
Wolf, A.A.

Yfantis, E.A.
Yuschik, M. *

* Second time appointments
** Third time appointments
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1983
Pytel, J.L.
Renfroe, D.A.
Rhodes, B.H.
Riley, G.F.
Rilema, D.P.

Robinson, E.L. *
Rollins, R.R.
Roxin, E.O.
Rudzinski, W.E.
Rymer, H.R.

Saccuzzo, D.P.
Sanders, W.A.
Schneck, D.J.
Schott, J.R.
Siegmann, W.L.

Sink, C.W. *
Spikes, W.C.
Spiteri, C.J. *
Spreer, L.O.
St. Mary, D.F.

Stein, J.J.
Sweat, A.J.
Tappert, F.D.
Tillman, C.
Tobocman, W.

Torrez, W.G.
Wachman, M.
Wechter, M.A.
Wolf, A.A.
Zilberberg, Y.M.

Zimmerman, K.P.
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Participation by Women and Minorities

During 1979, the first vear of the NSFRP program with only 16
participants all told, there was no part taken by either women or minority
group members. However, beginning in 1980, out of a total of 26 participants
about 10 percent were women or members of minority groups and throughout
the following three years of the program participation by women and
minorities ran about 25 percent or more each summer. There was no partici-
pation by Black Americans prior to the summer of 1982 but in that year and
again in 1983 participation by Black faculty members was in each case about
eight to 10 percent. Details are presented in Table V below.

Table V

PARTICIPATION BY WOMEN, BLACK AMERICANS
AND MINORITIES IN GENERAL

Minority Categorization 1979 1980 1981 1982 1983
Women § All Minorities 0 3 15 29 27
Non-Minority Women 0 1 4 5 13
Black Americans 0 0 0 9 8
Other Minorities 0 2 11 15 . 6
All Participants 16 26 59 97 111

The growth of participation of the various categories of minorities
and women is further illustrated in Figure 3.
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Costs and Distribution of Support

As noted previously in the Introduction and Executive Summary,
the NSFRP program was supported entirely by ONR during its first two
years but beginning in 1981 and continuing in 1982 and 1983 the Navy
laboratories elected to contribute additional funds to the program so
that it might thereby be expanded.

The resulting approximate distribution of financial support
for the NSFRP program from 1979 through 1983 is shown in Table VI
below and is illustrated graphically in Figure 4.

Table VI

DISTRIBUTION OF COSTS BETWEEN ONR AND THE NAVY
LABORATORIES IN THOUSANDS OF DOLLARS

Source of Funds 1979 1980 1981 1982 1983
ONR 99.7 159.3 241.0 305.9 366.5
Navy Laboratories 0 0 97.5 345.1 400.7

Totals 99.7 159.3 338.5 651.0 767.2

As the data in Table VI indicates the Navy laboratories collect-
ively supported a little more than half of the total costs in the years
1982 and 1983.
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Distribution of Navy Costs Between
ONR and the Navy Laboratories
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IV. ABSTRACTS OF PARTICIPANTS RESEARCH
at the
NAVAL RESEARCH LABORATORY

Washington, DC

Program Coordinator at NRL: A, Cohen
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LEAKAGE CURRENTS IN N-CHANNEL SOS MOSFETS
Nagappan K, Annamalai

Department of Electrical and Computer Engineering
Clarkson College of Technology
Potsdam, New York

" ABSTRACT

High value of leakage current was noticed in n-channel silicon-on-sapphire
metal oxide semiconductor field effect transistors (SOS MOSFETs) by many
researchers. The large leakage current was described in terms of the back
channel formed due to Al;0.-Si interface charge or by the reverse biased
junction leakage. Leakage current measurements were carried on devices
fabricated at NRL both by 1) epitaxial and 2) chemical vapor deposition
(CVD) techniques. These low level current measurements were made with a
computer controlled circuit set up. The leakage currents were measured

on a number of devices on each substrate. After making threshold measure-
ments, a gate voltage of -5V was chosen to turn off the channel formed
along the top surface between the source and drain. The leakage currents
(IL=Ip) were measured by applying a constant drain voltage and for various
body voltages. The measurements were repeated for various drain voltages.

It was seen that the junction leakage was large compared to the A1203-Si
interface leakage in the NRL devices. Therefore the ID-VB character-

istics of the NRL n-channel devices were not the same as tge ones reported
by P. Gentil (Tome 13, Dec 1978, 609).

To separate the leakage components, HP-4175-A semiconductor parameter
analyzer system was used. A constant value of Ip was injected through the
drain and various values of Igg was extracted in steps and values of

Is, Vps, Vps and IG were measured. The measurement yielded the information
on the leakage components. A comparison is made between epitaxial and CVD
devices in terms of leakage currents. Existing theory (by P. Gentil)
assumes a smaller junction leakage and hence not adequate for the NRL
devices. To develop a general theory, a modification of the existing
theory is necessary. This 1s a good problem for future investigation.

Research Colleague at NRL: E. Richmond 1983
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POLYMER FORMATION VIA NUCLEOPHILIC ADDITION TO ACETYLENES
Carl L. Bumgardner

Department of Chemistry
North Carolina State University
Raleigh, North Carolina

ABSTRACT

Utilizing the ability of acetylenes to add nucleophiles, two new polymer-
forming reactions were examined.

The first involved hydroquinone and 1, 4-diethynylbenzene, which, under
base calatysis, gave a new semiconducting polymer having the structure
{CH=CH-C°H“-CH=CH-0-C6H“-O}.

In the second case preparation and reaction in base of 1, 3-bias (2-hydroxy-
hexafluoro-2-propyl)-5-(3,3,3-trifluropropynyl) benzene are described. The
transparent rubbery (but insoluble) film obtained from this highly fluorinated
yne-diol is assigned a network structure resulting from intermolecular

nucleophilic addition of an alkoxide to the acetylenic carbon atom a-to the
aromatic ring.

Research Colleague at NRL: J. Griffith 1983
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AN ACCURATE YET TRACTABLE DYNAMIC ANALYSIS OF A NOTCHED BEAM
DURING IMPACT

Louis M. Brock

Department of Engineering Mechanics
University of Kentucky
Lexington, Kentucky

ABSTRACT

Dvnamic Fracture - as opposed to fracture under static (slow) loading - is
not well understood, vet is a critical problem in structural design. The
relatively simple experiment of fracturing a notched beam by impacting

it with a falling weight can provide a means of testing dynamic fracture
theories against experimental results.

However, this testing can only be made if a mathematical analysis of the
beam response during impact is available which is not only accurate but
simple enough in form to be manipulated easily in solving the complicated

integral equations arising from Newton's Laws for the beam and falling
weight.

Using a modification of classic beam theory, such an analysis was generated
this summer and the integral equation solved for the impact force on the
beam. Agreement between this force and experimentally measured forces for
known crack extension histories was excellent. Future work will use
various fracture theories in place of known crack histories so that the
force comparison can be used to test the theories.

Some details of material response, in particular elastic wave propagation
in the beam during impact, are obscured by the theory, unfortunately.
Therefore, some exact solutions for the wave pattern near the beam notch
generated by the impact waves were also derived. The results are to be

included in a paper currently being prepared to submit in the fall of
1983 for publication.

Research Colleague at NRL: M. Jolles 1983
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DESIGN OF A KNOWLEDGE-BASED MULTI-SENSOR INFQRMATION
INTEGRATION SYSTEM

George R. Cross

Department of Computer Science
Louisiana State University
Baton Rouge, Louisiana

ABSTRACT

We describe the design of a multi-sensor information integration system.
Multi-sensor refers to a collection of electroni¢ sensors such as radar,
sonar, ESM, and ISAR. Our attention is limited to sensor reports from
surface and sub-surface platforms. Information integration is the
process of combining the raw sensor reports into descriptions of the
platforms within the range of the sensors. Finally, knowledge-based
means that the information integration task is performed using artificial
intelligence techniques exploiting expert knowledge about classification
of platforms, interpretation of sensors, and tracking algorithms.

Possible organizations for such a system are discussed and evaluated.
The design presented is based on the architecture of the HEARSAY-II
speech understanding system, a well-understood and elegant method of
integrating disparate knowledge sources without the overhead and
organizational difficulties associated with geographically distributed
processing. The blackboard in our system is a list of imcomplete plat-
form descriptions updated by knowledge sources. By starting with an
established system design, the system implementors can concentrate on
the difficult questions of evidence coordination, knowledge representa-
tion, and sensor modeling. Since the knowledge sources are independent,
evaluation of their individual contributions to the problem solution

is possible. The report explains the design of the initial knowledge
sources including correlation knowledge, and expert ship classification

procedures. A sensor representation language is proposed to model and
describe the output of the sensors.

Research Colleague at NRL: L. Davis 1983
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THE DETERMINATION QOF MOLECULAR STRUCTURE BY SINGLE-CRYSTAL
X-RAY DIFFRACTOMETRY

Clarence E. Pfluger

Department of Chemistry
Svracuse University
Syracuse, New York

ABSTRACT

The crvstal and molecular structure of six materials have been determined
during the 10 week program period using single-crystal X-ray diffraction
methods. These are as follows: (1) The room temperature structures

of 3 crystal modifications of the compount 4,4'-bis(ethoxy)azoxybenzene,

a compount exhibiting a luquid crystalline phase from 137° to 168°C.

These structures represent the initial phase of a systematic variable
temperature X-ray crystallographic study of several members of a homologous
series in an attempt to obtain some fundamental information regarding the
intra- and inter-molecular interactions which must account for liquid
crystalline behavior of this series of compounts; (2) The structure of
Nickel (II)Ethylenedinitrilotetraacetamidoxime Sulfate Tri-hydrate to obtain
information regarding the mode of coordination of the hexadentate emidoxime
ligand to nickel(II); (3) The structure of tetrakis [u3-methoxo-2,4-
pentanedionatomethanolnickel (II)] as part of a study of the coordination
chemistry of alcohols; and (4) The structure of an enol benzoate obtained
from 1,4-addition reaction of phenyl magnesium bromide and benzalacetom-
esitylene to determine its exact stereochemistrv.

Research Colleague at NRL: I, L. Karle 1983
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A GRAPHIC DESCRIPTION OF THE HOLOGRAPHIC PROCESS:
GRID REFLECTION TO ANALYZE CURVATURE

Vincent J. Parks

Department of Civil Engireering
The Catholic University of America
Washington, DC

ABSTRACT
1. A Graphic Description of the Holographic Process

Graphical models of various sets of light waves, that interfere to produce
holograms, are given. It is shown graphically that the lines of interference
on a hologram, when illuminated by one set of light waves from which it was
produced, will diffract some of the light waves from the second set, if the
second set consists of light reflected or scattered from an object, a

3 D image of the subject is produced.

The key concept illustrated by the graphics is: '"If one of a pair of
1l1luminating beams used to form a hologram is impinged on the developed

hologram, the hologram will diffract a portion of the light to reconstruct
the other beam.

2. Grid Reflection to Analyze Curvature

The relation of curvature of a reflective surface to image magnification is
presented for use with grids to determine curvature over the entire reflective

surface. Two practical examples are reported: a curved mirror with serious
irregularities and a reinforced rubber slab.

Research Colleagues at NRL: H. Huang 1983

-39~

...............

.....

« -
......




SUPERSONIC DOWNFLOWS IN SUNSPQT TRANSITION REGIONS
Alan H. Nye

Mechanical Engineering Department
Rochester Institute of Technology
Rochester, New York

ABSTRACT

During Rocket Flights on 21 July, 1975 and 13 February, 1978 observations
were made with the High Resolution Telescope and Spectrograph (HRTS) of the
transition region above sunspots. In both sets of data, conspicuous
supersonic downflows (100 km s-1) were observed that were associated with
light bridges in each sunspot. This appears to be a steady state pheno-
menon, typical of sunspots with light bridges, which was unobservable
before the HRTS Rocket Flights. Since the downflow is supersonic it must
go through a shock to match conditions in the chromosphere. This would
increase the gas pressure by a factor ~20 and the plasma termperature
after the shock would jump to 6(105)K, This temperature is unobservable
in the wavelength range of the HRTS Data. However, Ne VII observations
(Tv5(103)K) from skylab have shown enhanced Ne VII plumes extending above
sunspots. These could be the footpoints of the loops containing the
supersonic transition region downflows observed by HRTS.

The supersonic downflows in the 13 February, 1978 observations extended

v 40 arcseconds along the slit, ending abruptly at the location of the

light bridge. The Doppler shifted component widens as it approaches the
light bridge but its centroid remains at about 100 km s~1. This feature,
which was not present in the 21 July, 1975 observations, may be due to a
rotating flow along a converging magnetic flux tube. As the cross-sectional
area of the tube decreases, conservation of angular momentum requires an
increase in rotational velocity. If the tube is inclined with respect to
the line of sight, this would produce a broadening of the supersonic
velocity component, as observed.

Research Colleague at NRL: J. Cook 1983
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PHASE TRANSITIONS IN FLUIDS
Richard M. Neumann

Polymer Science Department
University of Massachusetts
Amherst, Massachusetts

ABSTRACT

An intuitive statistical thermodynamic theory of the phase condensation of
dense fluids is presented. The theory provides a criterion by which the
critical temperature in gases and the freezing temperature in liquids can
be located. The phase transition occurs during cooling when the less dense
phase becomes unstable with respect to the formation of bound particle
pairs. The criterion can be expressed using the two-particle radial dis-
tribution function. The inert gases and molten alkali halides are systems
describable by this approach. Furthermore, the melting formula derived

for the molten salts is identical to the two-dimensional-model-system
result of Kosterlitz and Thouless (K.T.)

Because both the present theory when applied to the molten salts and the
K.T. theory involve the dielectric constant, an idea is presented as to
how this constant might be measured. A falling drop of molten salt is
accelerated horizontally in an inhomogeneous electric field. The lateral
displacement of the drop can be calculated as a function of the applied
field strength and dielectric constant.

Research Colleague at NRL: D, Nagel 1983
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SEMIEMPIRICAL CALCULATIONS OF NUCLEAR REACTION CROSS SECTIONS
Millard A. Lee

Department of Physics
Dickinson State College
Dickinson, North Dakota

ABSTRACT

The work is a continuation of a project undertaken by Dr. Edward Petersen
at the NRL Cyclotron Laboratory. There has been renewed interest in the

project recently due to possible applications in the area of single-event
upset in semiconductor memory elements.

A simple model is developed which is useful for describing the gross
structure of nuclear excitation functions for projectiles of energy up

to 100 MeV incident on target nuclei of any mass. For a given projectile-
target combination the model allows calculation of cross sections for the
various reactions which can take place and provides for calculation of
particle production cross sections.

The model departs from traditional approaches in that it does not begin
with details of angular momentum states or excitons. Rather, it begins
with a calculation of the total reaction cross section. This cross section
is then separated into direct and statistical fractions, for which in

turn pre- and post-equilibrium contributions are estimated. At any given
energy there are only a few reactions which will occur, and the model
assumes that the choice as to which reactions will occur is made on the
basis of elementary concepts such as reaction Q-values. It then assumes
simple mathematical forms for the individual excitation functions and
combines these for an overall view of the various reactions which occur.

A computer program has been written to carry out the calculations and has
been run on a SEL 32/55 computer. Future plans call for further work by
the participant in trying additional mathematical functions and carrying
out the calculations for a representative sample of reactions. These
results will be compared with experimental values, and when sufficient

data have been obtained an article will be submitted to the appropriate
journal.

Research Colleague at NRL: E. Petersen 1983
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CHEMICAL DECONTAMINATION: CANDIDATE SIMULANT/HYPOCHLORITE-CITRATE
INTERACTIONS/LITERATURE DATA BASE

Robert G. Landolt

Department of Chemistry
Texas Wesleyan College
Fort Worth, Texas

ABSTRACT

Research at the Naval Research Laboratory in the summer of 1983 was devoted
to the following objectives:

A. The feasibility of the use of diphenyl chlorophosphate as a
simulant for nerve agent decontamination studies with hypochlorite was
explored.

B. A preliminary profile was developed of relative reactivity of
the citric acid/sodium citrate system with hypochlorite as a function of
pH, and preliminary assessment was made of the influence of metal cations
on reactivity.

C. The current literature relevant to hypohalite-based decontamination
procedures was reviewed, and a cross section of papers was compiled into
a computer data base to be used for information retrieval.

Research Colleague at NRL: R. Little 1983
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EXTENDED X-RAY EMISSION FROM CLUSTERS OF GALAXIES
PROGRESS REPORT

l Donald J. Hutter

Department of Physics
Rose-Hulman Institute of Technology
Terre Haute, Indiana

| ABSTRACT

The goal of my work as an ASEE/Navy Summer Faculty Fellow at the Naval
Research Laboratory, during the period of June-August 1983, was to use

the data base of the HEAO-Al experiment to study the extended x-ray
emission associated with clusters of galaxies. Specifically, I wished

to use all of the available data from the NRL large-area survey instrument
(A-1), obtained with the '° x 1° collimated proportional counters, to
identify and map extended faint x-ray halos which surround some clusters
of galaxies.

The principal accomplishments of the work I completed this summer were in
adapting a number of computer programs which are needed in this project.
The change in computer hardware used by the Al group has necessitated the
conversion of the FORTRAN programs used in x-ray data reduction to the new
VAX and Eclipse computers. I worked on the adaptation of software which
extracts from the data base the data from scans (made by the rotating

i detectors) which pass within a specified angular distance of the cluster
"location on the sky. A much larger amount of time was required to adapt

- the program '"Setscan' which screens the extracted data for a number of

W bad data conditions (instrument looking at the earth or moon, high back-
ground count, contamination by particle events, etc.) and then bins the
data into maps of the specified region of the sky (the count rate being

[ normalized for collector area exposure).

Two major areas in the software conversion which are not yet completed are,

- first, to write a program to do reliable 'deglitching' of the data and,

. second to fit an empirical two dimensional model to the x-ray map of each
cluster. The deglitching program is to remove short duration spikes in the
count rate vs time distribution resulting from the scanning mode operation
of the instrument. To date there is no reliable way of removing these
spikes other than by visual inspection of the data. I intend to adapt a
program .alled STEPIT (J. P. Chandler, Oklahoma State Univ.), which
minimizes the chi-square statistics to fit multiparameter model functions
to a given data distribution, in order to characterize the x-ray 'image'

- of each cluster.

I am presently preparing to continue work on this project, using the VAX
11/780 at my home institution. I am in the process of applying for
financial support for this project through NASA and the Research Corp.
(Cottrell Research Grants).

Research Colleague at NRL: K. Wood 1983
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WIDEBAND, FREQUENCY-DOMAIN BEAMFORMING FOR COHERENT
SIGNAL PROCESSING

._' Rodney Heisler
N School of Engineering
x Walla Walla College

College Place, Washington
ABSTRACT

Coherent detection processors for sonar (e.g. matched filters for active

systems) require continuous time-series as input and have conyentionally

been associated with delay-and-sum time-dqomain beamformers. As an

alternative, we have extended frequency-domain beamforming techniques to

retain the coherence of wideband signals and have demonstrated efficient

software for computing continuous time-series beams for flexible post-

processing. Using computer-generated 'acqustic-array' data, the beam-

- former was shown to preserve the envelope, spectrum and correlation

.~ properties of signals while yielding near theoretical performance in
reducing beam sidelobe levels. Advantages over a conventional delay-and-
sum beamformer are: (1) elimination of the need for high imput sampling
rates to achieve acceptable beam patterns -- the frequency-domain approach
is insensitive to the sampling rate provided it exceeds the (bandpass)

. Nyquist rate; (2) reduction of *high beam sidelobe levels caused by mal-

Ii functioning array elements -- the response of missing array elements is
readily estimated in the frequency-domain by interpolating from the

spectra of neighboring sensors; (3) minimization of hardware requirements --

all stages of signal processing (bandpass filtering, holefixing, beam-

Moo forming, time-line reconstruction and matched filtering) can be efficiently
performed in a general purpose array processor.

Research Colleagues at NRL: M. Weber and E. Franchi 1983
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A SMALL PRESSURIZED VESSEL FOR MEASURING THE ACQUSTIC
PROPERTIES OF MATERIALS

M. Paul Hagelberg

Department of Physics
Wittenberg University
Springfield, Ohio

ABSTRACT

A system is described that measures the acoustic properties of materials
in the frequency range from 10 to 100 kHz, at pressures to 150 psi

(1000 kPa), and from Q to 40°C. By using transducer arrays and broadband
pulses together with digital data acquisition and analysis techniques it
is possible to contain this system in a vessel with a volume of only

0.42 m3. The system provides measurements of complex reflection and
transmission coefficients as an essentially continuous function of

- frequency. From these data one can obtain the following material para-

v meters: sound speed, frequency dependent sound attenuation coefficient,
N complex acoustic impedence, echo reduction and insertion, Results are

‘ presented for a variety of samples to illustrate the capability of this

system,

Research Colleague at NRL: R. Corsaro 1983
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EXTENSION OF THE LEBESGUE INTEGRAL AND A NEW BANACH SPACE
Tepper L. Gill

Department of Mathematics
Howard University
Washington, DC

ABSTRACT

The purpose of this research effort is to provide the mathematical
foundations for the Feynman path integral. We show that there is a
natural Banach space associated with the class of Riemann complete

integrable functions. This space contains L) as a dense set and is
a Banach algebra with unit. This means that our approach provides

a more natural framework for the incorporation of the Dirac delta
function into mathematics. Our space is closed under convolutions
and contains the Feynman kernel.

AL

A/

. Research Colleagues at NRL: A. Saenz and W. Zachary 1983
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COMET KOHOUTEK ION TAIL MODELING
Irene M. Engle

Department of Physics
United States Naval Academy
Annapolis, Maryland

ABSTRACT

On 25.9 December, 1973, a 1250-1600 A° broad-band image of Comet Kohoutek
was taken using the NRL S-201 ultraviolet camera on Skylab 4. That image,
taken in daylight, is believed to be that of an ion tail and, with the
comet nucleus placed at about 0.1818 AU from the sun, the closest-to-the-
sun ion tail that had been observed to date. The investigators (Opal and
Carruthers, 1976) believed that the ion source was probably single-ionized
carbon. No specific spectroscopic data were available, but the various
possible alternative ion species were considered and ruled out, either
because of their spectra or their very short lifetimes. The singly-ionized
carbon atom C* is fairly long-lived when produced and has two prominent
emission lines in the solar spectrum at 1334.5 and 1335.7 A®. Intensity
profiles, calculated assuming scattered solar radiation as the source of
the photons, have been prepared, using the observed brightness contours
and the computed geometry of the cometary orbit as control parameters.

The results do not compare well with observations unless one assumes

that the carbon ions, on the average, were nearly at rest with. respect

to the sun, which would mean a tailward drift velocity of only about

36 km/sec throughout the long tail or, even more improbable, an absorption
of solar photons emitted at the smaller wavelength but Doppler red-shifted
by 265 km/sec would be absorbed by the comet ions. This would imply a

precise tailward drift velocity of 249 km/sec throughout the approximately
107 km extent of the tail.

An alternative scenario for the process in the ion tail responsible for
the observed image is suggested.

Research Colleague at NRL: R. Meier 1983
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FLOWING AFTERGLOW STUDY OF ICN
Charles H. Douglass

Department of Chemistry
Trinity College
Washington, DC

ABSTRACT

A flowing afterglow technique for the study of spectroscopic properties
of molecular ions has been developed. A noble gas (usually helium) is
passed through an electrical discharge generated by a cylindrical cathode
and a central wire anode. The discharge produces both helium ions and
helium atoms excited to a metastable electronic state. The precursor

gas is introduced to the system at a point just downstream from the
discharge. Molecular ions are formed by Penning ionization of the
precursor or by ion-molecule reactions in the cell. The ions are
detected both by emission from ions formed in an excited electronic

state and by laser-induced fluorescence (LIF). The experimental

system has been used to study ICN*, an ion not previously observed by
LIF. Various conditions of total pressure, ICN pressure, discharge
current and voltage, and distance between the discharge and the intro-
duction of ICN were tested to determine optimum operating parameters.

LIF spectra were recorded in the wavelength region from 460 nm to 550 nm.

Interpretation of the spectra is currently underway and will be reported
in the future,
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LYSIS OF DNP AND F(AB) LABELED LIPID VESICLES
USING ANTIBODIES AND COMPLEMENT

Jane A. Cyran

Department of Biological Sciences
County College of Morris
Randolph, New Jersey

ABSTRACT

The model system, DNP-cap labeled vesicles loaded with carboxy fluores-
cein, lysed in the presence of anti DNP (IgM) and complement, no lysis
was seen in the absence of antibody, Both isotonic (50 mM carboxy-
fluorescein) and hypertonic (100 mM carboxyfluorescein) vesicles showed
lysis after a '"lag" period of about 10 minutes, hypertonic vesicles
showed a higher fluorescent signal upon lysis. Dialysis effectively

lowered interference from fluorescence in the antibody and complement
solutions.

Shiip F(ab)' labeled vesicles lysed in the presence of complement alone
anti sheep F(ab)' antibody decreased complement lysis.

Research Colleague at NRL: R. Priest 1983
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COMPUTER CONTROL OF THE NRL LOW-NOISE WATER TUNNEL AND
i! TURBULENT PRESSURE DATA ANALYSIS

William G. Culbreth
o Mechanical Engineering Department

United States Naval Postgraduate School
B Monterey, California

[ ErEiraw AL e

ABSTRACT

The summer's work was conducted under R. J. Hanson, Code 5844 and was
divided into two areas. First, an HP-85 computer and a data acquisition
system was interfaced to a low-noise water tunnel used in underwater
acoustics measurements. The computer allowed contral of the water tunnel

. by measuring flow velocity as a function of time and by opening and closing
[ control valves.

— PPy

e A N
l .o R
. DI

- ;; The second area of work involved the use of an HP-1000 computer and the
F development of software to analyze pressure transducer data generated
in the low-noise water tunnel. For each experiment, several million
pressure samples from two adjacent snesors were analyzed to obtain

spectral densities, correlations, coherency, and the phase velocities
- of turbulent structures in turbulent flows.

—— "
RPN

Research Colleague at NRL: R. Hanson 1983
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PROBLEMS RELATED TQ CATALYTIC CARBON DIOXIDE REMOVAL
Gary F. Riley
Department of Chemistry
Cumberland College

Williamsburg, Kentucky

ABSTRACT

S My research work this summer involved two projects related to the larger
problem of catalytic carbon dioxide removal from enclosed environments.
My written report consists of a descriptive narrative of my activities,
conclusions and suggestions.

The first project involved investigation of the interaction of carbon
dioxide with tris(2,4-pentanedionato) manganese (III) [Mn(acac);]. Methanol
solutions of this complex gave preliminary evidence of undergoing a signifi-
cant change upon exposure to various amounts of carbon dioxide. Detailed
investigation led to the observations that the supply material was partially
decomposed and that trace amounts of water were probably assisting in the
carbon dioxide/manganese complex interaction. Synthesis of [Mn(acac);(H0)]
Cl and subsequent spectral studies led to the conclusion that the primary
manganese species in solution after CO2 absorption is [Mn(acac),(H70)]™.

The second project involved a closer look at the nuclear magnetic resonance
(NMR} spectra of solutions of copper chloromethoxide in pyridine and
methanol/pyridine mixtures before and after exposure to carbon dioxide. It
is the conslusion of this author that a reasonable interpretation of the
observed NMR spectra indicates that the small peaks observed at 5.l1lppm and
.2ppm represent residual methanol (from synthesis or reaction with water)
and that the new peak observed at 5.5ppm represents water introduced
during the CO2 bubbling operation.

- Research Colleague at NRL: J. Cooper 1983
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0 DERIVATIZED ELECTRODES: SURFACE MODIFICATIION WITH
NICKEL(II) MACROCYCLES

n D. Paul Rillema
Department of Chemistry

- University of North Carolina at Charlotte
- Charlotte, North Carolina

T

| [ ] ' ABSTRACT

Electrode surface modifications with NiMp, where M is a macrocyle and R is

H, NO,, CH3, CO»CHz, or CO-CH»CH,CHz, and the subsequent electrode properties
were investigated. The macrocycles deposited on platinum, gold and glassy |
carbon in acetonitrile and propylene carbonate containing various electrolytes.
CV's of the NiMy film formed by oxidation at +1.3V* showed diffusional
characteristics in the positive region. The CV's of the NiMy fiims formed

by repetitive cycling in the positive region (+0.0 to +0.7 or +1.3) were

more nearly surface waves, but did have a small diffusional component.

NiMy films formed by repetitive cycling of both positive and negative regions
(+1.3 to -2.0V) showed CV surface waves in the positive region, a wave with
diffusional character at potentials more negative than -1.8V, and hugh redox-
coupled spikes centered at approximately 0 and -1.8V. The films were stable
conditions of (a) repetitive cycling from -0.5 to -2.0V and (b) repetitive
cycling from the rest potential (++0.5) to +1.3V. The films slowly lost

redox activity upon repetitive scanning from +1.3 to 0 or -2.0V. The solid
film material that deposited on a platinum foil by oxidation at +0.7V was
dissolved in DMF and showed an absorption maximum at 595 nm, approximately

10 nm red shifted compared to the absorption maximum of 585 nm for NiMy in

the same solvent. The visible absorption spectrum of the film was also

;o obtained on Sn0;. The maximum under these conditions was at 610 nm. A pro-
. pylene carbonate solution containing the solid material was esr active
' Il indicating that an intermediating free radical species may form upon

S oxidation. The use of the films for catalytic CO; reduction was attempted

S but was unsuccessful with NiMy films.. (Similar results were found on a
[ coated and uncoated Pt surface.) The potential for reduction of the NiMy
- film spike was too negative. Thus, the catalytic activity of other films
§ such as CuMCI (spikes at +0.2 and -1.0V) are now being investigated for
F L CO; reduction.

Research Colleague at NRL: R. Nowak 1983
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FOUR PRODUCT ACOUSTO-OPTIC PRQCESSOR
: E. Larry Robinson

Department of Physics
Austin College
- Sherman, Texas

u [ | ABSTRACT

An experimental study of a proposal to construct a coherent, time-integrating
RN optical processor using acousto-optic devices was undertaken. A novel

g feature of the design is the use of both Bragg cells and Surface Acoustic
Wave (SAW) devices. The processor design, a two-dimensional correlator,
called for the correlation of the signals in two vertically-oriented,
electrically-driven acoustic Bragg cells, These cells are illuminated
by separate beams of coherent light, and both are imaged onto a single,
horizontal SAW device with transducers at each end driven by linear
frequency-modulated signals (chirps). The output plane of this processor
consists of the correlation between two input signals as a function of the
frequency difference between them (horizontal axis) and the time delay of
arrival between the two signals (vertical axis) i.e., the arrangement
service as an ambiguity function processor. A processor of this type
should prove useful in applications such as spread spectrum radar systems.

The use of a SAW device with counter-propagating, tilted acoustic wave-
fronts imposes fairly stringent conditions on the incident light beams,
and the majority of the time and effort of the present work was devoted

to finding a workable configuration of components which would meet these"
conditions. The final arrangement places a Bragg cell in each leg of a
modified Michelson interferometer; the beams diffracted by the Bragg cells
leave the interferometer coverging toward each other in the horizontal
plane with the appropriate angle between them so as to interact with the
counter propagating acoustic waves in the SAW device. The two doubly
diffracted beams from the saw device exit co-linearly and illuminate a
two-dimensional, time-integrating detector array. While the present effort
did not achieve a working processor system, the design which evolved is
believed to be the most promising for any future work.
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i HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC ANALYSIS OF
ETHYLENEDIAMINETETRAACETIC ACID IN BOILER WATER FORMULATIONS

- Walter E. Rudzinski

Department of Chemistry
’l Southwest Texas State University
- San Marcos, Texas

ABSTRACT

- A procedure has been developed for the analysis of tetrasodium ethylene-
diaminetetraacetate (NA,EDTA) in boiler water. The method is based on

s a reversed-phase high performance liquid chromatographic (HPLC) determina-

- tion of EDTA as the Fe (EDTA)-} complex. Tetrabutylammonium bromide in

acetate buffer is the mobile phase. The method vields accurate results

in the gresence of the following interferents: Fe*3 Ni*2, cu*?, ca*?

and Mg*<. Phosphate interferes slightly. The relative standard deviation

of the chromatographic procedure is 1.5%. The linear range extends from

1000 ppm to 0.5 ppm with a limit of detection of 0.3 ppm.

o
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Research Colleague at NRL: D. Venezky 1985
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DETAILED STUDY OF VISIBLE-UV CHEMILUMINESCENCE IN THE
P F-ATOM PLUS METHANOL SYSTEM

William A. Sanders

,§ Department of Chemistry
. The Catholic University of America
Washington, DC

ABSTRACT

‘ During the summer of 1983 I continued research already in progress in
collaboration with Dr. Denis Bogan (Code 6180). The primary focus of the
work was the study of chemiluminescent emission resulting from the reaction
of fluorine atoms with methanol in a gas-phase flow reactor. This reaction
is being investigated as a source of methoxy radicals for combustion-related
kinetic studies.

Several unresolved questions were answered by a series of control experiments
with oxygen carefully excluded from the flow reactor. In particular, the
results suggested strongly that previous observations of glyoxal emission
were due to trace amounts of oxygen. The oxygen-free chemiluminescence

was shown to consist primarily of HF vibrational overtones, plus electronic
transitions from excited states of formaldehyde. It is believed that the

- predominant formaldehyde emissions originate from the triplet excited state,
ll which has not been observed previously by chemical excitation. ‘

I made several significant modifications to the experimental apparatus during

the summer to improve the quality and convenience of data acquisition. One

of these was the construction of an electronic integrator to improve the
signal-to-noise ratio of both chemiluminescence and laser-induced fluorescence

Il data. Subsequently I developed both hardware and computer programs for the

automatic repetitive scanning and processing of low-level emission spectra.

A portion of this work will be presented at the International Conference on

- Photochgmistry (abstract attached). Further results will be reported in a
manuscript currently being prepared for submission to a refereed journal.

Research Colleague at NRL: D. Bogan 1983
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DIRECT COMPOUND CLASS QUANTITATION JP-5 JET TURBINE FUEL BY
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Charles W. Sink

Chemistry/Physics Department
Edinboro University of Pennsylvania
Edinboro, Pennsylvania

ABSTRACT

One important specification of jet fuel is the compound class composition
(the relative amounts of saturated and aromatic hydrocarbon) because the
composition directly affects the performance properties of the fuel. No
simple technique is currently available to provide quick reliable quanti-
tation of this property. The object of this project was to examine the
potential of obtaining quantitative analysis during the HPLC separation
of fuels and to develop a method that could provide quantitative data

in agreement with current methods. This is needed since current methods
are very time consuming and subject to several limitations.

This method utilizes typical HPLC equipment with.refraction index detectors.
This was chosen because each compound class has an approximately constant
refractive index. The detector response was recorded by electronic integra-
tion and calibrated with a simulated jet fuel that was prepared by combining
weighed amounts of each compound class. These fractions were obtained from
a typical jet fuel that had been separated by HPLC and purified. The
critical factor in calibration is matching the refractive index of each
compound class of the standard to the fuel to be analyzed. When this is
done, satisfactory calibration can also be achieved from pure combined
derived standards.

This work reveals that not all commercially available refractive index
detectors were applicable. Some do not give linear response to a given
change in refractive index over their full range of response. Therefore,

in using this technique one needs to be sure the analysis is being performed
under conditions where the detector is responding linearly.

Several fuels were analyzed over a period of a year and found to give
consistent results which were also in agreement with values obtained by
other techniques. Tiese results indicate that HPLC can provide a reliable,
rapid alternative to the current methods of jet fuel analysis.

Research Colleague at NRL: 1981
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OXYGEN UPTAKE STUDIES IN SHALE DIESEL FUEL
Marge Wechter

Chemistry Division
Southeast Massachusetts University
North Dartmouth, Massachusetts

ABSTRACT

The rate of sediment formation in shale diesel fuel doped with 2,5-dimethyl-
pvrrole (DMP) was measured as a function of oxygen uptake. The fuel used
was D-11, a shale DFM fuel with antioxidant present. Experimental goals
included: confirmation of the reaction order as suggested by other work
associated with this project; determination of the elemental ratios of the
sediment formed; and elucidation of the chemical role of oxygen in sediment
formation.

Preliminary results suggest that the reaction studied is first order in
both DMP and 0,*. A similar study which was carried out in dodecane rather
than fuel yielded results which were quite consistent with those obtained
with the doped fuel samples. None of the solvents yielded evidence (by GC
analysis) indicating formation of other soluble reaction products. Sediment
samples produced in this study are being subjected to elemental analysis.

An interesting preliminary result indicates that: the volume of oxygen
taken up per gram of sediment formed is apparently constant regardless of

stress time or temperature, initial concentrations of reacting species, or
solvent.

* - This experimental finding substantiates results of previous work
done by others at NRL.

Research Colleague at NRL: R. Hazlett 1983
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RADIATION- INDUCED DEFECTS IN GLASSES WITH HIGH WATER CONTENT
Albert Wolf

Department of Physics
Davidson College
Davidson, North Carolina

| ABSTRACT

My work at the Naval Research Laboratory this summer consisted of three
distinct phases: (1) Putting the finishing touches on work begun last
summer and preparing the final draft of a paper presented to the VIIth
University Conference on Glass Science meeting at the Technical University
d of Clausthal on July 15. A copy of this paper appeard in a special volume
) of the Journal of Non-Crystalline Solids; (2) Studying the electron spin
resonance spectrum of vapor-deposited thin films of carbon. A brief note
describing these results is being prepared; (3) Studying, by means of
electron spin resonance, the molecular re-arrangements which take place
when silicon polymers (gels) undergo the transition to the glass phase.
A paper describing these results is also in preparation.

Research Colleague at NRL: E. Friebele 1983
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DEVELOPMENT OF A SENSITIVE ENZYME-LINKED IMMUNOSORBENT
ASSAY (ELISA) EMPLOYING THE AVIDIN-BIOTIN COMPLEX (ABC)

Frederick W. Carson

Department of Chemistry
American University
Washington, DC

ABSTRACT

An enzyme-linked immunosorbent assay (ELISA) with amplification through
an avidin-biotinylated horse radish peroxidase (donor:hydrogen-peroxide
oxidoreductase, EC 1.11.1.7) complex (ABC) was developed as a sensitive
test for antigens (Ag's) as well as a screen for monoclonal antibodies
(MAb's) against them. Purified Rickettsia tvphi Ag was used as a model
with a view toward developing a crude infected mouse L cell homogenate
screen of anti-typhus MAb's. Parallel work on Plasmodium gallinaceum
sporozoites was undertaken not only to test MAb's but to develop a
generally useful, sensitive assay for malarial antigens. Polystyrene
microtitration plates with a high affinity for protein were employed in
an optimized end-point spectrophotometric assay at 25°C of horse radish
peroxidase activity reported as Absorbance at 414 nm after 30 min reaction
time using 2,2'-azinobis (3-ethyl-2,3-dihydro-6-benzothiazole sulfonic
acid) diammonium salt (ABTS) and hydrogen peroxide as cosubstrates.
Relative activities exceeding a value of two have been normalized to
account for the fact that less than the standard amount of enzyme had to
be used in these cases. A 3:1 molar ratio of biotinylated horse radish
peroxidase to avidin DH gave a very strong response to 100 ng samples of
protein after immobilization. This quantity of protein was used wherever
possible to compare solution state and solid state activities of the enzyme.
Relative activities for systems with all components in solution were:
enzyme, 9.8 + 0.3; ABC, 6.0 + 0.3; 100 ng of biotinylated horse and anti-
mouse IgG (B-Ig) + ABC, S.1 + 0.2; 100 ng of mouse gamma globulin (MgG) +
ABC, 5.1 + 0.4; and 100 ng of MgG + 100 ng of B-Ig + ABC, 3.6 + 0.4.

In the immobilized case relative activities were: 100 ng of B-Ig + ABC,
2.3 + 0.2; 100 ng of MgG + 100 ng of B-Ig + ABC, 1.5 + 0.2; 3000 ng of

R. typhi MAb + 100 ng of B-Ig + ABC, 1.5 + 0.1; negative control, 0.11 +
0.02; and blank, 0.11 + 0.01. These results indicate that complexation
of horse radish peroxidase with avidin decreases the response by 39%,
additional complexation with B-Ig and MgG (a model for purified MAb's)
decreases it another 24% and immobilization reduces the response of the
complete system by a final 22%. Thus, the complete, immobilized system
gives a signal only 6.5 times lower than that of the free enzyme in solution
and it is unlikely that attempts to improve this ratio would be fruitful.
The amplification resulting from attachment of several enzyme molecules to
one Ag molecule far outweighs these losses. Furthermore, the background
response due to nonspecific binding appears to be insignificant, as shown
by identical blank and negative control values. The system has a sensiti-
vity below 100 ng of R. t¥2hi Ag per sample. Testing of crude cell homo-
genates of R. typhi and of P. gallinaceum sporozoites is in progress.

Research Colleague at NMRI: R. Beaudoin 1983

-60-




ELECTRON MICROSCOPIC OBSERVATIONS OF THE INTERACTION OF
CAMPYLOBACTER JEJUNI, A HUMAN ENTERIC PATHOGEN, WITH
THE EPITHELIAL LAYER OF THE INTESTINAL

Grover Thomas Frederick

Department of Biology
Rochester Institute of Technology
Rochester, New York

ABSTRACT

The rabbit RITARD (Removable Intestinal-Tie Adult Rabbit Diarrhea) model was
used to study the interaction of Campylobacter je juni, a human enteric
pathogen, with the epithelial cell layer lining the ileum, caecum and
proximal colon. Intestinal tissues were collected from each of two

rabbits at 2, 4, 8, and 28 hours post-exposure (via intraluminal injection)
to C. jejuni. Each tissue sample was observed with light (LM) and trans-
mission electron microscopy (TEM). Two ideal samples from each rabbit were
observed using scanning electron microscopy (SEM). No gross pathology was
seen in any of the specimens viewed by LM. Spiral forms of C. jejuni were
detected in all ileal speciments viewed by SEM, and in all ileal and some
caecal and proximal colon specimens viewed by TEM. Thus the organism
appeard to be distributed throughout the terminal ileum following intra-
luminal injection into the proximal ileum. At 2 and 4 hours post-injection
C. jejuni organisms were found trapped in the mucus overlaying the epith-
elial cells, with some located in close proximity to the microvillous
border. C. jejuni bacteria were the only microorganisms consistently

found near the epithelial cell border. This suggests the existence of
some mechanism for penetration of the mucus layer other than a passive

one. The next phase of interaction, observed at 4 and 8 hours post-
injection, appeared to be contact between the bacterial cell and

individual microvilli via a flagellum or outer membrane fragments. At

8 hours post-injection, several areas of the microvillous border in all
ileal speciments displayed degeneration and 'budding-off' of individual
microvilli. The edges of degenerate areas correspond with the positions

of cell junctions, suggesting that this process affected individual
epithelial cells. However, no evidence of invasion of any intestinal
tissue by C. jejuni was observed by TEM. This is not conclusive

evidence that the strain of C. jejuni used in these studies was non-
invasive, since the organism could significantly alter its morphology

once it established an intracellular residence. Further studies or
radiolabeled bacterial cells (eg., autoradiography) are needed to

determine if fragments of C. jejuni or altered forms of this organism

are located within, or between, epithelial cells. At 28 hours post-
explosure, isolated areas of ileal tissue displayed wide, irregular

spaces between epithelial cells and between the epithelial cell layer and
the underlying lamina propria, suggesting some minor disruption of tissue
integrity. However, no C. jejuni were observed in these intercellular
spaces. Studies using tissue from animals exposed to this organism for
periods of up to 7 days are needed to determine if this tissue disruption
is transient or leads to further degeneration and perhaps ulceration.

Research Colleagues at NMRI: R. Walker and B. Caldwell 1983
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THE EVALUATION OF METHODS FOR DETECTING BIOGENIC
AMINE PRODUCING CELLS

Albert G. Havward

Department of Life and Physical Sciences
Fayetteville State University
Fayetteville, North Carolina

ABSTRACT

This study involved the evaluation of various histological methods for
detecting biogenic amine producing cells in the central nervous system

of rats. Four separate procedures were selected for analysis, one
utilizing a hostostaining technique and the others a histofluorescence
procedure. The purely histological method was a modified procedure used
to detect protein determinants of monoamine rich bodies in neurons of

man (Panayolacopaulou et al, 1982, Arch Neurol, 39:635-639), The method
involved a double staining procedure aimed at relating the neuronal cyto-
plasmic Nissl substance containing ribonucleoprotein with the presence of
protein bodies rich in biogenic amines. Four micron (4um) thick sections
of brain were stained with toluidine blue which identified neurons by
staining Nissl substance in the cytoplasm. Adjacent sections were stained
with a 1% aqueous solution of phosphotungstic acid (PATH) following an
acidified potassium permanganate oxidation. This procedure consistently
identified noradrenegic or biogenic amine rich neurons by the presence of
spherical protein bodies in the perikaryon and dentritic terminals. In
addition the staining procedure responded well to the aldehyde fixatives
necessary for subsequent electron microscopy.

The histofluorescent studies, a Zeiss Photomicroscope II was used fitted

with a high pressure vapor lamp and fluorescence filter combinations
providing excitation and emission values of 340 um and 420 um respectively.
The first procedure using histofluorescence involved the formaldehyde
condensation with biogenic amines (Flack and Owen, 1965, Acta Univ. Lund
2:1-23). Fresh brain was cut into thin sections, with subsequent quenching,
freeze drying, and exposure of sections to a formaldhyde vapor which reacts
with biogenic amines within the cells permitting fluorescent analysis. The
second procedure (Chiba et al, 1976, Histochem. 49:95-106) involved perfusing
the rat brain with 2% glyoxylic acid which induces fluorescence followed by

a perfusion of paraformaldehyde-glutaraldehyde fixative. The third procedure
used perfusion with a mixture of formaldyhde (4%) and glutaraldehyde (0.5%)
giving histochemical localization of catecholamines by fluorescence without
additional treatment (Furness et al., 1977, Histochem. J. 9:745-750).

Tﬁe results of this study indicated that the Glyoxylic aldehyde perfusion
procedure (Chiba et al, 1976, Histochem. 49:95-100) gave the most reproductive,
efficient and low background fluorescent analysis for the presence of biogenic
amines in neurons. Fluorescence was equal to that of the formaldhyde vapor
technique. However, the tissue was better preserved by the latter procedure

in proving the ability to subsequently examine the same tissue sections at
the ultrastructural level.

The procedures evaluated here permit utilization of the optimized technique
for application to several areas of study at the Naval Medical Research
Institute including nerve regeneration, CNS microwave exposure effects, and
hyperbaric decompression changes on brain and spinal cord.

Research Colleague at NMRI: C. Dorsey 1983
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NMR INVESTIGATIONS OF SUBSTRATE BINDING AND CATALYSIS
BY COBALT (II) HUMAN CARBONIC ANHYDRASE

Robert W. Henkens

Department of Chemistry
Duke University
Durham, North Carolina

ABSTRACT

Until now, kinetic and structural data on the mechanism of action of cobalt
carbonic anhydrase has been ¢btained separately under different experimental

conditions. Now, by measuring the 13C nuclear magnetic resonance longitudinal
and tranverse relaxation times of HCO;™ equilibrated with cobalt human
carbonic anhydrase I, we have been able to obtain both the paramagnetic
enhancement of longitudinal relaxation, Tlp' that is due to the substrate
loosely bound near the metal in the active site of the enzyme and the line
broadening that is due to the enzyme catalyzed reversible hydration of CO,.
The apparent substrate dissociation constant was estimated directly from the
values of Tlp taken at various concentrations of HCOs“. The maximum exchange

rate constant was determined from line broadening measured at various
concentrations of HCO,”. Paramagnetic enhhncement of T, in the presence

of benzene sulfonamide showed that the substrate or product is bound in
the presence of this inhibitor or a 13c. -Co(II) distance of : 1 A These

dynamic ““C NMR methods lead to a general way of exploring the active site
structure and kinetics of cobalt carbonic anhydrase.

Research Colleague at NMRI: T. Williams 1983
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USE OF EPR SPIN-LABEL PROBES IN THE STUDY OF THE
EFFECT OF ELECTRIC FIELDS ON PHOSPHOLIPID FILMS
AND THE EFFECT OF CYCLOSPORINE ON LIPOSOMES

Leopold May

Department of Chemistry
The Catholic University of America
Washington, DC |

ABSTRACT

he study on the effect of electric fields on phospholipid films is a
ontinuation of the previous research using infrared spectroscopy (L. May,
t al., J. Membrane Biol., 2, 192 (1970); 14, 63 (1973)). Films of phos-
hatidyl serine were prepared on silver chloride plates. The lipid and the
pin label, doxyl stearic acid, were evaporated onto the silver chloride
late. The electron paramagnetic resonance (EPR) spectrum of the film

as observed. The application of direct current fields up to 100 volts
roduced small changes in the spectrum of the films with no applied field.
here were measurable changes in the heights of the lines and the distances
etween the outer lines.

n the second study, the liposomes were prepared from a mixture of egg
icithin and cholesterol and labeled with 3-doxyl-5 cholestane. The EPR
pectra of liposomes treated with cyclosporine showed changes when compared
.0 the spectra of untreated liposomes that indicated an increase in the
'rder parameter and a decrease in the rotational correlation time.

‘esearch Colleague at NMRI: [D. Millar - 1983
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SYNTHESIS AND PURIFICATION OF a,a'-DIAMINO -1,4
-DIISOPROPYLBENZENE

Norman Nemeroff

Chemistry and Physical Science Department
Philadelphia College of Textiles and Science
Philadelphia, Pennsylvania

ABSTRACT

In an effort to prepare an improved epoxy resin for use in the repair of
aircraft composite materials, I carried out the synthesis and purification
of a,a'-diamino-1,4-diisopropylbenzene (I) according to a procedure adopted
from a patent held by E. I. DuPont Co. The synthesis is carried out in two
steps. The first step involves the preparation of a,a'-diisothioncyanato
-1,4- diispropylbenzene (II) from 1,4- diisopropenylbenzene and potassium
thiocyanate. The product from step one is then hydrolyzed by refluxing
with potassium hydroxide in ethanol to produce the diamine (I). A procedure
was then developed for the purification of (I) by recrystallization from
hexane on cooling to 78°0C. The pure diamine (I) is now being tested as an
epoxy resin curing agent.

Research Colleague at NADC: R. Trobocco 1983

-78-

M |




- - - - Ballb I. -

SOFTWARE COSTING MODELS

Stephen A. Longo

Software and Computer Directorate
Naval Air Development Center
Warminster, Pennsylvania

ABSTRACT

The goal of this study was to examine various software costing models and
to offer comments as to how these models can best serve NADC's Software
and Computer Directorate. Though there are a number of models, a lack

of explanatory and supporting articles quickly limited meaningful inves-
tigation to three models - COCOMO, SLIM and the Halstead model. COCOMO
and SLIM are empirical and heuristic in their analysis. Their main input
parameter is the number of lines of delivered source instructions (DSI).
They use very general concepts to make any refinements, and in that sense
they are considered macro models. The Halstead model tries to approach
costing as a scientific phenomenon. The fundamental parameters of this 1
model are the number of opcodes and operands appearing in a program.
Because of this approach the model is referred to as a micro model.

Because of a lack of NADC data more effort was spent on a relative compara-
son of the models rather than an actual fit to NADC information. In order
to do this a number of programs were written. Both COCOMO and SLIM predict
effort and time using DSI and heuristic parameters. When acceptable para-
meters are chosen so that both models yield the same effort they do not
predict the same schedule time. COCOMO's schedule prediction is always
larger, about four times as much as SLIM's, Also, because of their general
approach these models have difficulty with small projects (under 5 KDSI).

The Halstead model offers a way to analyze a written program, and does well
with predicting number of errors and modules, and the quality of a program.
The model is also designed to preduct software metrics using I/0 para-
meters as model drivers. I feel that more research is necessary before
these predictive equations can be properly applied to large projects.

To make further comments on the use of these models at NADC it will be
necessary that data be collected and in a form that can be used by these

three models. Minimally, DSI and time, as well as the number of routines
and their formal parameters must be counted.

Research Colleague at NADC: A. Kuhn ' 1983
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FERROMAGNETIC RESONANCE CHARACTERIZATION OF MAGNETOSTRICTIVE
METALLIC GLASS COATINGS

Donald C. Larson

Department of Physics and Atmospheric Science
Drexel University
Philadelphia, Pennsylvania

ABSTRACT

Amorphous ferromagnetic alloys are a promising class of materials that have
been successfully used as magnetostrictive elements in fiber optic magnetic
sensors. We have used ferromagnetic resonance (FMR) at 9.5 GHz to charac-
terize highly magnetostrictive film coatings of amorphous ferromagnetic
alloys. Radio frequency sputtering was used to prepare 0.1 to 0.2 um

thick coatings onto bare single mode optical fibers of diameter 80 um.

Using a silvered capillary jacket with a window for the microwave field,
1.5 mm sections of the coated fiber were probed for longitudinal structural
homogeneity. Cylindrical uniformity of the coatings was investigated by
rotating the sample in the microwave cavity with respect to the externally
applied magnetic field. The degree of homogeneity was interpreted from
FMR linewidth and line position measurements.

Due to its inherent sensitivity, the FMR technique is shown to be an
excellent nondestructive technique for investigating microscopic as well

as macroscopic structural inhomogeneities that may arise from the fabrica-
tion process itself or subsequent handling of the coated optical fibers.

An added advantage of the FMR technique is that it also allows a simultan-
eous determination of such material parameters as the saturation magnetiza-
tion, the magnetostrictive constant and the g-factor. Comparison of the
present technique with other conventional techniques will also be discussed.

Research Colleague at NADC: R. Trobocco 1983
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ANALYSIS AND OPTIMIZATION OF A MAGNAWEAVE COMPOSITE
Frank Ko

Department of Textile
Philadelphia College of Textiles and Science
Philadelphia, Pennsylvania

ABSTRACT

This study is an extension of a research program initiated last summer at
NADC. The objectives of this study are to generate a data base for the
basic structural component (the yarn) of the fabric preform and to evaluate
the tensile properties of a 1x1x1 Magnaweave graphite/epoxy composite.
Based on the yarn stress-strain properties and the yarn orientation in

the fabric a geometric model was developed to predict the tensile strength
and modulus of the 3-D fabric composite. Based on the experimental tensile
properties of the composite, recommendations were made to optimize perfor-
mance of the composite.

Tensile test of dry AS4 and Celion graphite yarns with various bundle size
(3K to 12K) at different gage lengths (5c¢cm to 25c¢m) showed no significant
difference between the two yarns. It was found that tensile strength of
the yarns decreases as the gage length increases. The 6K yarns had the

highest strength while the strength of the 3K and 12K yarns were approximately
the same.

Significant difference was observed for the tensile properties of the contin-
uous (samples made to test dimensions) and discontinuous (samples cut to

test dimensions) 3-D composites. The strength, modulus and Poisson's ratio
of the continuous and discontinuous composite specimens were 190ksi, 17 Msi,
.75 and 96 ksi, 13Msi, 1.06 respectively.

To address the problem of high Poisson's ratio, experiments have been
carried out to insert yarns in the transverse (horizontal) direction.

This study will provide a basis for the future development of the 3-D
fabric reinforced composite.

Research Colleague at NADC: L. Gause 1983
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IMPEDANCE OF A VLF ANTENNA § SHAPE OF AN ANTENNA
SUSPENDED FROM A BALLOON

Bernard Harris

Department of Electrical Engineering
Manhatton College
Riverdale, New York

ABSTRACT
1. Shape of an Antenna Suspended From a Balloon

A long thin wire antenna about 18,000 feet long is suspended from a
balloon which rises from the ground to about 75,000 feet. The antenna
is subject to gravity, l1ift, and wind forces during the ascent. An
algorithm is determined for evaluating the effect of these forces on the
shape of the antenna. The antenna is modelled as a sequence of links.
The notation is similar to those used in modelling robot manipulators
except the Euler angular coordinate system includes a buoyant (x,y),
whereas robots do not fly. Only the two dimensional problem is
considered here although the method may be extended to three dimensions.

2., Impedence of a VLF Antenna

A half-wavelength antenna comprised of 19 strands of #29 Al wire is
deployed from a balloon which rises from ground to 75,000 feet. The
antenna, which is 18,000 feet long is excited at mid-point at a frequency
of 27k Hz. The input impedance was evaluated and shown not to be affected
by the inosphere. The affect of the ground causes the impedance to vary
from 177 ohms at 8 degrees to 206 ohms at 12 degrees.

: 3
Research Colleague at NADC: N. Pye 198
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ELECTRONIC RELAXATION TIMES IN ATMOSPHERIC MOLECULES
Jon P. Davis

Department of Chemistry
Pennsylvania State University
Ogontz Campus
Abington, Pennsylvania

ABSTRACT

The original objective of the summers research was to have been investiga-
tion and/or compilation of lifetimes of electronically excited atmospheric
molecules. The need for this was based on the assumed inadequacy of Xenon
as a species potentially useful for remote sensing of magnetic fields.

Preliminary experiments by L. Bobb and M. Rankin had indicated that the
two-photon absorption cross section for a given transition was a factor
of 30 smaller than theoretically predicted; this was the basis for the
inadequacy of Xenon. However, furiher experiments at higher photon
concentrations indicated that perhaps the interpretation of the experi-
mental results was not as straightforward as thought. Some of the
observed anomalies were: (1) too large a line width, (2) linear, rather
than quadratic, increase of fluorescence intensity with increase of input

power, (3) too short of lifetime of the excited state compared to other
experiments.

My first contribution was to numerically/analytically calculate the
expected fluorescence linewidth and shape from the (highly irregular)

input laser linewidth and shape. This confirmed the expectation that
the output linewidth was too large. '

L. Bobb suggested that the other anomalies might all arise from a common
cause: gain in fluorescence intensity along the axis of the cylindrical
absorption region. My second contribution has been to analytically/
numerically calculate gain factors using physical models of varying
sophistication. The simplest such model indicates not enough gain to
affect the results. The next level shows too much gain, so much in fact
that the experimental results could not have been obtained. A third
level which, except for fluctuation phenomena, should be getting fairly
Close to the actual physical situation would be expected to give gain
factors intermediate between the two simpler models considered thus far.

The next steps will therefore be to perform the numerical calculations
with this third model, incorporate power and spontaneous emission
fluctuations and compare with the now more extensive experimental data
in an attempt to calculate a more reliable two-photon cross section.

Research Colleague at NADC: L. Bobb 1983
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PLAN TQ IMPLEMENT A FLEXIBLE TESTBED FOR PERFORMING
DISTRIBUTED PROCESSING AND FAULT TOLERANCE INVESTIGATIONS

Joseph Dandois

Department of General Engineering
The Pennsylvania State University
Hazleton Campus
Highacres, Hazleton, Pennsylvania

ABSTRACT

This study was done to determine the components needed for a flexible
testbed for 68000 microprocessor based, commercially availahle, multiple
microcomputer configurations. The Matorola 68000 was selected as a
baseline microprocessor so that future henefits could be gained from

Ada support software currently being developed at NAVAIRDEVCEN for

the 68000.

An analysis of systemic interconnection configurations which would be

of interest to naval applications was made. From the drawings, a list

of the minimum number of needed devices was made. Information was then
collected on bus structures which currently support the 68000 micro-
processor. From this combined information a bus (the VMEbus) is recommend-
ed on the basis of its availability, rugged construction, ease of recon-
figuration, advanced design, and multiprocessor support.

A_list of modules was then compiled that satisfied the minimum device
list and were available for the VMEbus. The approximate hardware cost
for the testbed would be $68,960. ,

Research Colleague at NADC: R. Mejzak 1983
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A PRELIMINARY APPRAISAL OF THE HUMAN FACTORS ISSUES
PERTAINING TO THE USE OF HUDS, HMDS, AND MFKS IN
NAVAL AIRCRAFT SYSTEMS

Gregory M. Corso

School of Psychology
Georgis Institute of Technology
Atlanta, Georgia

ABSTRACT

This report presents the findings from an evaluation of the human factors
issues associated with head-up displays, helmet-mounted displays and multi-
function keyboards. In general, these issues centered around those
independent variables critical to display and control design and those
which influence human performance. Specific recommendations were suggested
for the design of experiments to assess the effects of interface modifi-
cation on human performance within complex dynamic systems. Central to

the design recommendation is the utilization of a split-plot factorial
experimental design using naive subjects. Such an experimental design
should eliminate range, carry-over and other experimental artifacts that
could result in biased empirical findings. Also recommended is a

thorough review of the literature pertaining to the reviewed technologies.

Research Colleague at NADC: W. Helm 1983
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ATMOSPHERIC LIDAR MEASUREMENTS RESEARCH
John Cooney

Atmospheric and Science Physics Department
Drexel University
Philadelphia, Pennsylvania

ABSTRACT

The work accomplished during this program consisted of two parts:

(1) Design of the electro-optical receiver subcomponent of the NAVAIRDEVCEN
lidar to permit acquisition of atmospheric temperature profiles; (2) Data
reduction and processing for the lidar acquired atmospheric water vapor
profiles.

For the temperature profiles, the spectroscopic constraints, set by error
requirements and by the appropriate scattering theory were converted into
overall hardeare design specifications, The basic design performance of the
electro-optic subcomponents was satisfied by the use of a Fabry-Perot
Interferometer (FPI). Thus appropriate performance of the receivers was
detailed in terms of such (FPI) parameters as contrast and finesse and

free spectral range. Such parameters then provided the FPI vendor with
manufacturing specifications he needed.

The work on the water vapor data consisted of exploring with various
procedures of data processing. Basically two channels of lidar backscatter
data were processed to obtain the water vapor mixing ratio as a function
of altitude. Because of the unknown correlations of the several noise
background signals, various procedures were tried in order to optimi:ze
the unbiased estimations of the sample mean and sample variance. As an
example since the water vapor mixing ratio involved the quotient of the
data from two channels, data reduction was confronted with the problem of
selection of the preferred procedure between the average values of the
ratio or the ratio of the average ratios. Some aspects of this problem
were felt to be meterological and some purely mathematical. For more
sophisticated tests it was decided that until certain computer codes
became available the ratio of the mean values more closely represented
the physical variable sought.

Research Colleague at NADC: K. Petri 1983
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A BAYESIAN METHODOLOGY FOR FAILURE DATA ANALYSIS

Julia V. Bukowski

Department of Systems Engineering
University of Pennsylvania
\ Philadelphia, Pennsylvania

ABSTRACT

During system development and early test phases, quantitative reliability
prediction for new equipment is difficult because test data are usually
sparse. (Classical statistical techniques for parameter estimation are

not very powerful for relatively small numbers of failure data. Further,
classical techniques provide no means for incorporating other relevant
information, such as the test histories of similar but not identical
equipments already in use, an engineer's judgement reflecting his past
experience with similar design techniques, etc. On the other hand, Bayesian
statistics provides a valid means for incorporating appropriate knowledge and
judgements into the failure data analysis.

This research effort has developed a methodology for applying Bayesian
techniques to the analysis of failure data from both a laboratory testing
environment and from actual field experience. It provides specific methods
by which the engineer may incorporate all information judged to be relevant
and may, in effect, weight the failure data to reflect his confidence in the
accuracy of the data source. Three separate data analysis techniques are
available. These have been computerized and are documented in the Appendices
of the report. '
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A NON-DIMENSIONAL ANALYSIS OF CARDIOVASCULAR RESPONSE TO COLD STRESS;
PART [: IDENTIFICATION OF THE PHYSICAL PARAMETERS THAT GOVERN THE
THERMOREGULATORY FUNCTION OF THE CARDIOVASCULAR SYSTEM

Daniel J. Schneck

Department of Engineering Science and Mechanics
Virginia Polytechnic Institute and State University
Blacksburg, Virginia

ABSTRACT

Whether in combat-type situations, or during peace-time, Man constantly
strives to increase the envelope of human performance capabilities. One
environmental factor that appears to seriously impede such capabilities
is the ambient temperature within which the performance takes place.
Cold stress and/or the consequences of hypothermia can lead to adverse
effects that range from severe impairment of physiologic function to
death, itself.

The prevailing belief today is that vascular changes and tissue hypoxia
are directly responsible for all types of local cold injury, and that
variation in the clinical features or manifestations reflects variation

in the nature of the insult and the host response. With this in mind,
this study has examined the human cardiovascular system in terms of its
four basic elements: The fluid (blood), The pump (heart), The flow pipes
{vascular system) and the control mechanisms (intrinsic factors, the
central and autonomic nervous systems, and the endocrine system). Then,
cardiovascular thermoregulation has been described in terms of how each
of these elements responds to cold stress, with the ultimate intent of
performing a non-dimensional analysis of this response. As a first step
towards such an analysis, some 400 physical and chemical parameters that
govern the thermoregulatory function of the cardiovascular system have
been identified. These can then be grouped intv dimensionless variables
that: (i) shed considerable light on the physics of the problem at hand;
(ii) constitute the basis for making simplifying assumptions in the formu-
lation of subsequent mathematical analyses; and, (iii) bring to the surface
the important parameters that need to be measured when performing experi-
ments on physiological responses to environmental insults.

Research Colleagues at NMRI: CDR W. Bishop and A. Bachrach 1981
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CAMPHYLOBACTER JEJUNI ENTERITIS: ANALYSIS OF POTENTIAL
ANIMAL MODEL AND BACTERIAL ADHERENCE

Balbina J. Plotkin

Department of Physical Sciences
Chicago State University
Chicago, Illinois

ABSTRACT

There does not exist a good animal model for camphylobacter enteritis as
it is manifested in humans. Toward the development of such a model,
experiments were done to induce diarrhea in newly hatched chicks. For
these experiments, less than 12 hr. old chicks (n=4 for each group) were
fed in excess of 1010 bacteria/ml of Tris buffer. Isolates Min, E8B, and
MP were used. At half hour intervals post-feeding, rectal swabs were
obtained. After 36 hrs. no diarrheal symptoms were observed. Further,

there didn't appear to be a good correlation between passage rates in
groups of chicks.

The ability of C. jejuni to adhere to mammalian cells was also examined.
All five isolates (HC37, Min, E8B, WR1l, and ATCJ) adhered to the three cell
lines tested (ATCC CRL1459, ATCC CCL 239, and HE1l); although the level of
adherence to CCL 239, a mucus producing human mucosal epitheial cell line,
was reduced in all cases. The effect of time and pH on adherence was
T examined for isolates HC37 and E8B. The level of adherence over time
- showed biphasic characteristics for both isolates. The level of adherence
- also increased with a rise in pH for both isolates. Although there were
- diffe;ences observed in the relative hydrophobicity of isolates (E8B being
i . relatively hydrophilic and HC37 relatively hydrophobic) no overt differences
- in their adherence were observed. Other parameters such as the effect of

various chemicals, specific antiserum, and exogenous mucin on adherence
. were also examined.-

TErT
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Research Colleague at NMRI: S. Stewart 1983
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THE EFFECTS OF SCHISTOSOMA MANSONI INFECTIONS ON MOUSE KUPFFER
h CELL EXPRESSION OF SURFACE F. RECEPTOR SITES FOR IgE MOLECULES

Neba Ngwa-Suh
- Department of Mathematics and Natural Sciences

Bowie State College
Bowie, Maryland

percentage fluorescence {31%) obtained from control cell samples.

infections.

Research Colleague at NMRI: I. Katona
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v ABSTRACT

. Serum immunoglobulin E levels are significantly elevated in humans, rats
and mice infected with helminths, however, the role of such humoral antibody
increases on cell expression of surface receptor sites for IgE molecules

- (FcgR) remains unclear.
To determine the effects of helminthic infections on Kupffer cell surface

: FcgR, strain C57BL/6J female mice were inoculated by tail exposure to 1040

o Schistosoma mansoni cercariae previously irradiated with 50KRad (Cesium

Source). One month following primary immunization, Kupffer cells were
isolated from perfused livers of sacrificed animals and examined for the
presence of surface FcgR sites. Fixed folumes of purified cell suspensions
obtained from both experimental and control mice were separately enumerated
with a Coulter channelizer and samples were stained with bivalent labeling

. affinity reagents (DIBADL IgE Conter anti-E, AntiFerritin). The fluoro-

I. phore labeled cells were analyzed by flow microfluorometry using a
fluorescence activated cell sorter. Kupffer cells from experimental

animals exhibited a higher percentage fluorescence (40%) compared to the

difference in the data, although not very remarkable, indicates that a
primary S. mansoni inoculum induces an increase in the surface FcgR
|! expressed on Kupffer cells of infected mice. Since these FcgR sites
- bind IgE molecules to cell surfaces, the crosslinkage probably transmits
signals of antibody-antigen interactions to the cell interior and thus
provides a mechanism for regulating IgE-dependent immune responses to

(S aell ar b guta g5 |




CRATI Sl s ot e e RN S e g I~ A \ - d v Lapek and 2
RRCRACIAERA A REMORIILOR A O i aa NS AL TSI e St P AR e il At A B L AASITI N AR Aol i e A Sk gt G S e e oy |

S

~rY €. v
’

‘l THEORETICAL PREDICTIONS FOR VLF RADIO PROPAGATION T
M. P. Paul

- Department of Technology
Alcorn State University
] Lorman, Mississippi

ABSTRACT

The very low frequency (VLF, 3 to 30 KHz) part of the radio frequency spec-

trum is characterized by low attenuation rate, high phase and frequency

stability, and high signal to noise ratio. Consequently, VLF radio propa-

gation is used for many practical applications, e.g., frequency standardiza-

tion, clock synchronization, and reliable long-distance radio communications.

Because of these distinct advantages of VLF radio propagation, the U.S. Navy

will be conducting a balloon-to-balloon-borne cross link communication

. experiment to study the feasibility of VLF radio propagation for Navy's

i long-distance communication link for submarines. In this Technical Report,
an attempt has been made to make a theoretical computations of the vertical
components of the individual and multimode field strengths as a function of
distance based on waveguide mode theory. The variations of various iono-
spheric parameters, e.g,, attenuation rates, the height of the ionospheric

- reflection point, the height gain factors for appropriate combination of

- the transmitting and receiving antenna elevations, along with the presence
of the earth's geomagnetic field, especially for the East-West propagation,
have been duly considered. The results.obtained have been presented in
tabular and graphical forms and are consistent with the values obtained

:: by earlier workers. These field strength values will be compared against
the experimental values when the above-mentioned ambitious experiment

ii is carried out in the Pacific in the late Summer of 1983.

-

s

i Research Colleague at NADC: E, Wykes 1983
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FAMILIARIZATION WITH PROGRAMS THAT MODEL AND PLOT
EJECTION SEQUENCES

Jean Landa Pytel

Department of Engineering Science and Mechanics
The Pennsylvania State University
University Park, Pennsylvania

ABSTRACT

Mr. Georg Frisch has spent years adapting and developing programs that model
the human response during an ejection sequence in Navy aircraft, and then
produce a visual display within the appropriate crew station. My summer
research activities were primarily directed at becoming familiar with these
programs.

Mr. Frisch spent a great deal of time explaining the input requirements to
the CALSPAN motion simulation program and to the BIOMAN graphics program.
BIOMAN can be used to plot any specified crew station and the biostereometric
representation of a crew member in that crew station, as a function of time,
based on the position coordinates generated by CALSPAN.

The system was exercised this summer by running a simulation of an F-14
ejecion in a crew station where the location of one of the panels was altered.
The simulation was conducted to determine whether a 98th percentile Navy
aviator may impact the altered plan during a typical ejection. I was able

to determine what type of data were necessary as inputs, in what form, and
what programs were needed to condition the inputs into useful forms for the
simulation and plotting programs.

Through many discussions with Mr. Frisch and some other Crew Systems personnel,
I learned something of the way that the Navy carries out tasks and projects.
I discussed with people in Life Sciences and Escape Systems the types of

projects that were going on and the type of work they felt would be needed
in the future.

Upon my return to Penn State Univ., I plan to request from the Navy copies
of the modelling programs (CALSPAN and BOEMAN) and plotting programs
(BIOMAN and ELIPSMAN) that I became acquainted with this summer. I will
adapt these programs to the Penn State computing system so that I can use
them to address problems that are of relevance to the Navy.

Research Colleague at NADC: G. Frisch 1983
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INTERACTIVE PLANNING AID TO SCHEDULE TANKERS FOR AERIAL REFUELING
OF MISSION AIRCRAFT IN LONG-TERM AIRBORNE DUTY

Burgess H. Rhodes

Department of Mathematical Sciences
Villanova University
Villanova, Pennsylvania

ABSTRACT

This research project has resulted in implementation of an interactive,
computer-based planning aid for scheduling tankers to support the CAP
component of Fleet Air Defense. With this system the scheduler on board
a carrier can develop and assess alternative tanker schedules in terms of
number of tanker sorties, number of refueling events, total amount of

fuel passed, and impact on CAP plan. The system can be used during actual
operations to revise tanking schedules when fuel requirements deviate

from nominal. The scheduler can integrate constraints regarding tanker
launch and recovery times and tanker availability into the schedule.

The planning aid has been demonstrated for Third Fleet, Hawaii, where it
is expected to be used experimentally. In its present form, the system
is an operating prototype. Enhancements in video display and flexibility,
and by introduction of learning through automatic assessment of scheduler
use are contemplated., Direction for enhancement will be obtained from
Third Fleet, based in part upon results of experimental use.

Research Colleagues at NADC: F. Barker and F. Scheet:z 1983
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‘ COMPUTER SCIENCE SOFTWARE RESEARCH
. Curtis Spikes
= Institutional Research and Testing Services
Fort Valley State College
| | Fort Valley, Georgia
ABSTRACT
Two projects are abstracted in this report. The first project was to
secure and use a version of the programming language Ada. Ada software
was secured and debugged sufficiently so that programs written in Ada
= compiled and ran successfully on the three-pass Ada Compiler.
The second project was to develop SPSS (Statistical Package for the Social
- Sciences) programs that would generate line graphs fast and accurately.
o An SPSS Program was written that will generate high quality line-plots
- on a CalComp printer.
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VII. ABSTRACTS OF PARTICIPANTS RESEARCH
at the
NAVAL COASTAL SYSTEMS CENTER

Panama City, Florida

Program Coordinator at NCSC: J. Wynn 1983
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THE FEASIBILITY STUDY OF TARGET DETECTION AND CLASSIFICATION
VIA UNDERWATER ACQUSTIC IMAGING

Junho Choi

Department of Electrical and Computer Engineering
Florida Institution of Technology
Melbourne, Florida

ABSTRACT

Several detection and classification techniques were presented in lieu of
the possible application to the underwater acoustic imaging. One of the
most delicate problems in the image processing is the target detection and
classification. After the brief introduction of the current problems in
the sonar image processings, the basic principles of the modern communica-
tion theory - detection theory, were discussed to show the applicability.
The feasibility of the extension from one-dimensional signal processing

to the two-dimensional spatial processing was fully introduced for both
matched filtering and likelihood ratio techniques. The complexity and
difficulty of the image classification was described with the up-to-date
problems and further recommendations. The most favorable technique is a
maximum likelihood technique since it is applicable to both detection and
classification problems under non-white noise field while the matched

filtering techniques are favorable under the Gaussian noise field in the
optimum sense.

Research Colleagues at NCSC: L. Adair and A. Matthews 1983
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i’ MINE COUNTERMEASURES § OCEAN WAVE MAGNETIC FIELDS
) Kent Davey
:ﬁ Depértment of Electrical Engineering

Georgia Institute of Technology
Atlanta, Georgia

- ABSTRACT

My work at the NCSC Center under the auspices of ASEE, 1983 has had its
focus in three primary areas. The first is a Mine Countermeasure Tracking
Program. Given the temporal signature of a ship (modeled as a single
- magnetic dipole), at a single field point location, the program seeks to
predict the direction, heading, and strength of a dipole. Two separate
programs were developed depending on whether movement was primarily
transverse to the Earth's geomagnetic field (East-West movement to
within + 10°) or longitudinal (North-South between 10° and 170°).
Accuracy was predicted to within 5% in these cases. Certainly, when the
relative sensor to ship distance is greater than a ship length the single
dipole model of the ship is a reasonable one; extention of the theory to
multidipole representations should be considered for sensor/ship relative
distances less than one ship length, '

. A second focus of research has been in the area of real time degaussing.
B Given the normal magnetic field around the surface of a ship and its
gradient, can the magnetic field at any specified location be known?
The exact magnetic field surrounding a magnetizable body in the Earth's
. field surrounded by energized degaussing coils was determined for a
cylinder and sphere; the integral technique proved to be able to predict

external fields given local fields to an accuracy less than .01% error for
.' these models.

Finally, attention has been given to predicting magnetic fields from
- asymmetric ocean flows, (specifically surface waves) using Sommerfield
N integral techniques. The technique appears to be quite useful, agreeing
. with former researchers (Podney) in the symmetrical flow field limit.

i Research Colleague at NCSC: W. Barnes 1983
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USER'S MANUAL FQR CABLE - A TWO-DIMENSIONAL, FINITE SEGMENT
COMPUTER CODE FOR SUBMERGED AND PARTIALLY SUBMERGED CABLE
SYSTEMS

James W. Kamman

Department of Aerospace and Mechanical Englneerlng
University of Notre Dame
Notre Dame, Indiana

ABSTRACT

This report presents a User's Manual for the computer program UCIN-CABLE III.
The program is designed to study the two dimensional dynamics of submerged
and partially submerged towing cable systems. A towing cable system includes
the towing cables as well as a set of towed bodies. The system may have one
or many branches, but no closed loops may be formed.

The cable is modelled as a series of rigid cylinders connected end-to-end
by hinge joints. The fluid forces on each segment include the effects of
normal and tangential drag, added mass, and buoyancy. The fluid forces

D b S ]

on the towed bodies are calculated from a set of 25 hydrodynamic coefficients.

These account for fluid drag and added mass effects Buoyancy forces are
included separately.

This manual provides instruction for using CABLE to study such cable systems.
It also provides sample input and output data.

Research Colleague at NCSC: D. Summey
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