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NSF Funds Cosmic Ray
Observatory (CROP) Nobel Prize

Dan Claes flipped the toggle switch on the
book-size black box and it immediately be-
gan producing tones, some high-pitched, some
lower-pitched, sometimes severa close to-
gether, sometimes spaced afew seconds apart.

What the University of Nebraska-Lincoln
assistant professor of physics and astronomy
was demonstrating was a cosmic ray detec-
tion device. The tones were the impacts of
cosmic rays— protonsand nuclel of light at-
oms, “littlepiecesof stars,” Claessaid—that
constantly bombard Earth from all directions.

Thedetector issimilar to those that he and
Greg Snow, an associate professor of physics
and astronomy at NU, hopeto install at high
schoolsacrossNebraskain the next few years,
thanksto a$1.34 million seed grant from the
National Science Foundation.

The Cosmic Ray Observatory Project’'s
god istoingtall cosmic ray detectorsat many
of Nebraska s314 high schoolsand link them
via the Internet in what would be the geo-
graphically largest cosmic ray detection net-
work anywhere. Each school’s equipment
would include a detector to register the im-
pact and energy of cosmic rays, aGlobal Po-
dtioning System (GPS) device to record the
exact time and place of the strikes, and a
simplepersonal computer to keep track of the
dataand link it to other CROP sites.

A school’s science classes will be able to
set up their own experiments, but they will
also be part of amuch larger experiment co-
ordinated by the University.

“Inthetypical high school science experi-
ment, everythingis canned, presented recipe-
style and designed to be completed in a 45-
minute period,” said Claes, a former high
school physics teacher. “The answer is sort
of predictable, but here, they will actually
be part of along-term, ongoing experiment
that, like any real research project, carries
no guarantees. They’ll learn alittle bit about
what scientists do, but more importantly,
they’ll come away with the impression that
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(From left to right) Dan Claes, Karl Richstatter, a
junior science education major from Lincoln, and
Greg Snow assemble one of the cosmic ray detection
devices they hope to install at Nebraska high
schools.

what scientistsdo isfun and interesting, and
worth pursuing.

“They will be part of an integrated experi-
ment and they will fed like they personaly
and their school are contributing redl, live,
useful datato alarger enterprise.”

That larger enterprise will be an effort to
learn more about two key features of cosmic
raysthat scientistsdon’t understand— where
they come from and how they achieve their
high energies.

“Some primaries (singleprotons) carry the
same energy asadriven hockey puck,” Claes
said. “There is no known phenomenon, not
even the supernova explosion of a gtar, that
we believe can drive a proton to that high an
energy. Yet they exist, and we don’'t know
where they come from.”

When cosmicrayshit moleculesin Earth’'s
amosphere, they create an avalanche of more
particlescalled an ‘air shower.” Thoseparticles
inturninitiate other collisionsthat make more

CROP continued on page 3

Anthony F. Starace, Editor

Heeger Wins

Alan J. Heeger (B S. 1957) shared
the2000 Nobd Prizein Chemistry with
Alan MacDiarmid of the University of
= N Pennsylvania and

r' Hideki Shirakawa
, ) o of TsukubaUniver-
- sity in Japan. The
[ F prize was awarded
, for their discovery
that plastics can be
made to conduct
electricity, paving
Alan J. Heeger theway for numer-
—  ousapplicationsin
displays and in electronics. Heeger (in
Physics) and MacDiarmid (in Chemis-
try) were both at Penn in the 1970's
studying thetransition of insulatorsinto
conductors. On a visit to Japan,
MacDiarmid met Shirakawa and in-
vited himto join Heeger and himself at
Pennfor ayear, during which timethey
made their discovery.

Conducting polymersare chain-like
molecules with aternating single and
double bonds. When the polymers are
treated (“doped”) with chemicals that
either donate electrons or accept elec-
trons (creating holes), the electrons or
holeson the polymer can hop aong the
aternating bonds. Intheoriginal experi-
ment, polyacetylenewasdoped withio-
dine vapor and the polymer’s conduc-
tivity increased by seven orders of mag-
nitude.

Currently, interest in conducting
polymers is focused on their recently
discovered electroluminescence, i.e.,
theability to emit light. In 1990 Heeger
founded acompany, UNIAX Corp., to
pursue display technology using elec-
troluminescent polymers. In March

HEEGER continued on page 3
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Letter from the Department Chair

Aslast year’s Spectrum newsl etter went to press, the Department
was preparing for an Academic Program Review (APR). Such re-
views are carried out every six years and include a comprehensive
self-study of Department activities and duties, including teaching,
research, and service. The APR provides aframework for ng
where the Department stands in the scientific and university com-
munities and helps the Department to consider and modify itslong-
term goals. After our self-study was compl eted, adistinguished panel
of scientists from other institutions was brought in to evaluate the
self-study and to advise the Department on its long term planning.
The Review Team was chaired

will have a very full and exciting Spring Semester interviewing fi-
nalists for these positions. The Department wishes to thank Dean
Pratt for her proactive role in the above events.

The hiring agreement, while very positive, will burden the De-
partment inthreeways: First, the Department may haveto help fund,
in the short term, some of the new faculty salaries. This can be done
in several ways, including using “soft money” from large
multidisciplinary research grants. We are quite hopeful that a new
such grant will be announced in the next few weeks. If funded, this
grant will provide salaries for two new faculty hires for four years.

Second, hiring many new faculty

by Douglas Finnemore (Distin- kb
guished Professor, lowa State
University), and included Nora
Berrah (Western Michigan
University), Robert Hallock
(University of Massachusetts),
Kenneth Heller (University of
Minnesota), P. Frazer Williams
(Electrical Engineering, UNL),
and W. James Lewis (Math-
ematicy/Statistics, UNL). Over

more smoothly.

| am pleased to report that the outcomes of
this APR were extremely positive. The Review
Team noted the high morale of the faculty and
staff, and suggested a number of changesin
procedures that will help the Department run

reguires the Department to find
significant amounts of start-up
funding. Whiledifficult to do, this
investment will pay major divi-
dendsin the future because of the
inherent increase in our research
capabilities the start-up funding
will permit.

The third, and most difficult,
problem we shall face is that of

aperiod of 2+ days (including

April Fool’s Day) the Review Team met with faculty, staff, students,
and administrators to determine our strengths and weaknesses and
to make specific recommendationsregarding improving the Depart-
ment and its programs.

| am pleased to report that the outcomes of this APR were ex-
tremely positive. The Review Team noted the high morale of the
faculty and staff, and suggested a number of changesin procedures
that will help the Department run more smoothly. They also praised
our strengths in condensed matter and materials physics (CMMP),
in atomic, molecular, and optical physics (AMOP), and in our ex-
perimental high-energy physics (HEP) program, and further pointed
out that the Department is uniquely strong in Physics Education and
Outreach. The Review Team hel ped the Department realize that our
Astronomy graduate program is not terribly effective. They recom-
mended that, over time, resources currently allocated to the As-
tronomy graduate program be redistributed to CMMP, AMOP, and
HEP.

Perhaps the most significant outcome of the APR was the accep-
tance by College and University administrators that the Department
isfacing asevereretirement problem, with 13 faculty members now
age 62 or greater. While the Department has been alerting adminis-
trators to this problem for several years, it was the concern of the
Review Team regarding this problem that had an effect. Specifi-
caly, the Review Team'sreport led Interim Dean Linda Pratt to in-
vite Associate Vice Chancellor David Brinkerhoff, Vice Chancellor
for Research MarshaTorr, and meto discuss how to handle the situ-
ation. Thisdiscussion led to an agreement that the Department should
be permitted to hire approximately two new faculty per year for
each of thenext seven years. Thiswasfollowed by approval to search
for two new faculty members during the current academic year.
Searches are currently underway to hire a new experimental atomic
physicist and acondensed matter/material stheoretician, and we have
already received many applications from excellent scientists. We

yy  Space. Over the past 15 years or

so, the Department’s plan has
strived to increase its number of experimental faculty. In 1986, the
Department had only eight active experimental physicists; in 2001,
we have 13 active experimental physicists, and our theory effort is
also larger, engaging more students and postdocs. During thistime,
the Department has undertaken many renovation projects of our fa-
cilitiesto obtain moreuseful laboratory and office space by convert-
ing underutilized spacesto these areas, but we have reached the limit
of what can be done with our current space. New laboratory spaceis
desperately needed if we are to continue to enhance our experimen-
tal research effort. We are now seeking fundsto build an addition to
Behlen Laboratory and possibly renovate Brace Laboratory. The
addition would be called the Nanoscale Materials Research Build-
ing and would provide housing for the synthesis, fabrication, and
study of new nanoscale materials, and for new faculty in this area.
Some existing condensed matter research would a so be moved into
the new addition, freeing up space for more atomic physicsresearch
in Behlen. Preliminary plans call for a 20,000 square foot addition,
whichwould provide spacefor about eight experimentalistsand their
students, as well as space for central fabrication/characterization
facilities. Estimated cost is $5 M—$7 M. We are hoping that the ad-
dition can be built using some combination of university, NU Foun-
dation, and federa funds, but funding sources have not yet been
identified.

Among the spin-offs of the APR, | note that the major Depart-
ment research groups (AMOP, CMMP, and HEP) were all specifi-
cally placed on the Arts and Sciences College “Priorities for En-
hancement” list. Inaddition, Physics Education/Outreach may qualify
under severa separate categories. While placement on thislist does
not guarantee funds for enhancement, it does provide an additional
argument for resources, and we expect that each group will grow
even stronger in coming years.

CHAIR continued on page 3



CROP continued from page 1

and more particles. Eventualy millions of
particles are hitting Earth’'s surface.

“The idea is that using a grid of detec-
torswe can intercept a sample of those par-
ticles,” Snow said. “Based on both count-
ing the number of particles and looking at
therelative arrival times of the particles, we
can learn something about their original
energy and the incident direction of the
original particle — whether it’'s straight
above or at an angle. By looking at this de-
bris down on Earth you can sort of recon-
struct information about the origina par-
ticle.

“One of the nice features about our ex-
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and purchase of the GPS equipment and
computers. They inherited the detectorsfree
of charge from a completed cosmic ray
project in Utah.

Snow said the goal after four yearsisto
have a network of 20 to 30 schools in the
Lincoln-Omaha area, plus at least one in
each of the state's 19 Educational Service
Unitsto serve asahub for expanding in its
region. Thefirst group of high schools par-
ticipating in CROP will include Lincoln
Northeast, the Zoo School in Lincoln, Nor-
folk and Mount Michael Benedictine in
Elkhorn.

by Tom Simons
University Public Relations

HEEGER continued from page 1

2000 the company was acquired by
DuPont.

In an interview with the Daily Ne-
braskan (October 23rd, 2000, page 3),
Heeger said that UNL laid the founda-
tion for his successin science. Owing
tothefew physicsmajorsinthe 1950s,
Heeger said it was possible to have
one-on-one interaction with faculty.
He said Professor Ted Jorgensen in
particular was influential. He taught
Heeger beginning physics and it was
this class which made Heeger switch

periment isthat the detectors are spread out
over amuch larger geographic region than
any of the other major enterprisesthat are
being mounted to study cosmicrays. Ina
certain way, we have an unprecedented
sensitivity to judging whether, say, ‘ does
an area the size of the state of Nebraska
light up al at once? Because of the GPS
equipment we'll be able to tell if all the
school s detect abig bunch of particles
coincidentally.”

Thanksto the NSF grant, Snow
and Claes are now ready to begin
putting CROP in place after
brainstorming on it for the last
three years. They
will be able to fund
summer workshops,
stipends and ex-
penses for high
school teachers and stu-
dents, a graduate student, a techni-
cian, undergraduates doing technical work

Cosmic-ray Detectors
Inside Weather-proof Enclosures

Computer
Inside School

his major from engineering to phys-
ics. Heeger said Jorgensen “really
opened up modern physicsto me.”

Heeger is the Director of the In-
stitute for Polymers and Organic
Solids and a Professor of Physics at
the University of California—Santa
Barbara. He is a former Alfred P.
Sloan Foundation Fellow and John
Simon Guggenheim Fellow. He has
authored over 500 scientific publi-
cations. He previously was awarded
the American Physical Society’'s
Oliver Buckley Prize (1983) for con-
densed matter physics and the Balzan
Prize (1995) of the International
Balzan Foundation (Switzerland) for
outstanding contributions to the sci-
ences. At the August 1999 UNL
graduation ceremonies, Heeger was
awarded an Honorary Doctor of Sci-
ence degree.

Global
Positioning
System Receiver

(GPS)

Proposed CROP detector system setup

CHAIR continued from page 2

Among other “big-ticket” items, | note that the Greg Snow/Dan
Claes Cosmic Ray Observatory Project (CROP) was funded by the
National Science Foundation in the amount of $1.34 M (see front
page story), and preliminary indications are that the NSF may also
fund the G K-12 proposal of Diandra Leslie-Pelecky in the amount
of $1.4 M. Thus, we are anticipating that the Department will set a
new record for annual funding this year.

Asaways, | want to thank you, our alumni and friends for your
financial support. Over time, even small donationsarereally benefi-
cia inimproving our research stature and our high-quality teaching
programs. A postage-paid card is included with this newsletter for
this purpose, and for notifying the Department of career or address
changes. At thistime, let me also thank those of you who have cor-
responded with me this year. | have really enjoyed learning what
our dlums are doing and am amazed at the variety of careers they

have undertaken. Perhaps the most striking news this past year was
that Alan Heeger (B.S. 1957) was awarded the 2000 Nobel Prizein
Chemistry (seefront page story), but much other news about alumni
isreported elsewherein thisissue. | encourage each of you to com-
municate your news to me by letter, e-mail (rkirbyl@unl.edu), or
phone. Enough alumni have told me how much they enjoy reading
about their fellow classmates and other alumsthat | can assure you
of interested readers. Best wishes until next year.

Sincerely,

Qo D N

Roger D. Kirby
Professor and Chair



Fuller Cited by U.S.
Military Academy

Professor Robert G. Fuller was awarded the
Commander’s Award for Public Service on 24 May
2000 at the United States Military Academy (USMA),
West Point, New York. This award was presented by
Colonel Raymond J. Winke, Jr., Chair, Physics Depart-
ment, USMA,, at a public ceremony in Bartlett Hall.

The award citation reads:

“Dr. Robert G. Fuller is presented the Commander’s Award
for Public Service: During academic year 1999-2000, Pro-
fessor Fuller performed outstanding service as the Visiting
Professor in the Department of Physics at the United Sates
Military Academy. Professor Fuller isan outstanding teacher,
experienced educator, and superb scholar whose demon-
strated mastery and innovative instructional methods con-
tributed significantly to the Department’s mission. His con-
tributionsto both the Departments of Physicsand Mathemati-
cal Sciencesinterdisciplinary approacheswill continuetoin-
fluence program development long into the future. His in-
sights and mentorship were especially important as USMA
devel oped future curricula which included the use of laptop
computers in the classroom and expanded interdisciplinary
roles between mathematics and physics. His broad experi-
ence and outstanding communication skills played animpor-
tant role in the development of the military faculty and in the
conduct of the two-semester, introductory physics courses.
Professor Fuller’s exceptional serviceisin keeping with the
highest traditions of the United Sates Army and reflectsgreat
credit upon himsdlf, his family, and the United Sates Mili-

Left to right: Colonel Raymond Winkel, Professor Fuller,
Margaret Fuller. Col. Winkel is congratulating Professor Fuller
for his outstanding service after having presented him with the
Commander’s Award for Public Service.
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Sartori is Lake Award Winner

Leo Sartori, professor emeritus of physics, received the JamesA. Lake Academic
Freedom award from the Academic Senate on April 25.

Dermot Coyne, George Holmes Professor of Hor-
ticultureand chair of theLakeAward Nomination Com-
mittee, said Sartori had along career as conciliator and
advocate for faculty and academic freedom, based on
deep regard for principle and careful congderation of
facts, not popularity or sdif-interest.

Coynesaid Sartori, a“wiseand gentlescholar,” con-
stantly defended and promoted academic freedomina
variety of leedershiprolesand that Sartori, “ madethings
better and clearer for usin our times.”

In his address to the group, Sartori recounted how
he taught hisfirst dassin 1952 and spent 27 years a
UNL. Duringthe 1950s, hesaid, thethresat to academic
freedom was externd and involved loydty oaths and
“witch hunts’ for Communists in academia. In the
1960sand * 70s, the threat was the disruption of learning by anti-war demongtrators.

Sartori said it wasfrugtrating for liberd anti-war faculty who despised thewar, but
aso opposad the tactics of classroom occupation and campus violence, preferring
methods such as teach-ins to persuade othersto join the cause of peace.

Contemporary threets are less overtly dramatic, he argued, but no lessimportant.
The academic freedom of students sometimes appears to be in conflict with that of
faculty, he noted. Faculty must be sengitive to sudent concerns, he said, but students

SARTORI continued on page 7

Farleigh Receives APPLAUSE Awards

On October 26th, 2000 faculty and staff surprised Electronics and Computer
Specialist Brian Farleigh, amember of our Electronics Shop, by luring himinto a
classroom and giving himahearty round of applause (and acitation, a$200 check,
and various gift certificates).

The APPLAUSE Program recognizes Manage-
rial/Professiona and Clerical/Tech/Service gtaff in
the College of Arts & Sciences for their innovative
idess, their consistently outstanding performance, or
their service above and beyond thecall of duty. There
are approximately two awards per month within the
College. Farleigh had five nominationsto receivethe
award.

These nominations state that “[Brian] is called
upon constantly to assist al of our faculty and staff
in many different ways and aways does it with a
smile and works very diligently to get the job done
right the first time around... and he will check back
to make sureyou are satisfied... Notask istoo big or
too small for Brian... he has gone above and beyond the call of duty on NUMER-
OUS occasions... a perfectionist in his job... The bottom line is that he is very
dependable and will go out of hisway to help... which makes him agreat asset to
both the Physics Department and the University....”

Subsequently, in December 2000, Farleigh was named as one of only six staff
inthe entire College to receive an Annual Applause Award (which was accompa-
nied by another $200 check and more gift certificates and other items).

As reported in last year's Spectrum newsletter, in April 1999 Farleigh was
awarded the Sigma Xi Support of Research Award.

Leo Sartori

Department Vice Chair Bill
Campbell looks on as Brian
Farleigh displays oversize copy
of APPLAUSE Award check.
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UNL Researchers,
Students Explore World
of Nanoscale Technology

ientists at the University of Neb-

aska—Lincoln haven't gotten the
world into a grain of sand yet. But they're
working onit. In laboratories acrossthe Lin-
coln campus, about adozen faculty research-
ers and twice that many graduate and
postdoctoral studentsare exploring oneof the
hottest frontiers of science—the world of
nanoscal e technol ogy.

“Theideaiswe reablenow to build struc-
tures where we're putting atoms and mol-
ecules together amost one-by-one, certainly
layer-by-layer,” said David Sellmyer, the
George Holmes Digtinguished Professor of
Physics. Sellmyer also directs the Center for
Materials Research and Analysis, a
multidisciplinary umbrellaunder which most
of the nanotechnology research at UNL has

[Physics Astronomy|

Sellmyer and his
colleagueshavecre-
ated new nano-
structured magnetic
thinfilms— putting
ultrathin layer upon
ultrathin layer of
various materials,
then studying there-
sults. They also have
worked with self-as-
sembled arrays —
making nanoscale
pores in a layer of

Professor David Sellmyer (right) talks with graduate student Hao Zeng at the
Brace Physics Lab at the University of Nebraska-Lincoln. The monitor shows a
nano-image of cobalt plutonium film.

aumina, thenfilling
the poreswith variousmaterials. Putinamag-
netic materia and you have * quantum dots.”
Dissolvethestructurearound the dotsand they

been done.

Center scientists work in &
a world measured in bil-
lionthsof ameter. About four
atoms can fit into a nanom-
eter. The typical virus mea
sures 100 nanometers across,
ahuman hair about 10,000, a
fine grain of sand could run
into the hundreds of thou-
sands. It's aso a world pre-
dicted to producethenext in-

Toseeaworldinagrain of sand
And a heaven in awild flower,
Hold infinity in the palm of your hand
And eternity in an hour.

— " Auguries of Innocence”
William Blake

dustria revolution and innu-
merableadvancesin areasranging from com-
puting to manufacturing and energy to medi-
cine. “If | were asked for an area of science
and engineering that will most likely produce
the breakthroughs of tomorrow, | would point
to nanoscale science and engineering,” Ned
Lane, the president’s advisor for science and
technology, told a congressional hearing re-
cently.

Nanotechnology research hastaken diver-
gent paths in ingtitutions around the world.
At UNL, most of the work has focused on
ways to store more and more information in
smaller and smaller spaces, Sellmyer said.
“We ve really gotten focused on the design
of these thingsin the last 10 years or s0,” he
said. “1 would probably say we have three or
five groups that are on the hairy edge of do-
ing something.” Among their projects,

become nanowires. Layer materials in the
pores — magnet, semiconductor, magnet —
and you may have the foundation for a new
type of computing in which information is
stored not just with on-off signalsbut within-
termediate Sgnalsaswell.

Each project requires scientistsfromava
riety of different fields, Sellmyer said. Chem-
istsand physicistsand el ectrical engineersand
mechanica engineersjoinforcesto study, ex-
plain, theorize and solve problems. With each
new idea, theresearchersfirst havetofind out
whether it's possible to trandate theory into
something concrete. “The problem of con-
struction isahuge, huge problem,” Sellmyer
said. “Nowadays we're working so terribly
hard on trying to synthesize these materials.”
Then they have to figure out what properties
the new materia has. What does it look like
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magnetically? Electronically? Canit stand up
to heat? Cold?How long will it remain stabl e?
And so forth. Predictions made based on
larger-scale versions of the same materia are
not alwayshelpful because nanoscale materi-
as behave much differently. “You haveto do
physics studies on these to understand them
before you can figure out what they can do,”
he said. That's the final step — seeing what
use the new creation can be put to. Much of
thework done at UNL appearsto hold prom-
ise for information storage. Other work, like
that on quantum computing, offers the hope
of avast leap in computing.

Visionaries in nanotechnology talk about
increasing information storage abilities by
1,000-fold and fitting the entire contents of
theLibrary of Congressinto adevicethesize
of asugar cube. They also talk about creating
nanocomputersto bethebrainsof nanorobots,
tiny devicesthat could be used to clean haz-
ardouswastes out of groundwater or rel eased
into the body to detect and kill cancer cellsor
put to work manufacturing products from the
aomup. Inaddition, nanoscaledevicescould
be used as sensorsin awide variety of fields.
“Thisisall gee-whiz and far into the future,”
Sdlmyer said, “ but that’ show scienceworks.”

With those visions in mind, President
Clinton announced aNationa Nanotechnology
Initiative in Spring 2000. He called for boogt-
ing nationa nanotechnology-related funding by
$227 million — to atotal of $497 million in

NANOSCALE continued on page 6
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= Discovery and Properties of
Two-Dimensional Ferroelectnics

Professor Stephen Ducharme and his collaborators at the I nstitute
of Crystallography of the Russian Academy of Sciences have made
some fundamental advances in the physics of ferrodectrics. Ferro-
€l ectrics are non-conducting crystalswhich can exhibit aspontaneous
electric polarization that can be reversed by application of an externa
eectric field. They are named in analogy to ferromagnets. Ferroel ec-
trics have electric dipoles which can align themselves within crystal
domains. In a seminal paper VY’

coercivefiedd. Thisdiscovery, reported in the January 3rd, 2000 issue
of Physical Review Letters, occurred more than 50 years after the
intrinsic coercive field value was predicted by the seminal theory of
ferrodlectricity published in 1945 by V. L. Ginzburg.

Currently Ducharme's group has been advancing their in-house
experimental capabilities. Their new fully-automated Langmuir-
Blodgett (L B) deposition system (for making two-dimensional ferro-
electric ultrathin polymer films)

in Nature [391, 874 (1998)],
Ducharme and collaborators
reported the discovery of
“Two-Dimensional Ferro-
electric Films.” That is, they
found that even an essentialy
two-dimensional thin film of
ferroelectric material only
two monolayersthick exhib-
ited ferroelectric phase tran-
sitions with properties simi-

V. L. Ginzburg.

It has been cited already as one of 30 “ especially
important and interesting problems in physics and
astrophysics on the verge of the 21% century” inthe
April 1999 issue of Physics Uspekhi (the leading
Russian physicsreview journal) by editor-in-chief,

is installed and operating in
Behlen 265B. Ducharme’s
group isoneof only two groups
intheworld making two-dimen-
sional ferroelectric films, the
other being their collaborators
in Moscow (who made the first
such filmsin 1995). They have
also pioneered anew technique
of Pyroelectric Scanning Mi-

lar to those seen in bulk ma:

terials. Thisdiscovery occurred nearly 80 years after the discovery of
three-dimensional ferroelectricity. It has been cited already as one of
30 “especially important and interesting problemsin physics and as-
trophysics on the verge of the 21st century” inthe April 1999 issue of
Physics Uspekhi (the leading Russian physicsreview journal) by edi-
tor-in-chief, V. L. Ginzburg. Ginzburg subsequently invited Ducharme
and collaborators to write a review of the work for Uspekhi [L. M.
Blinov et al., “ Two-Dimensional Ferroelectrics,” PhysicsUspekhi 170,
243 (2000)].

Recently Ducharme and collaborators succeeded in making the
first measurements of the intrinsic coercive eectric field in two-di-
mensional ferroelectrics. The coercive fidd is the field necessary to
reverse the polarization of aferroelectric crystal (or magnetizationin
amagnetic crystal). All previous measurements of the coercive field
have measured the much smaller dectric field values that are due to
crystal defects, which break up ferroelectric domains. By working
with thinfilm ferroelectrics, Ducharme and collaboratorswere ableto
greatly inhibit the influence of defects and measure thetrueintrinsic

NANOSCALE continued from page 5

yy croscppy.(PSM) forimagingthe

polarization state of ferroelec-
tric films. The current resolution is 2 microns and it is expected that
soon a resolution of less than 100 nm will be achieved using the
CMRA’s new near-field optical microscope.

Just as magnetic materials have been used for data storage and
other applications, ultrathin film ferroel ectric materials have numer-
ous applications. Professors Ducharme, Peter Dowben, and Shireen
Adenwalla wererecently awarded aNebraskaResearch Initiative (NRI)
grant of $800,000 over 4 years to develop “Ultrathin Polymer Films
for Microelectronic Devices.” The devices include: high-energy ca
pacitorsfor portable power, nonvolatileferrod ectric memories (RAM)
for communication and information devices, uncooled sensors for
broadband video and still imaging (i.e., not only in the visible, but
also in the ultraviolet and infrared regions), acoustic transducers for
ultrasound and sonar, and micro-electro-mechanical devices.
Ducharmeal so recently received aNational Science Foundation grant
of $225,000 over 3 yearsfor study of “High Performance Capacitors
and Nonvolatile Random-Access Memories Based on Langmuir-
Blodgett Films of Ferroelectric Polymers.”

2000-01. The find funding tota is not known
yet because Congressistill working onitsbud-
et hillsfor the year. UNL researchers gand to
get someof that money. University officidshired
a Washington lobbying firm this year to work
with federal officials, with money for
nanotechnol ogy research asone of the chief tar-
gets. The Department of Defense hill included
$2.5 million for UNL research. That would add
to the $6.5 million of externd grant funding for

theCenter for Materid sResearchduring the 1998-
99 school year — some of which pays for
nanotechnol ogy reseerch. Thisyear’sfunding (i,
1999-2000) has not been totded yet, Sdlmyer
sad. Thebulk of themoney comesfromthefed-
erd government, dthough IBM dso funds one
project. Sdimyer expects both private and gov-
ernment funding will grow — andwithit UNL's
nanotechnol ogy resserch—asinterest inthearea
picksup seam. “Thisideaof getting smaler and
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smdler has been around but it hasn't been until
last year that everybody got interested,” he said.
Check out these sites for more informa:
tion on nanotechnology: www.unl.edu/cmra
(UNL Center for Materials Research and
Analysis); www.foresight.org (The Foresight
Institute); www.nano.gov (National
Nanotechnology Initiative).

by Martha Stoddard,
Lincoln Journal Star (27 July 2000)
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anin:

AMO Synchrotron Group Installs
VUV Quarter-Wave Retarder at the

Advanced Light Source

ow does one produce circularly polarized radiation given

that you have asource of linearly polarized radiation? One
answer isthat you go to the many commercial catalogues and pur-
chase a quarter wave plate. By placing the fast (slow) axis of the
plate in the linear beam at an angle of 45° relative to the linear
polarization axis, one obtains light of right (Ieft) helicity.

This answer works well if the radiation isin the visible region
of the spectrum. However, if it isin the 30-40 nm range one would
not be able to find any material to build such aretarder. In addi-
tion, one would have to operate the system in vacuum since light
in this wavelength region is strongly absorbed by air. This wave-
length range is called the vacuum ultraviolet (VUV). For many
reasons, the techniques used to build quarter-wave retardersin the
visible range do not work in the VUV.

The synchrotron group of Orhan Yenen, Kenneth W. McLaughlin
and Duane H. Jaecks [who are in the Department’s atomic, mo-
lecular, and optical (AMO) physics group] had a quarter wave re-
tarder that operates in the VUV range built by the Physical Sci-
ences Lab at the University of Wisconsin. It has since been in-
stalled on beamline 10.0.2 at the Advanced Light Source, a third
generation synchrotron light source located at the Lawrence Ber-
keley National Laboratory. The basic principle of its operation is
that the reflected components of light, which are parallel and per-
pendicular to the plane of incidence of a gold surface, undergo a
relative phase shift that depends upon the angle of incidence and
the energy of the radiation.

By employing afour-mirror, multiple-reflection system so that
the angle of incidence of each mirror is near 70° one is able to
produce a transmitted beam with its two perpendicular compo-
nents having equal amplitudes. In addition, they are 90° out of
phase, producing circularly polarized radiation of a known

SARTORI continued from page 4

helicity. Thefour mirrors can be synchronously rotated to change
the angle of incidence as well as rotated about the axis of the
linearly-polarized synchrotron beam. The entire system operates
in avacuum chamber at a pressure of 10°° Torr. With this device
Orhan Yenen has measured the degree of circular polarization
produced by the apparatus to be greater than 99.7%. The proce-
dure for carrying out the installation and characterization of the
retarder represented an experiment in itself and took a signifi-
cant amount of beam time.

According to the group, this is the only operational quarter-
wave retarder in the world that produces circularly-polarized ra-
diation over the continuous photon energy range of 10-60 eV that
is dedicated to atomic physics research. The group has carried out
three successful experimental runs at the Advanced Light Source
in Berkeley using this retarder. Yenen will present an invited talk
on the results at the 11" International Symposium on Polarization
and Correlation in Electronic and Atomic Collisions, to be held in
Rolla, MO in July 2001.

Using circularly polarized light in photoionization experiments
is significant because it allows one to know the magnitude and
direction of the total angular momentum absorbed by the atom.
The one unit of photon angular momentum appears as orbital and
spin angular momentum of the residual ion and the ionized elec-
tron. Using the concept of angular momentum sharing and parti-
tioning, the Nebraska AMO Synchrotron group has been able to
characterize and elucidate relativistic dynamics in multielectron
systems. For details, see O. Yenen, K.W. McLaughlin, D.H. Jaecks,
M.M. Sant’ Anna, and E.A. Seddon, “ Quantifying Relativistic In-
teractions from Angular Momentum Partitioning M easurements
During Photoionization,” Physical Review Letters (5 February
2001)

do not have an absolute right to avoid dis-
comfort in aclassroom, wherethoughtsand
expression of ideas are paramount.

The conflict lies in a faculty member’s
right to aconfrontational teaching style, for
example, and a student’s right to a class-
room free of hostility, he said. A teaching
style must sometimes give way to a
student’s right of expression, Sartori said,
but careful consideration must be taken
when making those decision.

Still, hesaid, heistroubled that students
often have little or no voice in the griev-
ance process and they need better represen-
tation.

He also voiced concern that promotion
and tenure decisions might be hinging on
an individual scholar’s success at attract-
ing external funding. Faculty must be free
to choose their own areas of study and no
one should be forced to chose a research
course based on funding sources.

Prior to conferring the award upon
Sartori, Richard Edwards, Senior Vice
Chancellor for Academic Affairs, shared his
thoughts on academic freedom with the sen-
ate.

Edwards said he believed the most im-
portant reasonsto defend academic freedom
are that the quality and legitimacy of fac-
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ulty research must be free from predeter-
mined outcomes and that academic culture
must be an environment of freeinquiry.

He said academic freedom meansan en-
vironment where faculty are supported for
being outspoken, courageous and controver-
sial, and where “probing, deep and some-
timestroubling and even irksome questions
can and should be asked.”

The full transcript of Edwards’'s and
Sartori’s comments are available on the
Academic Affairs Web site at http://
www.unl.edu/svcaa/priorities.html.

Reprinted from Scarlet (4 May 2000)



M. Eugene Rudd displaying a wave machine from the 1920s used to
demonstrate wave propagation and double refraction.
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some of them in an exhibition of
higoric scientific indruments in
1978. In 1998 | undertook to sort
and dean alarge number of them
and | plan to make an inventory
of theimportant items. Eventudly,
thisinventory may beincludedin
the Department web pageand in
aninternationa on-lineregigtry of
higtoric scientific ingruments be-
ingcompiled by theHistory of Sci-
enceMuseuminOxford, England.

Many of theingrumentsinthe

Historians of science recognize that the
advance of science has depended not
only on the cregtion of new ideas and concepts,
but dso on the development of instruments for
research. Likewise, teechers and students know
the vaue of apparatus for demongrating phys-
cd principles Theimportanceof ingrumentshas
been recognized by the formation of a number
of societies to promote their historical study.
Someof these, such asthe Scientific Ingrument
Society and theAntique Telescope Society pub-
lishjourndsregularly. A number of museumsin
Europe and the United States are devoted partly
or entirdy toscientificingruments, induding sev-
erd & univerdties

Few of the people who attend classes or do
researchin BraceLaboratory redizethat thereis
atreasurehereinthe Department; anhistorictrea:
aure in the form of scientific insruments from
generdionspadt. Physicsand astronomy courses
weretaught from the very beginning of the Uni-
versty of Nebraskain 1869 and research was
carried on after DewWitt Bristol Brace founded
the Department in 1888. Someof the equipment
purchased for demondration, laboratory, and re-
search uses from those early times survives to
this day and, along with more recent additions,
forms a vauable collection illustrating late 19"
and early 20" century physics.

These gpparatuses collected dugt in the attic
and in cabinets and closets for many decades,
and regrettably, some of them have been logt or
cannibdized for other uses. Inthe 1970s Profes-
sor Duane Jaecks recognized the va ue of these
instruments and with graduate sudent Robert
Maher cleaned and refurbished severd of the
more spectacular ones. Recognizing the beauty
of these ingruments, Sheldon Gallery included

Department’scollectionthat were
purchased around the turn of the century were
purchased from Europe's finest manufacturers.
For example, William Thomson, later Lord
Kelvin, invented many dectrical measuring in-
struments that were manufactured by the Scot-

The Treasure in Our Midst:
Historic Scientific Instruments

raysout of the laboratory and into common use
in industry and medicine. There is an early
Coalidgetubein the collection.
Towardtheend of the 1870sHenry Rowland
a Johns Hopkins University built an engine for
ruling concave gratings with unprecedented ac-
curacy. He supplied gratingsto most of the mae
jor spectroscopic laboratoriesin the world, thus
revolutionizing the entire field of pectroscopy.
Wehaveseverd of hisgratingsincluding one of
his x-inch models, thelargest that he made.
D.B. Brace was degply involved in the a-
tempt to detect theether drift and performed three
highly senstiveexperimentsfor thispurpose. One
of these, to detect the effect of ether drift onthe
double refraction of light asit traveled through
glassor water, achieved asengtivity of 1.3 parts
per trillion! It was thus about 300 times more
sengtivethantheMichd son-Morley experiment
andwasprobably themost

Some of the equipment purchased for
demonstration, laboratory, and research
uses from those early times survives to this
day and, along with more recent additions,
forms a valuable collection illustrating
late 19" and early 20" century physics.

sengtiveexperiment of any
kind ever performed up to
thet time. Sinceit waspub-
lishedandwiddy quotedin
Europe in 1904, it may
have had an influence on
Eingein in writing his fa
mous relativity paper that
was published the follow-
ingyear. Whilemost of the

tish busnessman James White. These were the
daeof theart a thetimeand wearefortunaeto
have severd inthe collection. One, ldbded “Sir
William Thomson's Patent Electric Bdance” is
a somewhat complex current balance that has
the origind st of weights and two cdibration
chartssigned by Thomson himsdlf. Thebaance
and a copy of one of the chartsisin adiglay
case on the second floor of Brace L ab.

Ancther exampleis a spectrometer made by
Schmidt & Haensch of Germany specificdly for
usewithagpectrophotometer invented by Brace.
Thespectrometer isin adisplay cabinet near the
conference room and the spectrophotometer
prism is in a cabinet across the hal from the
mailroom.

American-made instruments are dso part of
the collection. About 1910 William Coolidge,
working for Generd Electric, devised akind of
X-ray tubewith atungsten anodethat brought x-
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¥y  patsof Bracg's goparaius

havebeenlog, wedill have
the origind dab of glass that he used and the
heliogtat he used to direct sunlight through the
goparatus.

At atimewhenit wasunclear whether dter-
nating or direct current would beused in distrib-
uting power incities, Brace obtained apatent for
adigribution sysemthat could use either AC or
DC. A deviceto demongratetherdationshipfor
Sudents called “Weinhold's Rotating Feld Ap-
paratus’ that would convert DCintoACisina
display cabinet near the stairway on the second
floor of Behlen Laboratory.

Thesetressuresin our mids are part of our sai-
entificand Departmentd heritage. Itishopedthat a
gmdl museum can be cregted to presarve and dis-
play theseingruments. But urttil then wewill con-
tinue to show afew of them in hdlway cabinets
and try to preservethem for future generations

by M. Eugene Rudd



[Physics Astronomy|

Newton’s Apple Tree Beats Frurt

Nine years dfter it was
planted outside Behlen
Laboratory, thecuttingfrom
Newton'sfamousappletree
hasflourished and matured
and in fall 2000 produced
itsfirst apples.

The story of the tree
was reported in the Fall
1991 issueof Spectrum. In
brief, the tale begins with
a retired Lincoln physi-
cian, Edward Lyman, and
aretired UNL horticultur-
ist, Joseph Young, who
wondered what kind of
tree it was from which
Newton observed anapple
fal totheground. Theirin-
vestigations took them to England, where a physicist at York University, Professor
Richard Keesing, had already carefully researched the appletree story and had actu-
ally located the tree at Newton's birthplace, Woolsthorpe Manor in Lincolnshire.

Lyman and Young took back with them a cutting from the tree (which had to be
quarantined asper U.S. Department of Agriculture requirements). It wasthen grafted
onto Nebraskarootstock (so that it would survive Nebraskawinters) and was planted
onApril 4th, 1991 just south of the loading dock of Behlen Lab.

Thetreeisof the ancient cultivar, Flower of Kent. It supposedly will grow even-
tualy to aheight of 10-12 meters. The apples are pear-shaped and are smaller than
apples generally produced today. For those interested in learning the history of
Newton's tree, Professor Keesing has published an article on his research, “The
History of Newton’sApple Tree,” Contemporary Physics 39, 377 (1998). Also, itis
till possible to obtain a cutting of the tree. In fact York University in Toronto just
planted aNewton’sappletreein October 1999; the cutting from England was grafted
onto Canadian rootstock.

The first apples on the Newton’s apple tree outside Behlen
Laboratory.

Beloved Beverly Beckoned to Bessey

Anyone who was a student or faculty member in our Department during the last
quarter century will remember Beverly Wisehart, the Physics Branch librarian. For
- 28 years she presided over our collection, taught new students
and faculty about library use and procedures, and helped usall to
locate things and use the library resources.

Now she has been transferred (as of January 12, 2001) to the
Geology Branch library (in Bessey Hall). She had been spending
part timetherefor several months, in preparation for thetransfer.
TheGeology library islarger and more complicated than the Phys-
icslibrary, so Bev really has abigger job. (But not bigger pay!)

During Bev's tenure here the library grew enormoudly, and
this necessitated major moves and reorganizations several times.
But Bev kept things going, with minimal disruption of service.

Bev was aways cheerful and eager to help us. She knew, and communicated to
us, how we could use the multitude of servicesthat were available through the cen-
tral library. She also did an excellent job of training her student assistants.

We will missher, and certainly wish her the best of successin her new position.
And at the same time we welcome her replacement, Steve Sall.

Beverly Wisehart

Dahlberg Presents
Ruckman Lecture

Professor E. Dan Dahlberg (University of
Minnesota) was the Keynote Speaker at the an-
nual Ruckman Lecture, held on November 7,
2000. Jerry E. Ruckman (B.S. 1962) has been a
long-term supporter of the Department’s activi-
ties, and income from his donations provides
funding for our annual get-together with area
high-school physics teachers. This year’s
Ruckman programincluded both high school and
€lementary school teachers, sincethe Department
isnow going to teach aphysics coursefor future
elementary and middle school teachers (headed
by Diandra Leslie-Pelecky and Vicki Plano-Clark).
Dahlberg, along with Pat Heller of the Univer-
sity of Minnesota, has developed a successful
hands-on, inquiry-based course for future el-
ementary school teachers.

Dahlberg's Ruckman address was entitled
“Physics for Elementary School Teachers: The
Good, the Bad, and the Ugly.” Dahlberg began
by emphasizing how important it isfor physics
departments to address the needs of this very
important group of students. He encouraged
physicists to familiarize themselves with exist-
ing materialsand methodsto avoid “re-creating
the wheel.” Dahlberg said that, as a magnetism
researcher, he benefited greatly from collabo-
rating with colleagues in the education depart-
ment. Among the difficulties of implementing
hands-on, inquiry-based classes, he noted that
students aren’t used to being asked to be active
during class and faculty members are uncom-
fortable moving away fromtheir traditional roles
as lecturers. Also, students (as well as instruc-
tors) tend to get frustrated at the beginning of
this course because of the emphasis on students’
developing their understanding of concepts us-
ing their own background and language.
Dahlberg ended by noting that he enjoyed very
much teaching this course, and recommended
that all physics classes should be taught using
inquiry methods.

Department faculty members and their col-
leagues in K-12 education continued discussion
over dinner at the Nebraska Union. A panel dis-
cussion alowed administrators, UNL faculty
membersin both Physics and Teachers’ College,
and teachersto sharetheir impressionsof theim-
pact of the National and State Science Educa-
tion Standards on current and future teachers.
Special guestsincluded Jim Woodland (Director
of Science Education, Nebraska Department of
Education) and L ois Mayo (Science Consultant,
Lincoln Public Schools).
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Liu Wins Folsom Doctoral Dissertation Award

Chien-Nan Liu (Ph.D. 1999) was awarded
a 2000 Folsom Doctora Dissertation Award
by the Graduate College at the University of
Nebraska-Lincoln (UNL) for his Ph.D. dis-
sertation on “Photodetachment of Negative
lonswith Two Active Electrons.” During the
1999-2000 academic year UNL granted 251
Ph.D. degrees; only two Folsom Doctoral Dis-
sertation Awards were given. Candidates for
theaward had to submit a 10-page abstract of
their thesis and request letters of recommen-
dation from di ssertati on supervisorsand other
faculty either at UNL or elsewhere. In order
to decide among the finalists, the faculty se-
lection committee asked outside expertsinthe
field of each dissertation for independent
evaluationsof thethesiswork. A plaqueand a
$1,000 check were presented at the Graduate
College Awards Banquet on April 13th, 2000
to Liu'sthesis supervisor, Professor Anthony
F. Starace, as Liu was working as a
postdoctoral research associate with Jan-
Michael Rogt at the Max Planck Ingtitute on
the Physics of Complex Systemsin Dresden,

Borca Wins American Vacuum
Society Graduate Research Award

Graduate student Camelia Borca was one of 8 graduate students selected in a
national competl tion for a2000 Graduate Research Award by theAmerican Vacuum
% . Society (AVS). The award was presented at the AV S Awards
Assembly, held on October 6th, 2000, during the 47th Inter-
national Symposium of the AV Sin Boston. The Award serves
“to recognize and encourage excellence in graduate studiesin
the sciences and technologies of interest to the American

Vacuum Society.”

Camelia Borca

Symposum.

Borcaisdoing her graduate thesis research under the supervi-
son of Professor Peter Dowben in the generd area of surface physics The AVS award
recoghizes her research on the surfaces of half-metdlic ferromagnets. Thiswork isSg-
nificant because haf-metd lic ferromagnets (which aremetalicin onepin direction and
insulating in the other spin direction) are potentidly akey to successful devel opment of
spin-electronics. These materias have potentidly 100% spin polarization. However,
Cameliahas been ableto show that the surfaces of two classes of such maeridsarevery
fragile and that 100% spin polarization devices are not possible. Her study involved a
very large number of techniquesto obtain itsresults.

The AVS is a member society of the American Indtitute of Physics. It “promotes
communication, dissemination of knowledge, recommended practi ces, research, and edu-
caionintheuse of vacuum and other controlled environmentsto develop new materids,
processtechnol ogy, devicesand rdated understanding of materia propertiesfor the better-
ment of humanity.” The AV S has 6,000 members worldwide.

These fields include physics, chemistry, and various
branches of engineering. The award conssts of a $1,000 cash
prize, a cetificate, and travel expenses to atend the Internationd

Germany and could not attend. Starace also
presented a 10-minute overview of the re-
search Liu carried out
which won him the
award.

Liu's doctord research
concams photodetachment
of negativeionswithexdta:
tion of the atom. The
photodetachment spec-
trum of a negative ion
typically has many fea
tures, al of whichrelate
to doubly-excited atomic states or to exciter
tion threshold phenomena. Negativeionshave
the advantage that the spectrum is not ob-
scured by one-electron Rydberg spectra.

Obtaining the photodetachment partial
cross sections is numerically very intensive
and requires powerful workstations. But
Liu's work is significant in that the results
were analyzed in great detail so that all ma-
jor featureswereidentified and characterized.
Comparisonswere a so made of spectrafrom

Chien-Nan Liu
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Bruce E. Anspaugh

different negative ions having similar elec-
tronic structures. But the most significant
result of Liu’swasin discovering an analyti-
cal theoretica explanation for the experimen-
tally observed fact that resonance profilesin
different partial cross sections sometimes
mirror one another, i.e., in one partia cross
section the resonance may appear as a peak
and in another as a window. When the par-
tial crosssectionsare added to obtain thetotal
crosssection, littletrace of theresonance may
be observed because of the cancellation of
the peak feature by the window feature in
the different partial cross sections.

Liu came to UNL from National Chiao
Tung University in Taiwan in 1993. He was
awarded a Maude Hammond Fling Fellow-
ship at UNL in 1996, and was inducted as a
full member of the Society of Sigma Xi in
1999. Following hisyear in Dresden, in No-
vember 2000 Liu moved to Kansas State
University in Manhattan, where he is a
postdoctoral research associate with Chii-
Dong Lin.

Anspaugh Wins AlIAA Award

Bruce E. Anspaugh (Ph.D. 1965) was named
the winner of the 2000 Aerospace Power Systems
Award by the American Institute of Aeronautics

and Astronauticsin July 2000
attheRivieraHotel inLasVe-
gas, NV.

Theaward is presented for
a significant contribution in
the broad field of aerospace
power systems, specifically as
related to the application of
engineering science and sys-
tems engineering to the pro-
duction, storage, distribution,

and processing of aerospace power.

The award citation reads: “ For career achieve-
mentsin theoretical and empirical space solar cell
radiation characterization and the generation of
high altitude calibration standards for the aero-
Space community”.

Anspaugh’s balloon-flight activities received
mention in the News Focus section of the July 28,
2000 issue of the journal Science.

Anspaugh was a Ph.D. student of Professor
Edgar A. Pearlstein, and his dissertation topic was
the study of radiation damage in copper. He has

ANSPAUGH continued on page 14
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Sorensen Named
Distinguished Professor

Christopher M. Sorensen (B.S. 1969) has been named a University Distinguished Profes-
sor of Physics at Kansas State University. There are currently only 21 Distinguished Profes-
sorsin al Departments on the Kansas State University campus. Thus

¥

sdlection for thishonor ishighly competitive. Among the important fac-
torsin sdlection are an international reputation and a record of signifi-

:« % £ cant scholarly accomplishments. Sorensen has an outstanding record in

¢ research, working in many different areas of condensed matter physics.

! Cj}h\ His most recent research includes the study of aggregation kinetics in

| aerosolsand the chemical synthesisand study of metallic nanoparticles.

‘ ‘ His static and dynamic light scattering studies have shown that the ag-

gregation kineticsisrobust because the aggregates can move either bal-

ghrlstopher m. ligtically or viatwo types of diffusion (depending on the size of the
orensen

aggregate relative to the mean free path of the medium’s molecules).
Sorensen also uses chemical methods to synthesize nanoparticles
(1-10nmin diameter) of materials such as Co, Au, and Cd, Mn S. The philosophy of
this work isthat clever synthesis creates new materials with potentially novel physical prop-
erties. Nanoparticles have novel propertiesfor two reasons: thereis quantum confinement of
the dectrons, and thereis alarge fraction of atoms on the surface. Thislatter property allows
Sorensen’s group to control the physical properties of the nanoparticles by attaching ligating
molecules to their surfaces. Sorensen’s current research also involves self assembly of
nanoparticles into ordered 2-D and 3-D arrays or supercrystals, techniques which may have
significant applications in future nanotechnol ogies.

Whilean undergraduate at UNL , Sorensen carried out research with Professor Robert Katz,
whom he found to be avery inspiring research mentor. He remembers greatly the excitement
associated with the search for the magnetic monopole and the great working relationship that
he established with Edward Kobetich (Ph.D. 1968), who was then a graduate student in the
Department. Sorensen was lavish in his praise for the education he obtained at UNL, saying
that it really set the stage for his future accomplishments. In addition to his research experi-
ences, he mentioned particularly the carefully crafted courses of Professors M. Eugene Rudd,
Edgar Pearlstein, and Duane Jaecks. Following graduation from UNL and aperiodinthe U.S.
military, Sorensen received M.S. and Ph.D. degrees from the University of Colorado. He has
been at Kansas State University since 1977.

Stenberg Comes Close to Winning U.S. Senate Race

Nebraska Attorney General Donald B. valedictorian of hishigh school classin 1966.
Stenberg (B S. 1970) did better thanthepre-  He enrolled at the University of Nebraska-
dectionpollsindicated, Lincoln, where in 1970 he received his
narrowly losinghisrace  Bachelor’s degree in physics with minorsin
against former Gover- math and chemistry. At UNL he was a half-
nor Ben Nelson for the  mile runner on the track team. Upon gradua-
U.S. Senate seat being  tion, he was one of 18 applicants selected for
vacated by Nebraska Harvard'sjoint Law/MBA program. He re-
Senator Bob Kerrey. turned to Lincoln to establish alaw practice
Stenberg is currently in - and began running for public office in 1976.
histhirdtermasattorney  Hejoined the staff of Governor CharlesThone
general. In the May in 1980, serving as Director of the Nebraska
2000 Republican pri- Public Policy Office and the Department of

Donald B. Stenberg

mary e ection hewon half thevotesin afield

of 6 contenders for the open senate seat.
Stenberg was born in 1948 in David City,

but grew up in Tekamah, where he was the

Administrative Services. His first electora
success came in 1990, when hewon therace
for attorney genera on a generaly “tough-
on-crime’ platform.
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Stuart 0. Nelson
Named Winner of ASAE
Engineenring Award

TheAmerican Society of Agricultural
Engineers (ASAE) hasnamed Stuart 0.
Nelson (M.A. 1954) winner of the
McCormick Case Gold Meda Awardfor
theyear 2000. Nel son was presented the
award at a banquet held Tuesday, July
11, during the ASAE Annua Interna
tional Meseting currently being held in
Milwaukee, Wisconsin.

The McCormick Case Gold Meda
Award is one of ASAE's most presti-
gious awards. It is given in recognition
of exceptionad and meritoriousengineer-
ing achievement in agriculture.

Nelson is aresearch agricultura en-
gineer a the USDA-ARS RusHll Re-
search Center in Athens, Georgia. Heis
internationdly recognized for his pio-
neering research on the dielectric prop-
erties of grain, seed, fruits, vegetables,
insects, and other materias, and for ag-
ricultura applicationsof radio-frequency
and microwave energy. His work has
been vital to the development of grain
moisture measurement technology inthe
protection of grain from spoilageand in
maintaining the quality of stored grain
and processed grain products.

Nelson has received four patents for
variousapplicationsof devicesthat sense
moisture content in grain, seed, and nuts
and that sensethe masses of such objects
using radio frequency and microwave
measurements. Hehaswritten seven book
chapters and more than 220 articles in
morethan 30 different refereed technical
journads. Nelson was eected to the Na-
tiond Academy of Engineering, andisa
Fellow of the Internationa Microwave
Power Ingtitute, Ingtitute of Electrical and
Electronics Engineers, and ASAE.

TheAmerican Society of Agricultural
Engineersis a professiond and techni-
cal organization dedicated to the ad-
vancement of engineering applicableto
agricultura, food, and biologica sys-
tems. Founded in 1907 and headquar-
tered in St. Joseph, Michigan, ASAE
comprises 9,000 members representing
more than 90 countries.
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Barrett Recalls Student Days in the 1950s

Editor’sNote: WliamA. Barreit (B.S 1952,
M.S. 1953) recently wrote to Department
Chair Roger D. Kirby about his student days
in the Department. Barrett describes what
seems like an idyllic time exploring physics.
Wereprinttheletter for theinterestit may hold
for alumni and others.

Dear Roger:

You asked about an
updateon my activities.
It's very nice of you to
ask. | haven't earned
any Nobel Prizeslately
that | canrecall, butI've
had areally interesting
and intellectually prof-
itable career. It's in-
cluded dtints at several
industrial laboratories,
andteaching at two universitiesand acollege.
I’ve dso earned about a half dozen patents,
one of which actually found its way into a
Bell telephone switching system for several
years. You can find more details on my San
Jose State University (SISU) Web site (http:/

www.engr.sjsu.edu/wbarrett/). I'm an “ad-
junct professor” at SIJSU, in the computer en-
gineering program. That of course means |
havenotenure, but I’ m essentidly ontheverge
of retirement. I’ ve had an interest in electron-
ics and [hardware] since my undergraduate
days at UNL, and that later grew into anin-
terest in software.

In fact, I've redly only had one formal
coursein eectronics, and that was taught by
a graduate student in physics, in 1949. I've
forgotten hisname, but I’ m really indebted to
him and that little 3-credit hour course. He
just started out by teaching us the Laplace
transform as a way of working out the step
and pul se response behavior of eectronic de-
vices, then went on to describe lots of inter-
esting and useful electronics applications in
physics. At that time, the transistor had only
just been invented, so the course focused on
vacuum tube electronics. The textbook was
by Elmore and Sands, part of the MIT Radia-
tion Lab seriesthat came out after WWII. The
book was very practical, with lots of circuits
in it, including simple counters, wide band-
width pulse amplifiers, and even a basic os-
cilloscope. A 0.1 microsecond risetimewasa

William Barrett

big accomplishment then, and required alot
of tubes connected together to form a pair of
LC delay lines, something called a “chain
amplifier.” Of course, most of that technol-
ogy was developed for use at Los Alamosto
study nuclear reactions. It later found its way
into very profitable products made by
Tektronix and Hewlett-Packard.
Thelabinthat course, such asit was, con-
sisted of poking around adusty storehousefull
of surplus electronics parts, evidently fed to
the universities in the aftermath of the war. |
liked the course so much that | spent alot of
sparetime analyzing variouskinds of RC cir-
cuits. | recall being particularly takenwithDC
amplifiers using coupled pairs of vacuum
tubes. My close friend Chris E. Kuyatt (B.S.
1952, M.S. 1953, Ph.D. 1960) wasinmy class.
Chris earned his Ph.D. under Ted Jorgensen,
then went on to the National Bureau of Stan-
dardsfor adistinguished career. | understand
that he's featured on their wall of honor of
distinguished scientists. Chris passed away
twoyearsago. Another closefriend wasArthur
J. Meyerott (B.S. 1952, M.S. 1953). Art was

crazy way to regulate the accelerator, but it
worked, and helped in getting the ion colli-
sion experiments under control. Charles J.
Cook (M.A. 1950, Ph.D. 1953) and Emerson
Jones (Ph.D. 1953) were doing their Ph.D.’s
with Jorgensen at the time, and came up with
the basic ideas for the regulator. Prior to my
automation, the system wasdriven by ahigh-
voltage rectifier system run through a large
Variac directly off the power mains. As the
AC voltage moved up and down, so did the
accelerator voltage, contributing alarge scat-
ter to the measurements. It was driving Cook
and Jones crazy, so they asked meto concoct
aregulator.
| also recall having the lab to myself for a
whole summer, with the power shut down so
that | could trace out the crazy quilt of wiring
that had grown up into it. There were many
power supply and signal crosstalk problems.
Cook and Joneswerefrustrated in not having
an accurate schematic of the system. So they
asked meto put onetogether, and after amonth
of hard work, | produced an accurate drawing
on alarge sheet of paper.
Of course, there were formal

Thelab in that course, such asit was,
consisted of poking around a dusty
storehouse full of surplus electronics
parts, evidently fed to the universities

in the aftermath of the war.

coursework labs for us as well.
Professor T. T. Smith taught usthe
principles of eectricity. His lec-
tures were quite elegant and
neatly packaged. He used one
small room on the second floor
with a blackboard on the end
wall. However, theend wall was
broken by a building support in
the front-right corner. Someone

very skilledin mechanical and electronic sys-
tems, and went on to Los Alamos for a sum-
mer with me. | lost track of him after graduat-
ing, and I’ ve often wondered what became of
him.

| was fortunate to have been taken under
the wing of Professor Jorgensen, who was
developing a Cockroft-Walton accelerator in
Brace Lab. | recall designing and building a
high voltage regulator. It was based on agal-
vanometer, of all things, the only instrument
cons dered sensitiveenough to handlethevery
weak currentsthat could be pulled off the ac-
celerator. Of course, its mirror angle was de-
tected through alight beam and a split photo-
cell. The photocell signal was amplified and
used to drive a magnetic amplifier. A pretty
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¥ had covered thatwith blackboard
surfacing, too, so T.T. would dtart his lecture
in the upper left corner of the blackboard,
writing down and to the right as he went. To-
ward the end of the hour, he had covered the
main board, then polished off hislecturewith
severa equations that just neatly fit into the
little extension panel on the right! It's as
though his notes just wouldn't work in any
other room, because the blackboards weren't
quite the right shape.

T.T. particularly loved bridgesof all kinds,
and spent half the semester describing vari-
ousDC andAC bridges. Thusthelabinvolved
mostly putting together bridges using galva-
nometers as the sensitive component. Sincel

BARRETT continued on page 13
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had some dectronics, | suggested to him that |
try usng a cathode-coupled pair of tubesasthe
detector, amplifying the sgnd o that an ordi-
nary meter could be used to balance the bridge.
He was intrigued with my idea, but he had to
confess to me privately that he knew nothing
about vacuum tubes or dectronics. In fact, he
admitted that he once purchased alittleradio kit
which hegpent many hoursworking onat home,
and he never got it to work. | appreciated his
honesty and assured himthat hislittle secret was
safewith me.

| think | worked with Art Meyerott on that
project. Smith let us use a corner of his office,
and we built up aredlly spread-out bridge with
about 4 tubes and lots of hookup wiring. We
designedan AC bridge, and used apair of Army
headphones to listen to the baance signd. It
worked reasonably well, after we figured out
howtoget rid of al the60Hz noise. | dsorecal
very digtinctly hearing aloca AM radio gation
comethroughtheheadphones. | couldn’'tbelieve
it, but then Art redlized thet one of the connec-
tions was allittle rusty and was gpparently de-
modulaingthebroadcast Sgnd, crystalwise Our
wiring was large enough to be agood antenna.
Welearned something about the importance of
shielding from that experience.

When| studied optics, thecoursedidn’t have
aforma lab, but | noticed a lot of optics gear
gathering dust on the second floor, so | asked
our ingructor if Chrisand | couldtry settingsome
of it up. | was particularly fascinated with the
Michelson interferometer, and discovered one
in the cabinet. So we followed the textbook,
which pointed out that it's best to start with a
sodium lamp, then go on to other monochro-
matic sources. Getting white fringes meant that
the two paths were exactly matched, and that
required considerable skill. Chrisand | decided
to go for whitefringes. It meant first measuring
the two paths as carefully as we could, with a
pair of cdipers, totry to seeany fringesat al. It
wasthen amatter of adjusting themirror angles
to expand the fringes, with sodium light, look-
ing for the largest possible fringes. We discov-
ered that just by pressing down on the base (a
sted cylinder about 10cmindiameter), wecould
shift the fringes a little one way or the other,
which gaveuscdueson how todignthemirrors
using the fine screws provided for that. We
worked on getting circular fringes, which meant
that the mirrors were pardléd, then made their
diameterslarger andlarger by didingthemaong
thebase. Findly, whenweachieved tota black-
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out/whiteout, we discovered the white light
fringes. We had the pleasure of demonstrating
them to severa amazed faculty members who
claimed they hadn’t seen that done for severa
years. That made dl the physica optics theory
come to life for us, and we ended up with a
healthy gppreciation for thesca e of light wave-
lengths and the nature of interference. We aso
discovered that it'simportant to gpproach such
aproject with aplan and agood sense of theory
that makesit possbleto progressfrom onestage
to the next.

I had dmost no contact with interferometers
until | joined thestaff of Lasalndustriesin 1986.

Jorgensen felt that wewereright, after review-
ing al the calibration procedures. About ayear
later, our experiment was repeeated by some-
onedse, and our measurement was confirmed.
| don't think that little experiment ever found
its way to the Physical Review, but it should
have.

At San Jose State, I’ mresponsiblefor acom-
piler construction course. We have an ever-in-
creasing flood of studentsand not enough com-
puter-skilled ingtructors, so there'll be plenty
for me to do until they carry me out on a
sretcher, | guess. I'm aso involved in abio-
metrics research program, part-time. It isn't

funded this summer, but it

At San Jose Sate, I’ mresponsible for a
compiler construction course. e have
an ever-increasing flood of sudentsand
not enough computer-skilled ingtructors,
so ther€ |l be plenty for me to do until
they carry me out on a sretcher, | guess.

looks like a mgjor grant will
becomingthroughthisfal. In
particular, I've been looking
at thefdsergectionrateof an
iris pattern-matching system,
which appears to be a very
good way of identifying
people. You essentialy usean
ordinary video camerawith a
close-up lens to photograph
someone's eye. The software

Then it became obvious that we needed to in-
ddl aninterferometer to monitor thelatera po-
gtion of an IC chip being patterned. | knew dl
about it, of course, and wasaso abletobuildin
severd correctivesubsystemsintheformof tem-
peraureand air pressuregaugesand what not to
achievethe highest possible precision. Welater
noticed an interference phenomenon in the op-
tics system that seemed to permit usto achieve
agood focuswith our laser system. | wasableto
andyze that and explain the magnitudes of the
fringes, etc. That led to a patent that | fed very
good about, asit required some basic physca
opticsandysestojudtify itsequationsanddams.

Professor Jorgensen a so encouraged Chris
and meto play with an oil drop apparatus that
someone had made years previoudy. | think
thiswas in connection with an upper divison
atomic physics course that he taught. So we
sudied up on it, fitted it up with a precison
thermometer and air pressuregauge, calibrated
thedectricfield and themicroscope, measured
the ail density carefully, then proceeded to
tinker with individua drops moving up and
down, under higher andlower fields. After care-
ful measurements on severa dozen ail drops,
and some hand cdculations, we were able to
announceour estimatefor thedectron’scharge.
It wasabout 5% higher than theaccepted value,
and our experimenta error was about 1%. But
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”» is supposed to locate the pu-
pil reliably, then perform a Gabor filtering on
theirispatternsto yield abinary code. The ba-
sic work has been done by a Cambridge pro-
fessor, John Daugman, and I’ ve been investi-
gating someof theissuesthat hedidn’t address
in his patent.

None of my biometrics papers have been
publishedinajournd, but they areavailablefor
interested parties through our biometrics web
site. Since SISU isessentidly an undergraduate
indtitution (no Ph.D., but B.S. and M.S. pro-
grams), it'sdifficult tokeepany kind of research
programadlive. But | redly don't careabout thet,
andambadicdly havingagoodtimedoingthings
that | enjoy doing, and hel ping sudentsto grow
inthe process.

Well, thishasturned out to beamuch longer
letter than | had planned. That'sthetroublewith
being an “old professor” and a good typist to
booat. | think you should know that | regard my
training at Brace lab with great fondness and
affection, and | have no doubt that many other
physicsstudentsfed thesameway. Kegpupthe
good work.

Yours sincerely,
William A. Barrett
2797 Lena Drive
San Jose, CA 95124



Brief Notes

® Senior Lecturer C. Martin Gaskell was one of 6
UNL faculty nominated for a2000 Outstanding Edu-
cator Award by the Association of Students of the
Univergty of Nebraska (ASUN). ASUN presents
two awardsannualy, onetoafaculty member teach-
ing a large enrollment class and one to a faculty
member teaching asmdl enrollment class.

® Professor Timethy J. Gay and hisFootball Phys-
ics videos are capturing nationa atention. ABC
Newsgot the bdl rolling last year when they came
to UNL at the end of the 1999 football season to
film a festure story for WWorld News Tonight with
Peter Jennings (http://www.abcnews.go.com/sec-
tions /science/DailyNews /football991115.htmi).
This past season People Magazine ran a feature
story on Gay titled “Field Theory” (12/4/00, page
97). Gay a so appeared recently (26 January 2001)
on the Discovery Channedl to discuss the Super
Bowl. In addition, Bill Waggoner of Metropolitan
Community Collegein Omahahasreceived agrant
to support agroup of 8 community college phys-
icsfaculty to do projectsinvolving footbal phys-
ics. Gay's 60-second videosmay beviewed on his
web page (http://physics.unl.edu/football.htmi).
They arein the QuickTime video format.

® Professor Kam-Ching Leung has been hosting
anumber of Chinese astronomersat UNL lately.
In May 2000, Qingyao Liu and Yulan Yang of
Yunnan Astronomical Observatory visited. Then,
in August, Huisong Tan of that observatory also
visited. In November Zongyun Li of Nanjing
University paid avisit. Leung also recently served
as co-editor of the book Stellar Astrophysics
(Kluwer, Dordrecht/Boston/L ondon, 2000).

® GeorgeHolmesDigtinguished University Pro-
fessor David J. Sellmyer has been elected Vice
Chairman of the American Physical Society Topi-
ca Group on Magnetism and Its Applications
(GMAG). HebecomesChair of GMAG next year.
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Aylesworth Speaks at
Recognition Luncheon

Kevin Aylesworth (M.S. 1986, Ph.D. 1989) spoke at the May 4, 2000 Recognition
Luncheon to 1999-2000 Department graduates, faculty, staff, and current students.
AyI esworthiscurrently the Senior Program Officer for the National Research Council’s

K Center for Science, Mathematics, and Engineering Educetion in
W Washington, D.C. Hedid hisdoctora work with Professor David
" J. Sdimyer on the magnetic and structural properties of permar
nent magnetic films. Regarding hisexperiencesat UNL, he noted
thethrill of workinginthelab (withfellow student DaveBillesbach)
to make the new high temperature superconductors shortly after
their discovery was announced. Upon graduation he became a
Nationd Research Council Postdoctora Associate, working at the
Nava Research LabinWashington, D.C. Sincethen, however, his
carer has taken many non-traditiona turns, which Aylesworth
focused upon in his remarks preceding hisformd presentation.

Aylesworth is probably best known asthe founder of the Young Scientists Network,
which was formed to provide reliable and redlistic information about the job market for
recent physcsgraduates. Heco-authored (together with SheilaTobiasand Daryl E. Chubin)
the book, Rethinking Science as a Career: Perceptions and Redlities in the Physical
Stiences(Research Corp, Tucson, AZ, 1995). Whileengaged inthat, hehdld avariety of
positions in the 1990's, including working as a science consultant and pardegd in a
Cambridge, MA law office; asthe owner/entrepreneur of Aylesworth Technical Services,
as an American Physica Society (APS) Congressiond Fellow in the office of lowa
Senator Tom Harkin deding with issues rlating to defense, the environment, and en-
ergy; and astheass stant to the Director of APS sEducation and Outreach Programs. The
point of hisremarkson hiscareer wasthat therewere many pathsopento physcsPh.D.’s
besidesthe obvious ones.

Aylesworth’'sformal presentation to graduates on hiscurrent work was entitled, “ En-
gaging the Scientist Inside Every Child: A Physcigt’s View on Improving Elementary
Science Education.” He began by citing arecent experiment in which students graduat-
ing from Harvard were asked to explaintheorigin of the Earth’ sseasonsand it wasfound
they could not. Aylesworth noted thiswas symptometic of the scientific illiteracy of the
American public. Thereasons, he stated, were not rel ated to amounts of homework, time
spent in class, time spent watching TV, or time spent on after school jobs. It isdueto the
broad but shalow science texts that are mandated by textbook sdection committeesin
some of the largest states in America, which then determine the kinds of books which
publishers make generdly available. Since Sputnik, he noted, there has been atension
between reforms aiming to train more American scientists and those aiming to educate
the American public generdly. The current reform wave is more focused on how chil-
dren learn and seeks to give everyone an gppreciation for science by involving children
in active learning experiences. He noted that children like the new, hands-on ways of
learning sciencein contrast to the ol der textbook-based approaches.

v‘ ~

Kevin Aylesworth

ANSPAUGH continued from page 10

been a member of the scientific staff at the
Jet Propulsion Laboratory (JPL) since 1964,
where he hasworked on anumber of issues
related to radiation damage in space envi-
ronments.

In hisearly days at JPL, the Mariner IV
spacecraft was already on its way to Mars
when newly-obtained radio-astronomy data

indicated that Mars had a strong magnetic
field, suggesting that there might be trapped
radiation belts there.

Thisled to aflurry of activity at JPL to
test critical subsystems of the spacecraft for
susceptibility to radiation-induced effects.
Since these initial efforts more than three
decades ago, Anspaugh and his co-workers
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have carried out a huge variety of ground-
based and high-altitude (37,000 m) ball oon-
flight measurements on the interaction of
radiation with solar cells of various kinds.
His research has led to significant recogni-
tion from the aerospace community, includ-
ing the prestigious Aerospace Power Sys-
tems Award mentioned above.
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We Heard That...

¢ Abrahamson, Dean E. (M.A. 1958), Humphrey Institute, Public
Affairs, University of Minnesota, 301 19th Avenue S, Minneapo-
lisMN 55455, haswritten a Viewpoint articlein APSNews (Octo-
ber 2000) on “So You Want to be a Critic.” The article provides
advicefor being an effective critic of established policy or dogma.
Itis“based on lessonslearned from my 30 years of persona expe-
rience doing public education work regarding atomic energy.” Dean
is Professor Emeritus at the University of Minnesota and Visiting
Professor at the Ingtitute of Physicsand Technica Physics, Chalmers
Technical University in Géteberg, Sweden.

Agrawal, Bishan S. (M.S. 1973, Ph.D. 1974), 85 Rockwell Circle,
Marlboro, NJ 07746, isa Senior Systems Engineer with Telcordia
Technologies, Inc. in Princeton, NJ.

Anderson, Terry L. (M.S. 1971, Ph.D. 1975), 24 Hill Street,
Bernardsville, NJ07924-2707, iswith Lucent Technologiesin War-
ren, NJ.

Backhaus, Scott N. (B.S. 1990), 4627 Ridgeway, LosAlamos, NM
87544, isthe Reines Fellow at LosAlamos National Laboratory in
LosAlamos, NM. Herecently co-authored an articleon The Power
of Sound” in American cientist (November/December 2000). The
article argues that “sound waves in ‘thermoacoustic’ engines and
refrigerators can replace the pistons and cranks that are typicaly
built into such machinery.”

Bao, Mingi (M.S. 1992, Ph.D. 1995), 25 Metro Dr., Suite 100, San

Jose, CA 95110, hasmoved to the San Jose office of Platform Com-
puting, Inc. asa Senior Systems Engineer. He says*“| wasthe 30th
employeewhen | joined the company [in Toronto] 4 yearsago. We
have more than 300 employees worldwide now.” An IPO is ex-
pected for the company soon.

Brace, Russell “Rusty” W., Dewitt Bristol Brace's grandson, read
the David Cahan/M. Eugene Rudd biography of D. B. Bracewhile
on a cruise between Bora Bora and Tahiti. He reports being “en-
tranced” by the story and amazed by D. B. Brace's many accom-
plishments. He is purchasing many copies of the book to give to
other members of the Brace clan.

Bruegman, Otto (B.S. 1984, M.S. 1987), 2203 Huntfield Ct.,
Gambrills, MD 21054, is now an Executive Vice President at In-
ternationa Technology Management, an aerogpace engineering firm
in Crofton, MD.

Camp, Howard Alan (B.S. 1999), 911 Colorado St., Manhattan, KS
66502, isagraduate student in atomic physics at Kansas State Uni-
versity.

Costello, James M. (M.S. 1963, Ph.D. 1967), 5408 CR 250,
Durango, CO 81301, isnow retired.

Dau, Donald E. (M.A. 1950), 1450 18th Avenue, Apt. B17, Rock
Idand, IL 61201-4364, started working for the U.S. Department of
Defensein January 1951 in the Quality Control field and has been
retired since September 1995.

Fickler, Debra J. Cleveland (B.S. 1988), 12525 Grandview Drive,
Huntley, IL 60142, isan Attorney at Law with aspecidty in patent
and trademark matterswith Fitch, Even, Tabin & Flannery in Chi-

cago, IL.
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Gallagher 1ll, John S. (former visiting faculty member), 3309
Heathendell Lane, Madison, WI 53713, isaProfessor of Astronomy
at the University of Wisconsin-Madison.

Goonesekera, Arosha (Ph.D. 1998), 2070 Latham St., #3, Moun-
tain View, CA 94040-2125, has accepted a position with
Nanometrics, Inc., of Sunnyvale, CA. Heisworking in their opti-
cal metrology R&D group, which employs other UNL graduates
(mainly from the EE department).

Groebner, Andrew T. (B.S. 1989), 14109 Huckelberry Lane, Silver
Springs, MD 20906, works in the Engineering and Software Ser-
vices Department of the Space Tel escope Science Ingtitute (STScl)
in Silver Springs, MD. STScl isthe astronomical research center
responsible for operating the Hubble Space Telescope as an inter-
national observatory.

Heller, William T. (B.S. 1993), 3000 Trinity Dr. #12, LosAlamos,
NM 87544, finished his Ph.D. in 1999 at Rice University in Bio-
physicsis now a postdoctora researcher at Los Alamos Nationa
Laboratory.

Hollman, Kyle (B.S. 1988), 4564 Hunt Club Dr. #2A, Ypsilanti, M|
48197-9079, is a Research Fellow in the Biomedica Engineering
Department at the University of Michigan.

Huang, Keh-Ning (former postdoctoral research associate), Insti-
tutefor Atomic and Molecular Science, Academic Sinica, PO. Box
23-166, Taipei, Taiwan 106, R.O.C., co-chaired the Fourth Asian
International Seminar on Atomic and Molecular Physics, 13-18
October 2000, in Taipel.

James, Helen (B.S. 1965, Ph.D. 1975), 1702 First Avenue, Ne-
braska City, NE 68410, is an Emeritus Professor of Chemistry at
Weber State University, Ogden, UT.

Jensvold, Angela (M.S. 1996), 2332 Portland St., LosAngeles, CA
90007-1916, writes: “I'm teaching H.S. physics and math now. |
teach Advanced Studies Physics and Math Investigations. It has
been areal learning experience.” She says she works more hours
than anyone she knows and gets paid the least.

Jewell, Travis (Current undergraduate mgjor), PO Box 273, Cairo,
NE 68824, wasthe subject last year of afeature story inthe Grand
Idand Independent (8/25/2000). The article describes hisresearch
project as asenior at Grand Iland H.S. to build a telescope. The
telescope contains an 8 inch mirror which Jewell polished at UNL
using tree pitch and cesium oxide. Sr. Lecturer C. Martin Gaskell
advised Jewell on therequisite procedures. Eight different and suc-
cessively finer “grits’ wereused to grind themirror. Jewel | brought
the 66 inch long telescope with him when he enrolled at UNL last
fdll.

Katkanant, Vanvilai (M.S. 1979, Ph.D. 1983) has become Chair of
the Physics Department at CaliforniaState University, Fresno, CA.
Lewis, Michael (B.S. 1992) has been a postdoctoral researcher at
the National I nstitutes of Health sincereceiving hisPh.D. in Phys-
ics from the University of Michigan. At Michigan, he specidized
in scanning probe microscopy studies of biological systems.

McFee, Ronald W. (M.A. 1966, Ph.D. 1971), 425 Pruit Avenue,
White Rock, NM 87544. “| livein the White Rock section of Los

WE HEARD THAT continued on page 16
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WE HEARD THAT continued from page 15

Alamos County which was undamaged by the recent fire. | was,
however, forced to evacuate for 3 days beginning May 11™... |
have not been back to Lincoln very often since | left UNL in
1971. | did stop in during the summer of 1986 and saw a few
people including Professor Dan Schlitt. Nevertheless, | am sur-
prised by how few people from the UN Physics Department |
have seeninthelast 29 years. The only person with which | have
even infrequent dealingsis David Crandall, who isa career civil
servant in the DOE. Please give my regards to anyone [who still
remembers me].”

Moore, Donald C. (B.A. 1942; former faculty) isretired and living
in Sequim, WA. Sincereceiving a Ph.D. in physics from the Uni-
versity of Cdiforniaat Berkeley, he has had along and interesting
career involving both technical work in the il industry and fac-
ulty/administrative positions at various universities. Dr. Moore is
currently enjoying retirement on the Olympic Peninsula, where he
is helping the Sesattle Baroque Orchestra develop a Dbased data
base of their music programs and members.

Nafis, Suraiya (Ph.D. 1987) is with Céleritek Corporation in San
Jose, CA. Shewrites: “| |eft Nebraska at the end of 1994 and have
kind of forgotten about lifein snow! On the car radio | heard that
this year the snow is more severe back in Lincoln. Lots of activi-
ties are going on in the fab, which is expanding. It is hard to find
qudified people but we are not as picky as universities are when
hiring people because hiring and firing ismuch easier here. Weare
buying new equipment... My job is to develop new processes,
improveexisting onesand do statistical processcontrol. | takecare
of the Plasma Etching tools, Plasma Nitride deposition tools, e-
beam evaporators, dry photoresist strippers, and gold plating baths.
My responsibilities are much more than those of the other engi-
neers. Our fab worksvery hard to meet itstarget because we know
if acompany missesits[earnings] target, it gets severely punished
on Wall Street. | like my job and am not stressed out....”

Niva, Gordon D. (M.S. 1975, Ph.D. 1975), 32 High Bluff, Laguna
Niguel, CA 92677, isaProgram Manager with Boeing Corp.

Pan, Cheng (former postdoctoral research associate), 1 Seagrave
Rd, Cambridge, MA 02140, has joined Basis Technology, Inc. of
Cambridge, MA. Basis Technology is a private software service
company specializing in re-engineering software for international
markets. It has specia expertise in Asian language information
processing.

Reed, Kennedy (Ph.D. 1978), 793 Canterbury Ave., Livermore, CA
94550-6225, isamember of theAmerican Physica Society’sCom-
mitteeon International ScientificAffairs(CISA). Hiswork for CISA
was featured in APS News (August/September 2000). Reed ac-
companied Samuel Adjepong, aphysicist and the vice chancellor
of the University of Cape Coast in Ghana, West Africa, to visit
several U.S. indtitutions and agencies in order to establish scien-
tific links.

Reilly, Kevin (M.S. 1962), 304 N. Burbank Drive, Bluff Park, AL
35226, is employed at the University of Alabama - Birmingham.

Schneider, Donald (B.S. 1976) isnow on the faculty at Penn State
and reportsthat he has met some successin Happy Valley creating
aPenn Statersfor Nebraska chapter. Each fall heinformshisclass
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that the difficulty of the exams depends on the outcome of Big Red
games; he doubtsthat there are any more fervent Cornhusker Fans
anywhere than on the weekends before exams. Serioudly, this is
what hetells his students.

Serra, Efren (M.S. 1994), 4349 Renaissance Dr. #7-217, San Jose,
CA 95134-1552, works at Sun Microsystems, Inc., PaloAlto, CA.
Hise-mail is[efren.serra@eng.sun.com] and he writes that he en-
rolledinasix-evening courseat UC-Berkeley last summer on“Em-
bedded Systems,” namely, the software embedded in micro com-
puter-controllersin al sorts of common household devices.

Shermer, Russ (B.S. 1984, M.S. 1986), 4206 Yew Pt., Eagan, MN
55122, is a founder and Chief Technical Officer of Site Metrics
[www.site-metrics.com).

Simperman, Roy F. (M.S. 1965), 5609 80" Avenue SE, Mercer |s-
land, WA 98040, is Chairman & CEO of Semaphore Corp.

Snodgrass, Thomas G. (B.S. 1991), 25354 Cedar Lane, New Prague,
MN 56071, is now a Senior Technology Development Engineer
with Cypress Semiconductors in Minneapolis, MN.

Teays, Terry J. (Ph.D. 1986), 8811 MagnoliaDr., Lanham Seabrook,
MD 20706, is employed by Computer Sciences Corp. asa Senior
Principal Scientist. Heisin his 4" year asthe Chief of the Educa
tion Branch at the Space Tel escope Science | ndtitute where heleads
the education activities for the Hubble Space Telescope. He aso
manages the education forum for NASA's Origins Program.

Wadewitz, Scott (M.S. 1998) isa Systems Engineer at Gatan, Inc.
whereheisresponsiblefor installation of €ectron microscopy com-
ponents and systems. Scott is based in Pleasanton, CA, but travels
around the country to university and industrial research laborato-
ries. He recently installed some components in the Electron Mi-
croscopy Facility housed in the Beadle Center for Biotechnology
at UNL.

Williams, Lynda Jeanne (former graduate student) is currently an
instructor at San Francisco State University. Shegave aninterview
to the New York Times on September 19th, 2000 on her perfor-
mances at scientific conferences as “The Physics Chanteuse”
[www.nytimes.com/2000,/09/19/science/19CONV.html]. Her
mixed-media vaudeville act is derived from themesin contempo-
rary physicsand has proved quite popular with scientists. She even
was invited to perform recently at Caltech for the 60th birthday
celebration of Professor Kip Thorne, the pioneer of black holeand
gravity wave detection.

*® Winder, Dale R. (M.A. 1954), 1430 W. Oak, Fort Callins, CO 80521,

has been retired for several years from the Physics Department of
Colorado State University. Prior to Dal€'s retirement he studied
and became a Graduate Gemol ogist and did appraisalsand jewelry
creations for severa years. He and hiswife, Kathleen, travel alot
intheir retirement years.

® Woeher, Sarah (B.S. 1999), 11477 Mayfield Rd #418, Cleveland,

OH 44106, isinthe Ph.D. program in biophysics and bioengineer-
ing at Case Western Reserve University, Cleveland, OH. She re-
portsthat it has been challenging so far, but she and husband Mark
(a Ph.D. student in neuromechanics a¢ CWRU) are adapting to
graduate school.
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Kevin D. Aylesworth (M.S. 1986, Ph.D. 1989)
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James J. Schmidt (B.S. 1956, M.S. 1957)
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Thank you very much!

For more information about the Department of Physics and Astronomy, visit our Web Site at: htl:p:// physics.unl.edu/
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1999-2000 Degree Recipients

Bachdlor of Science

Jonathan W. Bullis (Dec. 1999) isworking in Lincoln and plans to apply
to graduate programs in Astronomy.

Howard A. Camp (Dec. 1999) isin the atomic physics graduate program
at Kansas State.

Benjamin F. Hudson (Dec. 1999) isin the physics graduate program at the
University of Wisconsin-Madison.

Jeremy A. Potter (Dec. 1999) isin the B.S. program in Mechanical Engi-
neering at UNL.

Sarah M. Woehrer (Dec. 1999) is in the biophysics graduate program at
Case Western Reserve University, Cleveland, OH.

Christina M. Lund (May 2000) is in the medical physics graduate pro-
gram at the University of Chicago.

Matthew A. Poulsen (May 2000) is in the M.S. program in physics at
UNL, working under the supervision of Professor Stephen Ducharme.

Michael P. Roth (May 2000) isin the M.D. program at the University of
Nebraska Medical Center in Omaha

Jennifer L. Webster (May 2000) is working as a Field Engineer with
Schlumberger Corp., New Orleans, LA.

Master of Science

Takashi Komesu (Aug. 1999) is a physics Ph.D. student at UNL working
under the supervision of Professor Peter Dowben.

Camelia N. Borca (Dec. 1999) isaphysics Ph.D. student at UNL working
under the supervision of Professor Peter Dowben.

Yu Feng (May 2000) is working as an actuary for Aegon USA, Inc. in
Louisville, KY.

Doctor of Philosophy

Chien-Nan Liu (Aug. 1999) worked as a postdoctoral research associate
in the Max Planck Institute on the Physics of Complex Systems in
Dresden, Germany, for one year and is now working as a postdoctoral
research associate at Kansas State University in Manhattan, KS.

Mingjun Yu (Dec. 1999) is in research and development at Max Media
Corp. in San Jose, CA.

Robyn Wilde (May 2000) is currently aphysicsinstructor at Western Wyo-
ming Community College, Rock Springs, WY, and from May 2001
will be a postdoctoral research associate at the University of Okla-
homain Norman.
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Honors

1999-2000 Fellowships and Traineeships

Thomas Koch, Graduate Research Traineeship
Rebecca Lindell-Adrian, Graduate Research Traineeship
Deborah Williams, Regents Tuition Fellowship
Hao Zeng, IBM Graduate Fellowship

1999-2000 Scholarships

Brigitte Gregg, U.S. Harkson Scholarship
Owen King, Physics and Astronomy Scholarship
Christina M. Lund, U.S. Harkson Scholarship
Bradley Peterson, Joel Sebbins Fund Scholarship
Jonathan Reyes, Joel Sebbins Fund Scholarship
Seth A. Root, John E. Aimy Scholarship
Michael P. Roth, Henry H. Marvin Memorial Scholarship
Gary Ruplinger, Ed Hirsch Scholarship
Lucas Sabalka, Henry H. Marvin Memorial Scholarship

College of Arts and Sciences
Annual APPLAUSE Award

Brian Farleigh

UNL Parents Teaching Award

Herman Batelaan
C. Martin Gaskell
Timothy J. Gay
Kevin M. Lee
Gregory R. Snow

2000 Distinguished Graduate Teaching
Assistant Award

Timothy Reece

2000 Distinguished Undergraduate Teaching
Assistant Award

Jennifer L. Webster

1999-2000 Society of Physics Sudents Officers

Alex Kieckhafer, President
Chad Petersen, Vice President
Omid Zehtab, Secretary/Treasurer
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Faculty Professional Activities

In addition to service on Department, College and University-Wide
committees, during 1999-2000 a number of the faculty were active in
local, national and international professional activities, as follows:

Clifford Bettis: Secretary, Physics Instructional Resource Association

Daniel Claes: Judge at Lincoln Public Schools/Pfizer Science Fair

Peter Dowben: Center for Advanced Microstructure and Devices Advi-
sory Board, L SU; Session Chair at 44" Annual MMM Conference

Stephen Ducharme: Chair and Proceedings Editor for the Conference on
Organic Photorefractive Materials (July 1999), Denver

llya 1. Fabrikant: Chair of the International Symposium on Electron-Mol-
ecule Coallisions and Swarms (July 2001), Lincoln NE

Timothy J. Gay: APS DAMORP Secretary Treasurer; APS DAMOP Pro-
gram Committee (ex officio); GEC Executive/Program Committee;
NRC Committee on Atomic, Molecular, and Optical Physics (CAMOS)

John R. Hardy: Consultant, Army Research Laboratory; Consultant, Na-
val Research Laboratory

Duane H. Jaecks: Users Executive Committee of the Advanced Light
Source, Berkeley, CA

Diandra Leslie-Pelecky: Member, American Physical Society Committee
on Careers and Professional Development; APS Representativeto the
AlIPAdvisory Committee on Career Services

Kam-Ching Leung: American Astronomical Society, Chrétien International
Award Committee (Member); Chinese Astronomy and Astrophysics

(Pergramon Press: Oxford), Editorial Board; International Astronomi-
ca Union, Information Bulletin on Variable Stars, Editorial Board;
United Nations Working Group on Astronomical Facilities in the Pa-
cific Rim; Hong Kong Astrophysical Society (Vice President); Co-
Chair of Scientific Organizing Committee, Pacific Rim Conference
on Stellar Astrophysics (August 1999), Hong Kong; Science Advisor,
Hong Kong Science Museum and Hong Kong Space Museum

Edward G. Schmidt: Coordinator, Archives of Unpublished Variable Star
Observations, International Astronomical Union

David J. Sellmyer: International Organizing Committee, Magneto-Opti-
cal Recording International Symposium (1999) Monterey, CA; Ex-
ecutive Committee of APS Group on Magnetism and its Applica-
tions (Member); Chair of Nominating Committee, APS-GMAG;
MMM Intermag Conference, San Francisco (Session Chair); Hon-
orary Member of the Academic Committee, State Key Laboratory of
Magnetism, Institute of Physics, Chinese Academy of Sciences;
Member, Nebraska State EPSCoR Committee; Member, EPSCoR
Grants Committee; Member, Governor’s Science and Technology
Planning Committee

Gregory R. Snow: Fermilab Users Executive Committee (Chairman); Ses-
sion Chair at International Europhysics Conference on High Energy
Physics (July 1999), Finland; NSF Proposal Review Panel for GK-12
Program

Anthony F. Starace: UNL Faculty Representative, Federal Demonstration
Partnership, National Research Council; Committee of Visitors, Phys-
ics Division, National Science Foundation; Associate Editor, Reviews
of Modern Physics

2000-2001 Visiting Staff Members

Visiting Professors this year are Neil Boag (Ph.D. 1980, Bristol) work-
ing with Peter A. Dowben, Sam Cipolla (Ph.D. 1969, Purdue), Vladimir
Fridkin (Ph.D. 1965, Russian Academy of Sciences) working with Stephen
Ducharme, and Nikolai L. Manakov (D.Sc. 1979, Leningrad State U., Rus-
sia) working with Anthony F. Starace.

Visiting Associate Professors Mikhail Chibisov (Ph.D. 1967, Kurchatou
Institute, Russia) working with Ilya Fabrikant, and Jianjun Liu (Ph.D. 1994,
Jilin U., PR. China) working with John R. Hardy.

Visiting Assistant Professor Rochelle Ondracek (Ph.D. 1994, Johns
Hopkins) working with David J. Sellmyer.

Adjunct Professor Renald H. Ono (Ph.D. 1983, SUNY at Stony Brook)
working with Sy-Hwang Liou.

Research Assistant Professors Shireen Adenwalla (Ph.D. 1989, North-
western), Imaddin Al-Omari (Ph.D. 1996, UNL) working with David J.
Sellmyer, Renat Sabiryanov (Ph.D. 1993, Institute of Chemistry of Solids,
Ekaterinburg, Russia) working with Sitaram Jaswal, Ralph Skomski (Ph.D.
1991, Dresden) working with David J. Sellmyer, and Orhan Yenen (Ph.D.
1986, UNL) working with Duane H. Jaecks.

Postdoctoral Research A ssociates Mircea Chirpara (Ph.D. 1987, I ndtitute of
Atomic Physics, Bucharest, Romania) working with Shireen Adenwalla and
David J. Sdlmyer, Gerard Lagmago-Kamta (Ph.D. 1999, Nationa University
of Benin, West Africa) working with Anthony F. Starace, You Qiang (Ph.D.
1997, U. Freiburg, Germany) working with David J. Sdlmyer, Mark Rosenberry
(Ph.D. 2000, U. Michigan) working with Timothy J. Gay, Andrei Sokolov (Ph.D.
1996, Moscow State U.) working with Bernard Doudin, Alexander Sorokin
(Ph.D. 1997, Indtitute of Crystallography, RussianAcademy of Sciences) work-
ing with Stephen Ducharme, Hong Tang (Ph.D. 1996, Ingtitute of Metal Re-
search, AcademiaSinica, PR. China) working with David J. Sellmyer, Minglang
Yan (Ph.D. 1992, Lanzhou U., PR. China) working with David J. Sdllmyer,
Lanping Yue (Ph.D. 1995, Chinese Academy of Science, PR. China) working
with Diandra Ledie-Pelecky, and Min Zheng (Ph.D. 1997, Indtitute of Physics,
Chinese Academy of Sciences, PR. China) working with Roger D. Kirby and
David J. Sdimyer.

Senior Lecturer C. Martin Gaskell (Ph.D. 1981, U. California).

Lecturers Hurol Aslan (Ph.D. 1994, Purdue) and Kevin M. Lee (Ph.D.
1997, UNL).
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1999 Fall Semester Colloquia

September 2
Professor Michael Cavagnero, University of Kentucky
“ The Interferometric Manipulation of Chemical Bonds’

September 9
Professor Robert Averback, University of Illinois
“The Properties of Nanoclusters on Surfaces”

September 16
Dr. Mathias Schubert, University of Nebraska-Lincoln (EE)
and University of Leipzig
“ Ellipsometric Sudies of Some Interesting Optical Media”

September 23
Dr. Peter W. Milloni, Los Alamos National Laboratory
“ The Quantum Vacuum”

September 30
Professor Raymond Flannery, Georgia Institute of Technology
“ Recombination: Its Role from the Big Bang, in Astrophysics,
in Aeronomy and in the New Sate of Matter”

October 7
Dr. David Pappas, National Institute of Science and Technology
“ Spin-Flop Transitions and Magnetic Nanostructures’

October 14
Dr. Ron Ray, Fermi National Accelerator Laboratory
“ Sudies to Understand the Origin of CP Violation: The KTeV
Experiment at Fermilab”

October 21
Professor Philip H. Bucksbaum, University of Michigan
“ Quantum Wave Packets Sculpting”

October 28
Professor Steve Cohn, University of Nebraska-Lincoln
(Math and Statistics)
“ Convection Diffusion Equations and Contaminant Flow”

November 4
Professor Ronald E. Taam, Northwestern University
“ Common Envelope Evolution of Binary Sar Systems’

November 11
Professor Gregory R. Snow, University of Nebraska-Lincoln
“ Search for Antiproton Decay at the Fermilab
Antiproton Accumulator”

November 18
Professor Paul D. Burrow, University of Nebraska-Lincoln
“ Exploring Empty Orbitals with Electron Scattering:
The Dissociative Attachment Process’

December 2
Professor Xiao Zeng, University of Nebraska-Lincoln (Chemistry)
“ Computational Sudies of Phase Transitions and Nanotribol ogy”

2000 Spring Semester Colloquia

January 13
Professor Anthony F. Starace, University of Nebraska-Lincoln
“ Control of Intense Laser-Atom Processes with Strong Static Fields’

February 10
Professor Peter Dowben, University of Nebraska-Lincoln
“ Does Spin-Electronics Have a Future at Nebraska?”

February 24
Professor Mark A. Johnson, Yale University
“ Soectroscopic Studies of Vibrationally-Mediated Sow Electron
Capture”

March 7
Sharon Begley, Senior Editor, Newsweek
“English, Please: Why Science Doesn't Get Better Press, What Scientists
Can Do To Change That, and Does It Matter Anyway?”

March 9
Professor Jack Bass, Michigan State University
“ Giant Magnetoresistance in Metallic Magnetic Multilayers:
Why It's Better to do it Perpendicularly”

March 20
Professor Beth Ann Thacker, Texas Tech University
“ A Sudy of the Nature of Sudents' Models of Microscopic Processes
in the Context of Modern Physics Experiments’

March 30
Professor Eric Schiff, Syracuse University
“ Electronics in Tortured Topologies: Nanoporous Titania
and Silicon”

April 6
Professor Michael Weissman, University of Illinois-Urbana/Champaign
“ 1/f Noise in Magnetic Systems”

April 13
Professor David Landau, University of Georgia
“ Exploring New Frontiers in Science with Computer Smulations’

April 20
Professor Philip E. Wigen, Ohio State University
“High Resolution Scanning Probe Ferromagnetic Resonance
Force Microscopy”
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1999 Faculty Publications

Astronomy and Astrophysics

C.M. Gaskell, “Broad Line Regions—a Final Examination” in Structure
and Kinematics of Quasar Broad Line Regions, Ed. by C.M. Gaskell,
W.N. Brandt, M. Dietrich, D. Dultzin-Hacyan, and M. Eracleous, San
Francisco: Astronomical Society of the Pacific, 423 (1999).

C.M. Gaskell, and S.A. Snedden, “The Optical Case for a Disk Compo-
nent of BLR Emission” in Structure and Kinematics of Quasar Broad
Line Regions, Ed. by C.M. Gaskell, W.N. Brandt, M. Dietrich, D.
Dultzin-Hacyan, and M. Eracleous, San Francisco: Astronomical So-
ciety of the Pacific, 157 (1999).

S.A. Snedden and C.M. Gaskell, “An Analysis of the Velocity Depen-
dence of BLR Emission Line Ratios from HST and Optical Data’ in
Structure and Kinematics of Quasar Broad Line Regions, Ed. by C.M.
Gaskell, W.N. Brandt, M. Dietrich, D. Dultzin-Hacyan, and M.
Eracleous, San Francisco: Astronomical Society of the Pacific, 25
(1999).

C.M. Gaskell, W.N. Brandt, M. Dietrich, D. Dultzin-Hacyan, and M.
Eracleous (editors), Structure and Kinematics of Quasar Broad Line
Regions (San Francisco: Astronomical Society of the Pacific, 1999).

S.A. Snedden and C.M. Gaskell, “ The Effect of Abundance Variations on
Estimates of the Densities of Broad Line Region Cloudsin Quasars,”
Astrophysics Journal (Letters) 521, L91 (1999).

Atomic, Molecular and Optical Physics

S.J. Buckman, D.T. Alle, M.J. Brennan, P.D. Burrow, J.C. Gibson, R.J.
Gulley, M. Jacka, D.S. Newman, A.R.P. Rau, J.P. Sullivan, and K.W.
Trantham, “Role of Negative lon Resonances in Electron Scattering
from Atoms and Molecules,” Australian Journal of Physics 52, 473
(1999).

C.-M. Teodorescu, D. Gavel, J. Choi, D. Pugmire, P.A. Dowben, N.
Fominykh, A.A. Pavlychev, and E. Rihl, “Inner Shell Excitation and
Fragmentation of Sulfur Aggregates,” Journal of Electron Spectros-
copy and Related Phenomena 101-103, 193 (1999).

I.I. Fabrikant and R.S. Wilde, “Evidence of Virtual Dipole-Supported
Statesin Electron Scattering by Methyl Chloride,” Journal of Physics
B 32, 235 (1999).

R.S. Wilde, G.A. Gallup, and LI. Fabrikant, “ Semiempirica R.-Matrix
Theory of Low Energy Electron—CF,Cl Inelastic Scattering,” Jour-
nal of Physics B 32, 663 (1999).

A. Schramm, LI. Fabrikant, JM. Weber, E. Leber, M.-W. Ruf, and H.
Hotop, “Vibrational Resonance and Threshold Effectsin Inelastic Elec-
tron Collisions with Methyl lodide Molecules,” Journal of Physics B
32, 2153 (1999).

H. Batelaan, A.S. Green, B.A. Hitt, and T.J. Gay, “An Optically-Pumped
Electron Spin Filter,” Physical Review Letters 82, 4216 (1999).

B.G. Birdsey, H.M. Al-Khateeb, M.E. Johnston, T.C. Bowen, T.J. Gay, V.
Zeman, and K. Bartschat, “ Near-Threshold M easurement of Integrated
Stokes Parameters for Kr Excited by Polarized Electrons,” Physical
Review A 60, 1046 (1999).

H.M.Al-Khateeh, B.G. Birdsey, T.C. Bowen, A.S. Green, M.E. Johnston,
and T.J. Gay, “ A Simplified GaAs Polarized Electron Source,” Review
Scientific Instrumentation 70, 3882 (1999).

Y.-K. Kim and M.E. Rudd, “ Theory for lonization of Molecules by Elec-
trons,” Comments on Atomic and Molecular Physics 34, 309 (1999).
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C.-N. Liu and A.F. Starace, “Mirroring Behavior of Partial
Photodetachment and Photoionization Cross Sections in the Neigh-
borhood of a Resonance,” Physical Review A 59, R1731 (1999).

C.-N. Liu and A.F. Starace, “Photodetachment of Na,” Physical Review
A 59, 3643 (1999).

D.B. Milosevi¢ and A.F. Starace, “ Phase Control of X-ray—Atom Scat-
tering in the Presence of aBichromatic Laser Field,” Journal of Phys-
icsB 32, 1831 (1999).

D.B. Milosevic and A.F. Starace, “ Magnetic-Field-Induced Intensity Re-
vivals in Harmonic Generation,” Physical Review Letters 82, 2653
(1999).

N.L. Manakov, V.D. Ovsiannikov, and A.F. Starace, “DC Field-Induced,
Phase and Polarization Control of Interference Between One- and Two-
Photon lonization Amplitudes,” Physical Review Letters 82, 4791
(1999).

D.B. Milosevic and A.F. Starace, “ I ntensity Dependence of Plateau Struc-
tures in Laser-Assisted, X-ray—Atom Scattering Processes,” Physi-
cal Review A 60, 3943 (1999).

D.B. MiloSevi¢ and A.F. Starace, “High-Order Harmonic Generation in
Magnetic and Parallel Magnetic and Electric Fields,” Physical Re-
view A 60, 3160 (1999).

C.-N. Liu and A.F. Starace, “Photodetachment of He in the Vicinity of the
He" (n= 3,4, and 5) Thresholds,” Physical Review A 60, 4647 (1999).

Condensed Matter Physics

V. Scarani, B. Doudin, J.-P. Ansermet, “ The Microstructure of Electrode-
posited Cobalt-Based Nanowires and its Effect on Their Magnetic and
Transport Properties,” Journal of Magnetism and Magnetic Materials
205, 241 (1999).

C. Bedli, B. Doudin, J.-P. Ansermet, P. Stadelmann, “Off-Axis Electron
Holography of Single Ferromagnetic Nanowires,” Materials Charac-
terization 42, 175 (1999).

C.N. Borca, R.-H. Cheng, and P.A. Dowben, The Influence of Patterning
in Co and Co/Pd Multilayers Structures,” Polycrystalline Metal and
Magnetic Thin Films, Ed. By D. Laughlin, K.P. Rodbell, O. Thomas,
and B. Zhang, Materials Research Society Symposium Proceedings
562, 63-67 (1999).

T. Komesu, C. Waldfried, and P.A. Dowben, “The Unoccupied Band Struc-
ture of Strained Gadolinium,” Journal of Vacuum Science Technol-
ogy A17, 1319 (1999).

J. Choi, P.A. Dowben, C.N. Borca, S. Adenwalla, A.V. Bune, S. Ducharme,
V.M. Fridkin, S.P. Palto, and N. Petukhova, “Evidence of Dynamic
Jahn-Teller Distortions in Two-Dimensional Crystalline Molecular
Films,” Physical Review B 59, 1819 (1999).

C. Waldfried, P.A. Dowben, O. Zeybek, T. Bertrams, and S.D. Barrett,
“Structural Domain Growth of Strained GadoliniumonMo(112),” Thin
Solid Films 338, 1-4 (1999).

C.N. Borcaand P.A. Dowben, “ The Influence of Patterning on Co/Pd Mul-
tilayer Structures,” Journal of Magnetism and Magnetic Material s 198-
199, 258 (1999).

C.N.Borca, J. Choi, S. Adenwalla, S. Ducharme, P.A. Dowben, L. Robertson,
V.M. Fridkin, S.P. Palto, and N. Petukhova, “ The Influence of Dynamical

PUBLICATIONS continued on page 22
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Scattering in Crystalline Poly(Vinylidene Fluoride-Trifluoroethylene)
Copolymers,” Applied Physics Letters 74, 347 (1999).

J. Choi, J. Zhang, S.-H. Liou, P.A. Dowben, and E.W. Plummer, “ The Sur-
faces of the Perovskite Manganites La, Ca MnO,,” Physical Review
B 59, 13453 (1999).

T. Komesu, C. Waldfried, and P.A. Dowben, “ The Origin of Enhanced Mag-
netization in Strained Gadolinium,” Physics Letters A 256, 81 (1999).

J. Choi, H. Dulli, Y. Feng, S.-H. Liou, P.A. Dowben, and M.A. Langell,
“The Influence of Surface Terminal Layer and Surface Defects on the
Electronic Structure of CMR Perovskites: La, . A ..MnO, (A=Ca, Sr,
Ba),” Physica Status Solidi (b) 214, 45 (1999).

C.N. Borca, R. Skomski, and P.A. Dowben, “ Structure and Hysteresis of
Patterned Soft-Magnetic Structures,” Physica Status Solidi (a) 174,
R15-R16 (1999).

J-L. Lin, H. Rauscher, A. Kirakosian, F.J. Himpsel, and P.A. Dowben,
“ Selective Adsorption of Metallocenes on Clean and Chemically Modi-
fied Si(111) Surface,” Journal of Applied Physics 86, 5492 (1999).

C.N. Borca, S. Adenwalla, J. Choi, PT. Sprunger, S. Ducharme, L.
Robertson, J. Liu, Matt Poulsen, V.M. Fridkin, H. You, and P.A. Dowben,
“A Lattice Stiffening Transition in Copolymer Films of Vinylidene
Fluoride (70%) with Trifluoroethylene (30%),” Physical Review Let-
ters 83, 4562 (1999).

A.V.BuneC. Zhu, S. Ducharme, |.M. Blinov, V.M. Fridkin, S.P. Palto, N.
Petukhova, and S.G. Yudin, “Piezoelectric and Pyroelectric Proper-
ties of Ferroelectric Langmuir-Blodgett Films,” Journal of Applied
Physics 85, 7869 (1999).

A.Goonesekera and S. Ducharme, “ Effect of Dipolar Molecules on Car-
rier Mobilitiesin Photorefractive Polymers,” Journal of Applied Phys-
ics 85, 6506 (1999).

J. Choi, P.A. Dowben, S. Ducharme, V.M. Fridkin, S.P. Palto, N. Petukhova,
S.G. Yudin, “Lattice and Electric Band Structure Changes Across the
Surface Ferroelectric Transition,” Physics Letters A 249, 505 (1999).

R.F. Sabiryanov and S.S. Jaswal, “Magneto-Optical Properties of MnBi
Doped with Cr,” Journal of Applied Physics 85, 5109 (1999).

R.F. Sabiryanov and S.S. Jaswal, “Magnons and Magnon-Phonon Inter-
actionsin Iron,” Physical Review Letters 83, 2062 (1999).

$.S. Jaswal and R.F. Sabiryanov, “First-Principle Studies of Permanent-
Magnet Materials,” Materials Research Society Symposium Proceed-
ings 577, 109 (1999).

S.H. Liou, S. Huang, E. Klimek, R.D. Kirby, and Y.D. Yao, “Enhancement
of Coercivity in Nanometer-Size CoPt Crystallites,” Journal of Ap-
plied Physics 85, 4334 (1999).

H.Q.Li, R.H. Ono, L.R. Vale, D.A. Rudman, and S.H. Liou, “Interactions
Between Bicrystal Josephson Junctions in a Multilayer Structure,”
IEEE Transactions on Applied Supercond. Vol. (1999).

S.H. Liou, “Comparison of Magnetic Images Using Point and Thin-Film
Magnetic Force Microscopy Tips,” | EEE Transactions on Magnetics
35, 3989 (1999).

A. Gavrin, C. Sellers, and S.H. Liou, “Magnetic Domain Observation on
Melt-Spun Nd-Fe-B Ribbons Using Magnetic Force Microscopy,”
Advanced Hard and Soft Magnetic Materials, Ed. by M. Coey, et al.,
Materials Research Society Symposium Proceedings 577, 241 (1999).

X. Gao, JA. Woollam, R.D. Kirby, D.). Sellmyer, C.T. Tanaka, J. Nowak,
and J.S. Moodera, “Dielectric Tensor for Magneto-Optic NiMnSh,”
Physical Review B 59, 9965 (1999).

D.J. Sellmyer, M. Yu, and R.D. Kirby, “Nanostructured Magnetic Filmsfor
Extremely High Density Recording,” Nanostructured Materials 12,
1021 (1999).

M. Yu, Y. Liu, and D.J. Sellmyer, “Structural and Magnetic Properties of
Nanocomposite Co:C Films,” Journa of Applied Physics85, 4319 (1999).

J.P. Liu, Y. Liu, R. Skomski, and D.J. Sellmyer, “Magnetic Hardening In
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S. Bandyopadhyay, L. Menon, N. Kouklin, H. Zeng, and D.J. Sellmyer,
“Electrochemically Self-Assembled Quantum-Dot Arrays,” Journal of
Electronic Materials 28, 515 (1999).

R. Skomski, R.D. Kirby, and D.J. Sellmyer, “Activation Entropy, Activa-
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5069 (1999).

Z.S. Shan, H. Zeng, M. Azarisooreh, K. Honardoost, Y. Liu and D.J.
Sellmyer, “ Effect of Layer Thickness on Orientation Distribution and
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ics 85, 4310 (1999).

Y. Liu, J.P. Liu, and D.J. Sellmyer, Nanostructure of Exchange-Coupled
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(1999).
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Laser Induced Deposition of Metal Boride Thin Films,” Flat-Panel
Displays and Sensors—Principles, Materials and Processes, Ed. by
F.R. Libsch, Materials Research Society Symposium Proceedings 558,
115 (1999).

R. Skomski, J.P. Liu, and D.J. Sellmyer, “ Quasi coherent Nucleation Mode
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Z.S. Shan, C.P. Luo, M. Azarisooreh, K. Honardoost, M. Russak, Y. Liu,
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M. Yu, Y. Liu, D.J. Sellmyer, “ Nanocomposite CoPt:C Filmsfor Extremely
High-Density Recording,” Applied Physics Letters 75, 3992 (1999).

C.P. Luo and D.J. Sellmyer, “Structural and Magnetic Properties of
FePt:SiO2 Granular Thin Films,” Applied Physics Letters 75, 3162
(1999).

L. Menon, M. Zheng, H. Zeng, D.J. Sellmyer, and S. Bandyopadhyay,
“Magnetic Properties of Self-Assembled Fe Quantum Dashes,” in Ad-
vanced Luminescent Materials and Quantum Confinement, Eds. M.
Caahay, S. Bandyopadhyay, D.J. Lockwood, N. Koshida, J.-P.
Leburton, M. Meyyappan, and T. Sakamoto (The Electro-chemical
Society, Inc., Pennington, NJ, 1999) pp 413-424.

R. Skomski J.P. Liu, and D.J. Sellmyer, “Permanent Magnetism in Ex-
change-Coupled Nanocomposites,” Advanced Hard and Soft Magnetic
Materials, Ed. by M. Coey et al., Materials Research Society Sympo-
sium Proceedings 577, 335 (1999), and 562, 309 (1999).
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High Energy Physics

B. Abbott, ...D. Claes, G. Snow, et al., “ Determination of the Absolute Jet
Energy Scale in the D@ Calorimeters,” [DQ Collaboration], Nuclear
Instruments and Methods in Physics Research A 424, 352 (1999).

B. Abbott, ...D. Claes, G. Snow, €t al., “The Dijet Mass Spectrum and a
Search for Quark Compositeness in pp Collisions at Vs=1.8 TeV,”
[D@ Collaboration], Physical Review Letters 82, 2457 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “The Inclusive Jet Cross Section in
pp Collisions at Vs=1.8 TeV,” [D@ Collaboration], Physical Review
Letters 82, 2451 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Small Angle JPsi Production in
pp Collisions at Vs=1.8 TeV,” [D@ Collaboration], Physical Review
Letters 82, 35 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Measurement of the Top Quark
Massin the Dilepton Channel,” [D@ Collaboration], Physical Review
D 60, 052001 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “ Search for Squarks and Gluinosin
Single-Photon Eventswith Jetsand Large Missing Transverse Energy
in pp Collision at Vs= 1.8 TeV,” [D@ Collaboration], Physical Re-
view Letters 82, 29 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Measurement of the Top Quark
Pair Production Cross Section in pp Collisions Using Multijet Final
States,” Physical Review D 60, 012001 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Search for Nonstandard Higgs
Bosons Using High Mass Photon Pairsinpp — yy+ 2 Jetsat Vs= 1.8
TeV,” [DGD Collaboration], Physical Review Letters 82, 2244 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Measurement of High-Mass Drell-
Yan Cross Section and Limits on Quark-Electron Compositeness
Scales,” [D@ Collaboration], Physical Review Letters82, 4769 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Measurement of W and Z Boson
Production Cross Sections (Run 1a),” [D@ Collaboration], Physical
Review D 60, 052003 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “ Search for Charged Higgs Bosons
in Decays of Top Quark Pairs,” [D@ Collaboration], Physical Review
Letters 82, 4975 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Search for Bottom Squarks in pp
Collisions at Vs = 1.8 TeV,” [D@ Collaboration], Physical Review D
60, Rapid Communications, 031101 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Measurement of the Top Quark
Pair Production Cross Section in the All-Jets Decay Channel,” [D@
Collaboration], Physical Review Letters 83, 1908 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “ Search for Squarks and Gluinosin
Events Containing Jets and aLarge Imbalance in Transverse Momen-
tum,” [D@ Collaboration], Physical Review L etters 83, 4937 (1999).

B. Abbott, ...D. Claes, G. Snow, €t al., “ Studies of WW and WZ Produc-
tions and Limits on Anomalous WWy and WWZ Couplings,” [DD
Collaboration], Physical Review D 60, 072002 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Evidence of Color Coherence
Effectsin W + Jets Events from pp Collisions at Vs= 1.8 TeV,” [D@
Collaboration], Physical Letters B 464, 145 (1999).

B. Abbott, ...D. Claes, G. Snow, €t al., “Search for Second Generation
Leptoquark Pairs Decaying Into uv + Jetsinpp Collisions at Vs= 1.8
TeV,” [DYD Collaboration], Physical Review Letters 83, 2896 (1999).

B. Abbott, ...D. Claes, G. Snow, et al., “Search for R-Parity Violation
Supersymmetry inthe Dielectron Channel,” [D@ Collaboration], Physi-
cal Review Letters 83, 4476 (1999).

Interdisciplinary Physics

Archaeometry

J.W. Weymouth, “An Analysis of aMagnetic Survey in Relation to Exca-
vation Results at the Cowan Site (13WD88) in Northwest lowa,” Re-
port submitted to The State Archaeologist, The University of lowa,
January 1999.

J.W. Weymouth, “ Analysis of Magnetic Datafrom Fort Clatsop, 1999 Sea-
son,” Report submitted to the Museum of the Rockies, Montana State
University, Bozeman, MT, April 1999.

J.W. Weymouth and K., “Magnetic Surveyson TwoAreas at Fort Vancouver
National Historic Site,” Report submitted to The National Park Ser-
vice, Seattle, WA October 1999.

K. Karsmizki and J.W. Weymouth, “ Fort Ellis Geophysical Survey,” Pre-
pared for the Montana Department of Transportation, Helena, MT,
November 1999.

Educational/History

M.E. Rudd, “Eise Eisinga and His Amazing Planetarium,” Journal of the
Antique Telescope Society 16, 4-7 (1999).

M.E. Rudd, “ A Reply to Comments of Dr. Henry C. King,” Journal of the
Antique Telescope Society 16, 8-10 (1999).

M.E. Rudd, “ Three Unusual Telescopeswith a Scottish Connection,” Jour-
nal of the Antique Telescope Society 17, 6-9 (1999).

M.E. Rudd, “DeWitt Bristol Brace: Professor, Instrument Maker, Innova-
tor,” Rittenhouse: Journal of the American Scientific Instrument En-
terprise 13, 3-11 (1999).

Physics Education

Norman F. Derby and R.G. Fuller, “ Reality and Theory In Collision,” The
Physics Teacher 37, 24-27, January 1999.

A. Runge, A. Spiegel, L.M. Pytlik, Z.S. Dunbar, R.G. Fuller, G. Sowell,
and D. Brooks, “Hands-On Computer Usein Science Classrooms: The
Skeptics are Still Waiting,” Journal of Science Education and Tech-
nology 8, No. 1, 33-43 (1999).

R.G. Fuller, “Mathematics for Use Across the Curriculum A Tool, aLan-
guage or What?’, a Chapter in The Proceedings of the Interdiscipli-
nary Workshop on Core Mathematics: Considering Changein the First
Two Years of Undergraduate Mathematics, ©USMA and M athemat-
ics Association of American, November, 1999.

T. Koch and R.G. Fuller, Proceedings of the 1998 Physics Education Re-
search Conference, 234 pages, ©University of Nebraska-Lincoln, July,
1999.

Track Physics

R. Katz and F.A. Cucinotta, “ Tracksto Therapy,” Radiation Measurements
31, 379-388 (1999).

R. Barillon, M. Fromm, A. Chambaudet, R. Katz, J.P. Stoquert, and A.
Pape, “Bond Scission Cross-Sections for Alpha Particlesin Cellulose
Nitrate (LR 115),” Radiation Measurements 31, 71-75 (1999).
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New Research Grants and Contracts

during the period 1 November 1999 — 31 October 2000 the following new
and renewal grants and contracts were received by our faculty

Principal Investigator

Batelaan
Batelaan/Starace/Sellmyer
Claes/Snow

Doudin

Doudin

Doudin/Sellmyer
Dowben/Adenwalla
Dowben/Liow/Adenwalla
Ducharme

Ducharme

Ducharme/Dowben/Adenwalla
Ducharme/Dowben/Adenwalla
Fabrikant

Fabrikant

Gaskell

Gay

Gay

J. Hardy

Jaecks

Jaecks

Lee
Leslie-Pelecky
Leslie-Pelecky

Leslie-Pelecky
Leslie-Pelecky/Ducharme
Liou

Liow/Kirby
Liou/Sabirianov
Yi Liu

Sellmyer
Sellmyer

Sellmyer

Sellmyer

Sellmyer/ Doudin/ Dowben/Kirby/Liou
Sellmyer/Doudin/Leslie-Pelecky/Liou/Qiang
Sellmyer/Jaswal/Leslie-Pelecky/Liu
Sellmyer/Kirby

Snow/Claes

Starace

Starace

Starace

Supriyo/Liu/Sellmyer

Weymouth

Weymouth

AAPT — American Assoc. of Physics Teachers

ACS — American Chemical Society

AFOSR — Air Force Office of Scientific Research

ARO — Army Research Office
DOE — U.S. Department of Energy

EPSCoR — Experimental Program to Stimulate Competitive Research

Title (Source of Funds)

The Kapitza-Dirac Effect: A Coherent Electron-Wave Beamsplitter (Research Corporation)
Quantum Information Technology (NRI)
Fermilab Collaboration (Northern Illinois University)
Electrodeposition of Ferromagnets in Organic Solvents (ACS)
Single-Spin Electronics (NSF)
Magnetometry on Individual Nanometer-Sized Ferromagnet (NSF)
Boron-Carbide Thermal Neutron Detectors and Cameras (NRI)
The Metal-Nonmetal Transition in Magnetic Local Moment Systems (NSF)
Infrared Spectroscopic Ellipsometry (Woollam Co., Inc.)
High Performance Capacitors and Nonvolatile Memories from Langmuir-Blodgett Films
of Ferroelectric Polymers (NSF)
Structure of Ferroelectric Polymers (ONR)
Ultrathin Polymer Films for Microelectronic Devices (NRI)
Strong External in Decay and Photodetachment of Negative lons (DOE)
Collision Processes Involving Low-energy Electrons (NSF)
Quasers and Supermassive Black Holes (Space Telescope Science Institute)
Polarized Electron Physics NSF9732258 REU Supplement (NSF)
Polarized Electron Physics (NSF)
Studies on the Microwave Optics of Ionic Molecular Solids (ARO)
ROA Supplement to NSF 9731869 (NSF)
Correlated Motion, Energy and Angular Momentum Partitioning in Multielectron and
Massive Three Body-Coloumb-Interacting Quantum Systems in the Continuum (NSF)
Publishing Agreement (Harcourt Brace College)
Metastable Phases in Chemical Synthesized Nanoparticles (American Chemical Society)
A Pilot Program for Professional Development of K-8 Teachers in Physical Science
(NE Coordinating Commission for Postsecondary Education)
Career: Cluster-Assembled Magnetic Nanostructures (NSF)
Research Experiences for Undergraduates in Nanostructured Materials (NSF)
Homologous-Series Superconductors and Multilayer Junctions
(Midwest Superconductivity Consortium)
High Temperature Stability of Magnetic Clusters (ARO)
Magnetic Domains of Nanometer-Size Magnetic Features [DOD-DEPSCOR (ARO)]
Digital Imaging System-Nanostructured Materials (NSF)
Extremely High Density Recording (NSIC-EHDR)
Fundamental and Magnetic-Hardening Studies of Nanocrystalline
and Nanocomposite Magnets (DOE)
Fundamental and Magnetic-Hardening Studies of Nanocrystalline and Nanocomposite (DOE)
Advanced Magnets for Power Systems (ARO)
Nanoscale Materials for Information Technologies (NRI)
Development of a Cluster-Deposition System for Nanoscale Magnetic Materials (NSF)
Advanced High-Temperature Magnetic Materials (AFSOR)
IBM Fellowship-Hao Zeng (IBM)
Cosmic Ray Observatory Project (NSF)
International Request for NSF Award PHY-0070980 (NSF)
Coherent Control of Continuum Quantum Processes (NSF)
Dynamics of Few-Body Atomic Processes (DOE)
Self Assembled Nanostructures (ARO)
Ponca Cemetery (Ponca Tribe of Nebraska)
Hopeton Earthworks, Ross Co, Ohio (Dept. of Interior, Natl. Park Service)

Total

IBM — International Business Machines

KC - Kalamazoo College

NRI — Nebraska Research Initiative

NSF — National Science Foundation

NSIC — National Storage Industry Consortium
ONR - Office of Naval Research
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Amount ($)

35,000
127,451
76,100
12,500
74,963
5,167
66,000
118,955
38,964
87,833

95,846
183,608
35,782
60,000
4,862
10,000
163,000
110,000
13,000
180,000

1,250
6,500
10,414

80,000
63,000
43,050

77,500
90,000
70,500
22,500
82,295

85,000
400,000
250,000
40,000
99,538
21,504
327,990
7,870
85,000
99,500
25,406
1,100
2,400

$3,491,348



