Wooster Physics

THE COLLEGE OF Annual Report

WO OST ER 2003-2004

www.wooster.edu/physics




Contents

Greetings from the Chair
Class of 2004
Faculty
Senior IndependentStudy
Junior IndependentStudy
Physics Club/Taylor Bowl
StudentResearch
Transitof Venus
New Shop Equipment
Alumni Spotlight
Physics Humor

Summer research students Stephen Poprocki and Annie Erbsen
check outsome quantum dots using the AFM.



DepartmentofPhysics

THE COLLEGE OF

WOOSTER

Eighth Annual Report
August2004

Produced by Jackie S. Middleton



=285 Greetings! S

| hope you enjoy the eighth Annual Reportfrom The College of Wooster DepartmentofPhysics.
Ithas been another exciting year.

Thiswas a wonderful firstyear for our two new faculty members, Dr. Susan Lehman, Clare
Boothe Luce AssistantProfessor of Physics and Dr. Lowell Boone, Visiting AssistantProfessor
of Physics.

Nextyear, | will be on sabbatical atGeorgia Techin Alanta, and my leave replacementwill be
Dr.LeonidasPantelidis. Dr. Pantelidis hails from Athens Greece, hasa Ph.D. in theoretical
physics from MIT, and has spentthe lastyear teachingatSwarthmore College. Hisresearch
involves the nonlinear dynamics of complex systems.

Physics Club presidentTom Spears ‘04 was awarded the Notestein Prize for highestscholar-
ship, and he also spoke on behalfof the class of 2004. Thatmakes three of the lastfour yearsin
which the Notestein winner and one of the class speakershasbeen a physics major! Congratu-
lations also to Jeff Moffitt ‘03 for being a 2003 national Apker finalist.

Thisyear, we have greatly enhanced the “readingroom” (a.k.a. studentlounge) 109B with a
white board, a couch, a refrigerator and a microwave oven. The lastitem can, of course, can
be used to measure the speed oflight. (Lining the inside bottom with marshmallows allows
location of microwave antinodes;separation gives halfwavelength;wavelength imes fre-
guency gives wave speed.)

Thiswas the third year of our Physics Club’s outreach program, and we made nine presenta-
tionsinlocal schools. Utilizing equipmentpurchased from lastyear’s Marsh W. White award,
we were able to presentalternately two complete differentthemes:air & pressure and elec-
tricity & magnetism.

The 11th summer REU program was very successful, and ithas now hasinvolved 91 students
from 26 colleges and universitiesin 15 states.

Our majorswere well represented atthe March meeting of the American Physical Society in
Montreal Canada, where they gave four differentpresentations - and endured snowstorms
and fine cuisine. Thissummer, our majorsdid research atplaceslike Hope College and
Columbia University, aswell as Wooster.

Judy hasdone an excellentjob maintaining our intro physicslabs and completely replacing the
contents of our main hall display cases - which had been unchanged for over a decade.
Jackie has kept the department running and created another excellent annual report.

We love hearing from you, so keep in touch!
Best wishes,

John Lindner
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Nithya Venkataramn, Brad Thomas, Nick Harmon, Tom Spears, Chris Doherty, Dave Merriman, Katie Frato



Christopher Gilles Doherty
Westerville OH
3-2 Engineering, University of Michigan

[

Katherine E. Frato
Physics & Biology
Mentor OH
Graduate School, Biophysics, Johns Hopkins University

J—

Nicholas Johann Harmon
Physics & Mathematics
Berea OH
Graduate School, Physics, The Ohio State University

David Joseph Merriman
Beaver Falls PA
3-2 Engineering, Case Western Reserve

I

Thomas Graham Spears
Cincinnnati OH
Graduate School, High Energy Physics, University of Chicago

[
Bradley Christopher Thomas
Shaker Heights OH
3-2 Engineering, University of Michigan
R

Nithya Venkataraman
Wooster OH
Employed at Kent Displays in Kent, Ohio




Awards and Honors

Latin Honors The Jonas O. Notestein Prize
Summa cum laude
Katherine Elizabeth Frato Awarded to the student who has

graduated with the highest scholarship
for the whole college course

Magna cum laude Thomas Graham Spears
Nicholas Johann Harmon

Thomas Graham Spears

Arthur H. Compton Prize in Physics

Awarded to the senior physics major
attaining the highest standing in that subject

Katherine Elizabeth Frato
Thomas Graham Spears

Mahesh K. GargPrize in Physics

Awarded to an upper-class physics major
who has displayed interest in and potential for
applying physics beyond the classroom

Thomas Graham Spears

Joseph Albertus Culler Prize in Physics

Awarded to the first- or second-year student
who has attained the highest rank
in general college physics

Kathleen Michelle McCreary

Phi Beta Kappa
_ _ Speaker for the Class of 2004
Katherine Elizabeth Frato

Nicholas Johann Harmon Thomas Graham Spears
Thomas Graham Spears



John Lindner

Faculty & Staff

Ir

TEACHING:
Fall:
Physics 203L- 01 (Foundations of Physics Lab)
Physics 205 (Modern Physics)

Physics 377 (Selected Topics:Nonlinear Dynamics)

Spring:
Physics 122 (Astronomy of the Solar System)
Physics 305 (Particle Physics)

[.S. ADVISING:
Advised senior Nick Harmon in “Chaos on S2: The Newtonian Two-
Body Problem on the 2- Sphere”
Advised senior Katie Frato in “Experimental Studies of Signal Noise in Gene Regulation in the Inducible Antibiotic
Resistance Pathway of Escherichia coli”
Advised all 5Physicsjunior I.S. computer simulations

Professor and Cha

AREAS OF CURRENTFOCUS:
Cellular automata, celestial mechanics, use of disorder and noise to regularize extended nonlinear systems, comput
er visualization

PAPERS PRESENTED ATPROFESSIONAL MEETINGS:
With students Katherine Olaksen and Nick Harmon, co- authored a poster “Chaosin the 2- Body Problem in a Spherical
Universe” atthe March meeting ofthe American Physical Society in Montreal Canada

PUBLICATIONS APPEARING DURING PERIOD OF REPORT (* STUDENT CO- AUTHOR))
“Optimal Exit Solar Escape asa Restricted 3- Body Problem”, N. Harmon*, C. Leidel*, J Lindner, American Journal of
Physics, volume 71 (2003), pages871- 877.

“The Flux Creep Automaton”, J.F. Lindner, S. B. Hughes*, D. J. Miller*, B. C. Thomas*, K. Wiesenfeld, /International
Journal of Bifurcation and Chaos, volume 14, No. 3 (2004)pages 1155- 1175.

“Self- erasing perturbations of Abelian sandpiles”, Jeffrey R. Moffitt*, Patrick MacDonald*, John F. Lindner, Physical
Review E, volume 70, 016203(1- 6) (2004).

Reviewed manuscripts for many journals, including: Physical Review Letters, Physical Review E, American Journal of
Physics, Chaos, Europhysics Letters

COMMITTEE SERVICE:
Research & Study Leaves, College Scholar Exam, Goldwater Scholarship
Admissions Liaison for the Physics Department

INVITED TALKS:
“Exploiting Noise & Disorder”, Cleveland State University, Physics Seminar, 11 September 2003

“Providence, Coincidence, or Multiverse: Are the Laws of Physics Fine- Tuned for Our Existence?”, Philosophy
Roundtable, 30 October 2003

“U.S. Space Initiative to Extend Human Presence Across the Solar System”, Pursuing Scientific Interests,
23 February 2004

“Exploiting Noise & Disorder”, Oberlin College, Physics Seminar, 8 April 2004

OTHER:
Interviewed by Akron radio station asa technical experton the Mars Exploration Rovers and the Bush Space Initiative
Wrote Q&Aon the Mars Exploration Rovers for the Wooster Daily Record



Donald Jacobs

TEACHING:
Fall:
Researchleave

Spring:

Physics 102 (General Physics)

Physics 220L (Electronicslab)

Physics 401 (Junior Independent Study)

Victor J. Andrew Professor

|.S. ADVISING:
Advised senior Nithya Venkataraman in “The correlation length in a branched polymer- solventsystem
near itscritical point”

AREAS OF CURRENTFOCUS:
Self- organized criticality, granular material, phase transitionsin binary fluid mixtures, polymer- solventsystems,
biological proteins

PAPERS PRESENTED ATPROFESSIONAL MEETINGS:
Co- authored two postersatthe March meeting of the American Physical Society in Montreal Canada:
With students Andy P. Brinck and Nithya L. Venkataraman,
“The correlation length amplitude for eight- arm star polystyrene in methylcyclohexane near the critical point’
With studentElizabeth Baker,
“Crystal structure and self- organized criticality in a bead pile”

PUBLICATIONS APPEARING DURING PERIOD OF REPORT (* STUDENT CO- AUTHOR):
“Turbidity detrmination of the critical exponentn in the liquid- liquid mixture methanol and cyclohexane”,
Amy Lytle* and D.T. Jacobs, Journal of Chemical Physics, volume 120 (2004), pages 5709- 5716.

Reviewed manuscripts for American Journal of Physicsand Journal of Chemical Physics;partofa teamreviewing the
Chemistry and Physics Departments atCollege of the Holy Cross;reviewed grantproposals to Petroleum Research
Fund and Netherlands Foundation for Fundamental Research on Matter.

RESEARCH LEAVE:

Dr . Jacobsvisited the University of Maryland in October collaborating with Profs. Jan Sengers, Michael Anisimov, and
Sandra Greer. He worked with a postdoc, Andrei Kosko, on an experimentthatmeasures the Soretcoefficient, the con-
centration change thatresults from a temperature change. Dr. Jacobs also investigated several exploratory experi-
mentswhile onleave. The firstwas a measurementofthe viscosity ofa liquid- liquid mixture near the critical point
Two other explorationswere done in granular phenomena. The principal goal of Dr. Jacobs’ leave was the completion
of extensive research to testa prediciton central to the theory of critical phenomena. The results are publishedin the
article mentioned above.



Susan Lehman
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AREAS OF CURRENTFOCUS: o P
Investigation of the uniformity of semiconductor quantum dots 6 <UE)

by atomic force microscopy
Use of cavity ring- down spectroscopy to investigate high- reflectivity semiconductor mirrors

PROFESSIONAL MEETINGS:
March Meeting of the American Physical Society in Montreal Canada (2004)
T.M.S. Electronic Materials Conference, Notre Dame, Indiana (June 2004)

PUBLICATIONS APPEARING DURING PERIOD OF REPORT:

“Optimal Spectral Region for Real- ime Monitoring of Sub- ppm Levels of Water in Phosphine by

Cavity Ring- down Spectroscopy”, S.Y. Lehman, K.A. Bertness, and UT. Hodges, Journal of Crystal Growth,
volume 261 (2004), 225.

OTHER:
PanelistatGraduate School Discussion organized by CoW Science and HumanitiesProgram;Elementary School Qut
reach Coordinator for the CoW Society of Physics Students, William H. Wilson Fund recipient Instructed and assisted a

Shila Garg

TEACHING:
Spring:
Physics 220 (Electronics for Scientists)

PUBLICATIONS APPEARING DURING PERIOD OF REPORT (* STUDENT CO- AUTHOR ):
S.GargandT. Spears*, DielectricProperties of a NematicBinary Mixture,
Molecular Crystals Liquid Crystals 409, 335- 342 (2004)

“l justcompleted my 15th year atthe College (all 15in Physicsand
Math/CS!). | also serve as secretary for the College’s Hourly and Sal-
aried SupportStaff Committee. My husband Randyisemployed as
anelectrician atthe College. Son Calebjustgraduated from high
school and will be a freshman atThe Ohio State University this fall,
majoringin technology education. My other son Gabe completed
three yearsatThe College of Wooster as a biology major and will
receive his Wooster degree nextspring. This fall Gabe will be attend-
ing The Ohio State University College of Veterinary Medicine. Our
whole familyis very excited aboutnew adventuresin Columbus.”
Go Bucks!!!



Lowell Boone

TEACHING:

Fall:

Physics 101 & 101L (General Physics and labs)
Physics 121 (Astronomy of Stars and Galaxies)

Spring:

Physics 102L (General Physicslabs)

Physics 121 (Astronomy of Stars and Galaxies)
Physics 208 (Math Methods)

Visiting Assistant

Professor

[.S. ADVISING:
Advised senior Tom Spears in “Searching for Possible Correlations
of y- Ray and X- Ray Emissions from Active GalacticNuclei”

AREAS OF CURRENTFOCUS
Structure and energetics of active galactic nuclei (AGN); physical mechanisms by whch AGN produce high
energy y-rays

PROFESSIONAL MEETINGS ATTENDED
203rd meeting of the American Astronomical Society, Alanta, GA (January 2004)
Ohio Section of the American Physical Society, Ohio University (April 2004)

PUBLICATIONS APPEARING DURING PERIOD OF REPORT:
“High- Energy Gamma- Ray Observations of W Comae with the Solar Tower Atmospheric Cherenkov Effect
Experiment (STACEE)”, R. A. Scalzo etal., Astrophysical Journal, volume 607 (2004), 778.

INVITED TALKS
“They Came from Outer Space! Astrophysicsat 100 Billion Electron Volts with the STACEE y- ray Telescope”
Science Roundtable, CoW (2003)

“Human Exploration and Interventionin Space” Wooster Noon Lions Club (2003)

“The Solar Tower Atmospheric Cherenkov EffectExperiment(STACEE): Exploring the GeV Sky” Astrophysics
Seminar, Ohio University, Athens (2004)

OTHER:
Member ofthe American Astronomical Society and the Wayne County Astronomical Society

Judith Elwell

“l continue to enjoy working in the DepartmentofPhysics.
There are always new challenges thatsustain my interest

— [ Also,l enjoy my time away from work, driving to lowa to
g g_ see children and their families.

2 O

>, a Recently, my husband retired from working over 25years
0. 8- with the Ohio Agricultural Research & DevelopmentCenter.
% *2 Itwas a special ime for usas our daughters and grandchil-

dren surprised him with a visit | liked thatwe actually did
surprise him. More than once | almostsaid something that
would have givenitaway.”



Senior IndependentStudy

Experimental Studies of Signal Noise in Gene Regulationin the Inducible
AntibioticResistance Pathway of Escherichia coli

KatherineE. Frato
Advisors: Teresa Johnson (Biology) and John Lindner (Physics)

Since generegulationisgoverned by nonlinear equations, we hypothesized thatthermody-
namicnoise in the environmental chemicals thatinteractwith proteinsand DNAregulatory
regions may enhance signal detection. This study used the mar pathway in E. colias a model of
generegulation. The marpathway detects environmental signals such as sodium salicylate
andinduces a multidrugantibioticresistance phenotype. In order to measure the response ofa
gene regulatory pathway to environmental noise, E. colistrains were constructed with the
green fluorescentprotein (GFP) under the control of two separate promoters from different
steps ofthe marsignal cascade. The plasmid- based constructs were transferred to the E. coli
chromosome using the phase AInCh2 to ensure only a single copy of the sequence was present.
Cells carryingthe mar constructwere induced with various concentrations of sodium salicylate
and fluorescence intensity of individual cellswas measured by fluorescence microscopy. The
mean fluorescence intensity showed a minimum at4mM concentrations of sodium salicylate,
butthe phenotypic noise showed no clear trend over sodium salicylate concentrations. The
minimum in mean fluorescence intensity may be a resultof stochasticanti- resonance or addi-
tional complexity in the biochemical pathway. Further researchisrequired to investigate the
possible causes of the minimum in the mean fluorescence intensity and to identify trendsin
phenotypicnoise over inducer concentrations.

LB agar plate containing 5mM sodium salicylate and 40 ug/mL kanamycin
viewed under UVlight. Ontherightare bacteria containingthe mar
promoter constructand on the leftis a control.



Chaoson S2: The Newtonian 2- Body Problem on the 2- Sphere

Nicholas J.Harmon
Advisors: Charles Hampton (Mathematics) and John Lindner (Physics)

The Newtonian two- body problemin R3, characterized by elliptical orbits, was generalized to

s2, Vastly differentphenomena may occur on s2 depending upon the initial separation of the
two masses. Small separations, compared to the size of the universe, resultin precessing
ellipseswhose rate of precession increases as the initial separationincreases. When the initial
separation iscomparable to the size of the universe, complex orbits occur thatare extremely

sensitive to initial conditions, which isevidence of chaos. Similar behaviors are exhibited on S3.
The equations of motion are integrated with a custom C++program and with Mathematica.

5/1‘ = 2.98
0
@
o= bjeM
log 0 0,=117
m; =0.4
m, =0.6

n = t/At



Searching for Possible Correlations of y- Ray and X- Ray Emissions from
Active GalacticNuclei

Thomas Graham Spears
Advisor: Lowell Boone

The Discrete Correlation Function (DCF)was used to correlate X- ray and y- ray lightcurves for
the BLLacobject3C279. Rigorous testing was performed on the DCF to understand how it
responds to perturbationsinits parameters, such asvarying the bin size. Aflux randomization
technique was utilized to calculate experimental errorsin addition to the statistical errors gen-
erated by the DCF. RXTEand EGRET data for the early 1996 flare wasused in this analysis.
Through testing the DCF and using the flux randomization procedure, results were generated
thatare consistentwith earlier work. However, mathematically these correlations are notas
strongasone mighthave expected from a visual inspection of the lightcurves. Thisindicates that
the discriminating power of the DCF for X-ray and y-ray data may notbe asrobustashasprevi-
ously been assumed.

Jet Narrow Line Region

/

Soft X-Ray/UV
Thermal Emission

Broad Line
Region

Hard X-Ray
Thermal Emission

Jet



The Turbidity and Correlation Length Amplitude of 8- arm Star Polystyrene
in Methylcyclohexane Near the Critical Point

Nithya Leela Venkataraman
Advisor: Donald Jacobs

Many studies have been conducted on characterizing linear polymersin a polymer- solvent
system near itscritical point, and few studies have only been done on star polymers. This
paper focuseson 8- arm star polystyrene in the weak solventmethylcyclohexane. The pur-
pose of this experimentis to determine the correlation length amplitude, &, for different
molecular weights of 8- arm star polystyrene and to determine any universal dependence of
the critical exponent, n, with the molecular weight. Alightscatteringmethod was used to cal-
culate the turbidity of the solution atdifferenttemperatures near the critical temperature, and
to determine the critical temperature. Then, the values obtained for the turbidity and the criti-
cal temperature were used to determine a value for £ .. The correlation length amplitude for 8-
arm star polystyrene (Mw =228 000)in methylcyclohexane was determined to be
1.134£0.025 nm. This value for & isinconsistentwith the {  determined for other molecular
weights earlier observedin thislab. The previous molecular weights observed will need to be
reexamined, and more molecular weights will need to be observed before a value for the uni-
versality of £, with the molecular weightcan be determined.
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Junior Independent Study

Junior I.S. in physics puts trepidation in the hearts of Wooster physics majors, but when all is said
and done, mostofour majorsagree thatJunior |.S. was probably the mostbeneficial course they
took atWooster. In the words of Dave Merriman ‘04, Junior |.S. was “the bestthing | never wantto
doagain.”

Thisyear’s junior classwas a very hard working group who produced an outstanding setof
computer simulations and self- designed experimentsin addition to the other three required exper-
imentsandreports. The departmentcannotrecall any junior classin recenthistory thatspentas
much time in the basementofTaylor during the night, as evidenced by their consumption ofevery
single can of pop from the readingroom refrigerator, despite Jackie’s bestefforts to keep itwell
stocked. Reportswere due on Fridays, and asMark Lightfoot ‘05 observed, “Junior 1.S. is the only
classwhere Thursday and Friday arerolledinto one.”

Andy Brinck developed a com-
puter simulation to imitate the
motion ofa Foucaultpendulum
for differing values ofangular
frequency. The equations of
motin were derived using small
angle approximations thatlimit
the motion of the mass bob to one
plane. The program Xcode was
used to create the algorithm of
the simulation, which used a
series of continuousintegrated
time steps thatcalculate the posi-
tion of the pendulum. Interface
Builder and OpenGL were then
used to constructa 3Dworld for
the pendulum, which the user
canrotate to view the motion
from all directions. The user can
also change the angular fre-
quency of the system, thus show-
ing the motion of a Foucaultpen-
dulum atvariouslatitudeson
Earth’s surface.

Andy’s self- designed experimentwas The X- ray Spectrum of the Microquasar
XTE J1550- 564. Since their discovery in the early 1990s, the few butgrowing
number of microquasars have been extensively researched in order to better
understand radiation processes on galactic and super massive black holes.
Theradiation data from the microquasar XTE J1550- 564 duringa May 5,
2000 x- ray outburstwas collected from the Chandra x- ray satellite. Thisdata
wasmodeledinto a spectrum and shown to have properties thatarein agree-
mentwith theoretical predictions of x-ray radiation from an accretion disc
around a galacticblack hole.



It's supposed to be hard. If it wasn’t hard, everyone would do it. The hard
is what makes it great.
—Tom Hanks as Coach Jimmy Dugan in A League of Their Own
(submitted by Austin Carter)

Austin Carter did a cellular automaton simulation thatmodeled highway trafficflow in an attemptto under-
stand the cause of vehicle clusters. Arudimentary model similar to Nagel and Schreckenberg (1992) with five
governingrules (essentially) was developed and tested. Aphase transition was observed between smooth
laminar flow and slower broken flow (cluster formations) by changing the slow- down probability and the car
density. The transition’s parameters did notchange noticeably for differentmaximum speeds. Flawswere
discovered in the simulation and multiple proposals for future work are included.

G TP = P BRI

Austin’s self- designed experimentwas an Investigation of InGaAs/GaAs Quantum Dots using Atomic Force
Microscopy. Self- assembled InGaAs quantum dots grown on GaAs wafersusing molecular beam epitaxy were
characterized using an atomic force microscope. Excellentangstrom- level resolution wasobtained and single
atom terrace layerswere observed. Anonsystemicbackground heightvariation caused by terraceswas mea-
sured to be <2nmacrossa 300nm sample. The average dotheightofa sample scan with respectto each dot’s
local background was measured to be 7.2+1.8 nm. Itwas also determined thata single measurementon a
seemingly “flat” surface surroundinga dotor atthe top ofa dotcan vary by asmuch as 0.6 nm. Finally, itwas
determined thata uniform local background around the dots does existbutvaries by 0.2+0.1nm. Thisvalue dra-
matically increases when another dotisin close proximity.




Mark Lightfoot’s computer simulation, Percolation, was created
with Xcode and Interface Builder. Itfocuses on site percolationin the
2Dlattice and 3D cubiclattice. As the size of the lattice approaches
infinity, there is a certain probability of vacancy, the critical probability,
which will allow the percolation probability to go from zero to one. The
experimental results for the critical probability of the square and cubic
latticesapproach 0.59+0.02 and 0.31+0.01 respectively as the size of
the latticesincreases. Their corresponding accepted valuesare
0.592746and 0.3116.

Mark’s self- designed experiment, Efficiency ofa Bow and Finding the PerfectArrow,
showed thatthe greater the mass of the arrow used, the more efficientthe bow is. For
arrowsofmasses 0.03491 kg, 0.05683 kg, 0.09988 kg, efficiency values of (78+14)%,
(79£16)%, (83+£15)%respectively were obtained. Also, arrows of differentmasseswere
tested to see which mass gave the arrow the ability to achieve maximum penetration ofa
target. Through graphical analysis, itwas determined thatthe mass which would allow
such penetration ofa targetwasm,,,, =(0.07£0.01)kg.



Saleh Satti’s computer simulation, Wind Tunnel Simulation 11, uses a 2- dimensional triangular
(or hexagonal)arrangementofnodes. By allowing pseudo- particles to move freelyin a desired
direction across these nodes, the non- linearity of the cellular automata causes a fluid- like pattern
thatisin accordance with the Navier- Stokes equation. Then by programming some of these
nodesto become “obstacle” nodes, the cellular automata mimics the effects of fluid flow around
an obstacle and depictsitas a computer simulation with realisticeffects. These “obstacles” nodes
were arranged in such a manner so as toresemble the shape ofa wing. Theresultwasa stream of
vortices behind the wing created for this simulation.

Saleh’s self- designed experimentinvolved
shooting a basketball several timesatarim 10
feetabove the ground. Itwas found thatair
resistance and spin factor played norole in the
trajectory of the ball and thatthe ball moved as
aparticle projectile. Two shotswere also com-
pared, a missed shotaswell asa made shot,
anditwas found that no single factor is respon-
sible for determining a good shot, butitwas the
rightcombination ofboth the angle and the
velocity, provided the horizontal and vertical
distancesremain constant.



Dan Utley, a double major in physics and music, simulated the lip motion
ofa trombone player. The simulation producesa (x,y) position graph ofa
trombonist’s upper lip for given values oflung pressure, lip dimensions,
and sound frequency. The resulting two- dimensional plotreflects the lips’
motion both perpendicular and parallel to the airflow. Thelipsare treated
as two masses, coupled by springs.

Trmeimea  fir e mee  Aemars s

Dan’s self- designed experimentattempted to use ime- average holographicinterferometry of the Powell and
Stetson type to view the behavior of a vibrating Chladni plate, organ pipe, and hand- bell. For the Chladni plate,
the firstseveral eigenfrequencies (modes)were determined and used during the exposure of the holograms.
The organ pipe was excited both through the sounding of the pipe and through acoustical excitation of the flu
chamber using a speaker. Acoustical excitation was also used on the bell. Since there are numerous studies of
vibrating metal plates and hand/church bellsin the literature, thisexperimentwas designed to replicate these
images and then use the same technique on the vibrating organ pipe to see possible nodes in the pipe walls.
Unfortunately no usable holograms were develped of any of the objects while vibrating. Faintholograms of the
organ pipe and the Chladni plate were obtained. Although fringes could be seen on the organ pipe, the images
were notclear enough to be analyzed.



Physics Club

Fri 29 Aug 03:Physics Table atScotSpiritDay

Wed 10 Sep 03:Luce Dinner & DessertSocial

Fri 13Nov O3:Lecture by Oleg Lavrentovich “Emerging Topics in the Optics of Liquid Crystals”
Sat15Nov 03:Trip to COSI and dinner in Columbus

Thu 4 Dec 03:Senior I.S. Presentations + Pizza & Pop

Mon 26 Jan 04:General Meeting

Fri 6Feb 04:Lecture by MattMewes “Testing Relativity”

Mon 9 Feb 04:Lecture by Susan Thompson “Variable White Dwarf Stars”

Fri 13 Feb 04:Lecture by JeffLoats “20 Ways to Catch a Gamma Ray:Nuclear Band Mixingin Erbium 166"
Thu 25Mar 04:General Meeting

Fri 9 Apr O4:Lecture by Lauren Jones “The Source of Far Infrared Radiation in Spiral Galaxies”
Wed 14 Apr 04:Lecture by Leo Pantelidis “Dynamics of the Heisenberg Model”

Sun 18 Apr O4:Taylor Bowl 15

Fri 7May 04:Dr. Boone’s barbecue

Wed 21 July 04: Lecture by Geoffrey Bonvallet ‘00, “Spectroscopic Analysis of MH- HID Lamps”

Officers 2003-2004

President Tom Spears
Vice President Katie Frato
Secretary Nick Harmon
Treasurer Nithya Venkataraman
Ambassador to Scotland Austin Carter

The Physics Club table atScotSpiritDay featured liquid nitrogen marshmallows,
frozen flowers, superconductivity and a diffusion cloud chamber. Below, Tom
Spears ‘04 presents PresidentHales with a LN, marshamallow as physics major

Nithya Venkataraman ‘04 looks on.



The Physics Club’s annual
pizza and dessertnight
heldin September fea-
tured a tribute to Arthur
Holly Compton’s 111th
birthday, aswell as the
traditional preparation of
liquid nitrogenice cream.

Austin Carter ‘05 served as our “Ambassador to Scotland”
lastfall semester, meaning thathe wore his physics club
t- shirtwhen he wentsightseeing and broughtnotoriety to
The College of Wooster wherever he went

Says Austin...

“My classeswere flexible enough to allow a

semester thatl could spend abroad, so | decided

to go to Edinburgh, Scotland during the fall of my

junior year. Edinburghis simply beautiful:seep-

ing with history and rich in character. After the

classes, the pubs, the castles, and getting to

know some of the friendliestpeople | have ever

met, | can honestly say thatmy semester abroad

wasone of the bestexperiences of my life. Trav-

eling offers a whole new perspective thatl think
everyone should experience atleastone timein

their life. Scoland was my firsttraveling experi-

ence butitwill notbe mylast”



Thisyear’s t- shirtdesign compe-
tiion was fierce with a record-
seting number of entries. In the
end, a simple design was selected
which became our best- selling
Physics Club t- shirtever.
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Due to our lossin Taylor Bowl lastyear, the Physics Club was the challenger in this
year’s Taylor Bowl XV. Unfortunately, the 3x6 footchallenge poster thatwas
placed on the Taylor third floor in the middle of the nightserved only to fuel the fire

ofthe Math/CSbowling team, as they proceeded to trounce us for the second year
running.
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Student Research

. John Lindner

. Stephen Poprocki
. JonRosch

Lowell Boone
Jeremy Hohertz
SusanLehman
Don Jacobs
Kinga Partyka

Summer Research Group 2004
Mark Lightfoot
10. Annie Erbsen
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12. Danny Shai
@ @ @ 13. Tuan Nguyen

14. Angie Triplett

15. Bryan Whiting

(notpictured Wingfield Glassey)
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Projects

JetEmission Models for Microquasars
Jeremy Hohertz, CoW ‘06

Advisor: Lowell Boone

Funded by NSF- REU

Characterization andImaging of Self Assembled
InAs Quantum Dots by AtomicForce Microscopy

Annie Erbsen, Guilford College ‘06

Advisor: Susan Lehman

Funded by NSF- REU

Analysis of X- Ray Emissions from Microquasars
Jon Rosch, CoW ‘07

Advisor: Lowell Boone

Funded by NSF- REU

Alloy Chemisorption of Carbon Monoxide
Bryan Whiting, CoW ‘06

Advisor: Wingfield Glassey

Funded by CoW Sophomore Research Program

Measuring the Coexistence Curve ofan 8- Arm Star
Polystyrene in Methylcyclohexane

Mark Lightfoot, CoW ‘05

Advisor: Donald Jacobs

Funded by: Petroleum Research Fund

Accurate Measurementof Quantum Dots
by Atomic Force Microscopy

Stephen Poprocki, CowW ‘07

Advisor: Susan Lehman

Funded by: Clare Boothe Luce Program

Self- Organized Criticality:

Deviations from Pure SOC Power Law
Tuan Nguyen, University of Oklahoma ‘06
Advisor: Donald Jacobs
Funded by NSF- REU

Finding the Turbidity ofan 8- Arm Star
Polystyrene in Methylcyclohexane

Angie Triplett, CoW ‘06

Advisor: Donald Jacobs

Funded by NSF- REU

AReduced Mass Variation of the Newtonian
Two-Body Problem on the 2- Sphere

Danny Shai, CoW ‘07

Advisor: John Lindner

Funded by NSF- REU

ChaosandFractal Structure in Solar Escape:
ARestricted Three- Body Problem
Joseph Dartez, University of Dallas ‘06
Advisor: John Lindner

Funded by: NSF- REU

AComputational Study of CO Oxidation on
Pt(111)and Ru(0001) Surfaces

Kinga Partyka, Rutgers University ‘07

Advisor: Wingfield Glassey

Funded by NSF- REU

Off-Campus Summer Research

Austin Carter ‘05 spentthe summer atColumbia University involved in a research and developmentprojectfor a new
type of low- energy neutrino detector. In the liquid helium detection medium, a neutrino elastically scatters with an
electron via the weak force. Thisenergeticelectron then leavesa 1 mm trail of eBubbles which can be detected and
used to calculate the energy and direction of the original neutrino. Austin explored one method of eBubble detection

thatutilizes sonicpulses.

Kathy McCreary ‘06 spenther summer atHope College investigating the electrical transportproperties of thin film
semiconductors. The metal- nitride semiconductor samples were produced in the labusinganion sputtering tech-
nique. Using the Haynes- Schockley method, transittimes of optically injected carrierswere measuredin order to

calculate mobility and recombination imes of the samples.



National Meeting
of the American Physical Society

Montreal, Canada
March 2004

Andy Brinck ‘05, Katherine Olaksen ‘06, Kathy McCreary ‘06
Don Jacobs, and Susan Lehman pose in a wintery scene in downtown Monftreal.
Elizabeth Baker (Bucknell ‘06) also presented her REU research from lastsummer.

Presentations:
Andy P. Brinck*, Nithya L. Venkataraman*, and D.T. Jacobs, “The correlation length amplitude
for eight-arm star polystyrene in methylcyclohexane near the critical point”

Elizabeth Baker* and D.T. Jacobs, “Crystal Structure and Self- Organized Criticality in a Bead Pile”
Kathleen McCreary* and Shila Garg, “Dielectric Anisotropy of Nematic Binary Mixtures”

Katherine Olaksen*, Nicholas Johann Harmon*, and John F. Lindner, “Nontrivial dynamics of two
interacting pointparticles confined to a sphere”

*(Studentco- author)



Transitof Venus 2004

Mostofus gotup* at5a.m.on Tuesday 8 June 2004 to observe the firsttransitof Venusin nearly 122 years
-- noone alive had seenitt We metatTaylor Hall at5:30 a.m. and carpooled to the old Lowes parking lot
with the department’s two 8- inch telescopes. Other observers were already there with several large tele-
scopes polar-aligned with the north star. We firstimaged the moon athigh and low magnification. As the
sunrose (over Walmartand McDonalds), we could see the circular spotof Venus againstits disk with our
naked eyes. For the nexthour and a half, we projected the image onto a white board for group viewing
with one telescope and attempted astrophotography with the other. Dozens of people watched with us.
Afterward, many ofusenjoyed an 8 a.m. breakfastatthe nearby Bob Evans.

The firstphoto below isreminiscentof whatour projectedimage looked like, while the second imageis our
fantasy ofwhatitlooked like:NASA’s TRACE satellite was able to observe a ringaround Venus during
egressas the sun’sraysrefracted around Venus’s dense butthin atmosphere;detecting the ringmeant
observingall of the sunrises and sunsets on Venus simultaneously!

* One ofus stayed up all up all nightrather than getup so early.



New Shop Equipment

Ron Tebbe was hired this spring to fill the newly created position of Instrument
Technician/Machinistfor the Science Departments. He earned hisdegree in Bio-
chemistry from The College of Wooster in 1997. Prior to that, he worked as a
tool- and- die machinist. This summer, under the direction of Shila Garg, Dean of
Faculty and Professor of Physics, Ron was able to upgrade the machinesin the
Physics Shop.

The shop now hasincreased metal working capabilities to complementthe wood
shop for IndependentStudy projects and faculty research. Ronisshown here

with the new Birmingham vertical millingmachine and gap bed lathe.



Alumni Spotlight
JOSH BOZEDAY ‘99

“I can‘t believe it'sbeen 5yearsalready since | graduated from Woo! Insome ways| believe itbutin others| can‘t
fathom thatit's been thatlong... Like | canstill remember pulling all- nightersin Taylor for Jr.and Sr.IS. | can still
remember how excited Dr. Garg was freshman year when | told her | declared Physics asmy major. | can still
remember Dr. Jand his coffee mug teaching us Electronics |l atway too early in the morning. |‘ll never forgetthe
painstakingly meticulous lesson plans John prepared for every single lecture. | remember how Judy alwayshelped
me track down some equipmentthatl needed for an experimentdue... the nextday. Andthe way Jackie was always
there to joke around with me and help ease the stressful times.

After | graduated Wooster | wentstraightinto software engineering atMotorola. Twoyearsago | made a decision to
quitmy job asa software engineer and find a new career path. I’'m excited to tell you all thatthe path | chose was to
become a high school physics teacher! Butin order to become a teacher | had to go through a credentialing program
andl also wanted to my Mastersdegree. Since | worked so hard atWooster | promised myselfl was going to apply to
the bestMasters programs and attend the bestschool | could getinto. Well I‘m excited to say | managed to getinto
Stanford University! So all oflastyear | was going through an incredibly rigorous Masters/Credentialing program in
Education. | have to say the expectations were even more rigorous than those | feltatWooster!

Finally lastJune | made itthrough the program alive and graduated with a California teaching credential and a Mas-
tersdegree from Stanford. Unfortunately | had to job huntimmediately which meantnoresttime for the weary. Lu-
ckily finding teaching positions in the sciencesis notas competitive as some other subjects. After a few interviews
and job offers| ended up choosing a school up in Napa, CAcalled New Technology High School. I’m really proud of
our school because we try to teach through projectbased learning and we really recognize the importance ofinte-
grating contentareas. For example, one ofthe classes| teachis called Scientific Studies and the classintegrates the
standards for Physicsand Algebra ll. It's greatbecause the studentsdon’task us, “Why are we learning thismath?”
They know they are learning the math so they can use itasa tool to understand the physics:- ) 1'm also teaching AP
Physics Bwhich is much more of a traditional lecture based course butl enjoy itbecause we getto cover so many
greataspects of Physics. Ifyou have a chance check outour school’s website: http://www.newtechhigh.org/.”

GEORGE MILLER ‘87

“l wasone of three graduates of the class of 1987 Physics Departmentto combine my physics background
with my sports background (ScottMcLean and John Porter being the other two). Two years after graduat-
ing from Wooster, | started work on my M.S. degree in biomechanics through the Exercise Science Depart-
mentatthe University oflowa. After finishingin 1992, | started workingin May of 1993 for a company
called Peak Performance Technologiesin Denver, a manufacturer of video- based and analogmotion
measurementsystems thatare used to quantify movementpatterns of justaboutanything or anyone that
moves, primarily for research and clinical applications (www.peakperform.com). Over the past11 years
atPeak, | have done everything from technical supportand producttesting to my currentposition as Tech-
nical SalesManager. | justgotmarried lastyear, continue to swim competitively with a Master‘s team
here in Denver, and have enjoyed climbing 23 of the 54 (so far) 14,000 footpeaksin Colorado.

The above description can also be loosely used for JOHN PORTER ’87 (jporter@peakperform.com).
He had already been atlowa working on hisM.S. in biomechanicswhen| arrivedin 1989. He leftlowa in
1990 to do a one- year research assistantship atthe U.S. Olympic Training Center in Colorado Springs
before startingwork atPeak Performancein 1991, where he and| are still working together. John has
been married for a long time, hastwo kids, and continues to play soccer in two leagues and listen to Led
Zeppelinonaregular basis.”



THOMASKIRKMAN ‘74

Tom is a professor of physics atSt John’s University in Collegeville, MN. He received his Ph.D. from the
University of Wisconsin, Madisonin 1982. He specializesin mathematical physics and particle physics.
Tom’ssister EllenKirkmanis also a Wooster grad ‘70 (mathematics ). Sheisnow a math professor atWake
ForestUniverstiy. Inthe photo above, Tom is the guy seated in the center, surround by students from a
recent mechanicsclass.

DAN BRUBAKER ‘03

After graduating from Wooster, Dan attended Ashland University and received his teaching certification.
Dan will be teaching physics, chemistry, integrated science, and typing atSt Wendelin CatholicHigh
School in Fostoria, OH. Itisa small, private school (about40 seniorsin a graduating class), and about98%
of the seniors continue their education after high school.

POLLY SEARFOS (Wardwell)‘84

“The 1984 CommencementSpeaker said to expecta number of career changes during our lives. Judging
by me, he wasright. | wasan actuary for about15yearshere in Columbus. | married Michael and had 2
kids, Elizabeth (14)and Benjamin (12). Four years ago, my dad made me an offer | couldn‘trefuse. So for
the lastfour years, | have been taking care of hisinvestments, giving me time to be there when my kids
needed me. Thispastsummer, | started back to school to getmy teachinglicense to teach high school
math. | plan to substitute teach math and physics this school year and studentteach nextfall.”

MARK “DINKI” GHOSH ‘99

Dinki received his graduate degree in Computer Science from the University of Toledo this pastspring and
isnow working as a software engineer for the InternetProducts Group atBuckeye Cablesystem in Toledo.
He alsoplans to enroll in the eMBA program atthe University of Toledo this coming spring. Asfor extra
curriculars, Dinkiisan active Open Source developer, working on such diverse projectsasMozilla and
WordPress and running the relatively popular http//weblogtoolscollection.comin his free time. He lives
with his dog Luckey in a condo in Toledo.



DELANEY DEMAY ‘97

“| probably have the leastphysics- related career going on, butlove whatl do. After graduation, |
moved to Portland, OR to attend law school. | finished (passed the bar and everything!), butreally
found social work more appealing, sol am notpracticinglaw. For the past2and 1/2 years, | have
workedin the adoption field, both with birthparents and adoptive families. | love my job and livingin
the PacificNorthwest. | adopted a dog a year and a halfago andlove to take her on hiking and
camping tripswith me.”

STEPHEN GREY STAFFORD ‘88

“After Wooster, my plans to pursue graduate studiesin oceanography took a detour all the way back
to Sea Worldin Ohio. For the firsthalfofthe 90s, | trained marine mammals for entertainmentand
educational showswhile also serving as a research coordinator for the training department.

By the mid 90s, | entered the doctoral program in Biological Sciences atKentState University while
still spendingsummerswith Shamu. My research focuswas comparing the energy use and physiol-
ogy of two small (110g and 330g), related primate species. (I am still amazed thatpygmy marmo-
sets can function, much less thrive, given their relatively high surface area to volume ratio.) This
projectwasideal in thatitallowed me to blend my biological, behavioral and physical science inter-
ests. Despite years ofworkingin zoo environments, | am still a physicistatheart!

Atthe completion of my dissertation, my wife Karen (also an alum)and| found ourselveslivingin the
Phoenix area. | soon took a position as Curator of Education atWildlife World Zoo. As the zoo‘s pri-
mary spokesperson, | have been fortunate to work with local and national media and have even
made itto the TonightShow a few times with some of our amazingcreatures. For the pasttwo years,
we have been livingin Hawaii as| served as Director of Animal Managementfor aninteratcive facility
called Dolphin Quest. However, as ofthiswriting, we are backin Phoenix. Hawaii is beautiful but
while livingin paradise, we realized thatArizona has become our home.”

ANDREW NOWICKI ‘00

Andy continues towork for ASRC Aerospace atNASAKennedy

Space Center, Florida. He and wife Christie are proud to
announce the birth of future NASA scientistHadryn Walter

Nowicki, born 5- 28-04. Hadryn weighedinat81lbs 7.50zand

was 19incheslong.



Physics Humor

Party of Famous Physicists

One day, all of the world‘s famous physicists decided to get together for a tea luncheon.
Fortunately, the doorman was a grad student and able to observe some of the guests...

. Everyone gravitated toward Newton, but he just kept moving around at
a constant velocity and showed no reaction.

. Einstein thought it was a relatively good time.

. Coulomb got a real charge out of the whole thing.

. Cauchy, being the only mathematician there, still managed to integrate
well with everyone.

. Thompson enjoyed the plum pudding.

. Pauli came late, but was mostly excluded from things, so he split.

. Pascal was under too much pressure to enjoy himself.

. Ohm spent most of the time resisting Ampere‘s opinions on current events.

. Hamilton went to the buffet tables exactly once.

. Volt thought the social had a lot of potential.

. Hilbert was pretty spaced out for most of it.

. Heisenberg may or may not have been there.

. The Curies were there and just glowed the whole time.

. van der Waals forced himself to mingle.

. Wien radiated a colourful personality.

. Millikan dropped his Italian oil dressing.

. de Broglie mostly just stood in the corner and waved.

. Hollerith liked the hole idea.

. Stefan and Boltzman got into some hot debates.

. Everyone was attracted to Tesla’s magnetic personality.

. Compton was a little scatter-brained at times.

. Bohr ate too much and got atomic ache.

. Watt turned out to be a powerful speaker.

. Hertz went back to the buffet table several times a minute.

. Faraday had quite a capacity for food.

. Oppenheimer got bombed.




PLEASE CONTACTUS!

Eemail

jmiddleton@wooster.edu (Jackie Middleton)
jlindner@wooster.edu (John Lindner)
djacobs@wooster.edu (Don Jacobs)
jelwell@wooster .edu (Judy Elwell)
slehman@wooster.edu (Susan Lehman)
Iboone@wooster.edu (Lowell Boone)
sgarg@wooster.edu (Shila Garg)

DepartmentofPhysics
The College of Wooster
1189 Beall AVenue
Wooster OH 44691

www.wooster.edu/physics
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