
Western Michigan University 

Department of Physics Colloquia 
2009-2010 

 
Speaker: Marco Fornari  

Central Michigan University 
September 21, 2009 

“Sleeping Phonons and Dancing Electrons: 
Computational Design of Novel                            

Thermoelectric Materials” 
Abstract: High performance thermoelectric materials are key to the development of an energy efficient 
technology. Unfortunately, the design and tailoring of materials for thermoelectric energy conversion is a 
formidable task. Electrical and heat transport coefficients must satisfy contradictory requirements that depend 
on the details of the electronic structure, the anharmonic terms in the vibrations, and the effects of chemical 
disorder and defects. We have exploited the capability of computational methods based on density functional 
theory to predict the thermoelectric properties of novel chemical compositions. I will discuss heuristic design 
rules for efficient thermoelectric energy conversion materials as derived from standard electronic structure 
calculations and also applications to skutterudite and oxide materials. 
 

Speaker: Edward Brown 
Michigan State University 

September 28, 2009 
“Journey to the Core of a Neutron Star” 

Abstract: Neutron stars are composed of the densest observable matter in nature and occupy the intellectual 
frontier between astrophysics and nuclear physics. Within the next decade, current and planned nuclear 
experiments on heavy nuclei, X-ray observations, and, perhaps, gravity wave observations of neutron stars will 
be exploring the nature of dense matter from complimentary approaches. Many observed neutron stars accrete 
hydrogen and helium-rich matter from a companion. During the slow compression to nuclear density the 
accreted matter is transmuted from being proton-rich to being proton-poor. These reactions affect many 
observable phenomena - from energetic explosions on the neutron star's surface to the recently detected 
thermal relaxation of the surface layers - that in turn inform us about the nature of the deep interior of the 
neutron star. I shall describe the journey of matter that is accreted onto a neutron star and highlight some 
recent discoveries that inform us about the physics of the dense matter of the neutron star's crust and core. 



Speaker: S. L. Haan 
Calvin College 

October 5, 2009 
“Non-sequential Double Ionization of Atoms by Intense 

Infrared and Visible-Wavelength Lasers:                             
A Fully Classical Analysis” 

Abstract: For over a decade there has been considerable effort in the atomic physics community to understand 
the dynamics that underlie Non-Sequential Double Ionization. We have been modeling the process by using 
ensembles of a million or more 3d "classical atoms." For each atom in the ensemble we solve the Newtonian 
equations of motion. Our final distributions match quite well the experimental results for electron momenta and 
energy. By backtracking individual trajectories we are able to infer the physical processes that lead to particular 
final states. This talk will review the classical ensemble technique and some of the insights it has provided, as 
well as discuss why classical physics works so well. 

 
Speaker: David Schuster 

Western Michigan University 
October 26, 2009 

“Cognition of an Expert Tackling an Unfamiliar 
Conceptual Physics Problem” 

Abstract: How do experts actually think while tackling physics problems, no matter how they may eventually 
present the final solution? In particular, what kinds of cognitive processes are at work when an expert is faced 
with an unfamiliar problem? What reasoning modes are involved and what pre-compiled knowledge is drawn 
upon, tacit or not? What roles are played by physics principles, similar cases, knowledge elements, and heuristic 
intuitions? And how does all of this relate to what novices commonly do? In our research, we asked experts a 
basic but non-trivial question about a simple mechanical system we all know. How would you think? You can try 
it and then learn about our case study analyzing the cognition of a particular ‘expert’. Research methodology 
included interviews, introspection, retrospection and self-reported metacognition. We describe the zigzag 
thinking paths and interplay of reasoning modes revealed. Cognition is interpreted in terms of theoretical 
concepts that emerged from the study, namely: case-based, principle-based, experiential-intuitive and practical-
heuristic reasoning, as well as schemata, knowledge subassemblies, and metacognition. The rich complexity of 
cognition revealed contrasts with the tidy principle-based problem solutions we normally present to students. 
The pervasive role of case-based reasoning and existing schemata, and their interplay with physics principles, is 
especially noteworthy, since these aspects of cognition are generally neither recognized nor taught. 



Speaker: Axel Mellinger 
Central Michigan University 

November 2, 2009 
“Electret Polymers: Principles,                  

Characterization and Applications” 
Abstract: Electret polymers are capable of storing oriented dipoles or an electric surplus charge for long periods 
of time, and are increasingly being used as flexible electromechanical transducers. Recently developed charged 
polymer foams (also known as ferroelectrets) exhibit piezoelectric activities comparable to ceramic materials, 
while being lightweight and mechanically flexible. A combined acoustic and optical study has shed new light on 
how the internal voids are charged by means of dielectric barrier discharges. Based on this data, a model 
describing the observed space-charge densities and hysteresis effects was developed, which will be the basis for 
the further optimization of ferroelectrets. 
 
Additionally, a non-destructive, three-dimensional imaging technique for space-charge and polarization 
distributions in electret materials will be presented. Applications include the analysis of polarization 
distributions in commercial piezoelectric sensor cables and the study of polarization-switching inhomogeneities 
in poly(vinylidene fluoride). 

 
Speaker: David Bennett  

University of Notre Dame 
November 9, 2009 

“Detecting Extrasolar Planets as Blemishes                      
in Einstein's Lenses” 

Abstract: The gravitational deflection of light rays by the Sun was first observed in the famous 1919 solar eclipse 
expedition led by Sir Arthur Stanley Eddington, which provided the first observational confirmation of Einstein's 
theory of gravitation. Several international teams of astronomers now use a version of this phenomena, known 
as the gravitational microlensing method, to detect planets orbiting distant stars. In contrast to other extra solar 
planet detection methods, gravitational microlensing has been able to detect planets of only a few earth masses 
with orbital periods of more than a year. Gravitational microlensing is also one of the few areas in astronomy in 
which (very talented) amateur astronomers have made a significant contribution. 
 
I explain the basic physics behind the gravitational microlensing planet detection method and present highlights 
of the discoveries made with this method. I also discuss the future prospects for this planet detection method. 
 



 
Speakers: Gordon Berry and Mary Hynes-Berry 

University of Notre Dame  
Erikson Institute for Early Childhood Development, Chicago 

November 23, 2009 
“Milton Meets Einstein: Inquiring Minds Want to Know” 
Abstract: What does science literacy mean to you? Is it important for others to be science literate? Science and 
poetry alike begin from wonder. Poetry explores nature, including the mysteries of human relationships, through 
metaphor; scientific inquiry asks a different set of questions about the objective, verifiable properties and 
processes of nature. An effective learning process should link both these sides of our minds/lives and engage us 
in a Satisfying, Intentional, Problem-solving (SIP) process. This presentation will explore how a “Quality Intellectual 
Work” learning environment can best help scientists, poets, farmers, financiers, florists or anyone else to 
understand and appreciate that science is well worth wondering about, be it in school or out. 
 
 
 

Speaker: Tim Chupp 
University of Michigan 

December 7, 2009 
“Research with Polarized Noble Gases” 

Abstract: Laser optical pumping techniques can be used to orient and control the nuclear spins of noble gases 
opening up a broad range of applications from studies of fundamental elementary particle interactions to medical 
imaging. Polarized 3He can be viewed as a polarized neutron because the spins of the two protons nearly cancel, 
and electron scattering has been used to study the short-range structure of the neutron in quasi-elastic and deep-
inelastic scattering. Control of the polarization has led to development of the noble-gas maser and related 
experiments to search for a property called the electric dipole moment, a separation of charge along the spin of 
the nucleus induced by elementary particle forces. Production of large quantities of 129Xe has allowed enhanced 
magnetic resonance imaging and more recent refinements of techniques for blood flow measurement. I'll describe 
these and other applications. 

 
 
 



Speaker: Clement Burns 

Western Michigan University 
January 11, 2010 

“Organic Solar Cells” 
Abstract: Increases in population and improvements in the standard of living are expected to double the demand 
for power over the next fifty years. Current supplies of fossil fuels are being rapidly depleted, and their use creates 
pollution and contributes to global warming. Photovoltaics, which convert the sun’s light directly into electricity, 
are a particularly appealing choice for power generation. 
 
However, current solar cells based on standard silicon technology are expensive to produce, in part due to the 
need for high quality materials and high temperature processing. The creation of solar cells based on organic 
semiconductors offers a potential low cost solution. In this talk I discuss the basic physics of solar cells, the 
differences between cells based on organic and inorganic materials, and our work in this area. 
 
 

Speaker: Nasser M. Hamdan 
The American University of Sharjah, United Arab Emirates 

January 25, 2009 
“Hole Doping through Anion Substitution in High 

Temperature Superconductors” 
Abstract: harge carrier concentration in high temperature superconductors (HTSC) plays a crucial role in 
determining their superconducting and materials properties. As prepared HTSC are usually not optimally doped. 
Optimization of the charge carrier concentration is done through anion substitution: fluorine (F) for oxygen (O) in 
both the over-doped Tl-1223 and the under-doped Hg-1223 systems. Considerable improvements in the material 
and superconducting properties were observed and attributed to optimizing the contents of holes in the CuO2 
planes. Sample characterizations via transport, magnetic and structural measurements have been used 
systematically to monitor changes in material and superconductivity properties for various F contents. Increase in 
the transition temperature, enhancement of the critical current density, structural changes and enhancement of 
phase formation have been observed in these systems. 
 
Direct measurements of the hole densities in the CuO2 planes of these systems using X-ray Absorption Near Edge 
Structure (XANES) technique at the O k, and Cu L2,3 absorption edges will also be presented. XANES results will 
be discussed in terms of the electronic structure in the CuO2 planes and correlated with the observed 
improvements in the superconducting properties of these two systems. 

 



Speaker: Birger Back 
Argonne National Laboratory 

February 15, 2010 
“Radioactive Beams at Argonne                                                
and the HELIOS Spectrometer” 

Abstract: Radioactive beams have been used at Argonne for over 15 years. These have been produced by various 
methods, which will be discussed. Later this year, re-accelerated beams of 252Cf fission fragments will be provided 
by the new CARIBU injector. The availability of such exotic beams will allow for detailed studies of the single-
particle aspects of nuclear structure in neutron-rich nuclei reaching out to the astrophysical r-process path by 
employing light-ion reactions in inverse kinematics. HELIOS is a new spectrometer that is especially well suited for 
such studies. I will discuss the salient properties of this concept and present some preliminary results from the 
first HELIOS experiments. The combination of neutron-rich beams from CARIBU and the HELIOS spectrometer 
opens a fertile research area of precision studies of these exotic nuclei. 
 
 

Speaker: Victor V. Koledov 
Russian Academy of Sciences, Moscow 

February 22, 2010 
“Alternative Energy Production on the Base of New 

Magnetic Materials; Will the Carnot Machine Be  
in Reality in XXI Century?” 

Abstract: Recent progress in the development of smart magnetic materials shows promise for new generation of 
magnetic cooling and heating machines. The effectiveness of the magnetocaloric thermodynamical devices could 
in principle be restricted only by the Carnot theorem. In principle, near room temperature, they could provide 
order of magnitude higher heating (or cooling) power than electric power used. Recent results and problems rising 
in this field will be reviewed. Another possible application of the new smart magnetic materials will be briefly 
discussed: micro - and nanomechanical devices and medical implants with shape memory. 
 

 
 
 



Speaker: Anna Simon 
Jagiellonian University,  Krakow 

February 24, 2010 
“Radiative Double Electron Capture Collisions of Bare 

Oxygen Ions with Carbon” 
Abstract: Radiative Electron Capture (REC) observed in collisions of fully stripped ions with light target atoms is a 
well established charge exchange process. Here the most fundamental electron-photon interaction mechanism 
can be studied as a time reversal of the photoeffect. Similar to REC, collisions of bare ions may provide a unique 
way for investigation of double photoionization under time reversal conditions, i.e. via Radiative Double Electron 
Capture (RDEC). This is a one-step process where two free (or quasifree) target electrons are captured into a 
bound state of the projectile and the energy excess is released as a single photon. The presentation will be 
dedicated to the 38 MeV O8+ +C MeV experiment that was conducted at Western Michigan University using the 
tandem Van de Graaff accelerator. 
 
The first experimental evidence of the RDEC process was found and the obtained cross section will be compared 
to the results various theoretical approaches. 
 
 

Speaker: Norman O. Birge 
Michigan State University 

March 8, 2010 
“Combining Superconductors and Ferromagnets:  

A New Type of Symmetry?” 
Abstract: Physicists are constantly on the lookout for new symmetries in the ground states of quantum systems.  
Familiar examples include ferromagnets, which break spin-rotation symmetry, and superconductors, which break 
gauge symmetry.  In less fancy language, the electrons in a ferromagnet exhibit an excess of one spin direction, 
whereas the electrons in a conventional superconductor pair into spin-singlets.  When a superconductor (S) and 
a ferromagnet (F) are put into contact with each other, interesting things happen, and the combined S/F system 
may exhibit altogether new properties.  There is a proximity effect where pair correlations from S penetrate into 
F, but this proximity effect decays over a very short distance due to the large energy splitting between the spin-
up and spin-down electrons.  Theory predicts that, under certain conditions, electron pair correlations will appear 
with spin-triplet rather than spin-singlet symmetry.  The two electrons in such a spin-triplet pair have parallel spins 
and are not energy split in F; hence they propagate long distances.  Furthermore, these triplet correlations satisfy 
the Pauli Exclusion Principle in a new and strange way: they are odd in frequency or time.  In this talk I will discuss 
our recent observation of these pair correlations in experiments with S/F/S Josephson junctions. 



Speaker: Yirong Mo 
Western Michigan University 

March 15, 2010 
“Theoretical Methods to Study the Electron         

Transfer Effect” 
Abstract: Electron transfer (ET) processes play a fundamental role in all chemical and biochemical reactions. 
Notably, the qualitative Marcus-Hush two-state model has been widely employed to study ET processes. However, 
it remains a challenge to develop robust theoretical methods to derive the energy profiles of the diabatic states 
at the ab initio level and correlate the ET rate with physical quantities such as the electronic coupling element and 
reorganization energies. As the popular molecular orbital (MO) theory cannot derive the wave function for a 
diabatic state self-consistently due to its delocalization nature, we proposed an efficient variant of the ab initio 
valence bond (VB) theory, called block-localized wave function (BLW) method which takes the advantages of both 
the MO and VB theories. Most recently, we have extended the BLW method to the DFT level and implemented it 
in the quantum mechanical software GAMESS. The BLW method can be used to study the intramolecular electron 
delocalization (e.g., aromaticity or hyperconjugation in ethane) and intermolecular electron transfer effects (e.g., 
energy decompositions in terms of electrostatic, polarization and charge transfer effects). Based on the BLW 
method, we further propose a two-state method to investigate electron transfer processes in gaseous and 
condensed phases. Comparison between the BLW-based two-state method and other qualitative two-state 
models will be presented and examples will be provided to illustrate the potentials and applicability of the new 
two-state method, which can be used to establish the correlation of the electron transfer efficiency with the 
donor/acceptor and bridge groups and the media effect for DBA complexes, and explore the structure-property 
relationships in non-linear optical materials. 
 
 

Speaker: Lisa Lapidus 
Michigan State University 

March 22, 2010 
“The Physics of Protein Folding” 

Abstract: n this talk I shall present some aspects of protein folding, the process by which polypeptide chains 
assume biologically active conformations. Folding is spontaneous and depends in detail on the physical 
interactions within the chain and with the surrounding water. In particular I shall focus on recent results on the 
early stages of folding in which the chain is relatively unstructured and may be described by models from polymer 
physics. The exact nature of the unfolded state may determine the subsequent folding steps and play a crucial 
role in aggregation, misfolding and subsequent disease. 
 
 



Speaker: Lara Arielle Phillips 
University of Notre Dame 

April 19, 2010 
“Chasing a WHIM: The Changing Picture                          

of an Important Baryon Reservoir” 
Abstract: The warm/hot intergalactic medium (WHIM) in the cosmic web may help solve the missing baryon 
problem. X-ray absorption observations of a WHIM component in the Local Group and at higher redshift, 
numerous detections of WHIM OVI absorption features in quasar spectra, as well as recent observations of the 
cosmic X-ray background in the Chandra Deep Fields North and South compel us to revisit earlier theoretical 
predictions for the WHIM. We use an algorithm adapted from computer vision to ferret out and extract structures 
in a higher resolution large scale simulation which includes the effects of galactic super wind feedback and non-
equilibrium ionization. The predicted temperature-density phase diagrams for the intergalactic medium point to 
a new definition for the WHIM. We obtain a better understanding of the physical properties and extent of the 
WHIM (and therefore of the interpretation of its signature in current and future observations) by progressing 
beyond a threshold-based definition of this component to look at the morphology of this substantial baryon 
reservoir. 
 

Speaker August E. (Gus) Evrard 
University of Michigan 

April 26, 2010 
“The Synthetic Universe: Simulation of Large-Scale 

Structure for Astrophysics and Cosmology” 
Abstract: To cosmologists, the universe is a big physics laboratory in which spacetime supports multiple, 
interacting fields and fluids. This perspective is shared by astrophysicists, who typically emphasize classical 
phenomenology associated with particular classes of objects. Numerical simulation of large-scale structure lies at 
the crossroads of these two cultures. In this talk, I will review cosmological simulations aimed at understanding 
the formation and spatial distribution of galaxies and larger, bound systems, namely groups and clusters of 
galaxies. I will emphasize the role such simulations play in supporting analysis of galaxy and cluster surveys aimed 
probing the nature of dark energy. Michigan is an institutional member of the Dark Energy Survey 
(http://darkenergysurvey.org) that will survey 5000 square degrees of sky to 24th magnitude in the southern 
hemisphere beginning early 2012. 
 

 


