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Speaker: Arthur McGurn  

Western Michigan University 
September 13, 2010 

“Photonic Crystals, Photonic Crystal Waveguides, and 
Impurities within Photonic Crystals” 

Abstract: A general review is given of various aspects of current nano-photonics research involving 
metamaterials. The idea of what a metamaterial is discussed. Photonic crystals, photonic crystal waveguides, 
and photonic crystal circuits, as examples of metamaterials, are defined and their properties and applications 
discussed. Vertical column surface emitting lasers based on photonic crystal cavities are examined with 
applications for zero threshold lasing. The properties and design of negative refractive index materials based on 
split ring resonators are explained along with problems in the design and applications of these types of 
materials. Other applications of metamaterials to cloaking devices are treated as well as the design of 
metamaterials with specific electromagnetic properties from analogies with astrophysical and general relativistic 
systems. The nonlinear modes of split ring resonator based metamaterials are reviewed. Some applications to 
quantum computing are treated. The presentation in all of the above is restricted to a qualitative introduction. 

 
Speaker: Nuria Calvet 

University of Michigan 
September 20, 2010 

“Protoplanetary Disks: Are We Seeing the Effects of 
Proto-Planets?” 

Abstract: Observations from the Spitzer Space Telescope have revolutionized the fields of protoplanetary disks 
and planet formation. Analysis of the spectral energy distributions of young stellar objects, together with accretion 
indicators and sub-millimeter images, have provided unprecedented information on the degree of dust evolution 
in their disks. In particular, evidence is mounting in favor of forming planets carving gaps and holes in the disks. I 
will review the evidence for cleared regions in protoplanetary disks, and discuss why planet formation is the most 
likely mechanism to explain them. 



Speaker: Paul Pancella  
Western Michigan University 

September 27, 2010 
“How I Turned My Car Into An Electric Vehicle” 

Abstract: Perhaps not your usual Physics Colloquium. In 2008 I finally got tired of waiting for a highway-capable, 
electric vehicle to become commercially available (at less than $100,000), so I converted my old Honda Civic to 
full battery power. This talk will describe the design of this conversion, the process of actually doing it, and the 
results. Some hard data will be presented, but very little theory. The presentation should be accessible to a very 
broad audience. 

 
Speaker: Ahmad Farhat 

Ford Motor Company 
October 1, 2010 

“Reliability and Hazard Analysis Using Field Data” 
Abstract: The main source of field reliability performance data on Ford Motor Company products is its Analytical 
Warranty System (AWS). Although the warranty database, in its original form, was designed to keep track of the 
warranty claims payable by the company, each claim contains information on failure mode and failure 
time/mileage that can be used for engineering and statistical analysis. This presentation describes probabilistic 
models and statistical procedures used in AWS for estimation of hazard and reliability functions from warranty 
claim data. 
 

 
Speaker: Devendra Lal   
University of California, San Diego 

October 4, 2010 
“Direct Measurements of Solar Activity                              

in the Past 35,000 Years” 
Conventionally Solar Activity is measured, basing on the number of Sun Spots on the visible solar disk. Reliable 
direct observations of sun spots go back to 1826 A. D. Attempts have been made to construct solar activity back 
to 1700 A.D., but these data are not reliable. This talk deals with a new approach to measure solar activity in the 
past 35,000 years based on solar plasma emitted by the Sun, based on observations in the polar ice sheets. 



 
Fortunately there exists a veritable proxy for the solar plasma. Cosmic rays as they enter the heliosphere are 
strongly modulated by the solar plasma. This results in appreciable change in the cosmic ray flux in the near 
Earth environment, which is inversely proportional to the solar activity. If cosmic ray flux can be accurately 
measured in the past, one has a direct measure of the solar activity in the past. We have proposed that the most 
direct and accurate method of measuring paleo-cosmic ray fluxes is to measure cosmic ray produced 14C 
discovered in polar ice (Lal et al., Nature, 346, 350, 1990). This in-situ produced 14C in polar ice can be measured 
very precisely, over and above the 14C which is produced in the Earth’s atmosphere by nuclear interactions of 
cosmic radiation. It must be stressed that the cosmic ray flux in the polar region is unaffected by any changes in 
the geomagnetic field intensity. 
 
I present records of solar activity in two time-frames: (i) during the past 35,000 years, and a higher resolution 
record (ii) in the past 1000 years. 
 
 

Speaker: Nicholas Sterling 
Michigan State University 

October 18, 2010 
“Nucleosynthesis of Trans-Iron Elements through         

the Eyes of Nebular Spectroscopy:                       
Challenges and Solutions” 

Abstract: The detection of neutron(n)-capture elements (atomic number Z>30) in the spectra of nearly 100 
planetary nebulae (PNe) demonstrates that nebular spectroscopy is a potentially powerful new tool to 
investigate n-capture nucleosynthesis and the chemical evolution of trans-iron elements in the Universe. 
Nebular spectroscopy provides access to several n-capture elements that are not detectable in cool giant stars, 
and enables investigations of classes of stars and stages of evolution in which stellar photospheres are obscured 
by heavy mass loss. However, the poorly known atomic data for processes that govern the ionization balance of 
n-capture elements present a major challenge to investigations of these species in ionized nebulae. These data 
are needed to accurately estimate the abundances of unobserved n-capture element ions, and hence to 
determine the total elemental abundances of these species. 
 
To address this issue, we have computed photoionization cross sections and radiative and dielectronic 
recombination rate coefficients for low-charge ions of the three most widely observed n-capture elements in 
PNe (Se, Kr, and Xe). These results are benchmarked to experimental absolute photoionization cross sections 
measured at the Advanced Light Source synchrotron radiation facility. We also computed charge transfer rate 
coefficients for these species with a multichannel Landau-Zener code. These new atomic data will be 
incorporated into photoionization codes to derive reliable ionization corrections for Se, Kr, and Xe. We will apply 
these results to determine the abundances of n-capture elements in PNe to unprecedented accuracy, enabling 
robust investigations of n-capture nucleosynthesis in PN progenitor stars. 



Speaker: Stephen K. Remillard 
Hope College 

November 1, 2010 
“Time Reversal Symmetry Breaking in High Temperature 

Superconductor Circuits” 
Abstract: Movies running backwards portray events some of which are indistinguishable from forward, and 
some of which make no sense in reverse. Those events which make no sense in reverse are driven by non-
conservative forces, such as the friction that grinds motion to a halt. The irreversibility of a non-conservative 
force indicates a one-way transfer of energy from one form into another, more commonly called dissipation. 
Superconducting materials are so valuable technologically because they do not dissipate electrical energy, and 
yet experimental evidence that the superconductor does not look the same when time runs backwards reveals 
the presence of dissipative currents. Using as samples commercial devices that were manufactured from high 
temperature superconducting wafers, the breaking of time reversal symmetry has been detected through the 
measurement of the distortion in microwave signals passing through the devices. Causes of both intrinsic (e.g., 
within the superconducting state) and extrinsic (e.g., material defects) nature are being considered, and time 
reversal symmetry breaking could prove a valuable tool for hunting down and eliminating the sources of 
dissipation in these technologically important materials. 
 

 
Speaker: Adam Mock 
Central Michigan University 

November 15, 2010 
“Photonic Crystal Devices” 

Abstract: This talk will discuss modeling and some experimental aspects of two-dimensional photonic crystal 
devices. Two-dimensional photonic crystals offer the ability to engineer light at wavelength and subwavelength 
scales. They have the potential for significant impact in a number of applications in integrated and fiber optics 
due to their interesting confinement mechanisms, nonlinearities and dispersion. The photonic crystal 
technologies discussed in this presentation will be planar slab structures in which the photonic crystal geometry 
is in-plane and photonic crystal fibers in which the photonic crystal geometry runs the entire length of the 
optical fiber. 
 
Two-dimensional photonic crystal slab structures are a versatile platform for building small-footprint photonic 
integrated circuits due to their ability to realize a large number of different functions. Resonators, waveguides, 
filters and directional couplers can all be constructed by various arrangements of the two-dimensional hole 



patterns. In this talk I will discuss the design and analysis of large quality factor cavities and comment on their 
use as an optical source in semiconductor-based photonic integrated circuits. 
 
The presentation will conclude with a discussion of efficient numerical modeling of photonic crystal fibers. 
Advantage will be taken of the continuous translational invariance along the propagation direction and discrete 
rotational invariance in the cross-section of these fibers to perform efficient and accurate numerical modeling. 
 

 
Speaker: Vanessa Fivet  

Western Michigan University 
November 29, 2010 

“Atomic Structures of Lowly-ionized Heavy Elements 
and their Astrophysical Applications” 

Abstract: A major motivation for the determination of radiative data for the heavy elements arises from stellar 
elemental abundance studies. Neutron-capture elements (Z>30) have been observed in some of the oldest 
metal-poor stars of the galactic halo. These observations provide clues on the respective importance of r- and s-
processes for the build up of heavy elements and constraints on the astrophysical sites in which these processes 
occur. The detection of the long-lived radioactive elements, such as thorium and uranium, also allows a direct 
age determination of old stars using radioactive dating. The analysis of the high-resolution, high signal-to-noise 
astrophysical spectra requires accurate atomic data (wavelengths, oscillator strengths, radiative lifetimes...) for 
all the elements observed. Due to the complexity of their spectra, the electronic structure and the radiative 
properties of the heavy elements are still poorly known. Transition probabilities can be obtained from a 
combination of lifetime measurements and of theoretical or experimental branching factor determination. In 
this talk, I will show how this method has been used successfully to obtain new radiative data for fifth and sixth 
row elements and for rare-earth atoms and ions. 
 
 

Speaker: Venkatachalam Subramanian 
Indian Institute of Technology – Madras, Chennai, India 

December 6, 2010 
“Non Destructive Evaluation of Material Property - 

Microwave Hall Effect and Microwave                          
Near Field Microscopy” 



Abstract: Measurement of material property by electromagnetic radiation always depends on the nature of 
impedance the material offers. The two fundamental quantities, complex dielectric permittivity and magnetic 
permeability play a very major role in selecting the material for proper applications. It is interesting to utilize 
these fundamental quantities to derive various other parameters that are easy for us to understand. Carrier 
mobility is one such key parameter to be evaluated by semiconductor device scientists. The other interesting 
feature is to understand the surface of a material in terms of the impedance in a sub-micron resolution. In this 
talk, two microwave techniques will be described briefly and their application in materials will be discussed. 
 

 
Speaker: Mark Voit 
Michigan State University 

January 10, 2011 
“The Universe's Largest Galaxies” 

Abstract: The largest galaxies in the universe are generally found at the centers of massive galaxy clusters. Many 
of these galaxies ought to be forming enormous numbers of stars, based on the cooling time of the hot gas that 
surrounds them, but they are not. Feedback from supermassive black holes is thought to be a big part of the 
solution to this puzzle, but it's not yet clear how that feedback loop works. I will present results from a large 
Chandra archival study of cluster cores showing that star formation and AGN behavior in these enormous 
galaxies is closely linked with the properties of the intracluster medium. The results of this survey suggest that 
star formation at the centers of galaxy clusters is regulated partially by thermal conduction. If conduction cannot 
prevent the intracluster medium from developing multiphase structure, then star formation proceeds in the 
central galaxy, but at a rate reduced by simultaneous feedback from the central black hole. 
 
 

Speaker: Mihai Horoi 
Central Michigan University 

January 24, 2011 
“Nuclear Structure Theory Relevant for the Facility for 

Rare Isotope Beams” 
Abstract: The forthcoming Facility for Rare Isotope Beams (FRIB) at Michigan State University will produce nuclei 
close to the limits of stability. Understanding and predicting the existence of these nuclei require pushing the 
nuclear structure theory to new limits. In my talk I will review the present status of the nuclear structure theory 
and its direction for the forthcoming years. I will emphasize the role of the configuration interaction method and 
its outcomes, which includes low-lying state spectroscopy, electromagnetic transitions amplitudes, 



spectroscopic factors, charge-exchange amplitudes, nuclear level densities, and (double) beta decays. 
Applications to nuclear astrophysics, nuclear energy, and nuclear medicine problems will be presented. 
 

 
Speaker: Margaret Gardel 

University of Chicago 
January 31, 2011 

“Cellular Mechanics” 
Abstract: Many different types of biological cells have the capability of sensing and generating mechanical 
forces. These biophysical properties of cells are utilized for many different aspects of cell physiology, including 
cell migration and division as well as building multi-cellular tissue. To a large degree, the active mechanical 
behavior of cells is regulated by the filamentous actin (F-actin) cytoskeleton. F-actin is a semi-flexible biopolymer 
that forms the basis of larger length scale structures in the cell through the action of other proteins that regulate 
assembly, cross-linking and force generation. Nearly all of these processes are driven far from thermal 
equilibrium by processes that rely on the consumption of chemical energy to regulate the spatial and temporal 
organization of network mechanics and force generation. To elucidate the physical properties of the actin 
cytoskeleton, we have studied the dynamics and biophysical properties of actin networks formed with myosin 
motors both in live cells and reconstituted networks of purified proteins. In these systems, we observe that the 
stability and mechanics of actomyosin networks is highly tuned based on the amount of tension. These 
behaviors enable rapid remodeling under low tension, but stabilizes the structures as forces are increased. Thus, 
cellular materials provide insight into design principles that are utilized by highly adaptive matter. 
 

 
Speaker: Artemis Spyrou 

National Superconducting Cyclotron Laboratory 
Michigan State University 

February 7, 2011 
“Measuring Nuclear Reactions to Understand            

Stellar Nucleosynthesis” 
Abstract: Major effort was devoted in the past decades towards the understanding of the different 
nucleosynthesis processes. There are still, however, many open questions that need to be resolved. One of the 
puzzles of stellar nucleosynthesis is the production of the proton rich nuclei, the so called “p nuclei”. These 35 
stable isotopes are not produced in the same way (s- and r-processes) as the majority of the nuclei beyond iron. 



Their synthesis is attributed to the “p process”, which is a process not very well understood, resulting in large 
uncertainties in astrophysical calculations. There are two sources of uncertainty in the modeling of the p 
process: 1) the astrophysical input and 2) the nuclear physics input. In this talk I will focus on the nuclear physics 
aspect of this process. I will report on recent experimental efforts for measurements with stable beams and 
targets and will also describe future plans for expanding these measurements using radioactive ion beams. 
 

 

Speaker: Roy Clarke 
University of Michigan 

February 14, 2011 
“Quantum Nanostructures for Energy Conversion” 

Abstract: Nanotechnology has the potential for revolutionary advances in many areas of societal need, from 
health care to energy applications including solid state lighting and electrical power conversion.  The promise of 
this field can only be fully realized if researchers are able to understand and control the behavior of electrons at 
the atomic level.  Recent progress towards this goal has been rapid and far-reaching.  Some examples will be 
described in the context of extraordinary new capabilities in quantum nanostructure fabrication and ultrahigh-
resolution x-ray structure mapping. 
 

 
Speaker: Carlo Piermarocchi 

Michigan State University 
February 21, 2011 

“Optical Lattices in Semiconductors” 
Abstract: Laser-induced optical potentials for atoms have led to remarkable advances in precision 
measurement, quantum information, and towards addressing fundamental questions in condensed matter 
physics.  In this seminar, I will describe analogous optical potentials for electrons and bound electron-hole pairs 
(excitons) in semiconductors.  I will present theoretical results showing that this potential can be large relative 
to the equilibrium temperature of the material, resulting in a mechanism that can trap, guide, and manipulate 
individual electrons and/or holes within a semiconductor quantum well or wire.  These potentials can be 
thought of as artificial nano-structures on the scale of 100 mm that can be strongly spin-dependent and 
reconfigurable in real-time.  Our theoretical results suggest the possibility of integrating ultrafast optics and gate 
voltages in new single-carrier semiconductor opto-electronic devices, with potential applications in fields such as 
nono-electronics, spintronics, and quantum information processing. 
 
 
 



Speaker: Todd Barkman 
Western Michigan University 

March 7, 2011 
"Ghosts of Evolution Past:  Resurrecting an Extinct 

Ancestral Enzyme to Understand the Origins of Modern-
Day Biochemical Activities" 

 
Abstract: Protein evolution is responsible in large part for generating the diversity of organismal form and 
function observed today.  As such, understanding the nature of protein functional diversification is a primary 
goal of evolutionary biologists.  The research presented in this talk seeks to advance understanding of protein 
functional evolution in the SABATH family of plant methyltransferases using a combined statistical and 
experimental approach.  Ancestral sequence estimation, statistical tests for positive selection, ancestral protein 
resurrection combined with forward mutagenesis and enzyme functional assays were used to test the 
hypotheses posed.  Specifically, the first hypothesis tested is that the ancestral enzyme began as generalist 
“jack-of-all-trades” and later gave rise to specialized descendants after gene duplications generated the diversity 
of enzymes in modern-day species.  This was achieved by synthesizing and assaying the function of the now 
extinct, ca. 300 million year old ancestral enzyme that gave rise to the entire family of descendant SABATH 
enzymes, each with divergent activities.  This hypothesis has never been tested for any diverse enzyme family 
and thus fills a void in our understanding of the pattern of protein functional diversification.  Preliminary results 
suggest that the ancestral enzyme was a generalist capable of methylating a diverse set of substrates that no 
single modern-day enzyme is capable of.  Second, the ancestral enzyme was used as a starting point from which 
modern-day enzymes were re-evolved to investigate the role of natural selection in the evolution of protein 
function.  Statistical analyses indicate that one amino acid site has experienced positive selection and re-
evolving the amino acid change resulted in the change in enzyme activity that was promoted by selection.  In 
this way, we have “re-played the evolutionary tape of life” and found that this change is repeatable. 
 

 
Speaker: Enrico Landi 

Department of Atmospheric, Oceanic and Space Sciences 
University of Michigan 

March 14, 2011 
"Coronal Mass Ejection" 

Abstract: Coronal Mass Ejections (CMEs) are among the most dramatic and violent dynamic events occurring in 
the solar atmosphere, and have significant impact on the near-Earth environment, human activities and 



commercial and military communications.  So far, the physical processes responsible for their release and 
acceleration have not been completely understood, in part because of the lack of direct measurements of the 
CME plasma physical parameters and evolution during the early stages of CME events. 
 
In my talk I will describe the analysis of multiwavelength observations from Hinode, SOHO and STEREO of the 
very early phases of a CME event.  The observations allowed us to make a 3D reconstruction of the velocity and 
trajectory of the CME, to determine the thermal structure of the ejected plasma, and to detect and study the 
formation of a post-CME current sheet that lasted hours after the CME event.  The present results are the most 
comprehensive study of the onset of a CME to date, and will be discussed in light of current theoretical models. 
 

 
Speaker: Karen S. Bjorkman 

University of Toledo 
March 21, 2011 

"Stars and Disks (and Planets?) - Oh, My!" 
Abstract: Many stars have disks of gas and/or dust around them, and some of these disks might even be 
potential birthplaces for planetary systems.  These disks are found around stars of all ages - young stars, middle-
aged stars, and old stars.  The presence of disks can have a significant effect on the evolution of stars.  However, 
these disks are small, very faint, and far away in most cases, so they can be difficult to detect and especially to 
study in detail.  Ever wonder how astronomers can figure out what these disks are like, when in many cases we 
can't even see them directly?  And what about extrasolar planets, which are even more difficult to observe?  In 
this talk, I will give an overview of some of the techniques we are using to study these types of objects, and what 
we are learning about them. 
 

 
Speaker: Fred Becchetti 

University of Michigan 
April 4, 2011 

"The Physics of Magic...and the Magic of Physics" 
Abstract: In this talk I will compare magic and magicians with the sciences and scientists, and especially some of 
the amazing phenomena we encounter in physics (and nature).  I will show some of the physics principles 
utilized in magic.  This will be demonstrated with several routines and effects used by professional magicians 
and ones I have developed, together with related physics demonstrations illustrating also the "magic of physics." 
 
 



Speaker: Dr. Hui Deng 
University of Michigan 

April 11, 2011 
"A Quantum Spectrometer for the Orbital Angular 

Momentum of Light" 
Abstract: Light has both polarization and orbital angular momentum.  The former has two orthogonal states and 
has been widely exploited as qu-bits in quantum information science.  The latter, has infinite number of 
orthogonal states, is a candidate as qu-dits for quantum computing in higher-dimensional Hilbert spaces and 
quantum communication with high information capacities.  There are very limited ways to measure the orbital-
angular momentum (OAM) state of light when it is not an eigen-state of OAM.  In this talk, I will briefly introduce 
OAM of light, quantum counter-factual measurements, and quantum Zeno effect.  Then I will introduce a 
scheme to sort OAM of light utilizing the quantum counter-factual measurement and quantum Zeno effect.  The 
scheme requires only one interferometer and can separate different OAM components of an unknown input 
state into different, pre-determined, time intervals at the output, with <1% crosstalk between different OAM 
components. 
 

Speaker: Andrew M. Rogers 
Argonne National Laboratory 

April 18, 2011 
"Beyond the Drip Line: Key Proton Radioactivity Studies 

for the rp Process" 
Abstract: Proton-rich nuclei play an important role in our understanding of both astrophysics and nuclear 
structure.  Specifically, in certain accreting-binary neutron-star systems hydrogen-rich matter builds on the 
neutron star surface, eventually becoming thermally unstable.  The resulting thermonuclear runaway is 
observed as type I x-ray burst.  During the latter part of the burst rapid proton-capture reactions on heavy seed 
nuclei, sequentially followed by their slower beta decay, drive the isotopic abundance to the proton-drip line in 
what is known as the rp process.  Properties of particular proton-unbound nuclei have exponential effects on 
the reaction path and determine, for instance, the extent to which material is processed into heavy masses.  
Direct measurements of such exotic nuclei, however, are difficult due mainly to their short lifetimes.  I will 
present an overview of proton radioactivity as well as current and future studies important for the astrophysical 
rp process occurring in type I x-ray bursts. 
 

 


