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Motivational speakers at business meetings often use
sport, whether football or auto racing, as a metaphor for
business activities. Can the many elements of physics
that enter into motorsports, from compression ratios to
centrifugal force, be useful in adding excitement to the
subject?
A given quantitative data analysis tool is always developed based
on certain basic assumptions, which are usually expressed in terms
of a constrained probability framework describing the relations
and uncertainties among different measures and variables of the
system. This talk will provide a comparison among the probabilistic
frameworks of three commonly used quantitative analysis methods:
the item response theory, the normalized gains, and model analysis.
The comparison will be made with both the theoretical analysis of the
methods and empirical evidence from experiments. The goal of this
study is to gain insights into the relations among models, data, and
results.
DF03:
4 PM Defining “Conceptual Understanding”
Through Appropriate Constraints on a Knowledge Domain
Invited – David E. Meltzer, Univ. of Washington,
dmeltzer@u.washington.edu

For an expert, “understanding” of a particular concept refers merely
to an arbitrarily circumscribed portion of a broad array of tightly interconnected knowledge elements. In the expert’s mind, the domain
of all knowledge elements is hierarchically organized and densely
interlinked, with multiple access paths to any particular subdomain.
When assessing student understanding one must select a subdomain
of both elements and links, chosen as appropriate for a given level of
student preparation. The extent to which the student demonstrates
facility with ideas in this selected subdomain can serve as a definition
of “conceptual understanding” in a particular context. Understanding
so defined is always implicitly constrained by the boundary selected
to define the subdomain. I will give concrete illustrations of these
ideas with student response data related to concepts in electromagnetism and thermal physics, as well as other topics.
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DG01:
3 PM
Two Applications of Quantitative Fluorescence Microscopy in Cell Membrane Biophysics
Invited – Nancy L. Thompson, Univ. of North Carolina at Chapel Hill,
919-962-0328, nlt@unc.edu

The combination of total internal reflection illumination with fluores-
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cence correlation spectroscopy (TIR-FCS) allows one to examine in
quantitative detail a variety of biophysical properties related to the
motions and interactions of fluorescent molecules near the interface
of a transparent planar surface and an adjacent solution. Several
experimental and theoretical aspects of this combination will be
described. TIR-FCS has allowed characterization of local diffusion
coefficients and concentrations of fluorescently labeled antibodies in
solution but very close to substrate-supported phospholipid bilayers.
TIR-FCS has also been used to examine the interaction kinetics of
fluorescently labeled mouse IgG specifically and reversibly associating with the mouse receptor FcGammaRII, which was purified and
reconstituted into substrate-supported planar membranes. The use of
quantum dot blinking for measuring submicroscopic distances will
also be described.
DG02:
3:30 PM Accurate and Efficient Electrostatics for
Large Scale Biomolecular Simulations
Invited – Celeste Sagui, Department of Physics NCSU, 919-515-3111,
sagui@ncsu.edu
Thomas A. Darden, Lee G. Pedersen, Christopher M. Roland

An accurate and numerically efficient treatment of electrostatics is
essential for biomolecular simulations, in particular, when a smooth
interface to quantum chemical descriptions is needed. Force field
used in classical biomolecular simulation codes such as AMBER and
CHARMM assign “partial charges” to every atom in a simulation in
order to model the interatomic electrostatic forces. The respective
charge values are obtained via least-squares fitting to the Coulombic
potential produced by quantum chemical procedures Unfortunately,
the fitting procedure for large, conformationally flexible molecules is
under-determined, which is a major source of errors. There are two
main problems associated with the treatment of classical electrostatics: (i) how does one eliminate artifacts associated with the point
charges as used in force fields, and thereby improve the electrostatic
potentials in a physically meaningful way?; (ii) how does one efficiently simulate the very costly long-range electrostatic interactions? Here, we present results on a recently developed distributed
multipole method and discuss the importance of this method for
large scale biomolecular simulations.
Invited by Margaret P. Hill

DG03:
4 PM
Dynamics

Exploring the Role of Calcium in Cardiac Cell

Invited – Carolyn M. Berger, Duke Univ., 919-660-2512, cberger@phy.
duke.edu
Salim F. Idriss, Ned Rouze, David K. Hall, Daniel J. Gauthier

Bifurcations in the electrical response of cardiac tissue can destabilize
spatio-temporal waves of electrochemical activity in the heart, leading to tachycardia or even fibrillation. Therefore, it is important to
understand the mechanisms that cause instabilities in cardiac tissue.
Traditionally, researchers have focused on understanding how the
transmembrane voltage is altered in response to an increase in pacing
rate, i.e. a shorter time interval between propagating electrochemical waves. However, the dynamics of the transmembrane voltage are
coupled to the activity of several ions that traverse the membrane.
Therefore, to fully understand the mechanisms that drive these
bifurcations, we must include an investigation of the ionic behavior.
We will present our recent investigation of the role of intracellular
calcium in an experimental testbed of frog ventricle. Calcium and
voltage are measured simultaneously, allowing for the previous
research regarding voltage to guide our understanding of the calcium
dynamics.
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