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CONFERENCE INFORMATION & PROGRAMME 
 

 

 REGISTRATION  

 

Wednesday, May 18
th

 2011 

 Location: Haverford Campus Center 

 Time: 2 pm to 7 pm 

 

Note: Registration will continue on Wednesday from 7 to 10 pm during the reception at Zubrow 

Commons in the Koshland Integrated Science Center (KINSC). 

 

Thursday & Friday, May 19
th 

- 20
th

 2011 

 Location: Stokes Lecture Hall  

 Time: 7 am to 12 pm 

 

Note: Accommodation keys will be given to you at registration. If arriving off-hours, please pick 

up keys at security (see map below).   

 

 

 LECTURES 

 

Thursday & Friday, May 19
th

 - 20
th

 2011 

 Location: Stokes lecture Hall 

 Time: see schedule 

 

 

 POSTER SESSION 

 

Thursday, May 17
th

 2011 

 Location: Zubrow Commons in the Koshland Integrated Science Center (KINSC) 

 Time: 8 pm to 10 pm 

 Instructions: The maximum poster size is 42" x 42". Posters will be displayed on large 

Styrofoam poster boards.  Instead of using push pins, the posters will be taped onto the boards. 

 

 
 MEALS, RECEPTION & BANQUET 

 

 All meals (except the banquet and Wednesday Reception) are at the Haverford College 

Dining Center.  Breakfast from 7 am to 8m on Thursday, Friday, and Saturday. 

 Wednesday Reception at Zubrow Commons in the Koshland Integrated Science Center 

(KINSC) from 7 pm to 10 pm. 

 Banquet will be held at Founder's Hall on Friday May 20
th

 at 7 pm. 
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THURSDAY, MAY 19
TH

 2011-- STOKES LECTURE HALL                

Chair: Tom Solomon 

8:15 – 8:45   Welcoming comments, including President Emerson 

 

8:45 – 9:15  Yves Couder 

“On the interplay between past, present and future in the behaviour of particles having a wave-

mediated memory” 

 

9:15 – 9:45  Guenter Ahlers 

“The influence of rotation on turbulent Rayleigh-Bénard convection”   

 

9:45 – 10:15  Greg Voth 

“Stretching Fields and Rod Motion in 2D Chaotic Flows” 

 

 

10:15 – 10:45    BREAK  

 

                   Chair: Harry Swinney 

10:45 – 11:15  Howard Stone 

“Development of Biofilms in Flow” 

 

11:15 – 11:45  Tom Lubensky 

“Elasticity of Networks of Semi-Flexible Polymers” 

 

11:45 – 12:15  Nicholas Ouellette 

“Spatial Structure of Spectral Fluxes in Weak Turbulence 

 

 

12:15 – 2:00    LUNCH 

 

         Chair: Paulo E. Arratia 

2:00 – 2:30 Andrea Liu 

“Two tails of self-diffusiophoretic motility in cells” 

 

2:30 – 3:00  Joshua Socolar 

“Relaxation to a limit-periodic ground state” 

 

3:00 – 3:30  Sergio Ciliberto 

“Heat fluctuations in an out of equilibrium bath” 

 

3:30 – 4:00  Jeffrey Guasto 

“Swimming and Mixing: The Transport Induced by Biflagellated Microorganisms”  

 

 

4:00 – 4:30    BREAK 



 

 

          Chair: Leo Kadanoff 

4:30 – 5:00  Mary Lowe 

“Molecular Dynamics Simulations of the Protein AraC” 

 

5:00 – 5:30  Bruce Gluckman 

“Brain Control: Epilepsy, electric fields, sleep and weather” 

 

5:30 – 6:00  Wolfgang Losert 

“Physics of Cell Migration and Collective Cell Behavior” 

 

 

6:00 – 8:00    DINNER 

 

8:00 – 10:00     POSTER SESSION 

 

  LOCATION:  Zubrow Commons in the Koshland Integrated Science Center 

(KINSC). 

 

   INSTRUCTIONS: The maximum poster size is 42" x 42". The posters will be 

displayed on large Styrofoam poster boards.  Instead of using push pins, the posters 

will be taped onto the boards. 

 



FRIDAY, MAY 20
TH

 2011-- STOKES LECTURE HALL 

         Chair: Wolfgang Losert  

8:30 – 9:00 David Weitz 

“Random fluctuations in cells” 

 

9:00 – 9:30 Craig Arnold 

“Experimental and Numerical Study of Thin-Film Laser-Induced Jetting Behavior” 

 

9:30 – 10:00 Tom Solomon 

“Chaotic mixing and reaction fronts” 
 
 
10:00 – 10:30    BREAK 
 

             Chair: Michael Schatz 
10:30 – 11:00 Anette (Peko) Hosoi 

“Small Swimming Lessons: Optimizing Low Reynolds Number Locomotion” 

 

11:00 – 11:30 Robert Ecke 

“Convective instability in multi-component diffusion layers: Application to carbon 

sequestration” 

 

11:30 – 12:00 Paulo E. Arratia 

 “A purely elastic subcritical instability in parallel shear flows at low Re” 

 

 

12:15 – 2:00    LUNCH 

 

         Chair: Arjun Yodh  

2:00 – 2:30 Harry Swinney 

“Internal Gravity Wave Dynamics in the Oceans” 

 

2:30 – 3:00 Patrick Tabeling 

“Nonlinear effect phenomena in microfluidic systems” 

 

3:00 – 3:30 Arshad Kudrolli 

“Nucleation and crystal growth in granular materials” 

 

 

3:30 – 4:00   BREAK  

 

               Chair: Stephen Morris 

4:00 – 4:30 Douglas J. Durian 

“Granular Impact Cratering” 

 

4:30 – 5:00 Andrew Dougherty 

“Large Pattern Formation in Dendritic Crystal Growth” 

 

5:00 – 5:30 J.C. Tsai 

“Migration of a short chain subjected to a gradient of vibration” 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Friday evening:  Banquet, starting at 7:00 p.m at Founder’s Hall 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Invited Speakers Abstracts  

 
Speakers in alphabetical order 

 

 

Guenter Ahlers (University of California, Santa Barbara) 

“The influence of rotation on turbulent Rayleigh-Bénard convection” 

 

This talk will present recent results for the influence of rotation on the Nusselt number Nu, as 

well as on the large-scale circulation (LSC), of turbulent Rayleigh-Bénard convection [1-5]. Both 

experiment and direct numerical simulation show that modest rotation can strongly enhance Nu 

when the Prandtl number is not too small and the Rayleigh number is not too large. The 

enhancement is due to the conversion by the rotation of plumes into Ekman vortices which 

extract additional fluid from the thermal boundary layers. This enhancement begins at a finite, 

albeit small, rotation rate where a sharp supercritical bifurcation from one turbulent state to 

another occurs. The existence of this bifurcation can be explained in terms of a Ginzburg-Landau 

model as a finite-size effect. The LSC has to compete with the Ekman vortices and its strength is 

diminished as the rotation rate is increased. Results for the LSC properties as a function of 

rotation rate will be discussed. 

 
[1] Stevens, R. at al., Phys. Rev. Lett. 103, 024503 (2009); [2] S. Weiss & G. Ahlers, J. Fluid Mech. 

submitted; [3] Weiss, S. et al., Phys. Rev. Lett. 105, 225401 (2010); [4] J.-Q. Zhong & G. Ahlers, J. Fluid 

Mech. 665, 300-333 (2010); [5] Zhong, J.-Q et al., Phys. Rev. Lett. 102, 044502 (2009) 

 

 

Craig Arnold (Princeton University) 

“Experimental and Numerical Study of Thin-Film Laser-Induced Jetting Behavior” 

 

Laser-induced forward transfer (LIFT) is a versatile direct-write technique, which can print high-

resolution patterns from a variety of inks without potential complications of nozzle-based 

methods.  In LIFT, a donor material is coated as a thin film onto the bottom of a glass substrate.  

A pulsed laser is focused through the glass into the donor ink film, ejecting the material onto a 

receiver substrate.  In this presentation, we consider two different mechanisms for laser-actuated 

liquid ejection using different laser-absorbing layers.  With a thin titanium absorbing layer, we 

demonstrate the dynamics of an expanding vapor cavity within the ink film leading to jetting 

behavior.  We capture time-resolved images of the expanding gas cavity showing the formation 

of a high-aspect-ratio external jet and for the first time the internal re-entrant jet during cavity 

collapse.  The role of viscous forces in suppressing the re-entrant jet relative to what has been 

previously observed in larger-scale cavitation studies will be discussed.  Additionally, we 

consider liquid ejection actuated by laser-induced blisters that form on a polymer absorbing 

layer.  Once again, time-resolved imaging elucidates the transfer mechanism.  Finally, we show 

results of a computational fluid dynamic model for the process, in which flow is driven by a 

time-dependent deformable-wall boundary based on experimental measured blister expansion.  

Using the model, we investigate the theoretical threshold for transfer and dependence of ejected 



droplet volume on laser energy as well as the influence of parameters such as the ink viscosity 

and surface tension on the threshold laser energy. 

 

 

Paulo E. Arratia (University of Pennsylvania) 

“A purely elastic subcritical instability in parallel shear flows at low Re” 

 

It is a common assumption that, in the absence of inertia and curvature, the flow of a viscoelastic 

fluid is linearly stable to flow perturbations. Recent evidence, however, suggests that such flow 

may be unstable to a finite amplitude perturbation. This type of instability is akin to the transition 

from laminar to turbulent flows in ordinary Newtonian fluids where the control parameter is the 

Reynolds number (Re). In this talk, we present evidence of a subcritical nonlinear instability for 

the flow of a dilute polymeric solution in a straight microchannel (no curvature) at low Re. The 

experimental setup is a square microchannel that is 100 m wide, 100 m deep, and 2.5 cm long. 

The flow is investigated using both dye advection and particle tracking velocimetry. Results 

show large velocity fluctuations far downstream (2 cm) away from the initial perturbation for 

strong enough disturbances. Small disturbances decay quickly under the same flow conditions 

(i.e. flow rate). A hysteresis loop, characteristic of subcritical instabilities, is observed.  

 

 

Sergio Ciliberto (Ecole Normale Supérieure de Lyon - CNRS) 

“Heat fluctuations in an out of equilibrium bath” 

 

We measure the energy fluctuations of a Brownian particle confined by an optical trap in an 

aging gelatin after a very fast quench (less than 1 ms). The strong nonequilibrium fluctuations 

due to the assemblage of the gel, are interpreted, within the framework of fluctuation theorem, as 

a heat flux from the particle towards the bath. We derive, from a simple model, an analytical 

expression of the heat probability distribution, which fits the experimental data and satisfies a 

fluctuation relation similar to that of a system in contact with two baths at different temperatures. 

 

 

Yves Couder (Université Paris Diderot) 

“On the interplay between past, present and future in the behaviour of particles having a wave-

mediated memory”* 

 

It was shown that a droplet bouncing on a vibrated fluid interface can become propagative by a 

coupling to the surface waves it excites. A self-propelled "walker", a symbiotic object formed by 

the droplet and its associated wave is thus obtained. This talk will be devoted to the structure of 

the wave-field and to its consequences on the droplet dynamics. The walking behaviour of 

droplets occurs when the vertical forcing is tuned immediately below the Faraday instability 

threshold. Each time the drop hits the interface it generates both a travelling wave and a localized 

mode of Faraday standing waves. The latter, being almost sustained by parametric forcing, decay 

very slowly. At a given time the total wave-field is thus the linear superposition of waves 



generated at the points where the droplet collided with the surface in the recent past. Its 

interference structure thus contains what we have called a wave mediated "path-memory".  

 

The travelling wave front propagating faster than the drop, in the presence of boundaries, 

reflected waves also contribute to the wave field, providing a kind of echo-location. Since the 

droplet moves by its interaction with the wavefield, its motion is sensitive both to its history and 

to its environment. Two effects of this type of dynamics will be discussed: (i) when fixed 

boundaries create a confinement, the superposition of the reflected waves becomes complex and 

the droplet motion becomes apparently random. We will show that a deterministic behaviour is 

still statistically maintained. (ii) The drop can be submitted to a transverse force and follow an 

orbiting motion. Because of the constraints imposed by the wavefield structure, the orbit 

diameters, instead of varying continuously with the force, can only take quantized values. 

 

*In collaboration with Julien Moukhtar, Antonin Eddi and Emmanuel Fort 

 

 

Andrew Dougherty (Lafayette College) 

“Large Pattern Formation in Dendritic Crystal Growth” 

 

Dendritic crystal growth is one of the common forms of pattern formation in a nonequilibrium 

system.  In a supersaturated solution, an initially smooth seed crystal is unstable and will evolve 

into a complex branched dendritic crystal.  The resulting shape represents a complex interplay 

between two very different length scales---a diffusion length, typically on the order of 

millimeters, and a capillary length, typically on the order of nanometers.  This vast range of 

scales poses significant challenges for both experimental and computational studies.  

 

Although the broad outlines of dendritic crystal growth are well established, the origin of the 

delicate sidebranching structure remains uncertain.  In some models, the sidebranches are an 

intrinsic part of the dynamic growth process, while in other models, they result from the selective 

amplification of noise.  Sufficiently precise measurements to distinguish between these models 

have proven elusive. I will report measurements on the dendritic growth of NH4Cl from aqueous 

solution aimed at addressing this issue.  We have found that the sidebranch amplitudes, at least in 

this system, appear to be consistent with the noise-generated hypothesis.  We have not observed 

any intrinsic oscillations, but very small ones cannot be ruled out. Given the finite experimental 

resolution, no measurement of the tip region can be completely free of contamination from early 

sidebranches. I will also discuss prospects for future applications and exploration. 

 

 

Douglas J. Durian (University of Pennsylvania) 

"Granular Impact Cratering" 

 

Experiments on the low-speed impact of solid objects into granular media have been used both to 

mimic geophysical events and to probe the unusual nature of the granular state of matter.  

Observations have been interpreted in terms of conflicting stopping forces: product of powers of 



projectile depth and speed; linear in speed; constant, proportional to the initial impact speed; and 

proportional to depth.  This is reminiscent of high-speed ballistics impact in the 19th and 20th 

centuries, when a plethora of empirical rules were proposed.  To make progress, we developed a 

means to measure projectile dynamics with 100 nm and 20 s precision.  For a 1-inch diameter 

steel sphere dropped from a wide range of heights into non-cohesive glass beads, we reproduce 

prior observations either as reasonable approximations or as limiting behaviors.  Furthermore, we 

demonstrate that the interaction between projectile and medium can be decomposed into the sum 

of velocity-dependent inertial drag plus depth-dependent friction.  Current work is aimed at 

elucidating two outstanding questions: Does the latter force act parallel or perpendicular to the 

projectile surface, and is the scale set by hydrostatic loading or is it affected by the projectile 

motion. 

 

 

Robert Ecke (Los Alamos National Laboratories) 

“Convective instability in multi-component diffusion layers: Application to carbon 

sequestration” 

 

A limiting factor in the long-term stability of storage of carbon dioxide in geologic porous media 

aquifers is the rate at which CO2 dissolves into salt water. Because carbon-dioxide saturated 

water is heavier than the pure water, the possibility of enhanced mixing (relative to diffusion) is 

possible. We construct an analog laboratory experiment using water and propylene glycol in a 

Hele-Shaw geometry to obtain the convective mass transport rate, the wavelength of the unstable 

fingering motion, and the average velocities of the plumes as functions of porous media Rayleigh 

number.  The mass transport dependence on Rayleigh number is well described by a simple 

model that incorporates Darcy's law with the average number of plumes and their average 

velocity. The implications for a convective mechanism providing effective absorption of carbon 

dioxide into the porous medium are presented. 

 

 

Bruce Gluckman (Penn State University)   

“Brain Control” 

 

I'll describe some of the elements of nonlinear science that I brought to my experimental and 

computational study of the control of neuronal dynamics and seizure - from the control of 

seizure-like waves in brain slices, to the modulation of seizures in intact brains, to the tracking 

and prediction of sleep dynamics.   

 

 

Jeffrey Guasto (MIT) 

“Swimming and Mixing: The Transport Induced by Biflagellated Microorganisms”  

 

Single cells use an array of diverse swimming strategies for locomotion in their low Reynolds 

number environments to search for nutrients, light, and mates. Even in the most common of 

propulsion strategies, surprisingly complex hydrodynamics can result. We directly measure the 



unsteady flow fields induced by the flagellar beating of the biflagellated green alga 

Chlamydomonas reinhardtii, and show that complex, time-dependent flow structures evolve 

throughout the beat cycle of this unicellular model organism. Furthermore, the resulting 

advective disturbances generated in suspensions of these swimmers enhance the transport 

properties of the surrounding fluid, which can be important for nutrient uptake, chemical 

signaling, and biomixing. We demonstrate the nature of this enhanced transport, specifically in 

the case where the cells are confined to a thin liquid film. 

 

 

Annette (Peko) Hosoi (MIT) 

“Small Swimming Lessons: Optimizing Low Reynolds Number Locomotion” 

 

Motility is a central aspect of life at micrometric scales and is exhibited by many eukaryotic 

unicellular organisms. Locomotion of such organisms is achieved through the periodic 

deformation of a tail-like projection called the eukaryotic flagellum. While the mechanism 

allowing the flagellum to deform is well-understood, questions related to the functional 

significance of the different observed swimming gaits remain open.  In this talk I will discuss the 

morphology and kinematics of both uniflagellated and biflagellated microorganisms, such as the 

green algae Chlamydomonas. In both cases we develop a general optimization procedure to 

determine the existence of optimal swimming gaits and investigate the functional significance of 

these stroke patterns. 

 

 

Arshad Kudrolli (Clark University) 

"Nucleation and crystal growth in granular materials"* 

 

Inspired by crystal order observed by Gollub and collaborators in continuously sheared granular 

spheres, we investigate the nucleation and growth of hexagonal close packed (HCP) and face 

center cubic (FCC) crystal phases in disordered packing of granular spheres submitted to cyclic 

shear. Individual sphere positions are measured in three dimensions using a fluorescent liquid 

refractive index matching technique. The packing is observed to evolve towards a polycrystalline 

structure over hundreds of thousands of shear cycles. The appearance and the propagation of the 

crystalline order will be discussed using orientational order metric, and Voronoi cell analysis. In 

the early stages of nucleation, particles belonging to the nucleating crystallite are predominantly 

in hexagonal close packed configuration. When the packing volume fraction approaches a value 

close to random close packing, the crystalline nuclei reaches a critical size and grows rapidly, 

and the fraction of FCC phases increases. We will further discuss the effect of particle shape on 

packing properties. 

 

* In collaboration with Andreea Panaitescu and K. Anki Reddy, and supported by the National 

Science Foundation 

 

 

 



Mary Lowe (Loyola University Maryland) 

“Molecular Dynamics Simulations of the Protein AraC” 

 

Molecular dynamics simulations are currently being used to study biological macromolecules.  A 

typical problem requires the application of Newton’s second law of motion to a system 

consisting of a protein molecule surrounded by water.  Such a system can consist of about 20,000 

atoms.  These simulations enable us to observe the dynamical evolution of the protein structure 

and potentially infer the function of the protein from the structure and the motion.  This talk will 

focus on a computational study of AraC, a protein that has been intensively studied 

experimentally from the genetics, biochemistry, and biophysics points-of-view.  A type of 

molecular dynamics simulation, known as self-guided Langevin dynamics, was conducted on 

variants of AraC.  For a variant, a pathway of structural alterations was found.  Experimental 

tests are being conducted based on predictions of this pathway. 

 

 

Andrea Liu (University of Pennsylvania) 

“Two tails of self-diffusiophoretic motility in cells” 

 

When the bacterium Listeria monocytogenes infects a cell, it hijacks the host cell to assemble a 

branched network of the protein actin  that propels it through the cell and into neighboring cells. 

 Another bacterium, Caulobacter crescentus, disassembles structures of filaments of the protein 

ParA to translocate a copy of the chromosome from one end of the cell to the other, prior to cell 

division.  I will discuss our recent computational and theoretical work that suggests a new picture 

for the physical mechanisms underlying these two forms of motility.  According to this picture, 

the mechanism for motility in these two cases is similar to that of self-diffusiophoresis; in each 

case, the bacterium creates a steady-state concentration profile that propels motion. 

 

 

Wolfgang Losert (University of Maryland, College Park) 

“Physics of Cell Migration and Collective Cell Behavior” 

 

We investigate the physics of cell migration to understand how cells move, how they avoid 

obstacles, how the motion is directed, and how groups of cells coordinate their motion.  To 

capture the multiple physical processes that direct and facilitate migration, we developed a range 

of quantitative metrics of cell shapes and migration.  Analysis of the shapes of migrating cells 

shows the wave-like characteristics of motion.  This wave-like character affects the straightness 

of cell tracks, the ability of cells to sense surface topography, and has implications for their 

collective behavior. 

 

 

Tom Lubensky (University of Pennsylvania) 

“Elasticity of Networks of Semi-Flexible Polymers” 

 



Networks of crosslinked semi-flexible polymers, including actin, neuronal intermediate 

filaments, and fibrin protofibrils, play an important role in controlling mechanical response of 

biological tissue. The elastic response of these networks is controlled by both bending and 

stretching energy of their constituent filaments as well as by their network architecture.  Since 

each crosslink binds typically two filaments together at one point, the average coordination 

number of each crosslink is generally less than four. Arguments due to Maxwell establish that 

networks of nodes with coordination number z < zc = 2d in dimension d are unstable if only 

central stretching forces between nodes are active.  Thus, bending rigidity is critical to the 

stability of biopolymer networks in both two and three dimension. This talk will explore various 

models for biopolymer networks based largely on variations of the kagome lattice, including a 

new three-dimensional 4-coordinated lattice.  Undiluted these lattices consist of sample spanning 

filaments; when diluted they consist of finite-length filaments.  The undiluted lattice can support 

shear and compression if the filaments are straight, but not compression and sometimes not shear 

if they are bent. Thus, the latter lattices require bending for stability even when undiluted. The 

diluted lattices exhibit a rigidity percolation threshold and strongly nonaffine, bending-

dominated response upon dilution. 

 

 

Nicholas Ouellette (Yale University) 

“Spatial Structure of Spectral Fluxes in Weak Turbulence” 

 

The term coherent structure is usually interpreted to mean some kind of dynamical object that is 

localized and persistent in both space and time. Nonlinear systems, however, also typically have 

nontrivial spectral properties, since nonlinearities in real space lead to nonlocalities in Fourier 

space. Here, we extend the idea of a coherent structure to include the spectral properties of the 

dynamical system. Using a recently developed filtering technique, we study the flux of energy 

and enstrophy between scales as a function of space and time in an experimental quasi-two-

dimensional flow that is weakly turbulent. We show that these fluxes are localized in space, time, 

and scale, and discuss the implications of this observation. 

 

 

Joshua Socolar (Duke University) 

“Relaxation to a limit-periodic ground state” 

 

A recently discovered a space-filling tile forces a nonperiodic structure through local 

interactions.  The global tilings it allows can be mapped to the ground states of a certain next-

nearest-neighbor Potts model on a triangular lattice.  I will describe the tilings themselves and 

the infinite series of phase transitions that occur as the ordered phase emerges (or doesn't) during 

a slow quench. 

 

 

Tom Solomon (Bucknell University) 

“Chaotic mixing and reaction fronts” 

 



We present experiments on the propagation of reaction fronts in a chain of oscillating vortices, a 

flow that was shown more than 20 years ago (Solomon & Gollub) to exhibit chaotic advection.  

Although the behavior of fronts in a stagnant flow -- i.e., in the reaction-diffusion limit -- is well-

understood, there is no theoretical framework to explain the effects of even simple, laminar flows 

on the process.  We describe studies -- both experimental and theoretical -- that extend concepts 

used to describe passive mixing due to chaotic advection to the more general advection-reaction-

diffusion problem.  In particular, the concepts of invariant manifolds and lobes are extended to 

address the problem of front behavior in flowing systems. 

 

 

Howard Stone (Princeton University)  

“Development of Biofilms in Flow” 

 

We study the development of biofilms on surfaces and identify conditions that lead to “bacterial 

streamers”. In particular, we report the formation of these filamentous structures suspended in 

the middle plane of curved microchannels under conditions of laminar flow. We use numerical 

simulations and analytical solutions of the three-dimensional flow in curved channels to 

highlight the presence of a secondary vortical motion in the proximity of the corners, which 

suggests an underlying hydrodynamic mechanism responsible for the formation of the streamers. 

Thus, we bring together experiments, simulations, and models to rationalize the spatial and 

temporal development of bacterial streamers. 

 

 

Harry Swinney (University of Texas at Austin) 

“Internal Gravity Wave Dynamics in the Oceans”* 

 

Internal gravity waves occur inside density-stratified fluids such as the ocean and atmosphere. 

We combine laboratory experiments, numerical simulations, and field data to study the nonlinear 

dynamics of “internal tides,” which are internal gravity waves generated by tidal flow over ocean 

topography. We have found that resonant internal tides near boundaries provide an explanation 

for the angle of the Continental Slopes. Our experiments and simulations on flow past a Gaussian 

mountain reveal that nonlinear interactions produce surprisingly intense harmonic waves 

perpendicular to the tidal flow direction.  We have analyzed data from the World Ocean 

Circulation Experiment conducted in the 1990s and have discovered that there are many 

locations in the deep ocean where internal tides become evanescent rather than propagating.  The 

long term goal of this research is to understand the ocean mixing (believed to be driven by 

internal waves) that makes possible sustained ocean currents such as the Gulf Stream. 

 

*In collaboration with H.P. Zhang, B. King, B. Rodenborn, and M. Paoletti. 

 

 

Jih-Chiang (JC) Tsai (Academia Sinica, Taiwan) 

“Migration of a short chain subjected to a gradient of vibration” 

 



The migration of objects on a vibrating substrate may appear random but, with a gentle gradient 

of vibration amplitude, the migration is expected to be asymmetrical. Here, we report the motion 

of a short chain consisting of a few connected, millimeter-sized spheres driven by a sinusoidal 

vertical vibration of which the amplitude varies linearly in one direction. We have identified 

cases in which the chain migrates against the vibration amplitude with a reproducible mean 

speed at each location, and its behavior suggests an effective "driving force" that resists a finite 

tilt of the substrate. On the other hand, we have also observed non-trivial behaviors where the 

chain moves in a back-and-forth manner. High-speed, three-dimensional (3D) tracking of 

individual spheres along the chain reveals details of their dynamics, and provides clues for the 

open questions regarding the mechanisms behind the migration. 

 

 

Greg Voth (Wesleyan University) 

“Stretching Fields and Rod Motion in 2D Chaotic Flows” 

 

After a brief review of the history of work at Haverford on 2D fluid flows, I will describe the 

results of a recent collaboration with Jerry Gollub's group to measure the dynamics of rods in 2D 

flows.  In two separate flows that exhibit chaotic mixing (one periodic and one non-periodic) we 

measure rod motion and also the velocity field advecting the rods.  Measured rod rotation rates 

are in agreement with predictions for ellipsoidal particles based on the measured velocity 

gradients at the center of the rods. We find that rod alignment statistics can be predicted using 

measurements of the stretching fields of the flows. 

 

 

 

David Weitz (Harvard University) 

“Random fluctuations in cells” 

 

This talk will discuss the motion of probe particles in cells that are driven by the forces of 

molecular motors.  The motion has may features that are reminiscent of Brownian motion in a 

viscous fluid.  However, the motion is in fact the result of the fluctuations of an elastic network, 

driven by a random distribution of molecular motors. 

 

 



Poster Titles  

 
Authors in alphabetical order 

 

INSTRUCTIONS: The maximum poster size is 42" x 42". The posters will be displayed on 

large Styrofoam poster boards.  Instead of using push pins, the posters will be taped onto the 

boards. 

 

 

Ernesto Altshuler (University of Havana, Cuba) 

“How gravity affects impact cratering? --The FABULAB project” 

 

Ernesto Altshuler (University of Havana, Cuba) 

“Symmetry breaking in bacterial concentration through a microfluidic funnel” 

 

Anindita Basu (University of Pennsylvania) 

“Non-affine deformation in flexible and semi-flexible polymer networks” 

 

Tsevi Beatus (Cornell University) 

“Burgers Shock Waves and Sound in a 2D Microfluidic Droplets Ensemble” 

 

Rodolphe Chabreyrie (Carnegie Mellon University) 

“Techniques for Controlling Chaotic Mixing in Fluidic Devices” 

 

Antony Szu-Han Chen (University of Toronto) 

“Experiments on the morphology of icicles” 

 

Chang Chen Ming (Institute of Physics) 

“Single-Molecule Studies of Concentrated Polymer Solutions under Shear Flows” 

 

Samira Darvishi (Stony Brook University) 

“Immiscible Viscous Flows in Microchannels” 

 

Alexandre de Chaumont Quitry (Yale University) 

“Mechanisms driving shape distortion in two-dimensional” 

 

Knut Drescher (Princeton University) 

“Fluid dynamics and noise in bacterial cell-cell and cell-surface scattering” 

 

Michelle Driscoll (University of Chicago) 

“Measuring Gas and Liquid Length Scales in Viscous Splashing” 

 

Meghan Driscoll (University of Maryland) 

“Cell Shape Dynamics: From Waves to Migration” 

 



Marc Fardin (MIT/Paris Diderot) 

“Instabilities in flows of wormlike micelles” 

 

Enrico Fonda (Università di Trieste & University of Maryland) 

“Visualization of particle-vortex interactions in superfluid helium” 

 

Tony Gao (University of Pennsylvania) 

“Deformation of homogeneous soft particles in viscous fluid flow” 

 

Andong He (Penn State University) 

“Inertial corrections to Darcy’s Law for Hele-Shaw Flows” 

 

Gabriel Juarez (University of Pennsylvania) 

“DNA Dynamics inside Fluid Threads” 

 

Justin Kao (MIT) 

“Pattern formation in coating flows of suspensions” 

 

Alireza Karimi (Virginia Tech) 

“Gaining New Insights into Spatiotemporal Chaos with Numerics” 

 

Nathan Keim (University of Pennsylvania) 
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