REU Projects for Summer 2009

These 30 areas for research projects are proposed for 2009 REU Fellows.  Descriptions of these project areas follow below. The 2009 Application and Project Descriptions are also available by email from the program director, Martha Absher, at mabsher@duke.edu.  Please note that these descriptions are general and describe the research area in which you will be placed, not necessarily the specific project.  For those project areas which have been offered previously, brief descriptions of some former Fellows' projects are presented. The 2009 REU Application and 2009 REU Project Descriptions are available online at: http://www.pratt.duke.edu/about/outreach.php

Project #1: Neurotelemetry

Advisor:  Patrick Wolf, Ph.D., Associate Professor, Department of Biomedical Engineering

     A student involved in the neuroengineering research project will join a team of engineers developing a system to monitor and telemeter neural signals from the brains of rats and primates. The team includes system engineers, neurobiologists, integrated circuit engineers and other students.  The long range goal of the research is to develop integrated circuits to be implanted with neural electrodes and telemeter the processed signals to a remote computer for interpretation. An important piece of this project is the development of algorithms to identify and tag the neural spikes for transmission. The project involves many diverse areas of research from algorithm design to circuit construction and testing.  The ideal student should have an interest in electronics and computers.  Experience with or prior course work in these areas is a real plus.

A description of some former REU Projects follow:

Erin Lewis, Mechanical Engineering Major, Junior, University of Kansas

Encapsulation Methods for a Neural Data Acquisition System

Erin Lewis is a junior mechanical engineering major at the University of Kansas.  Her project focused around  neural data acquisition, which translates neural signals into digital signals that can be interpreted by a computer to perform specific motions such as moving a prosthetic arm. Current technology is progressing toward a three-component system that can be considered for complete implantation.  However, the system must be encapsulated in appropriate materials that will protect the human body and the electronic components, as well as meet the government’s standards and Erin’s project was to research and begin testing on this encapsulation methodology. She created a handbook outlining each detail of the encapsulation procedure and outlining the methods and materials of two components of the system: the Transcutaneous Energy Transmission System (TETS) coil and the Internal Central Communications Module (ICCM).  In the process learned about properties of several materials: compatibility, durability, flexibility, and water-vapor permeability, as well as FDA approval.  She performed many compatibility tests, learning which materials worked well together.  Through her research and lab testing, encapsulation methods and materials for two of the components have been documented.  The Transcutaneous Energy Transmission System (TETS) coil is encapsulated in Silicone Adhesive and Silicone Dispersion to create a flexible, durable, and water-vapor preventative coating.  The Internal Central Communications Module (ICCM) is coated first with Parylene-C, a pin-hole free covering, and then by a mold of Hysol Medical Grade Epoxy; the combination provides durability and water vapor permeation protection.  The procedure for the encapsulation of each component will help the neural data acquisition system be one step closer to the market. 

Patrick Conway, Computer Science Major, Gallaudet University

Brain-Machine Interface


Patrick Conway is a computer science major from Gallaudet University. His project involved  a portable neural interface developed by Dr. Iyad Obeid for his Ph.D. under the supervision of Dr. Patrick Wolf, which has been undergoing some revisions and needed a new software program to run it. Specifically, there are two data processing boards operating in tandem rather than a single one and the 6533 Digital I/O data acquisition card from National Instruments is being used for the first time to collect the data from the data processing boards. At this point, the program is also being transferred from a command line interface to a graphical user interface. The software is capable of acquiring data from the FIFOs of the brain-machine interface, converting the data from the packed 8 bit word formats to the unpacked 16 bit word format, saving the data to a selected file, and graphing all channels simultaneously. The software uses parallel processing to improve speed and dynamic queues to allow the threads to proceed at their own pace. There are a few software and hardware bugs to work out yet, but nearly everything is fully functional at the time of this writing.

Eric Turevon, Biology and Computer Science Major, Gallaudet University

Software for a Brain Machine Interface

Eric Turevon is a biology and computer science major from Gallaudet University.  His project focuses on the Brain Machine Interface, and his research was performed in collaboration with Patrick Conway, also an REU Fellow, with Dr. Patrick Wolf, Associate Professor of Biomedical Engineering,  as their mentor.  Eric’s task was to learn to program software to accompany the Brain Machine Interface.  The three components of a brain machine interface are are: a 16 channel headstage module, an analog front end and mezzanine,a personal computer with a National Instruments NI-DAQ PXI-6533 PXI

interface onboard.  The software programmed to interact with these components was written in a LabWindows/CVI environment.  Eventually, the purpose of this brain machine interface will be to assist severely disabled people to lead a more productive, independent life.  

Project #2:  Cardiac Ablation Imaging with ARFI Ultrasound

Advisor:  Patrick Wolf, Associate Professor, Department of Biomedical Engineering 

The overall goal of the project is to develop a multimodality imaging system to guide cardiac ablation therapy.  The system will exploit catheter based acoustic radiation force impulse imaging to characterize lesion growth during ablation. This technology will be integrated into the standard clinical catheter guidance paradigm yielding a complete tool for ablative therapy of cardiac tachyarrhythmias. A student working on this project would be performing ablation experiments in vitro and assisting with in vivo experiments and imaging the outcome with ultrasound.

A description of a former REU Fellow’s project follows:

Emily Dingmore, Biomedical Engineering Major, North Carolina State University

Preliminary Investigation of the Feasibility of a Graphite Radio-frequency

Ablation Catheter


Emily Dingmore is a senior biomedical engineering major from North Carolina State University.  Developments in Acoustic Radiation Force Impulse (ARFI) imaging have provided useful imaging of lesions during cardiac Radio-frequency ablation procedures. By measuring stiffness in soft tissue, ARFI imaging can determine the effectiveness of procedures to treat cardiac arrhythmias.  This imaging technique, however, cannot take place while a metal catheter is in the imaging window due to noise created on the ARFI image.  Alternate catheters were tested by placing various carbon materials on porcine heart tissue and producing ARFI images at incremental distances.  It was predicted that by using a graphite coated radio-frequency ablation catheter instead of a metal tip catheter there would be a reduction of noise present in the Acoustic Radiation Force Impulse image.  This reduction of noise would allow for improved imaging of lesions created during clinical cardiac ablation procedures.  By using MATLAB computer code to analyze the average amount of noise produced by each material it was determined that the graphite samples produced less noise on the ARFI image than that produced by the metal catheter.  The region of tissue affected is also smaller for the graphite materials.  It is also possible that the transducer used for capturing the ARFI images can be closer to the catheter placement site for the graphite materials than it can be while imaging the metal catheter. Further testing may provide more insight into the benefits of using various materials for the ablation catheter.

Project #3:  Early Cancer Detection with Biophotonics

Advisor:  Adam Wax, Assistant Professor, Biomedical Engineering

My research is based on using non-invasive optical techniques to measure the features of biological cells in a way that is not possible with traditional methods.  We have developed a new technique capable of diagnosing cancer at the cellular level based on using scattered light and interferometry. Currently, we are developing these techniques for application to detecting cancer in vivo. Research in my lab involves designing and implementing electronic and optical systems, programming in Labview for instrument control, as well as computer modeling of light scattering using C++ and Fortran. This project can include hardware (optical and electrical systems) and/or software (Labview and/or C++) components

A description of some REU Fellows’ projects follow:  

Matthew Meleski, Chemistry Major with Minors in Biology and History,  Gallaudet University

Low Coherence Interferometry (LCI) for Microbicide Gel Measurements: Optical Signal to Noise Ratio (OSNR) and Resolution

Matthew Meleski is a senior chemistry major and biology and history minor at Gallaudet University.  Everyday, the cases of HIV and AIDS are rapidly increasing due to unprotected sexual activities, especially in third world countries in Africa.  In order to prevent the rising cases of HIV and AIDS, scientists around the world are developing many different preventative methods against HIV and AIDS. One method being developed to prevent the spreading of HIV/AIDDS is by using microbicide gels.  These gels are topical products that act as a physical barrier and as a carrier of an active drug. Based on the Michelson Interferometer geometry, the 6-channel low coherence interferometry (LCI) will be used, and the optical signal-to-noise ratio (OSNR) and axial resolution of each channel will be determined.  LCI uses broadband light to perform depth ranging measurements of layers in a sample.    If improvements are made to the LCI device, particularly in optical signal-to-noise ratio (OSNR) and axial resolution, then there will be increased accuracy of measurements using the device.  In order to obtain the OSNR data of each channel, a Matlab routine program was developed to calculate the OSNR for an input signal.  Also, a Matlab routine was made that plots the data as an a-scan graph and calculates the resolution of each channel.  The resultant resolution values were then compared to the predicted resolution of 6.2 micronmeters. All of the actual resolutions are higher than the theoretical resolution (6.2), which means that all these channels are not optimized due to possible contamination (dirt and dust), or the channels are not aligned well.  It is therefore concluded that more work and adjustments need to be done on the 6-channel LCI device in order to reduce the actual resolution as close as possible to 6.2 microns. 

Ryan Kobylarz, Chemistry Major, Junior, Gallaudet University

Early Detection of Cancer with Biophotonics


Ryan Kobylarz is a junior chemistry major from Gallaudet University.  The objective of Dr. Wax’s research project was to develop a biomedical tissue imaging technique. In this research Ryan learned about how optics can affect the properties of light and how interferometry is based on the physical principle of light waves; two light waves in phase amplify while those in opposite phases cancel out.  Ryan and the research team developed a non-invasive optical technique, Digital Hologram Microscopy, which utilizes both interferometry and microscopy. They used a modified Mach-Zehnder interferometer type, adding acoustic-optical modulators to create a frequency offset. The frequency offset then caused a phase shift and allowed insight on the sample analyzed through the microscope. The resulting images provided a three-dimension informative view of the sample. Images from stationary objects were obtained and analyzed, and the next step will be to complete the dynamic cell imaging technique.

Michele Patterson, Biosystems Engineering Major, Clemson University

Early Cancer Detection with Biophotonics

Michele Patterson is a Biosystems Engineering Major from Clemson University.  Her project focused on low coherence interferometry, which allows information to be gathered concerning nuclear size and depth resolution.  When light is directed at a spherical particle it will demonstrate characteristic reflection patterns.  A new system named Fourier-domain Low Coherence Interferometry (fLCI) is introduced to detect the size and location of cell nuclei.  It is hypothesized this information can potentially offer a noninvasive cancer diagnostic system since it has been determined that malignant cells display an abnormally large nucleus compared to benign cells.  

Upon reaching a spherical particle, such as a cell nucleus, light waves will both reflect off and travel through the particle.  Of the light that passes through the lower boundary of the particle, again some will reflect off the upper layer of the particle and some will pass through.  The reflected rays will meet and display a distinctive interference pattern.  This scattered spectrum is then Fourier transformed to determine particle size and also depth resolution.  The fLCI system provides a non-invasive, cost effective technique for noticing nuclear irregularities at various depths within tissues.

Particles of different sizes were measured to optimize the data collection technique.  First uniform microspheres were used to mimic nuclear size.  The 1.0 micron beads produced credible results with the fLCI system yielding an average size of 1.099 microns.  Second, E. coli cells were measured.  Although these cells are much smaller than human cells, they display the natural variations in size unlike the uniform microspheres.  Several different samples were tested; the average sizes, in microns, were 0.398, 0.423, 0.819, 0.828, 0.753, and 0.429.  E.coli cells are known to range in size from around 0.5 microns to 1.0 microns, so these results were very accurate.  Finally, yeast cells were measured since these display roughly the same shape as cell nuclei. 

Since the readings from the fLCI system consistently provided convincing results, hopefully this device can be used in a clinical setting to identify cell dysplasia.   

REU Fellow: David H. Wagner, Biomedical Engineering Major, North Carolina State University

Early Cancer Detection using Photonics: Removal of Noise in Angle Resolved Low Coherence Interferometry due to Spatial Correlation via a Low-Pass Filter

Advisors:  Dr. Adam Wax, Assistant Professor, Biomedical Engineering and 

John Pyhtila, Biomedical Engineering Graduate Student

Previous research has established angle-resolved low coherence interferometry (a/LCI) as an accurate tool for measuring the average nucleus size and fractal dimension (FD) of a sample of cancerous tissue. As signals are acquired from the interferometer they must be modified via signal processing before determinations can be made concerning the average nucleus size of a sample. This study examined the the low-pass filter used to alleviate the effects of the spatial correlation of nuclei within the tissue. Using fibroblasts in a microarray palette a spatial relationship between each nucleus in the sample was established and based on Mie Theory the frequency due to this relationship was determined. The low-pass filter was then used to determine the spatial relationship among the nuclei and remove the noise components of the data. Since data is still being collected, at this point it is hard to draw any definitive conclusions, but this study seems to support the use of the low-pass filter and the effectiveness of a/LCI in determining particle size and distribution. 

PROJECT #4: Three-dimensional drug distributions in solid tumors
Advisors:
Fan Yuan, Ph.D., Assistant Professor, Dept. of  Biomedical Engineering 

Anticancer drugs will not be able to cure cancer, if they can not reach every tumor cells. However, it has been shown that drug delivery in solid tumors is non-uniform. The drug concentration is high in some regions but nearly zero in other regions of tumors. This is one of the major problems in cancer treatment since local recurrence of tumors can be caused by the residue tumor cells left from the previous treatment.

The non-uniform drug delivery in solid tumors can be caused by different mechanisms, including non-uniform blood supply, vascular permeability, and interstitial transport. The goal of our research is to understand the mechanisms and to improve the delivery of novel therapeutic and diagnostic agents in solid tumors. Our research is multidisciplinary, which involves quantification of drug distribution, transport parameters, and vascular morphology in solid tumors. The approach used in our research involves development of animal and cell culture models, application of fluorescence microscopy, image and data analysis, and mathematical modeling of transport processes in solid tumors. The following project will be available for undergraduate students.

Description: 3D cell culture models will be used to study drug delivery. Students will learn how to prepare the tumor models and quantify 3D distributions of fluorescent molecules in these models. The distribution results will be compared with computer simulations, using mathematical models developed for studying transport of drugs in solid tumors. These mathematical models will integrate the information of individual experiments, which is crucial for identification of important factors that hindle drug delivery in solid tumors.

REU Fellow:  Danielle F. Garcia, Chemical Engineering, University of New Mexico

Developing a Multicellular Layer Model for Drug Diffusion in Tumors 

Danielle is a chemical engineering major from the University of New Mexico.  Her project involved drug diffusion in tumors.  An in-vitro model for drug diffusion through solid tumors has been developed.  The development process is comprised of growing a three-dimensional cell culture on a collagen coated Teflon membrane suspended in stirred media for up to 12 days.  HT-29 human colon carcinoma cells and B-16 murine melanoma cells were used to demonstrate the procedure in developing these multicellular layers (MCLs).  HT-29 cells have been shown to produce an MCL thickness of 160mm after 12 days in suspension.  A comprehensive investigation was carried out of variables affecting growth of B-16 MCLs to achieve maximum reproducibility and comparability to HT-29 MCLs.  We aim to generate a sufficient amount of MCLs, and refine the development process to visualize common properties of tumors such as necrosis and hypoxia, which affect diffusion properties.  These MCLs can then be used in further studies of drug transport to aid in cancer treatment research.

REU Fellow:  Rebekah Lee Smith, Biology Major, Gallaudet University

Project:  Quantification of Electrical Impedance of Tumor Tissues

Rebekah's project was in biomedical engineering and its application in cancer research.  The goal of her project was to develop a method to determine changes in the volume fraction of cells in tumor tissues based on electric impedance measurement. This method can be used directly in the clinic to monitor the efficacy of any anticancer treatment. In her experiment, different electrodes were used to measure the impedance as a function of electric field  frequency in tumor tissues. The impedence was then converted to the resistance, capacitance, and inductance of tumor tissues based on the Cole model. The tissue used in this experiment was a rat tumor, called rat fibrosarcoma. The volume change of tumor cells was induced by a mannitol solution that would in theory shrink tumor cells due to the osmotic effect. The cell shrinkage was detected through electric impedance measurement and data analysis based on the Cole model. After several sets of experiments on fibrosarcoma, Rebekah did find that the mannitol solution made the cells shrink, and the final impedance graph did fit into the Cole model.  Rebekah completed the formulas for resistance indicating how the tumor reacted and shrank in the mannitol solution.  Therefore, her hypothesis that fibrosarcoma cells would shrink in the mannitol solution was proved true. 

REU Fellow:  Daniel Lundberg

Project:  Viscous Polymer Solutions for Sustained Drug Delivery

Daniel Lundberg is a senior biology major at Gallaudet University. He performed his research under Dr. Fan Yuan, Assistant Professor, and Yong Wang, graduate student in the Department of Biomedical Engineering.  Daniel’s research focused on a novel method to treat cancers and tumors via targeted drug delivery systems.  As traditional methods and local drug delivery lead to the dissemination of the drug into the systemic circulation, the side effect impact of a cancer treatment increases.  Temperature-sensitive polymers offer a possible method in containing the drugs within the tumor, reducing the side effects.  In order for a substance to be a successful polymer for this treatment, it has to have a low viscosity at room temperature yet a high viscosity at body temperature.  Polymer solutions, such as alginate, calcium ion/alginate, Poloxamer, PNIPAAM, and methyl cellulose polymer solutions were tested as potential agents which can reduce drug clearance into the systemic circulation and improve drug retention in tumors, reducing the side effect of the anti-tumor drugs.  From the data, it was clear that the alginate and methyl cellulose polymers did not attain the goal, since they were more viscous at room temperature than body temperature.  Certain concentrations of PNIPAAM and Poloxamer polymer solutions turned out to be promising polymers.  Their viscosity had dramatic increases from room temperature to body temperature, achieving the goal.  The ionic environment variable proved to be effective in increasing a polymer’s viscosity at a certain concentration.  The next step of this experiment would be to focus on the addition of the calcium ions to the successful polymers to observe the results.  Also, the promising polymers need to be tested in mice with the aid of fluorescent drug markers to observe the progression of the polymer/drug markers.  Daniel learned challenging new laboratory techniques in this project.
Project #5:  Engineering Bacteria for Medical Applications

Advisor:  Lingchong You, Assistant Professor of Biomedical Engineering

We are engineering bacteria for medical applications by constructing synthetic gene circuits. These projects involve development of genetic sensors that can detect changes in the environment, and containment modules that limit un-intended bacterial proliferation. These projects will expose students to both mathematical modeling and experimentation. The summer student will primarily participate in design, construction, or characterization of synthetic gene circuits. Prior experience in mathematical modeling, cloning, or bacterial growth experiments is preferred.

Project #??:  Nanomaterials Synthesis and Characterization

Advisor:  Ashutosh Chilkoti, Professor, Biomedical Engineering and Efstathia Marinakos, Research Scientist, Biomedical Engineering

The research project in Prof. Chilkoti's Lab is within the center's Core A, which focuses on manufactured materials such as metals, fullerenes, metal oxides, metal sulfides, and quantum dots.  In this project, the student will work on the synthesis and purification of silver nanoparticles to assist in building a library of nanoparticles of various sizes.  The work will also involve characterization of these particles with analytical instrumentation such as UV-VIS spectroscopy and transmission electron microscopy.

Project #6:  Fabrication of Nanopatterned Surface to Study Stem Cell Differentiation

Advisors:  Kam W. Leong,  Professor, BME, and Lab Mentors: Dr. Karina Kulangara and Dr. Yong Yang

Native extracellular matrix comprises many nanoscaled features in the form of nanofibers, nanopores, and nano-ridges. In creating an optimal microenvironment for the expansion and differentiation of embryonic and adult stem cells, it would be important to include these nanotopographical cues into consideration. We have evidence showing that bone-marrow derived stem cells differentiate into the neuronal and muscle lineages when cultured on nanogratings. A significant effort in our lab is to understand the mechanism of this phenomenon of nanotopography-mediated differentiation. We envision that the student will assist in the following aspects of the project:

1)  1.   Fabricate different nanopatterned samples of poly(dimethylsilosane) (PDMS) by cast molding;

2)  2. Characterize the nanopatterned PDMS by SEM and AFM;

3. Functionalize the PDMS surface with cell-specific ligands by soft stamping.

A description of a former REU Fellow’s project follows:

Nevija Watson, Chemical Engineering Major,  North Carolina A&T State University

Fabrication  of Nanopatterned Surfaces to Study Stem  Cell Differentiation

Nevija Watson is a junior chemical engineering major from North Carolina A & T State University.   The hypothesis of her research project over the summer was that cells react to nanotopographic cues under static conditions and flow alters the cells behavior. We wanted to engineer a synthetic surface with topographic cues in the nanoscale to mimic a stem cell niche. We want to use this synthetic niche to expand and differentiate human mesanchymal stem cells for cellular therapies. In my time here over the summer, we found that the topographic cues on the synthetic patterned surface we created do affect the cells. Cells seeded on the patterned surfaces grew and moved along the ridges of the pattern compared to cells seeded on a flat surface which spread out along the surface in a normal fashion. We have found that flow increases the elongation of the cells on the patterned surface and the cells become oriented in the flow direction on the flat surface. Our findings from the duration of my project are still preliminary; there is still extensive research to be done on the reaction of the cells to flow and the nanotopographic cues. 

Project #7: Feasibility Study of Visible, Multi-spectral Photodetection Using Hybrid Nanocomposites

Advisor: Adrienne D. Stiff-Roberts,  Asst. Professor, ECE

Hybrid organic/inorganic nanocomposites refer to composite material systems in which inorganic compound semiconductor nanomaterials are dispersed within organic conducting polymers. Such

materials have been used to demonstrate a variety of optoelectronic devices, including light emitting diodes (LEDs), photodetectors, and photovoltaic solar cells. Key advantages of these materials systems

include low-cost and solution-based processing. This research project will focus on the application of photodetection. More specifically, the goal is to demonstrate the feasibility of detecting multiple, visible wavelengths of light simultaneously. This will be achieved by stacking hybrid nanocomposites comprising different organic and inorganic materials. This project will involve solution-based processing of materials, optical materials characterization, device fabrication, and device characterization. Further, this device will be investigated as a possible sensing element in a chip-based, diffuse reflectance spectroscopy system for the detection of breast cancer.

Project #8:  Electromagnetic and Acoustic Wave Imaging Program

 Advisor: Qing H. Liu, Professor of Electrical & Computer   

 Engineering (660-5440) Qing.Liu@duke.edu

       We are interested in using electromagnetic and acoustic waves for biomedical imaging of tissues for cancer detection.  These fascinating applications of waves explore the interactions of electromagnetic and acoustic energy with biological materials. From the way waves are scattered by the obscured objects, one can infer useful information about the objects and their properties, and even reconstruct the image of the underlying anomalies.  Some projects within this research program are:

     1) Microwave imaging for breast cancer detection. This project is  funded by National Institute of Health.  In this project we use microwaves to illuminate breast tissue to detect and image any anomalies within the tissue.  This can potentially provide a higher specificity for breast cancer screening.

    2) Experimental and computational thermoacoustic imaging. This projectwill use ultrasound produced by microwaves in tissue to detect anomalies in a way similar to microwave imaging.  The collected data  

 will be processed using a new imaging model to achieve high resolution detection of tumors.

A description of a former REU Fellow’s project follows:

Wesley D. Sims, Physics Major, Morehouse College

Using Microwave Imaging for Breast Cancer Detection

Wesley Sims is a senior physics major from Morehouse College.  Microwave imaging for breast cancer detection is based on the contrast in electrical properties of healthy breast tissues and malignant tumors. My project contributed to the research of breast cancer detection using microwave imaging as an REU Fellow at the Pratt School of Engineering at Duke University. The purpose of this project is to assist in the ability to detect breast cancer by using microwave imaging. Microwave imaging is a much healthier methods for breast cancer detection than current methods in use. I assisted in the proposed design of a clinical system to be used at Duke University to do testing through multiple clinical trials. I helped to design the bed-like structure with an integrated chamber that will collect images of a patients’ breast tissue. In addition, I helped to design and simulate major components of the proposed switching system. Part of my research involved making schematic drawings of a proposed clinical system and a single pad of a circuit board layout. I also performed tests and obtained results from simulations done in Agilent Automated Design System to be used in refining the system for future use. 

 Project # 9:  Ultra-Wideband (UWB) Antenna Design and Imaging

 Advisor: Qing H. Liu, Professor of Electrical & Computer

 Engineering (660-5440) Qing.Liu@duke.edu

    The objective of this project is to design and fabricate UWB antennas for imaging applications.  The student will utlize computer software to design antennas, build antennas in the laboratory, and perform imaging measurements.

Descriptions of REU Fellows’  projects  with Dr. Liu follos:

Jack Skinner, Electrical Engineering Major, Ohio Northern University

3-D Microwave Imaging System for Breast Cancer Detection

Jack Skinner is an electrical engineering major from Ohio Northern University.  Microwave Imaging (MWI) is an emerging technique for the detection of breast cancer and other biomedical anomalies. The success of microwave imaging is due to the distinct differences in electrical properties between malignant tumors and healthy mammary tissue. This new imaging technique uses non-ionizing radiation to produce a full 3-D image of the anomaly based on scattered microwave energy. This paper focuses on the research and construction of an experimental 3-D MWI system, as well as some of the theory behind microwave imaging. The MWI system will use a 3-D array of folded patch antennas to send and receive an RF signal. The transmitted signal will be scattered by an object (tumor) and then recorded by various antenna combinations. These measurements, known as S21 parameters, will be used in an inversion algorithm to reconstruct the inverted dielectric constant and conductivity of the medium and the target itself. This research discusses the major components of the MWI system: the antenna array, imaging chamber, switching system, network analyzer, and PC used to run LabVIEW software and record the data. The conclusion of Jack’s research has resulted in a functional 3-D MWI system, with only issues of the switching system and matching fluid to be resolved before a series of tests will be run to reconstruct sample images.  In addition, another new imaging technique, microwave-induced thermoacoustic imaging (MITI), was discussed and reviewed. This imaging technique will use short pulsed, high power microwave energy to irradiate the mammary tissue and possible tumors. The tissue and tumor will then heat up and expand, causing a variation in fluid pressure. The difference in pressure will induce an acoustic signal that will be recorded by an ultrasonic transducer and amplified. The amplified signal will be converted to a digital signal to be used in image reconstruction. 

Project #10: Live Dance Performance Archiving and Interactive Stages

Advisor: Martin Brooke, Associate Professor, Electrical and Computer Engineering

The current state of dance archiving is very ad-hoc and has had limited impact.  Formal dance notation is difficult to learn and not widely used.  The advent of digital video archives provides some relief but the ability of performers to recreate dance from videos is uncertain and is highly dependent on the extent and quality of the video production.

It is proposed to investigate the use of unobtrusive technology for real-time 3-D dance recording and archiving.  RFID tags, accelerometers, infrared emitters, and stereo video are among the technologies that will be explored for recording.  The use of virtual reality environments for archive access will be investigated, along with conversion to formal dance notation.

In addition the possibility for dancer to dancer and dancer-stage interaction will be explored. For more information see: <<http://www.ee.duke.edu/~mbrooke/Prop/Collaborative_Arts/Brooke_Wa>http://www.ee.duke.edu/~mbrooke/Prop/Collaborative_Arts/Brooke_Walters_collaborative_arts_proposal_final.pdf><http://www.ee.duke.ed>http://www.ee.duke.edu/~mbrooke/Prop/Collaborative_Arts/Brooke_Walters_collaborative_arts_proposal_final.

Project #11: Investigation of Ambient Power Sources for Remote wireless sensors

Advisor: Martin Brooke, Associate Professor, Electrical and Computer Engineering

The Student would initiate a project to develop new ambient power sources for small, low-cost, remote wireless sensors.  Dr. Brooke's group has been building Zigbee based platform's for use in sensors networks that are deployed for months or years and is interested in ambient power sources like RF energy, environmental motion, and light.  The project would probably begin with an investigation of ubiquitous ambient RF sources both man made and natural.   These sources have the advantage of being available all the time, but only produce very small streams of power.  However, current sensors are operating on picoWatts and may be able to scavenge useful energy from ambient RF.

For more information see: <<http://www.ee.duke.edu/~mbrooke/Prop/Snow_Sensor_Network/Snow_Sen>http://www.ee.duke.edu/~mbrooke/Prop/Snow_Sensor_Network/Snow_Sensor_Network.pdf><http://www.ee.duke.edu/~mbrooke/Prop/Snow_Sensor_>http://www.ee.duke.edu/~mbrooke/Prop/Snow_Sensor_Network/Snow_Sensor_Network.pdf

A description of an REU Fellow’s project  with Dr. Brooke follows: 

 Sarah Oraby, Biomedical Engineering Major, Senior, North Carolina State University

Electrophoresis Chip

Sarah Oraby is a senior biomedical engineering major at North Carolina State University. The purpose of her project was to find preliminary data supporting the success of an electrophoresis nanochip.  The concept of lab on a chip designs are slowly dominating the electrical engineering aspects of nanotechnology. With the growing need for devices that can yield faster results with smaller samples by ways of electrophoresis for proteins, an electrophoresis chip with advanced circuit design using CMOS technology is an ideal tool. Characterization of the chemicals compatible with the chip will promote further understanding and advancement of this technology.  Characterization was performed by using a series of electrophoresis trials on a scaled version of the electrophoresis chip using a printed circuit board (pcb) using food dye.  To perform these trials, Sarah had to learn traditional electrophoresis methods and design her own experiments to replicate electrophoresis but make them compatible with a pcb. The outcome of the research showed qualitative and quantitative measurements that suggest electrophoresis does occur on the pcb, which supports the notion that it will be feasible on the nanochip. Based on Sarah’s work, researchers now have a better idea of what to expect when electrophoresis is performed on the actual chip, as well as what chemicals to start with before working up to larger proteins like DNA.  When it is completed, the chip design can potentially reduce voltage, time, and size for practiced electrophoresis methods.  These preliminary experiments provided sufficient data for the completion of a grant proposal, which was in fact submitted to NSF by Sarah’s mentors!

Project #12: Robotic Navigation using RFID Waypoints

Advisor: Matt Reynolds, Assistant Professor, Electrical and Computer Engineering

In this project we will explore the use of RFID tags dispersed in the environment for robotic navigation. We will consider the limited on-board sensor capabilities of a service robot such as the iRobot Roomba and augment its navigational capabilities with an on-board RFID reader. The project will include designing and building a suitable antenna for the robot, as well as writing control and navigation software in Python to demonstrate the use of stored data from the RFID tags as an input to the robotic navigation system. Prerequisites: Previous programming experience in Python, Ruby, or another object oriented language, exposure to robot control, and strong linear algebra skills.

Project #13:  Fault tolerant computer processor design

Advisor:  Dan Sorin, Assistant Professor, Electrical and Computer Engineering

In this project, we are developing computer processors that can tolerate faults.  This work involves detecting errors, diagnosing their locations, and reconfiguring the processor to avoid using faulty hardware.

Background: Ideally, the student will be familiar with computer organization and/or digital logic design.  If not, the background material can be learned on-the-job.

A description of an REU Project follows:

Celanese Bozeman, Computer Science Major, Shaw University

The Development of An Architectural Simulator






Celanese Bozeman is a senior computer science major from Shaw University.  There is a great deal of knowledge about the hardware components in a computer and we are interested in researching more about this aspect of computers. We know that the computer hardware process includes simple steps of fetching, decoding and executing instructions. Therefore we can design a simulator of a processor that enables experiments on the processor without building it in hardware. We are going to use software to simulate hardware in this project.  The intended use and aim of the program I am creating is to design a simulator of a processor to study the behavior of the processor. It would be tested by having the program simulate a processor running another program and then seeing if its output makes sense. Without this process, I would not know if I had bugs in my simulator.  Java is the software we are using to design this simulator. This programming language is a multiple platform that allows people to write applets and applications using the World Wide Web by a Web browser. This will be the graphical interface of the simulator program which will make it easier for users to visualize the behavior of the processor.  We, computer architects, perform simulations to study systems that we have not built yet. We can study the performance, power consumption, interconnections, etc., using a simulator. Building a simulator is far easier than building actual hardware, and it provides flexibility for studying a range of designs. Computer architects are constantly designing new computer processors. To know which designs are good and which are not, they need to experimentally evaluate them. It is more cost-effective to simulate the different options and then choose the best one. As a result, to evaluate them, they use simulators, because they can not take the time and money to build them all. 

Project #14: Controller Architecture for Quantum Information Processors
Advisor: Jungsang Kim, Nortel Networks Assistant Professor of Electrical and Computer Engineering 

A quantum computer (or quantum information processor) is capable of solving certain computational problems fundamentally more efficiently compared to any known classical computer. The examples include factoring product of two large integers and rapid database search. The former has an important implication in cryptosystems currently used in applications like national security and internet commerce. There are tremendous efforts in trying to construct the very first quantum computer: it is likely that the first quantum computer is going to look more like the first classical computer than the computers as we know it today. We are interested in realizing quantum computers using a system of single atoms trapped in vacuum, and are developing integrated systems technology to realize this vision. In this project, the student will develop sophisticated digital controller using a combination of field-programmable gate arrays (FPGAs) and microprocessors, to control all the variables needed to operate a quantum computer.

Project #15:  Mobile Device Localization through Ambience Sensing
Advisor:  Romit Roy Choudhury, Assistant Professor, Electrical and Computer Engineering

Mobile devices, such as the iPhone, iTouch, Blackberry, Zune, Google phone, and many others, are laying out a powerful platform for people-centric applications. A wave of new applications is already on the rise, many of which are driven by the user’s location. The notion of location is broad, ranging from physical coordinates (latitude/longitude) to logical locations (like Starbucks, McDonalds). Logical locations are gaining tremendous importance because they express the context of the user, allowing applications to carry out context-specific interaction. For instance, GeoLife is a service that plans to display shopping lists on a mobile phone when the phone is detected near a Wal-Mart. Micro-Blog is another service that plans to query users that are presently located, say, in an art gallery. Location-based advertising is on the horizon – a person entering Starbucks may receive an electronic coupon for purchasing coffee. Evidently, all these applications expect to learn the existence of the user within the confines of a logical place – Wal-Mart, art gallery, Starbucks – which we define as logical locations. Unfortunately, the rich body of localization literature is dominantly physical in nature, meaning that they output cryptic coordinates such as latitudes/longitudes or distance vectors from a global reference frame. Translating these coordinates to logical locations is error prone. In light of such limitations, this project will break away from physical localization and investigate direct methods of recognizing logical locations. The basic ideas are discussed next. 

       We postulate that the overall ambience of a location, composed of ambient sound, light, color, layout, and wireless signals, can together be a fingerprint of that place. For example, ambient sound in Starbucks may include specific noise signatures from coffee machines and microwaves, that are different from forks and spoons clicking in restaurants. Shops may have thematic colors in their decor, such as red for Target and yellow for Panera Breads. Floors may be covered with carpets, ceramic tiles, or wooden strips, all of which are discriminating attributes of the ambience. Even lighting styles may be different in order to match with the type of service a place may provide – bars with dim yellow lights versus BlockBusters with bright white light. In addition, the behavior of a person in a given place may also be a function of the layout of that place, and its type of service. Human movement in Wal-Mart (walking up and down aisles) may be different from that in Barnes and Noble (relaxed stroll with long pauses), which may in turn be different from restaurants (short queueing followed by a long duration of sitting). The orientation of the person may be dictated by the layout of tables or shelves in a store. Even though places may not be unique based on any single attribute, the combined effect of multiple ambience-attributes and user behavior is likely to exhibit reasonable diversity. This project – SurroundSense – aims to exploit this diversity towards logical localization. Mobile phones will be programmed to sense the ambience of their current location and form a fingerprint, which in turn will be compared against a database of fingerprints for localization. The implications can be tremendous because localization will no longer rely on special infrastructure, but only on basic ambience attributes that are naturally present in every place across the world (even in developing regions).

     The REU student in this project will be involved in a team developing the SurroundSense system. Responsibilities could include such things as programming mobile phones in Python/Java/C++, developing algorithms for fingerprinting and matching, visiting different places for measurement, and finally reporting the results of the entire work in a conference paper.
Project #16: Nanoparticle exposure and impacts in the environment

Advisor: Mark Wiesner, Professor, Civil and Environmental Engineering

The vision for nanotechnology involves building objects starting at the atomic scale. Nanomaterials are the building blocks of nanotechnology. It is very likely that applications of nanomaterials will lead to new means of reducing the production of wastes, using resources more sparingly, remediating industrial contamination, providing potable water, and improving the efficiency of energy production and use.

Nanomaterials will also have an increasing presence in consumer products that we encounter everyday.  Commercial applications of nanomaterials currently or will soon include nano-engineered titania particles for sunscreens and paints, carbon nanotube composites in tires, and silica nanoparticles as solid lubricants, and protein-based nanomaterials in soaps, shampoos, and detergents. It is important to understand the possible environmental impacts of new nanomaterials as a basis for ensuring that their production and use will be environmentally sound.

            Work on this project will involve laboratory activities that explore how nanomaterials move in the environment and their possible impacts on organisms and the ecosystems. REU students will explore processes that determine the possible dispersal of nanomaterials in the environment and work at the interface with the life sciences to explore possible ecosystem and ecotoxicological implications. This work will be carried out in conjunction with the newly announced Center for Environmental Implications of NanoTechnology (CEINT) which additionally engages collaborations with six other US partners, US government labs, and international partners.

Project #17: Beneficial Genetic Adaptation for Bioremediation
Advisor:  Claudia Gunsch, Assistant Professor, Civil and Environment Engineering

Recent work in whole genome sequencing and bioinformatics has shown that many different types of mobile genetic elements have been exchanged between microbial species overtime.  It is believed that genetic adaptation results from a specific combination of exposure to a primary carbon source, physical environmental conditions and intrinsic microbial characteristics.  However, the cause and effect relationship between beneficial genetic adaptation and microbial exposure to anthropogenic compounds is poorly understood. The specific research objectives are to: 1) Identify key internal and external factors which control genetic adaptation and; 2) Induce in situ genetic adaptation in a lab scale soil column. Toluene will be used as the model contaminant in this research.  However, the findings should be widely applicable to the degradation of other contaminants. The success of the research work plan will be measured by elucidating treatment conditions which enable measurable improvement in plasmid transfer rates and toluene degradation rates.  These fundamental results could ultimately be transferred into the development of new genetic biostimulation strategies for treating emerging contaminants.

REU Fellow: Ryan Holzem, Civil Engineering (Environment/Transportation), University of Wisconsin at Plattesville

The Effects of Pharmaceutically Active Compounds on Microbial Growth"

Ryan Holzem is a Civil Engineering (Environment/Transportation) major at the  University of Wisconsin at Plattesville.  The purpose of this report was to determine the effects of four pharmaceutically active compounds on the activity and growth of microbes.  In addition, the degree of which the microbes degraded the four pharmaceuticals was determined and analyzed.  The microbes were obtained from the activated sludge of a wastewater treatment facility (Durham, NC) and the four pharmaceutically active compounds were Ketoprofen, Naproxen, Carbamazepine, and Clofi bric acid.  The growth of the microbes was monitored with an optical density spectrophotometer at 600 nanometers for 7 days.  The growth was also measured with real-time Polymerase Chain Reaction (qPCR) quantification of a housekeeping gene (16s rDNA).  The activity of the microbes was measured by quantifying the ethanol dehydragenase transcript numbers with real-time reverse transcript Polymerase Chain Reaction (qRT-PCR).  The degree of the pharmaceutically active compound microbial degradation was measured using a high-pressure liquid chromatographer (HPLC) in combination with a gas chromatographer (GC).  The GC was utilized to verify that the ethanol was the main carbon source for the microbes and not the pharmaceutically active compounds.  Due to several mechanical malfunctions and time constraints the results that were obtained were limited.  In particular, a procedure for the DNA and RNA extractions was determined and conducted; however, quantification using PCR was not completed.  The procedures to resolve each of the four compounds using the liquid chromatograph were also determined.  Specifically, the solvents and the mobile phase times and corresponding solvent percentages were established.  Overall, the optical density results indicated that three of the four compounds; Ketoprofen, Naproxen, and Carbamazepine, inhibited the microbial growth at a final concentration of 10 µM.  No inhibition was recorded for the final concentrations of 100 µM of the compounds nor was there any inhibition for either concentration of Clofibric acid.  Because of the effects at low concentrations for the three compounds, the hormesis effect was tested.  The results from the hormesis effect test revealed that there was no hormesis effect occurring for Ketoprofen, Naproxen, and Carbamazepine at final concentrations of 10 and 100 µM.  Continued research is needed to complete this study.  The DNA and RNA quantification with PCR to verify the microbial growth and activity inhibition by the three pharmaceutically active compounds should be completed.  Also, the LC procedures established to determine the degree of microbial pharmaceutically active compound degradation should be completed as well.

Project #18: Planning for CLEANER (Collaborative Large-scale Engineering Analysis Network for Environmental Engineering) River Basins Across the United States
Advisor:  J. Jeffrey Peirce, Associate Professor, Department of Civil and 
Environmental Engineering 



The National Science Foundation is planning and preparing for a nationwide system of environmental quality sensors and information to be networked among university researchers, public health officials, industry representatives, public interest groups, environmental policy experts and K-12 educators.  Under the direction of Professor Peirce Duke University is in the process of planning and preparing for one of the eight river basin components, the Neuse River in Eastern North Carolina, in this nationwide network. Pratt Fellows will collaborate on all aspects of this research project including the study of:

1. environmental sensors and sensor networks to monitor, record and analyze environmental quality

2. cyberinfrastructures (computer networks) to link all CLEANER participants within NC and across the nation

3. methods to model and remediate environmental pollution on a regional and national scale

4. business management plans to enhance the operation of Duke’s CLEANER facility

Undergraduate students with interests and training in engineering, science, business management, public policy, and public health are encouraged to consider joining this research program.

A description of an REU Fellow’s project follows:

Lauren Raup Civil and Environmental Engineering Major, Geosciences Minor, Virginia Polytechnic Institute and State University

Fluorescence in-situ Hybridization (FISH)Applications in Complex Soil Systems: Emerging Counting and Analysis Techniques

Lauren Raup is a civil and environmental engineering major and a geosciences minor from Virginia Polytechnic Institute and State University.  The purpose of her research was to facilitate the development of counting and analysis techniques for results given by Fluorescence in-situ Hybridization (FISH) applications in complexly engineered soil systems.  The FISH method and a Chemiluminescence NOx analyzer are used in laboratory experiments to study soil microbial populations and the NO emissions levels from the amended soil samples.  NO emissions are examined for two other reasons: first, NO plays a significant role in lower-tropospheric Ozone (O3) production, and secondly, NO is a common byproduct of agricultural soil enhancements.  In order to supervise the amount of NO emissions from soil, bioremediation monitoring techniques are employed.  The examination of microbial-NO relationships is needed to develop better approaches to bioremediation. In order to insure the relevance and contiguity of the data in question, the soil samples are checked for integrity and consistency using NO emissions data taken from the NO analyzer and results from previous research.  This same previous research shows that FISH is much more efficient than other methods in so far as it is used to monitor the effectiveness of bioremediation; however, it is also evident that FISH does not have an expedient, existing method for counting and analysis.  This research specifically focuses on the construction of a counting and analysis technique, with the eventual aim being the creation of a more efficient experimental procedure that would effectively utilize; FISH.  The development of a precise counting and analysis method for Fluorescence in situ Hybridization in soil compounds can firmly establish the full capacity of FISH for future usage in bioremediation processes.  The experimental design calls for 3 Mineral Fertilize (MF) amendments (.0004, .0008, and .0016 g/g soil) with 3 different glucose amendment levels for each MF amount (0, 3, 6 mg/g soil); all samples are given a 1 day incubation period.  Three replicates of each treatment combination are used, thus creating a total of 27 individual experiments. The consequent data from the NO emissions tests shows that the soil properties are acceptable.  Two accurate, simple counting methods thus result from these experiments.  The first is designed to count microbes in a slide well being viewed through a microscope; the method created cuts the counting time in half.  A second method was developed for counting microbial colonies that have been photographed using a digital camera.  These images are often cluttered by the presence of other microbial species or are unclear due to the fluorescence of the samples.  By using a combination of IrfanView and Microsoft Paint software the colonies become more accurately mapped.  These new methods increase the experimental utility of FISH with respect to bioremediation, environmental, and agricultural research sciences.   

A description of a former REU Fellow’s project follows:

Janelle Heslop, Environmental and Chemical Engineering, Columbia University 
Environmental Science and Engineering for CLEANER WATERS in the Neuse River Basin: Designing Laboratory Procedures for Sensing Water Quality 
 

Janelle Heslop is a junior environmental and chemical engineering major at Columbia University.  In a response to the need for environmental science and engineering outreach programs in early education, activities for water quality sensing protocols were created as a part of the CLEANER WATERS network. For the program to be successful, it was determined that it must integrate the laboratory research work of scientist and engineers with academic merit. In order to select water quality sensing procedures that would be successful in these two areas two set of criteria, one for research and the other for education, were developed. Using the two established criteria, from a wide gamut of water quality tests, five procedures were selected to be developed for middle school students. After their development, the criteria for both success in research and education, were used to evaluate each protocol in order to determine if expectations were met. From the assessment, it was determined that the protocols do successfully integrate research and education. Furthermore the two sets of criteria are sufficient in determining the success of any educational scientific activity. 

Project #19:  Earthquake Response Reduction with Electromechanical Transduction Networks

Advisor:  Jeff Scruggs, Assistant Professor, Civil and Environmental Engineering

Project Description:

One of the most challenging problems in structural engineering concerns the protection of buildings and bridges from damage during earthquakes and heavy winds.  Recently, this has led civil engineers to consider the prospect of placing controllable devices in structures, which are designed to respond during these seismic events, and which are controlled explicitly to reduce the deformation of the structure.  A simple example of such a device is a hydraulic dashpot (similar to, but much larger than, the ones found in automotive suspensions) with a controllable return valve.  Through control of this valve, the amount of energy this device dissipates can be regulated by an automatic control system, in such a manner as to achieve very favorable structural response.  A more complicated, but potentially much more versatile, way to accomplish this kind of response regulation is through the use of electromechanical transducers.  These devices can be used to remove vibration energy from a shaking structure by converting it to electrical energy.  This converted energy can in turn be used to power the response controller, resulting in an intelligent vibration control system which is entirely “self-powered.”  This project will involve an experimental investigation of a self-powered vibration control system for a scale model of a civil structure.  This structure will be built on the hydraulic shake table in the Structural Dynamics and Seismic Response Laboratory at Duke.  The primary objectives will be to validate the general concept, as well as to develop a better understanding of the optimal use of this technology in civil systems. 

Project #20: DNA nano-mechanics and diagnostics by atomic force microscopy (AFM)

Advisor:  Dr. Piotr Marszalek, Associate Professor of Mechanical 
Engineering and Materials Science 

DNA damage is the first step in the initiation of cancer. Since DNA alterations vary from one DNA molecule to another it is important to detect such damage in individual molecules. The primary objective of this research is to develop a nanoscale methodology for detecting DNA damage at a single molecule level by interrogating DNA mechanics. This will be done by means of Atomic Force Microscopy (AFM), which allows stretching individual DNA double helices and measuring their elasticity profiles. To achieve this objective we will study the effect of UV light on DNA elasticity by examining DNA stress-strain relationships before and after exposing it to various doses of radiation.  This research is of great significance for nanoscale DNA diagnostics and DNA damage and repair research.

Project #21:  Electrohydrodynamic Coulter Counting

Advisor:  Chuan-Hua Chen, Assistant Professor, Dept. of Mechanical Engineering and Materials Science

A Coulter counter detects and characterizes particles by the modulation of electrical current through a small fluidic aperture. We hope to establish a new paradigm of Coulter counting using electrohydrodynamic (EHD) cone-jet transition, a unique phenomenon that permits production of tunable nanoscale liquid jets from much larger nozzles off-the-shelf. The successful development of an EHD Coulter counter would enable the analysis of nanoparticles such as drug capsules and quantum dots over a tunable range of length scale without resorting to labeling, and the deployment of macromolecules with single-molecule accuracy for protein nanoarrays and in vitro compartmentalization.

The REU student is expected to work on generating nanoscale liquid jets through electric field and using such jets to count and deploy nanoparticles. The student will have the unique opportunity to interact with a high school teacher who will participate in building EHD Coulter counters and transferring the knowledge back to high school classrooms. More information can be found online at http://www.duke.edu/web/uphyl/. 
Project #22:  Bioinspired Superhydrophobic Materials

Advisor:  Chuan-Hua Chen, Assistant Professor, Dept. of Mechanical Engineering and Materials Science

The lotus leaf is superhydrophobic due to its surface roughness which traps air underneath water drops. The two-tier surface roughness with nanoscale hairs on microscale bumps is believed to give rise to the non-sticking and self-cleaning behavior. However, many puzzles remain unsolved; one example being the mechanism of the two-tier roughness, the other being the antidew capability of water-repellent plants. 

The REU student is expected to work on solving these puzzles through laboratory and field work. To unfold the mechanism of the two-tier roughness, the student will microscopically explore working fluids that will progressively wet the microscale and nanoscale roughness in the lab. To reveal the mechanism for the antidew feature, the student will examine live lotus leaves in the pond through video imaging and determine the effects of natural vibrations on sustaining superhydrophobicity during condensation. More information can be found online at http://www.duke.edu/web/uphyl/. 

Project: #23:  Nonlinear Aeroelasticity

Advisor: Earl Dowell, Professor & Dean Emeritus, Mechanical Engin.& Materials Science

Our research is concerned with the dynamic interaction of a fluid and an elastic structure, a field termed aeroelasticity, i.e., aerodynamics plus elasticity.  Recent work has emphasized nonlinear aspects of the phenomena.  Research has often been motivated by aerospace applications such as the oscillations of aircraft wings, turbine blades in jet engines, and the wind loading on missiles during their launch. However, we also study applications to biomedical engineering, e.g., blood flow through arteries or airflow through the mouth; civil engineering, e.g., wind loads on bridges and buildings; electrical engineering, e.g., wind induced oscillations of power lines; and to many other aspects of engineering.  Current projects involve either theoretical or experimental work. These include the following: (1) dynamic response of airfoils and wings due to self-excitation and external forces; (2) high performance airfoils; (3) delta wing planforms that deform as plates;  (4) long span, highly flexible wings typical of uninhabited air vehicles; (5) novel geometries that lead to enhanced aeroelastic performance;  (6) control of such systems; (7) investigation of nonlinear effects such as freeplay, structural stiffness and damping changes due to large deflections, shock wave motion and viscous effects in the aerodynamic flow.

Project #24: Experiments in Cooperative Control of Multiple Robots

Advisor:  Devendra P. Garg, Professor of Mechanical Engineering, Mechanical Engineering & Materials Science

These summer undergraduate projects involve cooperative control of robots of two different varieties.  In one case, there are two industrial robots working cooperatively for carrying out specific tasks that are beyond the capability of a single robot.  We have acquired two state-of-the-art ABB IRB-140 industrial robots that have been installed in the Robotics and Manufacturing Automation (RAMA) Laboratory (029G Hudson Hall).  In addition, we have purchased and installed a conveyor system to transport objects around the two robots, and a six-position indexing table located in the common workspace of the two robots.  The research project deals with controlling these industrial robots to operate in a collaborative mode for performing a variety of tasks.  Examples of such tasks include nut and bolt assembly, transporting a heavy object from one location to another, playing board games such as chess, or balancing a toy walker on a beam grasped at its end by each of the two robots.  In the other case, we have designed and fabricated a test bed for carrying out sensor fusion and swarming motion control of a group of several Swiss made small (size of a hockey puck) KheperaII robots.   The mobile robot testbed is located in the Robot Control Laboratory (030D Hudson Hall). Digital vision cameras located above the robot workspace in the two laboratories can guide the motion of the Khepera and ABB industrial robots.  The summer undergraduate project involves the design and carry out experiments that would use the robots to perform selected tasks in a cooperative mode.  The project provides an excellent opportunity for gaining very valuable hands-on experience with real-world systems in a research environment. Interest in robotics and control and experience in programming is desirable.  Familiarity with computing platforms such as MATLAB, SIMULINK, and with C++ will be quite advantageous.

REU FELLOW:  Nsikakabasi Williams Obotetukudo, Mechanical Engineering Major,  Case Western Reserve University

Swarm Robotics

This project addresses characteristics of robotic swarm systems in an introductory and practical manner by exploring the fundamental make up of swarm robotics and swarm intelligence. Focusing on a series of simple demonstrations this paper evidences emergence, self-organization, and delocalized control in a robotic swarm do not rely on the mechanical complexity of the individual robots but instead on the flexibility and adaptability of its intelligence. To this end, we exploit rudimentary levels of logic to achieve basic swarm behavior like that of natural systems

REU Fellow:  Ashlee Holbrook, Computer Science Major, Transylvania University

Project:  Web-Based Control of Industrial Robots
Ashlee’s project explored the possibility of completing a pair of mobile robots and enabling web-based control of these systems. In her time here at Duke, she made significant progress toward the completion of a pair of mobile robots and designed and implemented a system of control.   The first aspect of the control system was a Visual C++ command center based off of the networking protocols specified in the Microsoft NetMeeting Software Developer’s Kit.  Within the Visual C++ environment Ashlee began work on an OpenGL modeling system, and an interface program using the primitives included with the Logitech QuickCam Software Developer’s Kit.   She also developed a web-based system of control for the mobile robots and designed a web site that contained the necessary structures for navigation, data collection, video collection, and application sharing, using a combination of ActiveX control and Perl to interface to Visual C++ and Interactive C code.  The robots themselves were primarily controlled through Interactive C and TEA (Tiny Embedded Language).  A VRML model was also constructed to provide a method for future dynamic environmental mapping. She then developed a CD-ROM containing all installation files, code, and documentation needed to easily continue the mobile robotics research.  Web links to useful sites and media files such as videos, photos, and circuit schematics were included as we ll. From learning to program in ActiveX, Interactive C, TEA, and VRML to discovering the proper methods to develop the driving circuitry behind the robots, Ashlee had the opportunity to discover a wide array of skills and knowledge.  In addition to working with the constructed mobile robots, she worked with various other types of mobile robots in a heterogeneous collaboration project.  Lego Mindstorms robots were constructed to perform basic tasks such as finding and retrieving a block, sorting blocks by color, and searching for and avoiding obstacles within their environment.  She worked with pre-programmed controls as well as the Open-R SDK to control a Sony AIBO robot.  She also began development of an infrared communication system using a TV remote and the receptors and transmitters found on the constructed mobile robots and Mindstorms robots. Following graduation, she to pursue a Ph.D. in Computer Science with possible focus areas including Computer Graphics, Computational Geometry, and Systems Analysis. 

Project #25:  Self-assembling Nano-bio-systems

Advisor: Anne Lazarides, Assistant Professor, Mechanical Engineering & Materials Science and Center for Biologically Inspired Materials & Material Systems

Recently, materials with nanoscale structure have been seen to exhibit fascinating properties that are remarkably different from the properties of bulk materials. Many of these properties are of both fundamental scientific interest and also offer promise of contributing to new nanoscale technology. Materials composed of gold nanoparticles, for example, unlike bulk gold, have brilliant colors that change as a function of the spacing between the particles and how the particles are arranged. In our lab, we assemble biomolecules on the surfaces of nanoparticles so that natural recognition processes that occur between biomolecules can be used to direct the assembly of the particles into nanostructures. Our goal is to learn how to engineer the surfaces of nanoscale components so that the components will assemble themselves into useful structures, such as intracellular monitoring devices or nanoscale electronics. Many of the nanosystems that we design incorporate metal nanoparticles, so that the optical properties of the particles can be used to monitor the assembly processes. In addition, we use strategies borrowed from biology to engineer the interactions between components.

The summer student would learn to characterize the interactions between biomolecules that control the interactions between bio-functionalized particles and complementary biosurfaces. A mathematically inclined student would investigate, also, methods for predicting the strength of molecular interactions. In the course of the research, the student will be exposed to a variety of methods and ideas in the field of bioinspired  nanoscience.

REU Fellow: Kristine Obusek, Materials Science and Engineering, , Virginia Polytechnic Institute and State University

Protein Induced Aggregation of Peptide Functionalized Gold Nanoparticles


Kristine Obusek is a materials science and engineering major from Virginia Polytechnic Institute and State University.  The purpose of her project was to evaluate the aggregation characteristics of peptide functionalized gold nanoparticles in the presence of a protein and various concentrations of salt.  Three peptides were used:  a 17-amino acid peptide, a neutral hydrophilic pentapeptide (CTTNN) and a hydrophobic pentapeptide (CALNN).  One end of the 17-amino acid peptide bound to gold (cys-terminated) and the other to polystyrene spheres.  This peptide was employed primarily to learn to operate the equipment and to determine the binding characteristics between a peptide and a gold surface.  The gold nanoparticles were functionalized using the pentapeptides.  Extinction spectra were taken using a UV-Vis Spectrophotometer.  Unfunctionalized nanoparticles were found to crash out of solution by 50-mM NaCl.  With the addition of as little as 1-mg/L alginate, the particles would never crash out.    Therefore, alginate was determined to protect the nanoparticles in certain conditions.  In line with the literature, the peptide functionalized particles were stable up to at least 300-mM NaCl without any alginate.  When alginate was added to the solution, the CTTNN functionalized particles had a broad and polydispersed spectra while the CALNN functionalized particles showed a bimodal peak. Dynamic Light Scattering was used to determine the hydrodynamic radius of certain systems.  This information coupled with the UV-Vis data helped to ascertain exactly what was happening in solutions.  At high salt concentrations, CALNN allows gold nanoparticles to come close and form a “lacey” structure.  CTTNN has a stability point in high alginate and high salt that shifts its spectra back to resonance because there is a higher intensity of smaller particles.  So, there is an effect from the hydrophobicity of the 2nd and 3rd amino acids on their interactions with nanoparticles and salt and alginate solutions.   

Project #26: Use of magnetic forces to measure adhesion forces

Advisor:  Benjamin Yellen, Associate Professor, Mechanical Engineering and Materials Science

Micro-magnets are commonly used in information storage, medicine and nanotechnology.  For example, patterned magnets are commonly used to store information in the computer hard disk drives. Magnetic particles are used as contrast agents for MRI, as drug delivery vehicles, as tools for separation and purification in biology and in waste management, and as carriers in a variety of micro-systems.  The goal of this 9-week summer project is for the undergraduate student to gain experience in the measurement of adhesion forces between chemically functionalized magnetic beads and chemically functionalized micro-magnets.  The student's responsibilities will include functionalizing the substrate with Biotin, and then attaching Streptavidin coated magnetic beads onto the Biotin-coated substrate.  The student will use external magnetic fields to induce repulsion between the bead and the substrate, for the purpose of measuring the strength of interaction of the individual molecular bonds.   A chemistry or chemical engineering background is preferred.

A description of an REU Fellow’s project follows: 

Saniya Ali, Biomedical Engineering Major, Junior, Texas A & M University

Electromagnetic Separation

Mentor: Dr. Ben Yellen, Associate Professor, Mechanical Engineering and Materials Science

Saniya Ali was a junior biomedical engineering major from Texas A & M University.  In her research area of electromagnetic separation, initial experiments have shown that the direction of moving nanoparticles is guided by specific lithographical patterns of micromagnets made on a template, and also that the control of the motion of nanoparticles can be achieved by applying a rotating external magnetic field. Using what had been observed from previous experiments, Saniya and the team wanted to show that transport of nanoparticles can be controlled and manipulated for desired effects, for example, sorting of nanoparticles of different sizes. Through her research project, it was proven that by employing a rotating external magnetic field, magnetic particles of different sizes can be guided and controlled for sorting into specific areas.  Certain frequencies of the magnetic field and lithography to create specific barriers on the silicon wafer have proven to be successful methods for achieving a clear separation of nanobeads of different sizes, in our research project.  This project has opened Saniya’s eyes to a future in research, and she would like to come back to Duke University as graduate student working for a PhD and researching in nanotechnology.

REU Fellow: Rodward Hewlin, Mechanical Engineering, North Carolina A & T State 

Characterization of Microbeads for Bio-Analytical Devices 

Rodward Hewlin is a mechanical engineering major at North Carolina A & T State University.  Innovative advances in the usage and manipulation of magnetic nanoparticles in microfluidics are being studied.  In this project we are studying magnetic nanoparticles using a magnetophoresis-based method to estimate the magnetic susceptibility of the particles and its standard deviation, however this technique is different than the typical magnetophoresis.  Fabricated micro-electromagnetic devices for controlling magnetic particles on a chip have been developed which consists of multiple lithographically patterned layered substrates and contains cobalt magnets of size less than 100 nanometers.  A field is produced upon which the magnetic particles are guided.  The magnetic nanoparticles are being controlled as well as the individual group motion of these particles and are being studied as the field is turned on.  Its applications include the study and control of magnetic particles as well as control and manipulation of biological organisms.  These are novelty ways to enhance study of magnetic particles in Medicine.

Projects #27,  #28, #29:  Nanomechanics of Soft Surfaces
Advisor: Stefan Zauscher, Associate Professor, Department of Mechanical Engineering and Materials Science, Center for Biomolecular and Tissue engineering, Center for Bioinspired Materials and Materials Systems

Dr. Zauscher's work involves many different areas of science and engineering, and explores such diverse topics as the molecular mechanisms of how the aids virus causes infection, how asthma inhaler drugs are attached to carrier particles, the study of  joint lubrication and how synovial fluid in the joints interacts with joint surfaces in osteoarthritis, the study of very tiny (nano) scaled interactions and surfaces.  All these topics are part of Dr. Zauscher's research in materials science and mechanical and biomedical engineering. A variety of projects are presented below, and after Dr. Zauscher's projects, descriptions of some REU Fellows' projects follow. (Dr. Zauscher is also familiar with American Sign Language).  These projects include: 

The trend in biotechnology experiments, such as drug screening and combinatorial syntheses, is toward larger numbers of experiments using smaller devices. This presents the challenge of producing polymer-patterned surfaces, with ever decreasing feature sizes. Furthermore, there is a need in biotechnology to manipulate fluid flow to address specific locations on these patterned surfaces.  Our research on nanopatterning surfaces addresses these issues.  Our ability to pattern surfaces with stimulus-responsive polymer brushes and cross-linked hydrogels on sub-micrometer length scales for the manufacture of biologically inspired actuation and sensing devices demands a precise understanding of the physico-chemical and mechanical properties of the brushes and gels.  A variety of projects are available in the broad area of the nanomechanics of soft surfaces. 

Project #27:  Effect of Shockwaves on the Biochemical and Biomechanical Function of Cells

 Advisor:  Stefan Zauscher, Associate Professor, Mechanical Engineering and Materials Science

With the continual improvement of our military's protection systems, the survival rates in the field have increased dramatically. Consequently, this has lead to a significant increase in non-lethal injuries such as traumatic brain injuries (TBI) and tissue injuries, including heterotopic ossification (HO, is the abnormal formation of true bone within extraskeletal soft tissues). This collaborative project has two, interrelated specific aims: Specific Aim 1 (SA1) seeks to develop instrumentation and procedures to apply high strain-rate loading to individual cells and cell-sheets/ in vitro/. In SA1 we are developing experimental equipment and procedures to deliver shock waves to adipose derived stem cells in (i) sheet tissue cultures and (ii) individual cells, using electromagnetic transducers and laser-induced bubble cavitation, respectively. In Specific Aim 2 (SA2) the biochemical and biomechanical properties of cells that have been exposed to high strain rate loading conditions are probed with several approaches. In Approach 1, the deformation of individual cells during blast loading will be recorded by high-speed video capture so that strain as a function of time can be ascertained. Possible biomechanical effects of blast exposure will be probed directly by measuring the viscoelastic properties of cells with atomic force microscopy (Approach 2). These measurements will be supported by F-actin imaging to reveal major, blast-induced changes in cytoskeletal structure (Approach 3). We probe the biochemical effect of blast exposure by time-resolved gene expression analysis, using micro-array technology available at Duke University (Approach 4). Here we specifically test the hypothesis that high strain-rate loading of cells elevates the expression levels for osteogenic-related genes, potentially leading to increased concentrations of bone morphogenetic proteins. The REU student would work in a team of graduate students and post-doctoral fellows, and participate in cell exposure experiments and be concerned with development of improved test equipment. This is a collaborative research project between Prof. Zauscher's lab, Prof. Pei Zhong's laboratory and Prof. Guilak's laboratory.

Project #28:  Nanofabrication of Surface Confined pH Switches

Advisor:  Stefan Zauscher, Associate Professor, Mechanical Engineering and Materials Science

 The hydrogen ion concentration (pH) is one of the most important regulators for communication and signaling in biological systems and can be used to direct bio-chemical interactions and chemical reactions at surfaces and interfaces. To date, control over surface pH states is largely achieved by chemical patterning and setting the solution pH and ionic strength. These approaches lead to relatively low lateral resolution and surfaces of usually fixed charge. We are currently developing a new approach in which the pH can be switched and controlled with tens of nanometer lateral resolution. Such pH switchable surfaces have significant promise for detection and sensing applications as they 1) enable control over the conformation of proteins and polymers at interfaces, 2) enable control over the hydrophobicity/hydrophilicity at the solid/liquid interface, 3) enable control over surface reactivity, and 4) enable the release of drugs and other biological materials from device surfaces. Our approach relies on the high surface charge density that can be achieved by imprinting local surface charge states into programmable ferroelectric films, such as PZT. This results in strong electric field patterns near a solid/liquid interface, and thus induces localized pH gradients which can modulate the local surface chemical reactivity.  The REU student would work in a team of postdoctoral fellows and graduate students on (i) the fabrication and characterization of thin films of PZT. The research is materials science oriented and involves characterization by scanning electron microscopy (SEM), AFM, and ferroelectric capacitance measurements, or (ii) be involved with the nanoscale encoding of the polarization of the ferroelectric film locally using the AFM and subsequent characterization of the surface charge pattern. The research is a collaboration between Prof. Zauscher's laboratory and Prof. Yellen's laboratory.

Project #29: Electrochemical Surface Patterning

Advisor:  Stefan Zauscher, Associate Professor, Mechanical Engineering and Materials Science

Patterning of polymeric and biomolecular nanostructures on surfaces and the control of their architecture are critically important for the fabrication of biomolecular devices and sensors. Here we use field-induced scanning probe lithography (FISPL) to chemically modify polymer brushes directly to allow conjugation of biomolecules. While other groups have reported the patterning of thin layers of polymethylmethacrylate (PMMA) and polystyrene (PS) by electrostatic scanning probe lithography and have proposed plausible explanations for the physical and structural changes in these polymers, no studies have been made to investigate the chemical changes that occur due to the oxidative nature of the electrochemical process. In this project we embark on a systematic study of using FISPL for nanopatterning polymer thin films and polymer brushes to elucidate the capabilities of the method and to understand the underlying mechanisms of pattern formation.  The Pratt Fellow would work together with a graduate student and a post doctoral fellow on well-defined aspects of this project.

A description of some former REU Projects with Dr. Zauscher follow:

Joshua Doudt, Chemistry, Gallaudet University

Changing the Crystal Structure of PZT Thin Films with Self-Assembled Monolayers


Joshua Doudt is a senior chemistry major at Gallaudet University.  In 1983, Nuzzo and Allara used alkanethiol molecules to form Self-Assembled Monolayers (SAMs) on a gold substrate. Ever since this discovery, many different researchers have used monolayers for a wide variety of applications. The goal of this project is to recognize the effect of SAM to change the surface properties of Pt to influence Lead Zironcate Titanate (PZT) crystal structure. SAMs is single layer of organic molecules. It will form spontaneously through adsorb on any types of the substrate such as metals, semiconductors, or insulators. For this project we will use platinum coated silicon wafer as our substrate. The SAMs will be using in this project to aiding the development of PZT crystal structure through heating process.  The procedure of developing sol gel PZT will be making through spinning coat process. The result of PZT crystalline will be developed when it is heated up to specific temperature for thirty minutes. The X-Ray Diffraction measured the PZT crystalline peak in the order to recognize the PZT crystal structure. The results showed that SAMs changed the surface properties of Pt to influenced the PZT crystal structure yet, the SAMs didn’t give us great PZT (100), (110), and (111) crystal structure.

Alexander Matsche, Chemistry Major, Senior, Gallaudet University

Single Molecule Force Spectroscopy of Lubricin

Alexander Matsche is a chemistry major and senior from Gallaudet University.  The objective of his research was to collect evidence in support of the hypothesis that reduced lubricin shows different mechanical behavior due to pH induced alterations in its conformational state. The nanomechanical properties were measured by single molecular force spectroscopy with an Atomic Force Microscope.  The results of studies of a single molecule of reduced lubricin prove that a molecule  with a  pH 4.1 has less force and distance than one with a pH 7.4.  Also, the molecule with pH 4.1 is more flexible with regard to persistence distance than is the molecule with pH 7.4.  These results show that various pH’s do affect the lubricin’s behavior with regard to force, pull off distance, contour length, and persistence length, and are significant with regard to research into joint problems in the future.  During his research, Alex learned many new procedures in Single Molecule Force Spectroscopy.  

REU Fellow:  Alexander Matsche, Chemistry, Gallaudet University

The Influence of Relative Humidity on Particulate Interactions in Carrier-Based Dry Powder Inhaler Formulations


Alex Matsche is a chemistry major from Gallaudet University.  The goal of his project was to study the adhesion between the carrier and the active ingredients for an asthma drug called AdvairTM, a dry-powder inhaler containing Fluticasone Propionate, Salmeterol Xinofoate, and Lactose .  Alex’s hypothesis was that dry air had a more positive effect on the adhesion force between the drugs and the carrier, and that the amount of humidity can make a big difference in the adhesion force between the active ingredients and carrier.  If a certain level of humidity does indeed make a big positive difference, then this result can help improve the drug’s manufacture and use as an asthma medicine.  The Atomic Force Microscope can read and measure the topography and adhesion force from smooth surfaces with a cantilever probe technique. An Atomic Force Microscope with a humidity control chamber is used to investigate the effect of relative humidity from 5% to 90% to measure the adhesion force of the recrystallized drugs.  The difference in humidity between dry and humid air can make a big difference in the  adhesion force of the active ingredients and carrier.  An X-Ray Photoelectron Spectrometer is used to study and compare the chemical structure of the original powder drugs and the recrystallized drugs before we test them in the Atomic Force Microscope. The adhesion force will be measured on the recrystallized drugs’ surfaces by placing a lactose coated, tiny crystal of the recrystallized drugs on the cantilever’s tip. The Scanning Electron Microscope is used to measure the tiny crystal on cantilever’s tip.  The results showed that the humidity of the air does affect adhesion force of each drug.  These results can lead to improvements for asthma medicine users and for the manufacture of drugs by pharmacology companies using the correct humidity control in the factory.

John Thuahnai, Biology Major, Gallaudet University 

Project:  Friction Behavior of Stimulus-Responsive Hydrogels

The purpose of this research project is to study the friction behavior of stimulus-responsive hydrogels at three different levels of cross-link density (high, medium, and low). This project also explores the gel preparations with different cross-link density by adding N’N-methylene-acrylamide (MBAAm).  The hypothesis was “high” cross-link density gel would handle shear strain rate more than “low” cross-link density gel. The friction measurements were obtained with controlled strain rheometer.  To report the coefficient of friction, we need a measure of normal force, which requires normal load cell to be installed in the rheometer. However, load cell was not available so we could only report the friction force (Ff = t * r^2/2).   Measurements were performed with shear rates with gel sliding against the metal surface of the measurement geometry.  “High” and “medium” cross-link density gels proved to be only feasibility for this experiment. Low cross-link density gels were unstable in this experiment.  Despite failure of low cross-link density gel, the result proved the hypothesis to be acceptable.

REU Fellow:  Lucas Barrett, Mathematics Major, Gallaudet University

Project:  PNIPAAM Contact Angles as a Function of Temperature

In his project, Lucas hypothesized that contact angles will change as a result in temperatures, with some being hydrophobic and others being hydrophilic. The goniometer experiments were to determine temperature to contact angle graph for the prepared samples.  The experiments were unable to determine a graph that validates the current pNIPAAM LCST graph.  The primary reason was that there is little material published regarding pNIPAAM and its effect on contact angles.  PNIPAAM is widely used because of its ease of use.  S. Balamurugan, et al, gives the theoretical LCST graph of pNIPAAM in a published paper but the paper does not give much detail into their methods as to how they developed their data.  In addition, Lucas suffered numerous equipment failures ranging from power and temperature loss to problematic wiring. Lucas was forced to develop many different possible strategies of angle measurement.  For example, he attempted to saturate the ambient atmosphere around the samples in regards to humidity; he left the samples to stabilize at a set temperature on the stage for a period of 20 minutes for each temperature.  Lucas placed the stage at an angle to force the sessile drops to move minutely to determine advancing and receding angles.  He heated the water from which he made his sessile drops.  He soaked the samples overnight to re-hydrate the polymer brush, in case it collapsed.  The second possibility could be that Lucas’s samples were not adequately clean.  It could be that contamination of the sample neutralized the pNIPAAM.  Despite all these different attempts, he found no significant difference in angles as the temperature moves across the LCST region

Pia Marie Paulone, Biology Major, Gallaudet University

Adhesion between Carrier and Active Ingredients in Dry-Powder Inhaler Formulations Measured by Single Molecule Force Spectroscopy

            Pia Marie Paulone is a biology major from Gallaudet University whose project involved the adhesion between carrier and active ingredients in inhaler formulations.  The formulation of Advair™ includes two drugs, Fluticasone Propionate (FP) and Salmeterol Xinofoate (XP), and an inactive lactose carrier. Production of Advair™ includes an extremely short initial mixing time, but requires a longer amount of time to ensure that drug particles are sufficiently bound to the carrier particles. Understanding and quantifying adhesion forces between the drug and lactose using single molecule force spectroscopy (SMFM) will lead to improved efficiency in production lines. Model surfaces composed of dissolved drug and dissolved lactose are created and coated on two surfaces: a cleaned glass slide and a 10 micron borosilicate glass bead mounted on the tip of an Atomic Force Microscope (AFM) cantilever with the ultimate goal of accurately mimicking adhesion behavior between the two substances. Based on data acquired from both AFM and Scanning Electron Microscope (SEM), it is known that lactose and FP interaction is of far greater magnitude than either glass on glass interaction or lactose on glass interaction. This presents a definite confirmation of the feasibility of the preliminary material system.

Project  #30: Researching novel combinations of elements at the nano scale: Theoretical characterization of hydrocarbon film in a slit between two quasicrystalline surfaces

Advisor:  Stefano Curtarolo, Associate Professor, Mechanical Engineering and Materials Science

As a theoretician, Dr. Stefano Curtarolo uses supercomputers to search for and test novel combinations of elements for specific purposes, or to better understand existing materials. He searches for such materials as novel titanium alloys for marine structures, new superconductors, ceramic materials for nuclear detection, and metallic nanoparticles for growing nanotubes and fuel cell alloys for energy conversion.   Specifically, he searches for these combinations at the nano scale, where the macroscopic laws of physics don't always apply. In recognition of his discovery and characterization of novel combinations of elements, Duke engineer and physicist Stefano Curtarolo, Ph.D., has received a Presidential Early Career Award for Scientists and Engineers (PECASE).   The award, the highest honor given to scientists by the federal government, also carries $1 million in research support over five years. Many federal agencies participate in the PECASE program Curtarolo was recommended by the Department of Defense's Office of Naval Research (ONR), which had granted him a Young Investigator Award in 2007). Curtarolo received the award Dec. 19 during a ceremony at the White House   REU Fellows will get the opportunity to work with this award winning professor in this exciting research on the cutting edge of science, focusing on novel combinations of elements for specific purposes.  The student will update and modify the software available in our laboratory (study of hydrocarbons on surfaces) to perform calculation in systems with two surfaces, such as slits. Computational skills are required. The software is written in C++ and runs in Linux systems.
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