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Preface

The Second Annual Polylechnic Underpraduaic Summer Reseacch Program is one of the Instilute's myjor ini-
tiatives o introduce intellectually gifled students o the extraordinary research that lorms Lthe foundation ol the
cducarional cxperience at Polytechnic. This forward-thinking technalogy research creaies an opportunity far
our premier students Lo work hand-in-hand with sotac of the Institute’s creative and innovative scicnco and
engineering [aculty. This year, 80 students worked in Polytechnic laboratories as part ol a 10-week reseurch im-
mcrsion program and experienced first-hand the Institute’s commitment to educating the technology innovators,
inventors and cntreprencurs of this century.

This bookict conwing the abstracw of the undergraduate regearch projects that were performed and will be
prescnted as posters at the 2008 New Student Convocation on Tucsday. August 26. The broad scope of the
undereraduste projects ranged from basic knowledge creation and the invenlion ol new matenals and processes
to lhe development of new lechnologies and applicetions. Specifically, siudents researched computer game
kechnologies for complex distributed systems, worked on edvanced network security issues, cogineered nuno-
scale protein carriers, designed drug delivery carriers for concer Lherapeulics and demonstruled the physics of
quuntum wlormotion devices.

The highlight of this year's program was a luncheon on June [8 with Dr. Martin Perl, the 1995 Nobel Prize win-
ner in Physics und a 1948 Polyleclwic gruduate. Dr. Perl shared stories ol his own research experience with the
sludenis and encouraged hem (o be persistent in their pursuit of crealing new knowledge and their aspiraticns to
discaver, invent, and innavafe. The students in the program alsa taok part in weekly sominars with Polytechnic
faculty members.

The Undergraduate Summer Research program was initiated in 2007 by the Office of the Provost. Its success
in 2007 and 2008 was madc possible by the financial support trom the Institute’s most loyal and generous
donors. Additional support came from the Othmer Insttute for Intecdisciplinary Studies and supplements [rom
the research grants of individual faculty members.

Ira) Kalkhoran

Dean of Undergradunie Academies
Polytcchnic Institutc of NYU
Aupust 20, 2008
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Center for Advanced Telecommunications in Technology

Cualeh Li

Center for Advanced Telecommunications in Technology
Polytcehnic Institute of New York University, Five MetroTech Center, Brooldyn, NY 11201

Faculty Advisor: Professor Shivendra 8. Panwar

Wireless networks bear several characteristics that differ from conventional wired networks. A few challenges
arise from crror-prone wireless channels, unstable wireless links and other time-varying changes that often con-
tribute to the invalidity or inefficiency of the dcsign and of the implemenration methods, which were developed
and used for their wired counterparts. Several methods have been proposed to cope with these issues in wire-
less environments. Two well-known ones arc Dynamic Rate Adaptation and Forward-error Correction (FEC).
Dynamic Rate Adaptation adjusts transmission rates based on channel conditions. FEC generates and transmits
redundant parity packets, which can be put 10 use by the receiver through block crasure codes, without contact-
ing the transmiter.

In this projcct, we combine the iwo mentioned technologies to form a new scheme that would both dynamically
adjusl the transmission rate as well as apply FEC 10 optimize the transmission efficiency. In conventional rate
adaptation, the transmitter would reduce its transmission rate to a lower level upon losing several consecutive
packets. However, in our proposed scheme, instead ol dropping the rate after packet loss, we follow a more ag-
gressive approach where FEC is applied appropriately to compensate for the losses while maintaining a higher
level of angmission rate. We drop the level of transmission rate only when the FEC is unable to compensale for
the losses. The combination of these two mechanisms is efficient due 1o the ability to ransmit the extra parity
packets by maintaining a higher transmission rate. resulting in g higher throughput. We further implement the
system using apen source drivers and socket programming, and run experiments in order to measure the system
performance in a real environment.



Civil Engineering

Shivani Patel

Department of Civil Engineering
Polylechnic Institute of New Yorlc University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Magued Iskander

T'oday, there are many problems with using cenventional materials in certain applications, particularly in pil-
ing applications. Current piles are made of steel. concrete, and imber—all materials that do not last very long
under the harsh and corrosive environments that the piles are subject to. So, it is proposed that fiber-reinforced
plastics be used instead. Unfortunately, there is not much data on the long-term behavior of these plastics, and
thus engineers are reluctant to use these materials.

The subject of my research is to find the creep behavior of E-Glass, a common reinforcement used in the plas-
tics. The plastics used for piling arc usually HDPE (high-density polyethylene). To estimate the creep of the
E-Glass, various stress-strain curves are found at different strain rates. Then, using multiple methods, all based
on different initial assumptions, the creep behavior will be extrapolated for an appropriatc amount of ycars. for
cxample, 100 years.

Furthermore, an actual creep test will be performed on the material, and this will be compared to the exlrapo-
lated behaviors. This will either validate or invalidate the extrapolated results, and allow us to determine the
best method to use lo extrapolate creep behavior for this type of material. Additionally, same of the methods
used 1o find creep have been used, and this will determine ilit is in fact the best way to determine creep. Hope-
[ully, this research will provide new information to the field of reinforced plastics and, based on the creep data,
encournge engineers Lo use reinlorced plastics in various engineering applications.



Chemical and Biological Engineering

incorporation of Non-natural Amino Acids
Using the Selenocysteine Biosynthetic Pathway

Wah Yan, Susheel Kumar Gunasekar, Man Xia Lee and Wendy Hom

Department of Chemical and Blalogical Eagineering
Polytechnic Institute of New York University, Six MetroTech Center, Brooklya, NY 11201

Faculty Advisor: Professor Jin K. Montclare

The established methodologies for (he incorporation of non-namral amino acids have proven to be a useful tool
for the synthesis of new and novel proteins. However, strategics such as residue-specific wncorporation, in which
a natural amino acid is repluced globally, and site-specific incorporation, which utilizes misacylated-tRNA 5yn-
thetase, both have their shortcomungs. The former lacks specificity while the later lacks efficiency. Thus, a new
method of incorporation that is both specific and cfficient should be developed. To that end, we demonstrate
the potential of using the biogynthetic pathway of selenocysteine, a naturally specific and cfficiont pathway thal
codes the 21* amino acid selenocysteine into formate dehydrogenase H enzyme (fdbF), as a ncw mothod for the
incorporation of noa-natural amino acids.

Studiez on Transbllayer Transport and Interbilayer Fusion Caused
by the Interfaces of pH-controlled Heterogeneities on Model Lipid Membranes

Gittel I. Gold and Munali Bhaga

Department of Chemical and Blological Engineering
Polyiechnic Institute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Siavrowla Sofou

Targeted therapy of selid mors nocessitates a powerful drug delivery cacrier that is rigid while circulaling in
the blood, but permeable at the site of the mmar—and only there—where it must release ils contents. It is es-
senliglly a balancing task: 10 ensure toxicity where wxicity is required, and reduce toxicity ul all other sites— to
muainluin the condition of healthy tissue. Liposomes, which are being enginesred here in the Drug Delivery
Systems Lab, bave the potential 1o meet the necessary critecia {or being the optimal drug delivery carner. The
primary lipid pair that is studied is phosphatidylcholine (PC), which is zwilterionic and phosphatidic acid (PA),


https://circulal.i.ug

a lipid bearing a negatively charged beadgroup. When the pH is decreused. protonstion of the PA headgroups
zllows for hydrogen bonding among the PA heedgroups and for poleatial Van der Waals atmuctions smong the
mautching length acyl chains of lipids to take place resulting in the formation of lipid heterogencitics. When all
lipids arc in the gel stafe, (he interfaces of these hetecogenilies exhibit molecular packing defects rendering the
bilayer permeable. With increase in time, and decrease in pH. thesc interfaces become more ‘leaky’ causing in-
creased content releass. It has been determined [by other members of Lhe lab] that lipid pairs with pon-maiching
il lengths exhibit morc cfficient release with respeet o pH, and therefuce, the primary pair of lipids used is
DPPC/DSPA. However, DPPC/DPPA and DSPC/DSPA [matching chain lengths at n = 16 and 18 carbons, re-
spectively] are studicd as well, and serve as additional systems for companson. The efTect of tie incorporution
of both cholesterol and PEG must each be cvaluated because PEGylated lipids exhibit longer circulalion times
in the blood, and cholesterol plays a role in the biological membrane in facilitating rigidity, and their presence
will be inierdependent on the activity of the liposomes. Many controls are necessary for the various parameters,
for example, for cach pair of lipids. four sets must be studied: with both cholesterol and PEG, with neither,
and with each individually- withoul the other. The potential therapeutic agent wus modeled as a fluorophore
(culeein), so that it con be tracked by fluorescence spectroscopy. Because of its property (o self-quench at high
concentrations [~>10mM], calccin is the fluorophore of choice for this expenment. Calcein-release experiments
were conducted 1o detormine the relcase of contents as a function of pH and time. Further/future studies wall
monitor the contenl mixing of the Lposome with the endosome in the expectation that once the liposome is
internalized by the cell, it will nat get to the final endosomel slage, where it will be degruded by the lysosome,
bul mther—it will mix with the endosomal membranc, thereby cimplying its contents into the cytoplasm. The
culeein-release experiments are preliminary to the conlent mixing experiments.

Effect of pH on the Critical Micelle Concentration of an lonic Amphiphile
Raymonid Chen

Department of Chemical and Biological Engineering
Polytechnic Institute of New York University, Six MctroTech Center, Brookdyn, NY 11201

Faculty Advisor: Professor Stavronda Sofou

The ability of maller to self assemble is a phenomenon that is a part of hife. It is everywhere; from detengents,
soaps, liposomes aud especially the cell membrane that is the basis of all life. This project focuses on the un-
desstanding of those intermolecular forces that affect the critical micelle concentration (CMC) of amphiphilic
molecules. CMC is important in understanding why and when these self-assembled structures, such as lipo-
somes, form. Understanding CMC is crucial in our lab, especially when drug delivery sysicms such as lipid
vesicles arc being studied. To measure CMC, we used & fluorophore, Nile Red, as an indicator and measured
fluorescence intensity. Nile Red fluoresces only when in hydrophobic environments, in this case the inside of
the micelle. We prepured a solution of phosphate buffer and Nile Red in a cuvetic end gradually added SDS,
wlich is an amphiphilic moleeule, in tnereasing volumes to the cuveite and measured the intensity each time.
Our results show strong ¢ffect of pH on the measured value of CMC. At decreasing pH. the headgroups of the
pegulively charged amphiphiles become protonated 2nd electrically neutral, and, thus, experiepce less repulsion
which explains the lower CMC values at lower pH.
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Examination of Aggregation of Amyloid [ Peptide by Usina GFP
Mongyue Xiany

Department ol Chemical and Biolnglcal Engineering
Polytechnic Institute ol New York University, Six MetroTech Ceaier, Brooklyn, NY 11201

Faculty Advisor: Professor Jin Rvoim Kim

Alzheimer’s discasc (AD), which is a ncurodegencrative disordes, affects 23 million people in the world. There
15 00 effective treatment or diagnosis. Aggregation of (he umyloid  (AB) peptide is important in the molccular
cliology of AD. Examination of aggregulion is exlremcly important for the idenufication of the molecular
processes where toxicity is generated. Moniwring aggrepation in liviag cells is required for this purpose, since
aggregution in vivo may bo different from that af i virro because of the cellular milieu, The objective of the
project is (0 by Lo examine the /n vivo aggregation of AP under difTerent conditions. Tu this end. a pre-cstab-
lisbed geoetic screcning system where AB-greca Auorescont protein (GFP) fusion proiein is expressed in Es-
chericitia coll will be employed. In this in vivw sereemng system, fluorcseence of GFP relics on the aggregation
propensity of AB. Aggregation of AB will reduce the fluorescence of GFP. Our bypolhesis is that expression
conditions, such as temperatures and expression levels, might have influence of (he aggregation of AR peptide.
A DNA sequence of A§-GFP will be cloned into two different plasmids, PdimN2 and PET. The temperatires
(25 vs. 37°C) and duration of expression (4 hrs. vs. overnight) were vaned and whole cell GEP Buorescence
will be measured. Expression levels of AB-GFP were monitored by SDS-PAGE of the whole cclls following
induclion af expression.

Electro-assisied Desorption of Alkanethiol Self-assembled Monolayers
Michael Hailemarium

Department of Chemical and Blologlcal Engineering
Polywechnic Insotute of New York University, Six MetroTech Ceniter, Brooklyn, NY 11201

Faculty Advisor: Professor Rantislav Levicky

In biotechnology, the need for producing a diagnostics for anslyzing biclogical molecules is essential. For ex-
uunple, after hybridizaton of target molecule with the DNA probe. electrochemica) metheds mnuy offer a method
(o dehybridize the target withoul affecting the probe DNA. For DNA-DNA bicsensors non-specific adsorption
with the substrate can reduce hybridizution und limit the cfficicncy of the sansor. Alkancthiols Like 3-Mercapto-
I-propanol (MCP) are used 1o inhibil the interacton benwoen the probe and the gold elecwrode surface. The
desorplion of a seif-assembled monalayer (SAM) of MCP from a gold surfuce iy investigated under different
reduction potentials using an slectrochemical method. The kinetics of MCP desorption in a 900mM Phosphate
buffer are monitored vsing a quurtz crystal micrabalance (QCM), and cyclic voltammerry (CV). Drilt from
temperatuze variation and noise from vibration were reduced before testing. The frequeacy change from the
asscmbly was measured with lime, and desorption was determined from the mass change ss provided by the
Suuerbrey's equation. Also, the dependence of desorption kingtics on polenlinl wus investigated.
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Developing Genetic-array Testing: Characterizing
the Hybridization of Morpholino and DNA In Solution

Lonna Gordon and Michael Furman

Department of Chetnicul nad Biologicnl Engineering
Polytechnic Institute of New York University, Six Metro'Tech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Rasrislav Levichy

Genelic-array testing is a promising new form of genetic tosting in which single strand of a specific sequence of
DNA attached (o a gurfuce (known as the probe molecule) binds (hybridizes) with the complementary segqusace
found in solution (known as the target). [n order for the test to be accurate, it is essenrial that the bond berween
the probe und the target be a soong one. TO mcreuse (he stabilily of e hybridized puir, morpbolino (MO), a
DNA unnlog, was chosen [or the probe because it lacked the charged backbane that creates a repulsive foree be-
tween DNA strands. Our research used UV spectroscopy to measure and to compare the stubility of DNA-DNA
hybrdized puirs and MO-DNA hybridized paics in solutions ol varied salinity and ar different amperatures.
We creared solutions of the MO probe, DNA probe and DNA target in three concentrutions of phosphate buf-
fer separutely and io probe-tacget combinotions. From the melling lemperulure of probe-largel duplexes, we
found that MO-DNA hybrids are significantly morc stable than DNA-DNA pairs, and that its swbility was nol
dependent on the salinity of the sofuton.

Cell Uptake of Fluorescently Lakeled Liposomes
and the Effect of Immunoecanjugation

Michael Hazoglon, Shrirang Karve and Tamara Khaimchayev

Department of Chemical and Biological Engincering
Polytechaic Institute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Prufessor Stavroula Sofou

Current reseurch involving drug delivery systems bave Jiposomes as an integral part due to their non-toxic na-
wre, and ability o encapsulate and release therapeutics wiggered by environmental changes. Liposomes bave
an advantage for cancer treatment becouse of Lhe EPR effect, The EPR (enbanced permeability and retention)
effect is caused by the wmor calls’ need for nutrionts. To supply this need, the umor stmulates the produc-
tion of blooed vesscls. The structure formed by the endothelial cells that line the vessels is defective and poarly
oriented. This lesives wide gaps that ace not found in normal vasculawre, allowing relunively large parncles
such as liposomes to cxtravasate into the wmor. Relenvon is enhanced by the size of (he lipvsomes which
cannot permeate into the lymphatic system as quickly as they are enrering. By optimizing the liposomes, we
can kill the mor cells and reduce the toxicity experienced by healthy tissues. By cunjugoling natibodies onto
the PEGylated lipids, the liposomes will predominntely target the cancer cells with the corresponding antigen.
further enhancing the EPR cffeet by specific binding to and internalization by the cancer cells that constilute
the tumor. Immunoliposomes or liposomes with antibodies are produced through *click’ bioconjugation reac-
tions. Bioconjupation is a series of reactions that bonds the antibodicy to the PEG terminus of the lipids. Siep |
involves cleaving the disulfide bond of DSPE-PEG(2000)PDP with DTT. Slep 2 inlroduces maleimide groups
onto the antibody Trastuzumab by SMPB. In Siep 3, the malcimidc group thar was inroduced to Trastuzumab
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becomes conjugated onto liposomes by reacting with activated sulfhydryl groups on lipids. SKOV3 ovanan
cancer cells overexpress the HER-2/meu growth factor receptory which bind Trastuzurnab ecadily. The objec-
tive of this axperiment is to evuluate the effect of immunoconjugation and incubation time on cell binding and
imemalization of liposames. Interactions of fuorcscently labeled liposomes with cell monolayers were maged
using an inverted optical microscope. Quantitalive evaluation of cell binding and internahizaton was performed
on cancer ecll suspensions using fluorascence spectroscopy.

Sufficient Control for Membrane Lytic Peptides

Hongyuan Lu

Department of Chemical and Biological Engineering
Polytechnic Instilute of New York University, Six MetroTech Ceanter. Brooldyn. NY 11201

Fuculty Advisor: Professoe Jin Ryoun Kim

Membrane lytic peplides form pores upon asseciation with the membranc. resulting in its rapid lysis. Lyuc ac-
tivity of these peptides has many poteatial applications, for cxample. ss anti-micrebinl agents and drug-delivery
carriers. However, Lhe lyhc sctivity is mostly non-specific, limiting such applications. The research presented
bere auus al the engincering ol synthetic membrane-lytic peptides to vegulate their lytic activity by spoeific
Ligand bindmg. The hgand binding protein is spilt inta two fragmens and cach linked w half of 2 membrane-
Iytic peptide. We hypathesize that fragmenns of ligand-binding protein could reunite upon binding 1o ligands,
thereby incecasing the proximity of membrane-lytic peptide fragmonts, which in wm tigger the membrace
Lytic nclivity. Evalualion ol the ligund-binding protein fruginents with the membrane-lyTic pepudes is curreatly
undenwvay.



Chemical and Biological Sciences

Modification of Adhesion Strangth of Polyacrylamide Hydrogel with Electric Fleld
Ying Chen

Department of Chemical and Biological Sciences
Polytechnic Institute of NYU. Six MetwoTech Centey, Brooklyn, NY 11201

Faculty Advisor: Professor Viclor Barinoy

Hydrogel is consists of a network of water-soluble polymer chain wilh high water content. When hydrogel is
applied to the surface of other matenals, adhesive bonds may develop belween gel and substrale surface due
to intermolecular attraction. A total bond may be characterized by adhesion strength. which is cqual to the
disbonding force divided by the bond ares. The strength of these adhesive bonds changes when clectric field
is applied. The adhesion strength of poly (ethylene oxide) bydrogel can be reduced by direct electric field ap-
plicd an a gel-aluminum interface. There is a general tendency of decreasing adhesion strength of the hydrogel
with increasing magnitude of direct electric field. The effect of direct electric field also varies with molecular
mass. The higher the moleculur muss, e stionger etfect of direct clectne field on the gel-subswrate interface.
The same priociple has been used 1o smdy the alternating feld effect on adbesion strength of polyacrylamide
hydrogel. Alternating electric ficld modified the adbesiun strength of polyscrylamide bydrogel. The most effec-
tive modification is achieved al the frequency range of 1.0 x10° Hz

fliscosity of Electrorheological Poly(acrylic acid) Solutions
Guang Shao

Department of Chemical and Blological Sclences
Polytechnic Institute of New York Univeraity, Six MctroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Vicior Barinoy

Electrorhcological fluids are fluids which can greaily increase their resistance to flow in response to an clec-
tric field. The goal was to study the electric ficld cffect on the viscosity of aqueous solutions of poly(acrylic
acid). Viscosity is the measure of Awd’s resistance to flow. Poly(acrylic acid) is a polymer which containg
(-COOH) groups. When dissolved i walter, poly(acrylic acid) gives off protons. The electrorheological behuy-
ior of poly(acrylic acid) solutions was smdied by measuning the viscosity change of various concentrations of
polymer solutions in response W the electric field. The viscosity of poly(acrylic acid) solutions was measured by



an Ubbclohde viscomeier having ity capillary placed in berween (wo metal clectrodes. When the clectcodes are
in slecirical copunumicution with u source of electric porential, the electric field is applied to the copillary com-
prising the flowing fluid. The viscosity of poly(acrylic acid) solutions increases under the electric Aeld cffect.
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on Cell Surface to Seek C . f Organophosphates
Fong Bell, Javi Ralroap and Peter J. Buker

Department of Chemical and Biological Sciencey
Polytechnic Instilute of New York University. Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professar Jin K. Moniclare

Phosphotriesterase (PTE) is un intracellular class of metallosnzyme, which cfficiently hydrolyzes u varicty ol
organophosphates (OPs) including nerve agents and agricultural insecticides. OPs are a class of synthetic com-
pounds that iohibil acetylcholinesterase, cansing toxic levels ol acetylcholine to form io (he post-synaptic ves-
sol. We are developing a ITE lusion protein to the outermembrane protein A (hat will [acililate the expression
of PTE on the surface of E. cali. The ultimate gool of this project is to develop an engueered bacleniu capable
ol seeking out and destroying organophosphates.

New Mathods in Orug Dellvery:

Embedding Entymes within Polymeria Mat
Matrix Eroslon and Release ol Biologically

rices to Control the Rate of Polymer
Aclive Compounds

Carlos Colluze

Department of Chemical and Biological Scicnees
Polytcchnic Institute of New York University, Six MctroTech Center. Brooklyn, NY 11201

Facully Advisors: Profassor Richurd Gross with Maddy Manaj

The polymer used in our experiment is reforred to as PCL (Poly Capro Lactone), u hydrophobic aliphatic poly-
ester, and therefore il must be broken down via a hydrolysis reaction. An cnzyme thal catalyzes this reaction is
CAL B (Candida Autarctica Lipase B). Our research focuses on embedding CAL B with a UV-active compound
into a PCL polymer matrix in order to contro} Uk rale al which PCL is broken down. Tn wen. the rate at which
the UV-active compound is released will also be conirolled. The madel UV-active agents used in Lhis expers-
ment are: P-pitrouniline und Rhadamine B. PCL films with CAL B and the two UV agents mentioned previ-
ously were incubated at 37°C und 200rpm in a phosphate buffer in order lo mimic the environment inside of
the human body. Fiims were laken out every two hours for eight hours, and voe set ol films wus wken out after
24 hours. The amount of each UV-aclive ugent that was released [rom the polymer matex was quuntified using
UV-VIS spectoscopy. Our goal is delermine whether the release profiles of these UV-aclive agents could be
a precursor for drug release experiments If they are, we will be uble W implement this tochnique, embedding
enzymes ioto polymer matrices w study drug relewse.
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Synthesis and Characterizalion of Elastin-based Biomaterials

Hanna Barra, Carle Yuvienco, Jennifer S. Hagpanah, Susheel K. Gunasekar,
Peter Jumes Baker, Wendy Hom and Natalya Voloshchuk

Department of Chemical and Biological Sciences
Polytechnic Institute of New York University, Brooklyn, NY. 112011

Department of Blochemistry
SUNY Downstate Medical Center, Brooklyn, NY, 112012

Faculty Advisor: Professor Jin K. Montclare

Advunces in moleculur biology techniques have been useful in engineering protein-based biomarterials. The
worl described here is aimed o design novel synihelic biodegradable protein polymer constructs composed of
unique motifs via genctic engincering techniques. By combining cartilage oligomeric matrix protein corled-coil
(COMPcc) and elastin-like polypeptide (ELP), we have generated block polymers of difTerent orientation as
repeal units. \We have synthesized and purified the homopolymers COMPcc and ELP, along with the COMPce-
ELP and ELP- COMPcc di-block co-polymers, as well as the tri-block ELP-COMPcc-ELP. These polymers
have been characierized via circular dichroism (CD). biophysical atomic force microscopy (AFM), dynamic
light scuttering (DLS), and fluoreseence.

Identifying Protein Partners of a Novel Brain Protein
Yan Mei Chan, Peter James Baker, Robert Agate and Fernando Nottebolmn

Department of Chemical and Biolagical Sciences
Polytechnic [nstitute of New York University, Brooklyn, NY, 112011

Ficld Rescearch Center
The Roclfeller University, Millbrook, NY 12545

Department of Biochemistry
SUNY-Downstate Medical Center, Brooklyn, New York 11203

Faculty Advisor: Professor Jin K. Moniclare

FnTm is a novel transmembrance protein found to be up-regulated in the learning system in birds and other
mammals. Idontifying FnTm protein pariners will allow us to clarify the FnTm signaling pathway in the brain.
However, idontifying protein puirs is oflen limited becanse the weak forees by which pruleins interact ure nul
sufficicnt to preserve the protein-macromolecule complex. To circumvent this limitation, we ure working 1o-
wards introducing & photocross-linkable non-natural analog of pars-azidophenylalanine and photoleucine in a
residue-gpecific manner .010 FnTm. Here we demonstrate the progress of our offorts o discover the protein-
protein interactions involved in learning.


https://worJJ.ug

Engineering Artificial Histone Acetyltransierases:
A Combined Homology and Biochemical-based Approach

Wendy Hom, Man Xia Lee, Kinjal Mehta, Susheel Rumuar Gunaschar,
Zhigiung Liu, Natalya Voloshchuk, Ayve Sandur Moe, Phyllis Frunk! and Lisa Hellerstein

Department of Chemical nnd Biological Sciences
Polytechnic Instiwte of New York University, Six MctroTech Center, Brooklyn, NY 112011

Faculty Advisor: Professor Jin K. Moniclare

In vivo incarporation of pon-osfural amino scids can be used o improve prolein stability. Howover, there is s
tade off, improved stubility of the prutein may lead to loss in activity. One way to improve function is 1o em-
ploy machine-learning algorithms to identify the variants that improve activity. Our target prolein, totrahymena
GCNS5 (tGCN3), a member of the histone acetyltransferases (HAT) fwnily, uoetylutes the lysine residues of his-
toncs, enabling iranscriptionnl regulation. Experimental dota have shown an merease in stability of the protain
against protease degradation, but loss in activity with the incorporation of para-fluorophenylalanine (pFF) into
LGCNS in vivo, Using information Gom biochemical and structural data, we identificd 11 residues to mumte.
With the aid of computer guidance, we have designed a set of variants. Here we duemonstrato our progress on
assembling the tGCNS mutanis and determining their activities.

Immaobilization of Proteases 1or Preparation of Oligo(lysine)
Antenio Ho, Kadandaraman Viswanathan and Richard A. Gross

Department of Chemical and Binlogical Sciences
Polytechnic Instnne ot New York University, Six MetroTtch Center, Brooklyn, NY )]20]

Fuculty Advisor: Professor Richard A. Grosy

Enzymes perform the role of catalyst in many reactions. They arc obtained in free fonm from organisms, wherein
lbey catalyze reactions by lowering the activation coengy of a particular reaction. Enzymes in the immobilized
form are currcatly being used in industries (0 creute products such as enantiopuse compounds. This paper de-
scribes the immobilization of commereiolly ava:lable proteases to propare water-soluble peptides. Proteuses be-
long (o the cnzyme cluss of hydrolases, and their primary function in nature is lo cleave peplide bonds. Peplide
hydrolysis by a proteasc is an cquilibrium process, therefore, by proper manipulation of reaction conditions, the
equilibrium can be reversed to synthesize instend of bydrolyze peptides from amino acids. Numerous examples
exist in the literatuse for synihesis of hydrophobic peptides by procease-catalysis using their corresponding (1)
omipo acid ester hydrochlorides as monomers. Proteases are also knowa to self-digest under tbe reaction condi-
Lions normally used during peptide synthesis. Our strategy to immobilize proteases, would not only slow down
the sclf-digestion of the proiease, but will provide 8 method for repeated use of the biocslalyst thereby reducing
their cost. Impartant in this work is the investigation of the eficioncy of immobilized protease to synthesize
water soluble peptides, especially those [ormed using the basic amino acid ester hydrochloride substrates. The
water-soluble peptides formed can be sepuruted from the immobilized catalyst by simple fillmtion. With these
goals in mind, we foresec this project to provide us with valusble scientific know)edge ss well as oligopeptides
of importance for biomedical applications.
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Effect of Mutations on Alpha Synuclein’s Structure and Aggregation
Abubakar Mian and Omar Rashid

Department of Chemical and Biological Sciences
Polytechnic Institute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: ./in Ryoun Kim

Parkinson disease (PD) is a neurodegenerative disorder characterized by Lewy bodies; cytoplasmic aggregates
of a protein. Many studies suggest that the aggregation of alpha synuclein (f-synuclein), a 140 residue pre-syn-
aptic protein, is a critical step in PD’s etiology. The aggregation of alpha syncuclein results in B sheet-structured
amyloid fibrils. The amyloidogenic aggregation depends on hydrophobic interactions between [3 strands. As
such, a considerable amount of study for control of aggregation has focused on hydrophobic B strand domains.
The question that T would like to address is whether one can utilize the linker region connecting B strands for
control of aggregation. To this end, mutations were introduced at two linker regions; 65-68 and 83-86 amino
acid residue region. The mutations were rationally selected based on propensities to form different turn con-
formations. The working hypothesis is that the local linker conformation dictated by sequences wilh high-
turn potentials can modulate amyloidogenic aggregation of alpha synuclein. The structure and aggregation of
o-synuclein with these mutations will be examined using thioflavin T fluorescence and circular dichroism.



Computer ano Information Science

‘athway to Enhanced Understanding

Yan Cheng, Ron Guticrrez, Roman Khmelichek, Kiril Kourichikov and Matthew Topol

Department of Computer and Information Science
Polytechnic Institute of New York Universily, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Joel Wein

The focus of this project is to build essentul components of a virtual environment and toolset in order 1o create
a gaming environmen! for undergreduates to lenm complex distributed networks and systems. The goal is to
produce graduatcs who can design, implement. and monsge nctworked distributed systems. Using multi-player,
digital game immersion as a vehicle, smdents will be provided wilh a real hands-on expericnee of working with
such systems.

The games that students will play in order to learn about complex distributed systems revolve around eurning
revenue from web services we have built thut are akin o Fucebook and YouTube. The smidents will play as
teams and oy 1o maximize the up-lime of these services in order to get more revenue (rom the clicks and views
ol uds from visitors to their sitcs. We have developed a mechanism for simulating numerous visitors (o these
siles as well as ways of anificially breaking tho complox distributcd systems that these teams are trying to ad-
minister. These break-case scenurios address various aspects ol what we want the students o leam by correct-
ing the mistakes, some of which include errors in the logic of distributed algorithms, misconfiguration of web
scrvers, and errors in the code that can bring down an enlire server.

We have also developed a web-based user interface o provide an easy way for teams to monitor the staius of
heir virualized servers and their game revenue as well as facilitate the purchasing of new servers with the
maney they eam frum advertisements. The user interface also allows an administrator 10 easily configure (he
viralized games that the teams will engage in, Bs well as to monitor the teams’ progress.

This projoct addresses an important area of national need, the education of {uture computing practitioners who
are able lo develop and manage large-scale distributed sysiems. The outcomes of the project will permit educa-
tors W expose their studenls Lo reelistic platforms, so that students may gain experience with complex, distrib-
uted and networked sysiem projects in a globally competitive market.
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Electrical and Computer Engineering

Steady State Equivalents for Large Radial- and Meshed-distribution Systems
Yijing Meng

Department of Electrical and Computer Engineering
Polytechnic Insutute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Francisco de Leon

The study of load-flow and short-circuir for distribution system plonning and operation are performed with
explicit representation of cvery section and load. Moreover, the secondary network and each load are also mod-
eled in detail when (he information of cach section (line, cable and transformer) is available.

However, in daily iife, distribution sysiems olten include many thousands of nodes and sections. To address
this problem, a new methodology was discovered (o oblain equivalent circuits for large distribution system for
short-circuil and loud-fiow swdies. By reducing lots of sectioas (o any manageable magnitude of terminals,
cousiderable efficiency gaims urc obtained when only the external fo the equivalent changes.

With the simulation of DEW sollware. this project implements an efficient method for both small- and large-

scaled steady state equivalents for radial and meshed distnbution systems. Simulation results demonstrate the
reliability and generality of the approach.

Detection of Tandem Repeats and Palindromes Using High-speed Hardware
Chao Wang

Depurtment of Electrical and Computer Engineering
Polytechnic Institute of New Yark University, Six McooTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor H. Jonathan Chao

A sequence is an ordered list of elements related to each othver through logical, mathematical. binlogical or other
relationships. Many biotnformatics applications such as gene finding to the prediction of protein functions and
network applications such as network surveillance tools require the comparison of dat orpanized as sequences.
Ellicieat detection of two special types of sequences, mndem repeats and palindromes within DNA sequences



is an important problem. A tandem repeat is a pattern of one or more pucleotides repeated in the DNA sequence
and the repetitions are adjacont to each other. A palindrome is 8 DNA sequence structure that the order of the
nucleotides is the same reading from eithoer direction.

Network Iotrusion Delection uod Preveation Syslems (NIDPS) are crucial {or network security. The most lime-
consuming operation for NIDPS is the string malching operation. In NIDPS, string matching is used (o compare
thc nctwork traffic against previously known artacks. The high«traffic volume and the large variety of artacks
make string matching for NIDPS a very challenging task. Recent research focuses on improving the speed of
stnng marching for NIDPS using algorithms that can be implemented on hardware to cope up with today’s waf-
fic rates of 40 Gbps and beyond.

In our research, we apply knowledge accumuluted o the NIDPS reseurch into bioinformmatics applications. In
particular, we are working towards algorithms for detecting tandem repeats and palindromes in DNA sequences
which can also bc implemented on high-speed hardware. To domonstrate the cffectiveness of aur proposal, we
implemeated our algorithms in C++

Scheduling Algorithms for Real-time Disk
Robert W.H. Fisher and Dmitriy Drusvyatskiy

Department of Electrical and Computer Engineering
Polytechnic Insatute of New York University, Six MctroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Joel Weln

Efficient retrioval of information from static storage has comained an important concept in compuler science,
However, as capabilities for network bandwidth increase, remote multimedia servers have become very com-
mou, and o variety of technical problems have arisen in the context ol servicing user-data requests on a cenrral
data disk. In order Lo ensure that the user expenence remuins oplimul, the server must be wble to provide guar-
antced scrvice gnality 1o cach of the users in the system. This means that we must consider the order in which
we will be reading data of a primary hard disk to provide the best service possible.

An algorithm, SCAN-EDF. was suggested in 2005 through joint work by 1BM, Snap Appliances, and Texas
A&M University (1). SCAN-EDF is built o adapt proven techmques of disk scheduling algorithms to the
unique challenges of real-time service. In our work, it is shown that if un optimal algorithm is capable of serving
n uscrs on a given disk, we cannot be certain that SCAN-EDF will be able to service O (n/k) for any constant k,
meaning thal SCAN-EDF is not a k-approximarion for an aptimal algorithm. We suggest an allerative heunstic
to improve the performanco of SCAN-EDF, and demonstrate the SCAN-EDF is also not & k-approximation 1o
our suggested algonithm. which demonstrates that the improved algorithm is capable of serving many mare us-
Ers in certain circumstances.
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Cable Ampacity
Raluil Anthony

Department of Electrical and Computer Engineering
Palytechnic Institute of New Yark University, Six MetroTech Conler, Brooklyn, NY 11201

Facalty Advisor: Professar Franciseo De Leon

Information about the maximum owrent~carrying capacity (ampacity) which a cable cun tolerate (hroughout
its life without risking deterioration or damage is extremely important in power cuble engineering and opera-
Hon. Ampacity values are required for every new cablo installation, as well 43 for cable sysiems in operation.
Becanse some underground transmission cable circuils are approaching the end of their design life, the devel-
opment of a systemutic metbod for delermining the feasibility of extending cable life and increasing current
ralings is ol paramount imporiance. A cable must camry larpo amounts of current without ceusing a drop in
the voliage. Therefore, it is imporiant 1o compute the ampacities for the most common cable geometrics and
installations. Because there are so many possibilities, these calculations are done by a program (C++) that desls
with all of the possible cases, which obtoins all preliminary infarmation by the wser from a file.

High-speed Rouiter
Zhuoyuan Zhang

Department of Electrical and Computer Engineering
Polylechnic Institute of New York Univessity, Six MuewroTech Center, Brooklyn, NY 1120)

Fuculty Advisor: Professor Yang N and Prafesser H. Jonathan Chao

As more applications are emerging on the Interoet, the vouter is iequired to be aware of tbe flows through it, and
provide dedicated service to cach flaw, A preroquisite mechanism of a low-aware router is packet classification,
which has been one of the major challenges in router design since the rouler needs to process millions of packets
per second, mutching them against u classificr with thousands of roles.

In this project, weo developed a two-stago packet classification archilecture, which decomposes the multi-field
classification to several single-ficld classifications. whose results are then combioed by a trec structure to get
the final decision that which rule is matched. To accelerare the packer classification, we stored each layer of the
tree suuciure inlo an independeat memory, where an optimizod hash table has been used to stose tho wansitians,
10 exploir the pipeline operation.

The efficiency of the two-stage pipclinod architecture hes been evalvaled by stmulation wrinen in C-++ under
realistic classifiers and traffic rages. Simulation result shows that our scheme only requires 2~4 times of mem-
ory uceesses jo svernge Lo finish 8 pucket classificadon operation, which is among the best schemes proposed
in literature. Besides (be high-speed featre, the architectire has also been well tuned (o support incremental

updates.
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PolyLive P2P Live Video Streaming
Maung Thet Oo

Department of Electrical und Computer Enginecring
Polytechnic Tastitute of New York Univessity, Six MetraTech Center, Brooklyn, NY 11201

Faculty Advlsor: Professor Keith Ross

To date we have witnessed o fust-growing number ol web siwes which provide user-gencrated video streaming
services on the Intemet, i.¢., YouTube, Google Video, and many others. These videu services are mainly stream-
ing stored videos. We covision a significant growth in user-gencrated live sireaming over the Interoet in a fow
years. These sireaming video are smanated from web cumns, digitnl video cameras, Personal Digilal Assistant
(PDA) and cellular phoagcs, vtc. Using these handheld devices, a user may shoot live ovents, encode the video
streams and share with o potential lurge number of interested viewers via wircless connections. The distribution
of thesw live vidoo streams 1o cod-users is very challenging duc to the huge ameunt of traflic valume and strin-
genl real-tiune service requirements. P2P is the most promising driving wheei (or large-seale video distribution
over Lbo Loiernel, becavse the upload capacity of pecrs cun be utilized for video transmission so as to reduce
the secver load dramatically. The PalyLive system is designod und implemented to address the chullenges in
providing a cost-cffectve video distribution service for user-gencnited Live conlenis usiog the P2P sireaming
architecture.

Noise Reductlion In Infrared Image Seguences for Breast Cancer Screening
Vinay Murthy

Department of Electrical and Computer Engineering
Polytochnic Instinrte of New York University, Six MetroTech Center, Brook)yn, NY 11201

Facuolty Advisor: Professor Tvan Selesnick

Synclronization is a well-studied phenomenon that kas been observed in many biolegical systems. It occurs
when two systems inleract, and is abservable in certain measurements made upon the inierncting systema. In
signals messured from systams that produce oscillating outputs. such as tho brain, synchronization manifests
ag certain relationships betwsen the amplitudes, phases and frequencies ol the two sigmals. I particulur, phase
synchronizaton in EEG signals (measurements al voltage signals produced by the brain) is thought w0 indicate
the extent to which differcnt parts of the bruin wade together to perform cognitive tasks.

The goal of our project is o develop signal-processing algorithma to analyze EBGs and sccurstely desermine
the lcvel of phasc synchronization present between sets of signals. Analysis of coconds taken from different parts
of the brain during verious stages af slecp and aleriness should provide further insight into the rolo of phass
synchrony in cognitive functioning. Tho methods and wools developed for analyzing phese synchrony in healthy
patients may be extended Lo scarch for precursor wvents Lo seizure ansel, ip offect predicling to some degree
when a seizure may occur in epileptic patents.
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aperaltive Gontrol and Planning r Multi-agent Autonomous Systems
Lamia lftekhar
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Faculty Advisor: Professor Farshad Khorirami

Controlling the collective behavior of a large population of autonomous agents is an interesting problem that
has been investigated by various disciplines with different perspectives. As such, knowledge from different
fields has been incorporated to realistically model these dynamic sysiems, find rules to efficiently and economi-
cally control them while addressing challenges such as bandwidth limitation. information sharing constraints,
etc. These collaborative control and planning mechanisms can find application in diverse military or civilian
areas such as autonomous unmanned vehicles, surveillance, animation and games, robotics, sensor networks,
and emergency crowd control. This projcct aims to facilitate these applications by achieving decentralized con-
trol and quasi-optimal planning of multi-agent systems. Analysis and MATLAB-based simulation of existing
models have been performed.



Humanities and Social Sciences

Philosophy of Technology-China and Europe

Dai Cui

Depurtment of Humanities and Social Sciences
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Faculty Advisor: Professor Harold Sjurscn

The Western question or problem of lechnology in the tradition of Nictzsche-Heidegger leads Lo nihilism. Hans
Jonas' proposal of a technological cthics for the future ameliorates but does not eliminate this nihilism. The
difficulties derive from how Ieidegger structured his presentation of fundamenizal ontology, Western vicws of
science and socicty, Cartesian argurments about the nature of self (ego), und the limitutions of pragmatism.

The hypothesis for is that: If one steps back from the calegorics of Westem metaphysics and reinvestigate the “prob-
lem”" of technology willin the context of neo-Confucian thinking, the nihilistic result is overcome. (Prof: Sjursen)
The Neo-Confucian Mctaphysics originated from ancient China with ethics of some Neo-Conlucian nnteces-
sors such as Chou Tun-i and Zhu Xi. According to Zhu Xi, the thewme of Neo-Confucianism is that the Tao of
hcaven is expressed in principle while sheathed in matter. Nowadays, some philosophers propose to apply the
Neo-Confucian thinking lo Lhe development of lechnology. 1L is a very unique approach, and it might be the
balance of climinating nihilism and limitation of pragmatisin.

Through the study of Neo-Confucian thinking in relation with Contemporary technology, our research aims to
find the answer (o Lthe hypothesis.

Genelic Privacy Laws in the U.S.
Junnine Ramlochan

Department of Humanities and Social Scicnces
Polytechnic Institute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Prafessor. Myles W. Jackson
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The completion of the Human Genome Project has raised new concemns of genetic privacy in the United States.
Genetic testing can lead to greal advoncements in science and medicine by determining onc's susceptibility to
cortain diseases. that they may develop. However, if improperly applied, here is potentinl for discniminntion by
cmployers, insurance companics, and other organizations. For this rcason. access 10 genetic information needs
w be regulated. Americans want to know: who, how Jong, and for what purposes will others have access to their
genctic information. All of these questions need w be explicitly addressed through legislation.

This project documents the basis for these concerns as well as the chronological responses o them by both the
lederal and stale governments. Afler several fuiled attemnpts at passing applicable laws o Congress, President
Bill Clinton issued an executive order prohibiting federal agencies from access (o genetic information of em-
ployees. Afterward, states took action and implemented genctic privacy laws within their own borders. Some
slates, such as Oregon and New York, have passed comprehensive laws regarding the use of genetic informa-
tion. Others have yet w pass any solid legislation. The lack of consistency across all states and the ever-growing
imporlance of this issue led to the passing of the Genetic Information Nondiscrimination Act in May 2008.

The Tibetan Book of the Dead: Live Theatrical Multimedia Presentation
May Thazin and Karlen Tam

Department of Humanities and Soclal Sciences (Digital Media)
Palytechnic Institute of New Yark University, Six MetroTech Cenrter, Brooklyn, NY 11201

Faculty Advisor: Professor Carl Skelton

The Tibetan Book of the Dead is highly descriptive text of the teachings of the great eighth century Buddhist
Master Padmasambhava. The text describes the intricate structure of the epo and the mind and is traditionally
read aloud to a dying person. Many artists have auempted to portray these complex and vivid visions and dream
states of dying in Thangica paintings. The Tibetan Book of the Dead: Live Theairical Multimedia Presentation
(commssioned by the Asia Socicty and the Golden Sun Foundation for World Culrure) secks to incorporate
traditionn] Thoogka paintings with live music and 3D gruphics. The 3D graphics ane consiructed with the high-
end program, AutoDesk Maya, which is used by professionals.

Animation techniques were explared using the 3D models thar were created. These include complex character rg-
gings, so (hat the mesh has & skeletal structure—vhich is a set of nodes that influence a given set of vertices on the
3D model. The influenco these “joints™ have aver a cluster of vertices can be manipulated by weight painting, which
assigms the vertices with a value range from zero to one, which will calculate the transformation of the cluster.

The project also requires the churucters to morph from onc shape w another. For example, one such character
transforms from a human anatomy (o a three-beaded. six- armed monster. To achieve this cffect, blend shape
deformenrs are used, so that the geometry of the character is stored, a8 well as (he targel geomelry. the monster.
In order for the morph w be aesthetically pleasing, each movement of the limbs and other attachmenits must be
chorcographed individually, to illustrate the psychedelic and dream-like state of dying. AutoDesk Maya's mosi
powerful tool 1s the atiribute connection editor, which allows one object, a simple curve for instance, to control
the attribules of one or more turget objects. Maya performs calculations movement and rotation of the com-
poocats of the objects, bused on severnl user inputs, where the attributes of one objecl (i.c., scale, rotation and
translauon) can effect the altributes of a group of other objects. This ts a very useful aspect in 3D animations.
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An Extension of the Cauchy-Davenport Theorem
Alexey Vugayey
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The Cauchy-Davenport Theorem was proved in 1813 by Cauchy and rediscovered by Davenport in 1935.
It states that, given two non-empty subscts A and B of the group Zﬂ, i.c., tho set (0, 1...., p-1} with addi-
tion and multiplication modulo p, where p is a prime number and assuming that p 2| 4 |+| B|—1. the sel
A+B={a+b:ae A/be B} has at leust | 4|+ | B |—] clements. As a consequence of this thearem, large
subscts of the so-called circulant graphs GM . which ace graphs associated to the group Z, , are strongly con-
nected. Recently, the Cauchy-Davenport Thoorem was geonoralized 10 arbitrary finite groups. In this work, wo
study extensions of the corollary about circulant graphs to the corresponding Cayley graphs of arbitrary finite
groups.

Flow of Information in a Sguare Grid
Yevgeniy Davydov

Depurtment of Mathematics
Polytechnic Institute of New York Universiry, Six MctroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Franziska Berger

A piece of gossip spreads on an nXn grid G, us follows. At ime 0, some of the sites (grid points) are in-
formed, the athers are (yert) ignarant. Informed sites remain wformed forever, and at every tme t. t =1,2,...,
every ignorant sile with at least two informed neighbors becomes itsel{ informed (a site requires independent
confimmation before accepting the piece of gossip).
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A set S of initially informed sites is said 10 percolate on the grid G, with 2-ncighbor informauon if there is a
time £, such thut every site on the grid is informed. This type of problem is also referred 10 as boowsirap perco-
lation in physics.

It has been shown by Balogh and Pete that, for n large enough, if the sites arc initially informed uniformly at
log”(m)'*
In(n)

In this project. we study small fixed n and find explicit expressions and bounds for the probability of percola-

random wilh probability p(n) 2 - the grid will percolute ulmost surely,

tion. We also investigate the expected number of steps until no further sites become informed and the shapes
which can occur as end results in a grid which does not percolate.

Matchstick Graphs
Irina Ipel

Department of Mathematics
Polytechnic Institute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Facully Advisor: Professor Franziska Berger

A matchstick graph is 8 proph obtained by constructing a connected figure out of matches which mect at most
at common ends (i.e. the matches aren’t allowed 10 cross). The vertices of tho graph are placed ot the ends of
the matchsticks and the edges correspond to the malches themselves. Mathemarically, such graphs are planar
reclilinear grophs in which every edge has unit leagth.

It is a long-standing open problem fo find a smallest matchstick graph which is r-regular for ¥ =45 ie.. in
which every vertex has exactly r ncighbors. The cuses r =23 are easy to solve, r 2 6 is easily shown o be
impossible.

If the groph is not planas, then any r is possible, but explicit graphs arve only known for small values o7 r. In
the project, we consider several relaxations of the above problem. Thus, we construct minimal (r,s)-matchstick
praphs of degree s on the outer face and degree ¢ in the interior. \We also cansider graphs in which several edge-
lengths are permitted. Grdbner bases are used lo give explicit coordinates for the vertices whenever possible.



The Mathematics of Spap Flims
Ruobing Han

Department of Electrical and Computer Englneering
Polyt=chnic Tnstitute of New York University, Six MetroTech Center, Brooklyn, NY 11201

Facully Advisor: Professor Fraiziska Berger

Have you ohserved what happens if you form & circle out of wire, dip it into svup solulion and lift it up care-
fully? You will sue a soap surface that forms between the wire and the sonp solution. The particular shape is
culled u cawepoid. Its buse is a circle of (ho seme mdius as that of the wire. Surfaces formed by soap solution
have the property that their mesn curvature H is zcso, as o copsequence of the Laplace-Young cquation. In s
work, we explain why in our experiment, a catenoid is formed rather than, say, a cylindsy, and determine its
properties, including the phonomenon that occurs when you vontioue lifting the wire: Lhe radius of the basc
circle decreuses, and when it is 0, connection with the soap solulion is lost, and he soap surface burses.

Studying the Growth of the Radll of Highly Ordered Ga Nanodroplats
on a GaAs Surface Formed by a Focused-ion Beam with Respact to Time

Nuyfis Rahmun

Department of Electrical and Computer Engineering
Polytechnic Instituto of New York University, Six MotroTech Center, Brooklyn, NY 11201

Focully Advisor: Professor Yisong Yang

The emerging field of nanofuidics aims to design new technologics to contol the flow of minute quantities of
liquid. By interacting with such small amouots of Liquid (nunodrops) we can cventually place 8 small computer
chip in a biological system that can replicate lhe (esling uod disgnosis abilities of a full-sized medical laboratory.
Understanding the behaviar of these nanodrops may help us advance sevial developing poootechnologies.
Recently, scientists have discovered that when a GaAs (Gallium Arsonic) surface is induced by an FIB (Focused
lon Beam), Ga nanodroplets sclt-assemble into s highly ondered and mechanically strong hexagonal poliern.
Self-assembly is normally induced at lemperatuses below the meliing point resulting in their being mechsni-
cally weak and thermally and chemically unstable. By studying s purticular difTerential cquation. we can under-
stand the the mie of change of the droplet radius with respect 1o tme.
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Mechanical and Aerospace Engineering

Fabrication and Test of IPMCs
Weiyang Lin

Department of Mechanical and Aerospace Engineering
Polytechnic [nstitule of New York University. Six MetroTech Center, Brooklyn, NY 11201

Faculty Advisor: Profussor Maurizio Porfiri

An lonic Polymer Motal Compositwe (IPMC) consists of an ionic polymer membrane. sandwiched between hwo
conductive metal electrodes. By applying a low voltage across the electrodes, & mechanical bending of the
IPMC can be obtained; versa, a mechanical deformation generules un electric voltage across the electrodes.
Therefore, electro-active polymens can be used as novel sensors and acluators ond can be especially useful for
undenwater applicutions.

Tho Dynamical Systems Laboratory is using IPMCs for developing novel underwater propulsion systems. IP-
MCs are currently being anached to the fins of a robotic fish 1 mimic the swimming of real carangiform fish. A
thorough procedure has been established in the leborutory Lo fabricute segmented IPMCs with tailored propes-
ties. The core of the fabrication process is chemical reduction. Tupc is used in tho fabrication process to obiain
multiple electrodes that can be independently controlled and yield complex bending scenarios. Actuation and
sensing performance of IPMCs is strongly influenced by the olectric capacitance. Therefore. the capacitance
and resistance of the IPMCs have been cxperimentally studied by applying different inpul voltages at various
frequencies and measuring the current flowing through tho transducer. The sel-up of the lest is composed of
a voltage generafor, an IPMC sirip clamped between metal (gold/copper), an auxiliary resistor, and a digilal
acquisitian eard. LabVIEWV has been used to process Lhe data.

Towards a Wall-shear Stress Sensor for Arbitrary Wall Geometries
Karl Abdelnour

Department of Mechanical and Aerospace Engineering
Polytechnic Institute of New York Universily, Six MotroTech Center, Brookiyn, NY 11201

Faculty Advisors: Professor Sean D. Peterson and Professor Meurizio Porfiri


https://Polylecbo.ic

Due to the camplex wall geometrics of the human vasculature, wall shear siress measurement in physiologically
relevant models is not presently teasible. Curmently, resesechers rely heavily upon numerical simulations with
Little expurimental validation to extact wall shear slress for correlation with cellular response data. To validale
numcrical simulations, wall shear stess needs accurate measurement in physiologically relevant geamnelries.
Typical exparimental arteriul models are constructed using rapid protolyping from a CT scan of a patent’s
vesculamre. The goul of the present study is to develop o wall shear stress sensor that can be built dicectly ioto
a mpid prototyped arlerial model capable of measuring stresses in a physiological Reynolds numbers range
(Re=300-4000).

A floating element heod woll shoar sess sensor was designed in SolidWorks 2007 for measuring the wall shear
stress in a [ully developed pipe flow. The sensor uses the whispering gallery mode oplical resopance prnciple
(Arnold et al.) of a microsphere to measure the [orces on the foating element For a silica microsphere, the rela-
tive harduness of the sphere is considerbly higher than that of rapid prolotyping plastics and resins. Thorofore,
numcrical simulations were performed in the ANSYS workbench module to determine the order of magnitude
of the sphere defleclion under the desired flow conditions. It wus found that a silica microsphere with dinmeter
~Imm would dellect on the order of tens of nanometers assuming a sensor coostructed out of ABS plastic.
Given a lominar flow regime, a solid silico microsphere wis found to not deflect sufficicolly to obtain desired
stress nesolutions. Microgpheres munuluctured out of the polymer polymethyimethacrylate (PMMA) waould
doflect sufficiently in both the laminar and turbulent cases.

Experiments aro currently underway to test a physical device consmructed of ABS plastic using a 3D prinier.
The expenmental set up consisds of ooo half inch diameter glass tubes with suficient entrance length o be fully
developed for both laminur und turbulent water flow. Steady flow is produced via constant head tanka. Results
of the experimen(s arg forthcoming. Future work includes designing and testing a sensor inw a 3D reconstruc-
tion of o patient specific artery.

Mechanics-based Design and Conirol of Robotic Fish
Jured Alon Frank

Department of Mechnnical and Aerospace Engineering
Polywechnic [nstitute of New York University. Six MetroTech Center, Brooldyn, NY 11201

L

Faculty Advisor: Professor Murizio Porfirl

Conducling research on newly-discovered advanced malerials often leads 1o design realizalions for excitng en-
gineering upplications. Electro- Active Polymers (EAPs) called lonic Polymer Melal Composites (/PMCs) are
ap emerging smart matesial thul can potentially serve a3 both sensors and actuators. IPMCs immersed in a liquid
salution not only bend when a voltage is applied across their clectrodos, but also reversibly produce a vullage
when deformed. Thorefore, this smar material is being (ested in underwater applicutions as both a sensor and
an netusior. As an actuator, [PMCs have been developed for use ag artificial muscles. The Dynamical Syslems
Laboratory is vsing TPMC sctuators conwolled by PIC micracontrollers to function us propulsion systems for
robotic fish applications. The robotic fish use an TPMC attnched to a caudal (back) fin mado of an elastic poly-
mer fo mimic the real swimming behavior of curnagiform nod subcarangiform specics of fish. The goul is to
develop o suswinable and programmably flexible undenwvuter robotic fish with IPMC propulsors. Two robotic
(ish are being huilt—a small, simpler prototype helps observe the IPMC materinl’s thrust capabilines. Then a
larger, more complex prototype will utilize XBee hardware for wireless control and navipation. Each prototype
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consists of 3 major subsystems: the ouler shell, the inside cuinponents—circuilielectrical nnd electronic burd-
warerbatteries—and tho IPMC/fin combination. Qur design builds oo rigorous mathematical modeling of fish
propulgion gystems using continuum mechanics. Computationgl Fluid Dynamucs (CFD}) soflware has been wsed
to simulate tae flow around the fish and to calevlaic the drag and 1iff forces (or the range of velocities at which
the robotic fish will be maneuvered. Experimantal massurement apparatuses huve boen designed and assembled
o accurately detenmine tie drag and the thrust un the fish from the water and Uwe IPMC, respeclively. Several
outer shell and fin geometries have been considered, and their optimal dimepsions—in order 1o minimize drag
and to maximize both thrust and stability—wonre obrined following appropnate research and virual fow lests.
Scveral actuating systems are being investupated and experimentally compared o build a lightweight, maneu-
verable, and fast robotic fish. Tho project makes use of practical. hands-on skills like machining and metalwark-
ing, waterproofing. circnit otching and rapid prototyping while taking into coosideration mechanicul, eleetricul,
and control systems fundamentals as well as solid and fluid mechanics theory.

Iimpact Properties of Syntaciic Foams
Deonnis John and Malkisiin Keshur

Department of Mechanical nnd Aerospoce Engincering
Polytechnic Institute of New York University, Six MetcoTech Center, Brooklyn, NY 11201

Iraculty Advisor: Professor Nikiif Gupia

Hollow particle-filled composiles, called syntuctic fomms, are knowo as highly dnmuoge-tolerunt ligbtweight
composites. Epoxy and aluminwn mutrix synwctic fuams cootuioing glass bollow particles are used in moarine
and serospace swuctunes, sports equipment end insulation applications. The preseni sudy is focused on synthe-
sis and characterization of viayl ester matrix synlactic fbams. Vinyl esler resins are widely used in manne appli-
cations bocause of thoir suitable mechanical properiies and low moisture ebsorption cocfficient. Impact tests arc
performed on the spacimens using an inslrumented Dynatup POE 2000 irnpuct tester. The tests are conducicd
on nolched and un-notched specimens in accordonce W ASTM D256-02, D4812-99 standurds, respectively.
Loud=displacernont und tme-energy gruphs are obtained in the study, which are annlyzed to study the damage
mechanisms in these materials under impact loading conditions. Sixleen compositions of synmctic foams are
tested to obiain an undesstanding of various parameters such as particle volume fraction and poresity on the
impact propertios of the composiles. The results show thaot in notched specimens the cruck initinton siage docs
nol conswne significant amount of energy and controls the specitnen fociure choraclersucs. Compared W the
neat vinyl ester resin (he coropaosites showed lower energy absorpbon, bul higher specific Fracture stvength.

Compressive Propertias of Functionally Graded Syntactic Foam
Ryan Cacti

Department of Mechnnienl nnd Acruspnce Enginceoring
Polytechoic lustitule of New York Universily, Six MctroTeeh Center, Brooklyn, NY 11201

Faculty Advisor: Profassor Nikhil Gupra
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Synuctic foams arc composed of hollow particles (microballoons) dispersed within a matrix material. Pnmar-
ily, syptuctic fowmns are used in buoyaacy, thern] insulation and structural application such as the hulls of boats
as well ay for parts io (be acrospace industry. In these applications, the need arises [or materials with both a low
density and a high compressive sirength. Theralore, new tailored materials ave required for these applicabons.

In previous research, syntuchic foams were crealed by randomly/homogensausly distributing the microbal-
loons within stwructure moutrix moterinl, While these malerials were suitable (or certain applications. further
tmprovemeal of the maierinfs is required to meer the ever incrensing performance requiraments. This in turn
led 10 the creanon of funcuonally graded syntactic foams (FGSFs) in which the materials wera composed of a
layered structure either hased on the volume [raction or wall thickness of miccoballoons. Previous studies on
these FGSFs had their gradient created by gluing layers of plain synfactic foams of desired compositions with
wi epoxy resin binder. However, layered mouterinl structures suffer from dissdvaniages when subjected 1o shear
stresses. Ip Uus study, pew echnigues were employed o create a gingle monolithic structure comprised of the
pradient layers. This was achieved by pouring the mixtures of difforont compositions into molds according w
their densities, thereby, creating naiural layers withio the specimon as per the desired FGSF configuration. By
utilizing this wehnique, it was found that the compressive properties of the FGSFs were able to be tailored
very precise peeds, While laining their high compressive sirength o density ratio, it was found 1hat valume
fracton (V[) based FGSFs exhibitod a sharp drop in stress of 3086 to 50% upon entering (he plaslic region.
Thss attribute was not present in wall thickness (WT) based FGSFs whare the stress drop is only 20% to 40%%
upon entering the plastic regioa-Purthermose, it was found that wall thickness based FGSFs are mare capable
of relaining a high compressive stremgth up 1o at least 0% strain (the point at which testing was halted) within
the plastic region, resuling in o high eaergy absorplion.

Development of an Apparatus and Conirol System for Stretching Optical Fibers

Kwok Mak

Department of Mechanicnl and Acrospace Engineering
Polylechoic Institute of New York University, Six MelroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor Nikhil Gupta

A regular optical fiber is made of a glass core surroumded by a layer of cladding, also made of glass. Opricel fi-
bers guide light by utilizing a phenomenon called (otal internal reflection. Whea a beam of light is in a medinm,
surrounded by npother medium with a sinaller index of refraction past a certain critical angle, all the incident
light gets rellected back 1o (he denser medium and oooe of it leaves the medium. In oplical fibers, the cladding
has a smaller index of refraction then the core, which makes incident light stay in the coro. The diameter of the
core with cladding in the optical fibers ahtained from the manufacturars is 125 microns. However in ocrtain ap-
plications, we need to reduce the diameter of the fibers o the range of 10 microns. These modified optical fibers
cun be used a8 seosors for stress, lemperatuce, humidity, and sirain. The geal of the resparch was to design and
build an apparatus and associated control system that is capable of stretching the optics] fibers according (o the
given specifications. The design process requirad you to undorstand which heating methed is moro effective
and what minimal tlemperature is needed to streich the flbor. You also need m know how tho stretching rate and
stretch timie will afTect the dinmeles of the fiker. The crincal values for the parameters must also be known to
prevent fructure on the Gbers, The apparuius was built with the sbove-mentioned parametars in mind and the
resull was syslem with a three siep procedure, First 2 micro orch is put near tho fiber io hest it up, then the fiber
will be streiched, and finally the torch wil] bo takon away from tho fiber to let the fiber cool down. A LabVIEW-
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based program is developed to control and implement the procedure, because the apparatus must be controlled
very precisely to get the desired diameter. The speed which the fiber is stretched is controlled using pulse-width
modulation (PWM). PWM is a powerful technique for controlling analog circuits with a digital output from tho
computer. The apparatus and associated control system developed in the project has been successfully used for
stretching the optical fiber lo 10 microns.



Physics

Variations in Information Redundancy in a Qutrit System
Surrounded by Thernmal Environment of Qubits with Temperature

Srinivasu Chemudupan

Department of Physics
Polytechnic Institute of New York University, Six MetroTech Ceater, Brooklyn, NY 11201

Faculty Advisor: Professor Viedimir Tuifrinovich

Since (he advent of quanium informanon science, the theory has made tremendous progress. However, deco-
herence is still a mojor challenge for the construction and operation of a quantum computer (QC). In order to
study decoheronce and the consequent loss of information Irom a QC (o the environment, seminul warks in
the recont past bave treated the problem by studying information redundancy using Purtinl Information Ploty
(PIP's). P1P’s plot the mutual information (of the syster under consideration (QC) and the sub-environment),
against the number of sub-cavironments into which the informution has *leuked™. These plots have boen shown
i0 be of importance in studying the wansiton benween the quantum naod the classical realms via informaton
redundancy, [t becomes imperative that a paramcicr that govemns rhis ransition be found. In all of the previous
treatmonts of e subject, the sssumption has boon made that the universe exists in a pure state and certnin sym-
metry theorems for the PIP’s have been shown (o exist. If, however, one does not make such an assumption and
treuts the environment as being in a state that belongs o an ensemble of states (thermal environment), with u
probabilily governed by the temporature, then, such symmetry theorems do not hold anymore. This work aims
in showing precisely that using a quantum ternary information unif (Quirit) system thal is coupled with a thermal
environment comprising of quantum binary information units (qubits). The research project also scts out Lo find
the value of the aforementioned wansition temperature.

Magnetic-resonance Force Microscopy
with Spin-one Particles and Crystal Fields

Thomas Fan

Department of Physics
Polytechnic Institute of New York University, Six MetroTech Center. Brooklyn, NY 11201

Faculty Advisor: Professor Viadinir Tsifrinovich
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Magnetic-resonance force microscopy (MRFM) is a method to detect particles below the surface of a non-
transparent solid. The oscillating cantilever-driven adiabatic reversul (OSCAR) is the technique in MRFM
being analyzed. This technique involves a terromagnctic particle attached to a cantilever tip which experiences
a magnetic force produced from a spin-one particle. This force will cause a frequency shill, which is measured
accurately in laboratories. This allows for the delection of the particle. The frequency shift is calculated on spin-
one purticles with the effects of crystal fields. These calculations allow for the frequency shifts to be inlerpreted
into useful data such as the state of the spin-one particle.

Optimization ‘
in Rhodamine 6G-Silver Colloid Solutions

Bernard H. Everson

Department of Physlcs
Polytechnic Institute of New York University, Six MctroTech Center, Brooklyn, NY 11201

Faculty Advisor: Professor David Mugglin

Many techniques have been developed to identity and examine the structure of molecules. Among these is
Raman Scattering, in which a molecule is excited by a photon to a virwal energy state. The excited moleculc
then decays to a vibratiomal state different than that of the molecule prior to excitation. The emitted photon is
shifted in energy from the incident photon, and the resulting shift gives detailed information on the structure of
the molecule. There is a drawback, however, in thul Ruman scattering cross sections are many orders of magni-
tude smnaller than those related to other scattcring phenomena. To remedy this. a technique known as Surface-
enhanccd Raman Scattering (SERS) is employed, in which surface plasmons in metal nanoparticles play a role
in local field enhancement, increasing the Raman scattering cross section. In this project. we observe the SERS
effect in a Rhodamine 6G-silver colloid solution. A characterization is made of the silver colloid solutions that
provide (he optimal Raman signal enhancement. A He-Ne Laser is used as a source ol incident light. The scal-
tered light is analyzed using an OccanOptics USB2000 fiber oplic spectrometer, and the absorbance spectrum
of lhe colloids is analyzed using an OceanOptics USB4000 fiber oplic spectrometer.
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