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Preface 

Tll~Secoud Annual Pulytedut.iL: U11<.lt::r~rntlua1c Summi::rR\::n:an.:ll Program is one of ti11: lostitute 's rnujor ini-
1i::ifrvcs ro introduce in1ellecrually gilled sludeut:;10 the e:uraordinary research ilinlforms lhc Coundatiouol' lbt 
cducarionnl experience at Polytcclrnic. This fonvard-rhinking ccchnology resc:1rch creares an opportuniry for 
our premier s1ud0n1s to work hand-in-hand with some of rhc Instin11o's crcarivo and innovt11jvo scicnco irnd 
cnginccri ng facul Ly.This year, 80 sludeo.ts wurk.oo. lll Polyt~ho.ic luboru.tori.esa~ purt or u 10-w~ek resea.n.:11 im­
mersion progr.'lm and e:xperiencc.dfii-.;1-bnnd the lnstirure's commi1men110 educating the lechoology inuov::i1ors, 
inventors and entn::prcncms of this ccnrury. 

This book let con Ill.ins Lhc ubstracl.8 of Lhe::uodcrgruduulO rc11carch pl\Jjccts that wc:n.:pcrfonncd and will be 
presented as posters at the 2008 New Student Convocation oo Tuesday. August 26. The brosd ~capo of tho 
undc:rgraduutc projc:cts rnuged t:rom basic knowledge c:rc:1l.iooand I.he::invc,nlion of new matc::rials un<lprocess't'S 
to Lbc::dt:\'dupmom of new lei::buolog-ies und applieutions. Specifically, S1uden1.Sresearched compulcr game 
lcch1HJlogic:sfor complex distribull:d systL-mS., worked on ud,1w1ccd network 9l."Curity issues, eug.inccn:d 1umD­

sc:ale protein cnrricl'I!, ck-.sigm:cl drug dclivt.:I)' carriers for canL:c::rLhcra~ulics and d~monslrnlcll the physiQ; of 
quunlum i.nform111ion<l~vi1.:<.:s. 

The highlight ofthisycur's progmm was a luncheon on June 18 with Or. ?v[aniaPerl, t.be 1995 olxl Prize win­
ut:r i..uPh)l$ic:suutl u 1948 Pulylcdwi1.: gnu.Juutc. Dr. P1:II slJaJ\!tl stories orhis ow □ resen.rcll experience with the 
s1uden~and encourngt:<l lhew 10be pers.isleDl in their pursuit ofcreali.ng new knowledge ru.ld Lbeir aspir:Hions 10 
discnver, invenr, nnd innnv:111.1. wirh PolytechnicTho smdcnis in the pmgr:-trn alsn rnok part in weekly :;:omin~rs 
fuculry members. 

1111?U11derg.rndu.a.1e wos initiated in 2007 by cheOffice of the Provost. Its sucressSummar Research p1\1gr.a.m 
in 2007 and 2008 wss mndc po.~siblc by the fin:ineial support from the lnstitutc 1s masc loyal and generous 
donors. Additionul support cumc from tht: Othmcr Institute for Interdisciplinary Studies und supplements Imm 
Lbcrescllfch grunts of individuul focully mllmlx:1'3. 

lraj Kulk.horun 
Ixun of lJmkrgrnduulc Acoclcmics 
Polytechnic Institute of YU 
August 26. 2008 

https://U11derg.rndu.a.1e
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Center for Advanced Telecommunications in Technology 

Dynamic-rate Adaptation with Fonvard-error Correction 

Caleb ll 

Center for Advanced Tclccommunicutlons in Technology 
Polytechnic Jnsl.ilute ofNcw York UoiverGity, fiv<.: MetroTc;eh Center, Brooklyn., NY 11201 

facult)• Advisor: Professor Shivendra S. Pan war 

Wireless networks bear several characteristics that differ frcim convt:ntiomil wirt<l networks. A few challenges 
arise from error-prone wireless chunm:ls, unstuble wireless link:; and othertime-varyiug changes that often con­
tribute co Lhe invalidity or inefficiency of the design and o[the implemenmtion methods, which wcro developed 
and used for their wired counterparts. Several methods hl:lvc been proposl!d to cope with these issues in wire­
less environments. l\.vo well-known ooes arc Dynamic Rate Adaptntion and Forward-error Corrt,'Ction (FEC). 
Dynamic Rate Adaptation adjusts transmission rntcs b&:;ed on channel conditions. FEC generates and transmits 
redundant paiity packets, which can be put to uso by the receiver through block erasure code~ without contact­
ing the transmitter. 

ln tbjs project, we combine Lhe lwo mentiont:cl technologies Lo form a new scheme thnt would both dynamically 
adjusl the rransmission rate as well as apply FEC to optimize the transmission efficiency. In conventional rote 
adaptation. the transmitter would reduce its transmission rate lo !l lower level upoo losing several consecutive 
pack.cts. However, in our proposed scheme, instead of dropping the rote after packet loss, we follow a more ag­
gressive approach where FEC is applied appropriately to comµensnte for the losses whi.le maintaining a higher 
level of b.1lll9IIUSsion rate. We drop lhe level ofLransrnission rate only when the FEC is uonblc to compensate for 
the losses. The combination of these two mecbaaigms is efficient due to che abili-cy to rransmit the "xn11 parity 
pockets by maintaining a higiler transmission rate. resulting in u higher lhroughpul. We further implement the 
sy~tcrn using open sourcc drivers und socket programming, and rnn experiments in order to mcasure the system 
perfornmnce in a real environment. 



Civil Engineering 

Creep n E-Glass 

Shivani Pule/ 

Dcpllrtmcnt of Cl vii Engineering 
Polytechnic f.nstitute of New York University, Six Metro'foch Center, Brooklyn, NY 11201 

Faculty Advisor: f'r~fessor Magued Jskander 

Today, rhen; a.re many problems wilb using conventional material' in certain applications, particularly in pil­
ing applications. Curren I piles are made of steel, co □ crete, and timber-aJJ materials that do not last very long 
under Lbe harsh and corrosive environments that the piles aresubject 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 B-Glass, a common reinforcement used in the plas­
tics. The plastics used for piling are usually HDPE (high-density polyethylene). To estimate the creep of the 
E-Glass, various stress-strui.o curvt:s are found at different strain rates. Then, using multiple methods, all bBse<l 
on different initial assumptions, the creep behavior will be extrapolated for an appropriate amount of years,for 
exam.pk, 100 year.;. 

Furthermore, an acrual creep test will be pcirfoanc:d on the: material. and Lhis will be compared Lo the extrapo­
lated behaviors. Thi::. will either validale or invalidat.t: lhe extrapolut<::cl rcsul~. and allow us Lo determine che 
bes.t method to use to extrnpolale cn::c:p behavior for this type of maleriul. Additionally, some of the methods 
used to find creep have been used, and this will determine if it is in fact the best way to determine creep. Hope­
fully, this res~rch will provide new iofomrnlion to the field of reinforced plastics and, based on the creep data, 
cncuurugt: engineers to use reinforced plastics in various engineering applications. 



Chemical and Biological Engineering 

Incorporation of Non-natural Amino Acids 
Using the Selenocystelne Bio5ynthet,e Pathway 

Wah Yan, S11.v!,ee/Kumar G,masekar, Man Xla Lei:am/ We11clyHom 

Dcpru-tmenl of Chcmici1l and Blologlcnl Engineering 
Polytechnic lnslilulc of New York Univorsicy, Six Metro Tech Conler, Brooklyu, NY 1120 I 

f nculty :\d\'i!10r: Professor Jin K. Momc/crre 

Tue established rudbodologjcs for 11.le iucorµorution ofnon-narurel amino acids have proven 10 be n u~efuJ tool 
fur the synthesis of new lllld novel proteins. However, strategics such as residue-specrfio incorpors.tioo, i.nwbicb 
a notural smino acid is repwced .globally, and site-specific incorporation, which utilizes mi~cylalcd-tRNA syn­
thetase, both h.avo their !ihortcoro.ings. Tho fonncr lacks specificity while the latter lscks eflicie1u.:y. Thus, 11new 
method of iocorporntion th.Ju i; both specific e.od efficient should be developed. To tluit end, we demonstrotc 
mo po1en1iaJ ofusing the biogyulbetic pathway ofselcnocystcine., s ootu.rnUy spcxific und officiant pathway Lha1 
codes the 21 '1 amino odd sclcnocysteioe ioc.o fonnat.e dehydrogcnasc H enzyme (fdhf). usu new molbod for tho 
incorporation of non•nnrural amino acids. 

Studies on Transbllayer Transport and lnterbilayer 
by the Interfaces of pH•controllod Heterogeneities 

Fusion Caused 
an Modftl Lipid Membranos 

Gittel T. Gold and ilf,1110/i B/111g11 

Department of ChomicnJ and Biologic.al Engineering 
Polytechnic lns1itute of New Ymk UniYe~ily, SLx MelroTcch Center, Brooklyn, NY 1120 I 

faculty Ad,·isor: Professor Stavroula Sofou 

Targeted therapy of solid rumors nocessitales a powerful drug deLivcry carrier th.at is L'igid ,vhilc circulal.i.ug io 
tho blood, bur permeoble nt Lhc site of the rumm·-and only there-where icmus! release iL-;contcms. Ir is es­
sentially a balancing task: 10 ensure toxicity whore roxicity is requ.ired. and raduco toxicity ul ull olhcr silcs-10 
nwinluiu Lhc condition of healthy tissue. Liposomes, which fU'e being t:nbrino::-rcd here u1 the Drug Delivery 
Systems Lab, buve the potootial to meet thenecessary criteria for being the optimol drug delivery carrier. The 
primary lipid pair that is studied is phosph.n.tidylcholinc (PC), whici1 is zwineriouic a.ad phosphatidic acid (PA), 

https://circulal.i.ug


s lipid bearing a negatively charged bcadwoup. When Lhc pH is decn:;uscd. protow1tiou of the PJ\ head0roups 
allows for hydroge □ bonding among the PA hc11dgroups and for polea1i.al \Ian dcr Waals attractiom umong Lhe 
nu1.tcb.iaglenglb acyl chains oflipids to take ploce resulting in tho formation of lipid hetcrogcncitic~. When ull 
lipids arc in the gel stall:. (he interfaces of d1ese beteroge-n.ities exhibit molecular pocking defects rendering the 
biluycr pcrmcuble. \1/Jt.h incr~ust!i.J1 IWJt!, und decrenso in pH, these interfaces become more 'lea!...')'' causiog in­
creased content re leas~. leltas been dcconninod [by other mcmbon; of Lhe lab] tlull lipid pairs with non-matching 
rail length~ exhibit more efficient release with respect lo pH. w1d lhe~e-fuce, the primory pnir of lipid9 used is 
DPPCJDSPA. However, DPPC/DPPA 110d DSPCJDSPA [ooa1ching chain l0ngtlu at n = 16 and 18 curbons, re­
spectively] a.re studied u.swell. and serve as additional systems for comparisun. Th<: effect of tho iacorporutiun 
of both cholesterol and PEG must each be cvalunte-d b1..'Cuuac PEGylutc:d lipids c.x.hibi1 longer circulntioo Limes 
in tho blood, uod cholesterol plays n role in tho biological membrane in fucililat:ing rigidity, and thoir prcsoncc 
will be iuumiependonr on tho 11ctiviry of the: liposomc:s. Manyconu-ols arc necessaryfor lbo various pammehers, 
for example, for each puir at' lipids. four sel.$ rnllil be studied: with bolll cholesterol 11nd PEG, with neitbc:r. 
and wilh each intliv-iduully-wilhuul the olber. The poteotia.l 1.hcrapeutic agent was modeled 2lS a fluorophore 
(culccio). so tbut it coo be trocked by ftoor-0-<sccnco spectroscopy. Because of its property lo self-quench al hh1b 
cooceotracious(.....:>I OmM]. calccin is tho fluompllon:: of choil'.e for this t:xperimt:nL Calcein-relea.se experiments 
were cooductcd IO dctom1ioc the role11Jse of coutcot~ mi a function of pH and time. Funhcr/futun:: !;O.!Jics will 
monitor 1.he contonl mi..-:iag of the l..iposorue wiLh the 0ndos.omc in me expcotation Ihm once the Liposow.t: is 
imcrnalizcd by the cell, it will nor get to lhc 'final ondo~omol sLagc, where it wi.11 be: degrudcd by lbe lysosomo, 
but rut.her-it will mix with the eudot1omal membrane, thereby emptying i~ coatenls inro the cytoplasm. The 
cukciu-release experiments am preliminary to the oonlt:!oc mixing experiments. 

Effect of pH on the Critical Micelle Concentration of an Ionic Amphiphile 

Rnymontl C/11m 

Depurtrncnt or Chemical and Biologiclll Engin~ring 
Polytechnic lnst:inrlc oL ew York University, Six MotroTcch Ccnkr, Brool<lYI½NY 11201 

Faculty AclY1sor: Professor Stavrou/a Sofou 

The ability ofmallcr lo self ~-emble is o pht::nomeuon that is s part of life. It is everywhtn'!; from dctcrgonts, 
soap,s, lipogomes lllld esp~ciuUy the cell merubrnnc tbat is tbc busis of all life. This projccl focuses on lhe un­
dc:~·staodingof Lb~ inrermolecular fof\::cs that affect th~ criticul ru.icelle corrceolralion (CMC) of amphipb.ilic 
molecules. CMC is important in undorsrnnding why and when wese self~asscmblcd struch.m::u. such as lip □• 
somes, form. Uadcrslllnding CMC is crucial ia our lab. especially when drug delivery S%tCrru. sucll us lipid 
vesicles arc being studic:d. To measure CMC. wo used a. fluorophorc, Nile Red, as un inllicalOJ ood measured 
fluorcsct:.0ce intensity. Nile Red fluornse<.>-S only when in hydrophobic environment:;, in this case the inHidc of 
the micellc. We pre pured a solu1ion of phospbnte buffer and c ile Red in a cuvetto rnd gradun.lly added SDS, 
wlucll is au arnphiphilic molecule, i.n mcreasing volumes to lbc cuvc11e and mco.sured the intensity ead1 time. 
Our r\':sults show strong effect of pH on Lbe meusured value of CMC. At dccr-.::asiag pl-I. 1he beadgroups of the 
Ul:)guLivclycharged umphiphilt:·s become protonatl?d and electrically m:utral, and, thus, experience less repulsion 
which explnias the lower CMC values at lower pH. 

https://Calcein-relea.se
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E:1U1mlnatlon of Aggregation or Amyloid flPeptide by Using GFP 

Mo11gy1wJ\10111( 

Dcpnrlmcnl or CbcmicnJ llOd Blolnglc.al Engineering 
Polytech.uic .l.n.slilUle orNew York Univi?rsity, Six MetroTc:ch Coater, Brooklyn, NY 1120 L 

Facully Advisor: Profa:isor Jin Rymm Kim 

Al;,J1ei.mer~discusc (AD), which ii; a ncurodep;encrativc diso~·dcr, a.Jiccts 25 millioo people i.nLhc world. Thero 
is oo cffrctive trc-c1tnic:nt or diBgJlosiis. J\8gr~gatioo of tbc umyloid ~ (A~) peptide is 1mporum1 in the ruolcculnr 
etiology of AD. E'\'.llm.i.notionof Dtl8regution is c:xlrcmcly importllnt for the identiificatioo of tbc mol1?Culor 
pn:1Ct!sseswhere to.-tlci1y i.e~oncmued. Mooiioring aggvcgution in living cells i:s~uired for this purµoHc:. sin~ 
a111:1regationin vivo Dill} bu diffcrcoc from Lbat of i11 vilro bcc.s..ugeof the cellulur rwlie;:u. Tue objective of the 
project is lo IJy 10 cxu.minc d10 /11 vi1•u awc&atioo of A~ uodor diffor0n1 conditioos. Tu U1is~,cl a pn::-cs:ab­
Lisbed geoubc screening system wh1mi A~gro::u fluoruscunt protein (GFP) fusioo prolcin is cxp.rcss0d i.n fa. 
chericlria coll. will be cmploye<l. lo tbis i11 vit\!Jscn:cnmg system, fluol\.'Seence ofGFI' relics o□ tbc agigregulion 
prop-:asrty of A/3.Aggregulioo of A~ will nx!U<:e the fluorcscc1t~ or OFP. Our bypot.h<:si:9 usthm cxrressioo 
cooditioas. ~uch as tcrnpera.rures and tixprcssion levels. m.igbl h1:1vl:l i.nflut:JJcuoflhe ogbireg:.1tionof Al3peptide. 
A DNA !H.--qucncc of A~-GFP \~ill be cloned into two difleront plasm.ids, PdimN2 U11d PET. The tcropc:rawres 
(25 vs.. 3 7"C) sod dur.3tion or i:xprc:ssioo ( 4 hrs. vs. m'l.lrnight) were vaned aod whole cell GFP fluoresce1ocu 
will be mcsrured. Exprn:;.:;ioo levels of A~FP were monitored by SDS-PAO 6 of the whole cells following 
i.oductioo or exp~ioo. 

Elecbo•ar.11laled D sorptlon of Alk.anethiol Self-as~e-mblod Monolayers 

1Hid1oelH11i/11111urlu111 

Deportment of Chemical und Blolog.lcal Engineering 
Polyll;!clut.ic.lru;titutc of New York Liniven;ity, Six MclroTcch Con10r, Brooklyn, NY J1201 

Faculty Advisor: Profl.!!JSorRanlislul' Leviclcy 

1nbiotechnology, tho ncod for producing a dic1gnostics for aosly-Lin.g biologica.J ruole<.:ulc::; is cs~ntiol. For cx­
umpk, u.flcr hybridization ofmrn-N molc:culc wiLh the DNA pr-obe. 0locLrochomical wclhods muy offer a method 
co<lehybridizc the targot without n!Jecling (he probe DNA. For DNA-DNA biCISeosors non-specific adsorption 
with the s~bsin1tc can reduca hybri<li,u.tioo und limit the: efficiency oflhe se-nsor. Allcnnctbiols like 3-Mcm::opto­
l-propnool (MCP) nre used 10 Jobibil tlle intt.rnctio □ bct\\'OOll cbe probe mid the gold ~lccrrodc surfuc-c. The 
de:1orpuon of a self-ag~mblod monoluycr (SAM) of MCP from a gold surfooc u~iov\'.!SLi1:,rut<:dunder different 
n:Juccion potentials usinB an tilcctrod1ccnical ruotho<l. Th~ kinetics of MCP desorption in a 90001.M Phosphate 
buffer ore monitored usi11g a quu.rtz cry1H11l micmbulonco (QCM), and cyclic vohammcuy (CV). Drifl frura 
tcmpcrnturo v-uriutio11 und 1t0ise from vibrlllion were n::duccd before testing. Tbc frcqucJ1cy cbaJ1go from the 
ElS!,COlblywas mcusured wJLb lime. and dcliorption WS.!l deto-rmined from U1c □uiss clinn~"l!&s provided by lhe 
Suuorbroy's cqua.rion. AJso, lhe dt:pcn<l<:occ of desorption kin~ti~""$ oo potc1tliul wus investigated. 

https://Polyll;!clut.ic
https://Blolnglc.al


Developing Genetic-array Testing: Characterizing 
the Hybridization of Morpholi110 and DNA In Solution 

Lonna Gor1/on and Miclun:1 Furman 

Dcpnrllllcul of Chcutlcl41 uuil Biologicul Eugwccring 
Pol}1cchnic lusritutc of New York University,Six MctroTo:h Center. Brooklyn, NY 11201 

F:iculty Advisor: ProfrMso,, Ra.5£1.slav Levlclg,, 

Genetic--array testin8 is a promising new fom1 of genetic resting in which single srrnnd of s spt:ciffo sequence or 
DNA attached loll surface (known ns lhc prolx: mokculc) binds (hybricliles) wilb lhe cornplcmcotary !)~tltil!ucc 
fouu.cl i.o solution (k..nowuas the target). In order for tJ1e test to ooaccura1c, it is essemisl d101 tho bond between 
the probe Wld tho lilr.!f<!I Ix: a scrong om:. Tu mcrcl!SC the sLubilily of lhe hybriducd puir, worpboliuo (MO). u 
DNA tUl.OJog, ~s cbosen for the probe bec:a11se il lacked the charged backbone \lint c:,~ams0 repulsive force be­
tween D A strnnds. Our research ll!lcd UV spectroscopy lo mcu~ure and La compare lhc sw.bilily of DNA-D. A 
bybridiztxl pui..n; und MO-DNA hybridi.zi::d puiri; iu solutions of varied salinily !llld ::11difforl?tlt rompomrures. 
\/.,,lecrcarcd solu1ions of I.be: .\10 probe, D A probe and DNA mrgcl in thm: conccnlrnlions of phosphulc buf­
fer supnrulcly and in probc-tocgct combinolions. From the melti.og lempernlure of probe-L1rge-1 dup)t?xes, we 
found th;'lt MO-DNA hybrid~ are ~ignific:antlymore srnblc: than DNA-DNA pairs, and that in; srnbility wus not 
dc:pL'TidenLon lho sa.linity of lbc solution. 

Cell Uptake of Ruorescently Labeled Llposomes 
and the Effect of lmmunocontugallon 

l\1/cltael Haz,.og/011, Shrira11g Kan'l! mid Jimurra Klwimc/1uyev 

Department of Chemical and Biol~irnl Encinccring 
Polytechok l.n.slitutt: of Nt:w York Uni ver.,ily, Six i\forroTuc:h Center, Brooklyn., NY 1120 l 

fl11cltll)' Advisor: Professor Stavrou/a Sofou 

Currcm r.:sct1n:b un-olving drug delivery systews bnve liposom~ us au integral p311 due 10 their non-toxic Lla­

lure, and ability 10 eocapsulato and rclcaso tllcrapcutics rriggcrcd by cnvironmc:ulal changes. Liposomes hove 
on auvanL11gt: for cancer Lrcutrncal bccm.1.seof ilit! EPR ell<Xt. Tue EPR (eul.lanced permeability and 1'2~entioo) 
effect is ~used by the cumor coils' need for nutrients. To supply lhis need, the twi1or sbruuloti:s Lhe produc­
tion of blood vessels. Tht: slruclurc formed by Lhe eudolheJial celJs tbtil li.uc: IJ.Je vt:!Sseb is defec1ive and poorly 
oriented. Th.is le.1ve~ wide gaps that are uot fouod in norms! \rasculnrurc, allowing rcl11tivdy large pnnicl~ 
such as liposomcs m oxu1w11salcinto the Lurnor. Rcknbnn is eohuoccd by the size of Ille lipusom~s wlJit:b 
co.a.not pcrmeo\t: imo the lymphrrtic system as quickly as lhey an:i enrering. By optimizing the liposornc-s, we 
can kill 1he rumor coils and reduce: the toxicity experienced by hculU1y Lissu..:s. By coujuguli.ng uuLibo<lic:i unto 
lho PEGylatcd lipids, the liposoa:ies will p.n?dorni.o.uldy target Lbe cancer cells with tho corrc..spooding antigen. 
fonher enh:incing the: EPR effcc.c by specific binding tn and inkmuliza1ion by lhc cunc:--:r ocUs lhut consliluw 
tho tumor. lmmuooliposomcs or liposom~ ,vitb untibo<lies ure produced 1hrous.J1 'click' bioeonjugstion rcac­
t-ioO!I.Bioconjug.ation is a 9orios of reactions thor bonds the antibodies lo the PEG lt:rminu.s oftbc lipid:;. Step I 
in\'olves cleaving (he disulfide bo□ d of DSPE-PEG(2000)PDP ,dtb DTT. Slcp 2 introduces l.llJllei.mide groups 
onro the antibody Tr.isruzumab by SMPB. In S1ep 3, d1cmalcimidc group ti1arwss inrroduccd m Tuslt.J.Z1Jmub 

https://1hrous.J1
https://coujuguli.ng
https://bccm.1.se
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bc:com~s conjugated oo.to liposomeA by ,eacling with activated sul01ydryl groups on lipids. SKOV3 ovarian 
cunccr cells O\lm-exprcss the HER-2/neu growth fucLor roct>J>ID~ wl1ich bin<l Tr.usLll2url1llll ol>j!!1::•rt:a<lily. T~ 
Live of I.his O){perimcnt is to 0\1uluute Lbe effoct of im.mw1oc0Qjugn1ioo and iocul>mion ci_ruc on cell binding and 
intomulii':illionof liposomos. lntoractions of fluon.-sccotly labeled Liposomcs wilb cdl ruouolayt:11$were imag::d 
u11ingan i11\'ortcd optical microscope. Qllantitali\J\'! evaluation of cell binding and iolern;Juzaboo wus performed 
on cancer cell suspcosioos using fluorl:l:l:Ceo1ce !-.pt:cln.'>.S.copy. 

Sufficient Control for Membrane Lytic Peptides 

Ho11gy1101rLu 

Department o( Chemicn.l aol.l Oiologic:81 E.ngine-l\J"iog 
Polytechnic lnstilute of New York Uoivcr.;ity. Six Metro Tech Ccotcr. Brooklyn. NY 1120 I 

FucuJI}' Advisor: Proj,:ssur Jin Ryoun Kim 

Membn:me lyt:ic peptides fom1 pon:s upon a!.SOCiotioo with the rucml>raoc. rcsulLiug in its rspid lysis. Lylic ac­
tivity ofthc:sc peptides h.nsroooy potclilliol npplicotioIIB. for C);lllllplo.111snmi-roicrobiul agirnlS und drug-deli\lery 
cunier.s. 1:low1::\'\:f, Lhc lytic ~;;tivity is mostly 01Jn-spL-ciCic. Tho JL'Sean::h lintiting such CI.J>Plicalions. pro:.'Cntcd 
here Ui.Jllil ul Lbll oagi.nccring or ~ynlhclic mcmbrwte-lylic peptides co regulate their lytic .ic1ivity by ~pacific 
Ligand bindinig. Tho hgand binding protein is spilt inro c-.-,·o fragments and co.ch linked co h.3Jf of a membcane-­
lytic peptide. \\\: hypothcsiz.o thot fn1gmcull!I of lignnd-bioding protein could rawiite upon bi11di11~ 10 I iipnds., 
thereby iocrcosing the pcoxi.outy of mcmbmoc-lyuc pcptido frogmoms, which io LW11uigger 11N)rnembrnne 
lyt.ic nctivity. E\lnlunlion of lho ligund-bindiog protein frugmoo(}! with tho mombrnnc--lyric pC?ptidcs is curreo1ly 
underway. 
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Chemical and Biological Sciences 

Modification of Adhesion Strength of Polyacrylamide Hydrogel with £1ectrle Fleld 

}fog Chen 

Department of Cbcmlcu.l and Biological Sciences 
Polytechnic Institute ofNYU. Six MetroTech Center, Bn'Xlklyn, NY I 1201 

faculty AdvlS-or:Profas.sorYiclor Ba.rinov 

Hydrogel i:i coo.sis!.::! of a network of wnt0r-solublc polymer cbai.o wilb high waror content. When hydrogd i~ 
applied to rhc surfiicc of other IDlllt:nals. adhesive bonds may develop between gel and substrnk surface due 
to intermolecular aurnctioo. A toial boo.<l muy be chnractcrizcd by adhesion strength. which is equal 10 tho 
cl.isbumliag fon:e divided by the bond s.rcn. The sln:ngth of lhese adhesive bonds cb:dug<!l:3 when electric field 
is applied. The adhesion strength of poly (clbyleue u.:<lde) l.Jydrogel c~n be reduced by dir~l electric field ap­
plied oo a gd-ulwninum iutecfoce. Tl1er0 is a general tendency ofdecr~sin_gadhesion s.c.nmglb oflh~ bydrogcl 
witb increasin8 ma3nimdc of direct clcclric fh!ld. The effect of direcl electric field also vuric:s with molecular 
mass. Tho higher Lhc moli.:culllf mm,~. the sl:Iouger effecl of direct electric field on the gel-substralc i.nterfuc~. 
The: sumc: pria.ciplc: hns been used to srudy the a.lternllling field effect on adhesion strength of polyncrylomidc: 
hydrogcl. Altcnrnting c:k\'.:Lric11<.:ldmodilh:d the uclbesiunslrenglb ofpolyocrylomidc bydrogel. The most effec­
tive modincutio□ jg achieved ul the frequency range of 1.0 x I CY H7_ 

Viscosity of Electrorheologlcal Poly(acryllc acid) Solutions 

GunngSltuu 

Department of Cbcmlcn.l and Blologlcal Sciences 
Poly1echnic Ios&irute of New York University, SL'<. Metro Tech Center. Brooklyn, NY 11201 

F~culty Advisor: Profe.l'SOrVictor Bcrrino1· 

Electrorhcological fluids are fluid.$ wbicb can greatly incl\.<ISSC to flow in response to an elec­their r.::sist.ancc 
tric field. The goul w~1s to study the elecLric field effect on Lbe ,•iscosiry of aqueous solutions of poly(acrylic 
acid). Viscosity 1s the mcllsure of Awd's resismn(X! to flow. Poly(ocrylic acid) Lsa polymer wbicb conrains 
(-COOH) !:,.'TOups. Whcu dissolved iu waler, poly(scrylic acid) givc:s offprotou.s. The olccrrorbcological b<.lhav­
ior of poly(ucrylic add) solutions was studied by measuring the viscosity change of various concentrations of 
polymer solutions in response Lo Lhc:cli.:clric flt.:ld. The viscosity of poly(ncryLlc acid) solutions was measure<! by 



,Ln Ubbclohdc viscomc1~r )UJ\ling it~ capillory placo<l in bcr.~oo Lwo metal cb:-lrodcs. \Vbcn the electrodes are 
in t1li:!0lricnl coouuuuiculiou wilh u ~OLm:c of clcx:tric porcnti3l, m0 electric fldd is applied to tbe capillary com­
prising 1ho flowing fluld. Tllc \'iscosily ofpoly(acrylic ocid) solution.s inctl!!a.~ unclt:"T Lhe electric field cffccl. 

Search and Destroyr Dlqd y of Pho photrlosters~e 
on Cell Surface to k Out nd D troy Organophosphates 

Fun~ Bell, Jm•l llalroop cu,d Peter J. Hukur 

Department or Chemical and Blolou;l~I Scic11cc11 
Polytechnic ln.'\.1.ilule of I cw York Univcr:iity. Six i\•{etroT.xh Cco1cr, Brooklyn, NY I 1201 

Fsculty Advisor: P,t!fc.-.sor Jin K. Monrclare 

Phosphotricslcrn~ (PTE) is 11J1intracellular class or me1;illoc,m:ymc.-'"-h.ichcfficiontly liydrnly:,.es u vnric1yof 
Ol)/aOQplJosphul1e:!(0Pa) including nerve agcms and agricultural ioscctlcidcs. OPs arc a els~ of synthetic com­
pounds Lhot iobibll acetylcholinc:steraoc. ca.usmg roxic le\•ols uf acclylc:holim: to form io lbu post-synaptic vcs­
~ol. We arc dcvoloping a f.lfE fusion protein to tile oulcrn11.imbmne pn11~i11.'\ lbu1 wiU focililuH:: the c:xp1·cssion 
of PTE on chc surfsco of E.coli. The: uhiraotc gaol of Ulis project i~ Lo <level op ll.ll eugi.J1cen:dbaclcnu c.opablc 
or seeking out and dcstl\'.lying org:mopbuspbules. 

N8w Methods in Drug Del1\f0ry: 
Embedding l!ntymes within Polymerlo MatrJces to Control the Rate of Polymer 
Matrix Erosion and Release of Blologlcally Acllv~ Compounds 

Carlos Col/aw 

Depnrtmcuc of Chcmlcnl and Blologh.'nlSclcncl'S 
Poly1cclutic Jnstill110 of I ow York Ua.i"ersily, Si:-t Metro Tccll Center. Brnoklyn., NY I l 20l 

Facully Atll'ison1: J->r-ofassorRlchurzlGmss ,uilit Mmldy Manoj 

The polymer used in our c;,;porimeol is rofom.'<.l lo as PCL (Poly Capro Lactooc), 11hydrophobic aJiph3tic poly­
ester, and tl1crcfi:11u i1111LLo;Ibe bmkcu down viu a hydrolysis nroctioo. An enzyme thal C<Jlalyzes thi.s reaction is 
CAL 8 {Caudidn Alll:1rclit.::.1 Li~si:: BJ. Our p;;!lill~h focuses on cmhcdding CAL B with :i UV-.1c1ivccompound 
into o PCL polymer matrix in order to coot.r0l U~ rul~ al which PCL is broken down. 111 turn. the Hite 111wbiclt 
the UV-active compouod is rcl1:1,11.qcd in thi~ c:x.)Xn• will olso be oonlrollod. The model UV-0ctivc ageorn W!H~d 
Ol!!Ulare: P-oilro.unilU1cum.I Rhodnminc B. PCLfllms with CALB nod tbc two UV agcmls moutium,d previ­
ously were tocubatcd Ol 37uc 1JJ1d 200rpm in a phosphate bul1~r in 01dcr lo ruimio lbc co1·irunmcnt insido of 
tho humon body. Films wc,re taken out every cwo houl'3 for eight buu1~1,1111<.louc si:t or Jil.Jus 1vusLEtkonour s.ftcr 
24 houn;. Tnc amount of e:ach UV-active ugcot t.bot wos rdcsised from the polymer ollllIU( \l•l!lS qu11.11tiricdusing 
UV-VIS spccU\:\Scopy. Our g-ool is cl!!ll:rrnioc whi::t.bcr !he rdcus.o prorilcs ofthC::lc UV-acli\'e 1Jgcmts could be 
a procun;or for drug n::lca.sc expcrim1mll:.. If they an:.we will be ublc Lo implement this Cl,-Chnique-, embedding 
c:nrymcs ioto polymer ou1lrices to :Hudy drug rek~. 
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Synthesi:a and Chatacterizalion of Elastin•based Biomaterlals 

Ha11na Barra, Curio Yuvienco, Je,m)fer S. Hagpa11al1, Susl,ee/ K. (itm<L<itdwr, 

Pl!ter Jumes Baker, Wendy Hnm and i'Vmalya Vo/ashdwk 

Department of Chemical und Biological cleuce.s 
Polytechnic lnslilulo of New York Uruvi;n;ity, Brooklyn, NY, 1120 I l 

Dcpnrtmcnt of Bfochemlstry 
SUNY Downstate Mcdicol C<mt~r, Brooklyn, NY, 112012 

Faculty Advisor: Professor Jin K Mo,uc:/01-e 

Advunc~ in rnolt1;ulur biology Lechn iquoo ha\lo bcc.n useful in engineering protcin-ooscd biornaterfals. Tho 
work <lt::scril>ed ben!l is :'limed to dcs.ii,rooovc:I synthetic biodegradable protei..u polymer consLruclJ:lcomposed of 
llllique motifs via genetic cngintcring techniques. By combioiug cartilage oligomcric matrix protein coilcd-<:oil 
(COl\l{Pcc) and elo.stin-likc polypeptide (ELP). we have generated block polymer .. of ditTcrcnL oriemntioo as 
repeal units. \Ve have synthesized and puriiied the homopolymers COMPcc Wld ELP, uloug with 1he COMJ>cc­
BLP and ELP- CO\'IPcc di-block co-polymers, as wdl as the t:ri-block ELP-CO.tvIPcc-ELP. These polymers 
hn,•c been churac1erizt..-<lvin c~ulor dichroism (CD). biophysical atomic force microS<:o_py (AFM), dynamic 

light .sc.:ulteriug (DLS), aod fluorescence. 

Identifying Pro In Partners of a Novel Brain Protein 

Yan Mei Chan, Peter James Baker, Rub1:rlAga111 and Fcrmmdo lVoaebo/11r, 

Oeparlrueot of Chemical nnd Biologicnl Scfooccs 
Polytechnic Institute of New York Univcn;ity. Brooklyn,NY, 112011 

Field Research Ccnh:r 
Tb!! RockfcU~ Uoivet'3ity, Millbrook, NY 12545 

Departru~nt of Biochemistry 
SUNY-Downatoto Medical Center. Brooklyn. New York 11203 

faculty A<1,1isor: ProfeS:3or Jin K. Montcwn1 

FnTm is a novel transmcmbrano protein found 10 be up-regulated in the lea.ming system in birds aad other 
mammsts.Jdontifying FnTm protein purlner.s will ullow us lo clarify the F1ffmsignaling pnthway in the brain. 
Howe\'Cr, idonlifyi_og protein pm u;oAto untiled bcC.'111!10 rl1e week forces by which proltin.s intCJrucl ure JJUI 

sufficient to prcsorvc: the protein-macromolcculo complex. To circwnvcnl th.is lirnitulioa.. wt: a.re worJJ.ugro­
wurds introducing a photocross-1.i.uknble oon-no.tursl nnnlog of parn-azidopbeoylalanine and phornlcuoino in a 
resl<lu<.."-Hpcci.fk.IDllfille.li .IllO FnTm. Hero we dcmoo.s1ra1e the progress of our affortS LOdi~cowr Lhoprotein­
protein interactions involved in leamin~. 

https://worJJ.ug


Englnooring Artificial Histone Acetyltransferases; 
A Combined Homolog~ and Biochemlcal,based Approach 

We11dy Hom., Man Xia lee, Ki11jnl Melun, S11slwe/ Kumur Gunusi:kur, 
Zhiqiu11g Liu, Natalya Volosltcltuk, Aye Sandur Moe, Phyllis Fru11kl and Lisa Hel/erstei11 

Department of Chemicnl nod Biolog.icnlScience~ 
Polytechnic J11:=.titu1e r.:w York UoivcNity. Six Metro Tech Center, Brooklyn, NY 1 l 201 I of 

Faculty Advisor: Prof«ssor Jin K. Monie/are 

In vivo incorporation of ooo-oulmal amino acids cnn bo used coi.mprove prol~in st.ability. Howuvcr, thorn is s 
trade off; improv~ stubilily of Ute pruttio may lead to loss in activity. Ont way to improve fuoctioo is to om­
ploy machin<."-lea.rn.iug algon1brns to identify the v-arinntil that improv~ activity. Our lrugct protein, cotrnhymonn 
GCN5 (tGCN5), a member of the hir.tone acetyltronsfor~ses (HA1) fwuily, u~tylttlt..~ !he lysine residues of his,. 
cone~ cn3blin.o lraoscrip6ooul rcg.11l.otion. E.xperimcmtaldot.ab11vcsllow1.1an increase in 5tll.bility of rho p1-otoiu 
against proteas1:1 deg.n1dutioo..but loss in uctivity wilh the incorporaLion ofpnrn-fluoropbenylnlnnine (pFF) into 
LGCN5 in vivo. Using infunn11lioo from biochemicaJ and grruc1ural datu, we identified 11 resid1J1es to mumte. 
Willl the nid of compute, gu.iduncc. we hove dcsignad a ~et or \'arirmls. Herc we dllJ'DorucruloOLl! progress on 
asscmbli.og lbc 1GCN5 mutan1s nod dctcrm.ioing lhoir ac1ivicj~:1. 

Immobilization of Protcasos for Preparation or Ollgo(l~slne) 

A111onio Ho, Kndandaramatr V,swanathan and Richard A. Gross 

Dcp1u-uncnt of Chemical and B1olog1cnlSciences 
Polytechnic fnstinrtc of New York Univ.:rsity, Si..-: Metro Tuell Coowr, Brooklyn, NY l 120 I 

Fuculty Advisor: Prqfe:J!/OrRichard A. (.inJ$3 

Enzyme~ pcrfom, the role of catalyst in many renctioos. Th<:y oro obtoioc<l in free form from organi5IDl!, \\'herein 
Ibey catalyze reactions by low1?ringLl1eactivation cn<:rgy of n pnrticulur ~ctioo. Eozymesin loo immobiJizcd 
fom, an:: currcutly bci.ng U3ed in iodusLrie~ 10 ct'l:!UlC products such n.q cnnntiopure compound~. This po.per de­
scribes the immobiJi:L:9Lion of conuoerciulJy ovailablc proteases to prepare wa1or-solubl~ peptides. Proleuscs be­
long to lhc: cn.zymo cltL~S ofhydrol&Ses, and their pcin1ory function in onruro is to cleuvr.: peplitk boods. Peptide 
bydrolyHisby a protease is an equilibrium process. tbci-cfore. by proper mllllipulatioo of reaction oond:ilions, the 
equilibrium can bo n::verned to ~yntlN:si:1,i:: ofbydrolyz.o peptides from nmino acids. Numt:.i'Dus inrs.ti::i1d exo.mplcs 
exist in the literature for syn1lu::sj~ of bydropbobtc peptides by prmcssc.c.acalysis u:;ing their oorrcsponding (]) 
o.m.iooucid osbur hydrochloridcs us monomers. Proteases a.re o.Jso lrnowa Lo solr-dig~t under tbc rcuc:lion coodi­
Lions normally l.l.9cdduri0J]; peptide Synlbi:.sis. Our strategy to il:nmobilLllo proltl.!191::;, would not only slow down 
lllc sclf-cl.igefition of tho pro10;,i~, but wi II provide a method for ropeutcd u9e of we biocutalyst thereby reducing 
Lhcir cost. lmportnnl in this work i.5the i.nn:stigotion or Lbu officioncy of iOlJilobili.zed protease co synthosire 
water solublo popticl~ e~pticinlly lbos~ forrucd using Lhc basic amino acid ester hydrochJoridc substrates. The 
wmer-soluble peptides fanned cao be stpurutod from the immobilized c:11.aly'Sf .fillrotion.\ViO,lhcs-!by :!.implc: 
go!lls in mind, we foresee this project to provide us witb vnluable scieutific k.oowlex.lge us well os oligopcptides 
ofimporranco for biomedical applicatioD.S-
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Effeet of Mutations on Alpha Synucleln's Structure and Aggregation 

Abubakar Mia11 and Omar Rashid 

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

Faculty Advisor: Jin Ryoun Kim 

Parkinson disease (PD) is a neurodegenerative disorder characterized by Lewy bodies; cytoplasmic aggregates 
of a proteio. Many studies suggest that the aggregaLion ofaJpha synuclein CP-synuclein), a 140 residue pre-syn­
aptic protein., is a critical step in PD's etiology. The aggregation of alpha syncuclein results in P sheet-structured 
amyloid fibrils. The amyloidogenic aggregation depends on hydrophobic interactions between ~ strands. As 
such, a considerable amount of study for control of aggregation bas focused on hydrophobic ~ strand domains. 
The question that J would like to address is whether one can utilize the linker region connecting P strands for 
control of aggregation. To this end, mutations were introduced at rn:olinker regions; 65-68 and 83-86 amino 
acid residue region. The mutations were rationally selected based on propensilies ro form different turn con­
fom,ations. The working hypothesis is that the local linker cooformatioo dictalt:d by sequences with high­
tum potentials can modulate amyloidogenic aggregation of alpha synuclein. The structure and aggregation of 
a-syouclcin with these mutations will be ex.a.mined using thioflavin T fluorescence and circular dicbroism. 



Computer and Information Science 

Virtua1ized Gaming as a Pathway to Enhanced Understanding 
of Complex Networked Sy5;tems 

Yun Cheng, Ron Guricrre;,,llomau K/J11wlldwk,Klril Ko11rtcl1ikuv an,/ ~lfnllhew Topol 

Department of Computer and lnfonnntion Science 
Polytechnic Jnstjtutc of New York University. Six Metro Tech Center, Brooklyn., Y 1120 I 

FacuhyAdvisor: f'rof(!s.sor Jod Wein 

The focus of lhi.s p10j~c1 is to build csscntiul compononl.6 ofn vinual cnvironmcnr and tool.sec in order 10 create 
a gaming environmem for undergmduot~s to lc:um complex distribulcd networks aod S)'$tcms. The goal is to 
pro<lucc graduates who can desigo, imple-ment. and mam1gc networked distributed systems. Usi.og multi•plnyer, 
digillll game immersion as a vehicle, srudonts will be provided wilh a real hunds--oll c:cpc.ricncc of working with 
such s~ti::ms. 

The games truitsrudcms will play in order to learn about complex distributed systems revolw around earning 
rev\?nl.1'0from w-eb services we lwv~ built thul 1.11'<!akin Lo Fuecbook nod YouTubc. The srudonti-will play as 
teams nnd ay to maximize the up-lime of these services i.aorder to get more rnvcnuc from lbc clicks and views 
of uds from visitors to their !liccs. We have do\leloped a mechanism for simulntiog numcrollll visi1ors 10 lbese 
sites as wdl ns wuys of o.rtificia.lly breaking tho coruplox distributed sys1.erns tbac lhese 1eru:us are trying to nd­
minisrer. TbcSe break-case sceourios addn::ss various sspecLS or what\\~ wuot I.be studenl-5 to learn by correct­
ing tbc rn.istakcs,some of which ioclude errors in the logic of distributed algorithms, m.iscollllgurnlioo of web 
scnccrs, nod errors in lbe code lhat can bring down rui en lire server. 

We have also tkveloped a web-based user interface 10 provide an ea:;y wuy for lewns la monfror lhc status of 
their vi.J1u<JJ..iwd servers UI1d their game rc\'cnuc as well as facilitate 1he purch.asing of new scn 1c:rs with the 
money they e.n.mfrom udvt:rti~m~ab:i. Tho w;er inlL'T"fiu:e al~o aUows an ndministraror 10 easily coofigun: lhc: 
virruali7.cd games th.at rhe learns will c:n~ugc in, as well as to monitor the looms' progress. 

This project addresses oo importanl area of nationnl JIBed, lbe educulion of Jutun: computing prac.titioncrs who 
are able lo develop and wanagc large-scale distributed systems. Tite outcumts of the prnjccl will pormit c<luca­
ron; to expose their students to rcu.li~tic platforms, so that students m:iy gnio ex!)erieoct: wilh compkx, distrib­
uted aod aelwork.t:d systcru projccls in a globally competitive market. 

18 

https://virruali7.cd


Electrical and Computer Engineering 

Steady- State Equivalents for Large Radial- and Me!!lhcd-dlstrlbutlon Systems 

J-'ijiugMeng 

Depnrtmont of El~ctrical and Computer Eugiuccrwf:! 
Polytechnic lnsumle of Nc:w York Uoivc1·sity,Six i\lell\'.)Tucb C~tt::r, Brooklyn, Y 1120 I 

Faculty AdviS-Or: P,vji:ssor Frcmcisco de Lt•on 

rhe study of load-now and sbort-circuit for di&lributionsy~teru plonmng and operation are performed with 
explicit represc:nlution of every section and load. Moreover, the secondary network and c:ocb los.d arc aJ&omod­
eled in detail wllen !he io.fonnatioo of each Sl?Ction (line, cable aod tnwsformer) is availo.ble. 

However, in daily iifu. distribution systems olkn include mllfly thousands of nodes and sectioo..s.To address 
this problem., a new methodology wus disc:uw1·e<lto obluin t.'-Ju.ivah:nl circuiti; for h1rgedistribution sysmu for 
sllort-<:ircu:i1,md loud-flow studies. By reducing lois or sectious lo llilY mnnngenblt! magnitude of tcmti.n3IS, 

cousidernble dficicocy gains urc obt..uincdwhen only the external to the equivalent ch11I1ges. 

Wilh Lhc simularion of DEW soOware. this project implcmcnLS an efficieol method for bol11 small- and lmgt:­
scolcd steady staLOequivalcnrs for radic1I and mesbt:d distributioo sy,-tcnB. Simulaliou re$ults di:rnooslrule the 
rclir1bilitya □d generality or the upproocb. 

Detection of Tandem Repeats and Palindromes Using Hlgh~speed Hardware 

Chao H'ang 

Dcp1trlrncncor Electrical and Computer Knglneerlng 
Polytechnic lnstilu~ of N~,\· York Uni\•cr:;ity, Six Metro Tech Center. Brooklyn. -:Y11201 

Faculty Ad\'lsor: Professor H Jv11arha11 0100 

A sequence: is an ordered list of clemeols relaled to eucb 01.hcr through logiclll,mathc:mnticnl, biological or other 
rclation:;hips. 1-.fany bioi.nformatics s.ppl icntions such as geue fiml.ing 10 the prcdlclion of protein functions and 
nc1wori<appllcotions 9uch ru; network surveillance cools require the compncisonof dmu organized as sequences. 
EL'ficieat delc:clioa of two spcciuJ lypt:s of ~L--qucnc:i:s,1lllldom repents and palindromes within DNA sequences 



is an impon.aot problem. A tandem repeat is a parr0m of ooe or more nucleotides repeated in the ONA sequence 
and Lb0 repetitions are sdjaC()nt lo ench olbcr. A poLindrome i.sa DNA sequence !>truclUJe lbat the order of the 
nucleotides is thi, 8illl.le reading from either direction. 

Nt:Lwork lotrusiou Detcctiou und Pre,•cutioo Syslcms (! IDPS) u.rn crucioJ for n~twork StX:urity. The most Lime-­
consuming opera1jon for NIDPS is lhe string roolch.ing operation. In NIDPS, string cantobing is usoo to compare 
the network rraffic again&! previously known anack-s. The high•traffic Yolume and the large variecy of anacks 
mnk'3 string matching for NIDPS n very cballengiog tagk. R!!ccm l\."SCarch focuses on improviug lbe speed of 
string matching for NTDPS UBi.ng algorithms that can bo implemented on hardware to cope up with today's craf­
flc rntes of 40 Gbps and beyond. 

Jo our resemb. we apply kllowl~ge uccullllilutedw tht: NIDPS rt:st:urcb inlo bioinformntics upplicmiom,. In 
particular, we are working towards algorithms for detecting tandem repeals and palindromes in DNA sequenl:es 
which can also be implemented on higb-spood hnrdwrux:. To domon&trato the cffec1ivcness of om propos.al, we 
implomcotcd our Ei.lgorithms in C++. 

Schedullng Algorithms for Real-time Disk 

Robert W.H. Fisher a11dDmitriy Drusvyatskiy 

Ocpllrtmcnt of Electrical and Computer Engineerinl,! 
Polylt:dlllic la.:,.titutc uf New York University, Six Metro Tech Ccnll;r, Brooklyn, NY 1120 I 

Faculty Advl11or: Professor Joel Wein 

Eflicicot retrieval of informn.tion from s.tatic storage h:11s rnmn.in-cdnn important coocepl in computer seieuct:. 
Ho\\'ever, ru; capabililies for network bandwidth increase, remote multimedia .scrvct-g hsvc become very com­
mon.. and a variety of teclwica.l probkms ltuve 11risc11 in the: cumexl of scr\"icing user-dam requests on a central 
data disk. In order to en:Hue that I.he user experience remlliru; opw:nu.l. the scn,cr must Ix: ublc lo provide guar­
anteed service qnaliry to each of the users in the system. Th.is means cbar we must coosidcr the order in which 
we will bo reading dnrn of a pTimnry hard disk ro provide tho bl:lSt service possible. 

An algorithm. SCAN-EDF. was sug,g~tcd in 2005 through joint work by lBM, Snap Applia.n0;s, and Texas 
A&.M Univcl'Si(Y (I). SCA -EDF is bu ill lo adapt proven techniques of disk scbcduling algorithms to rhc 
unique challenges of real-lime :.ervice. In our WDrk, it is shown Lhul if llfl optimal ulgorilhm is t.:npable of servirJ!l 
n users on a gi\ron disk.,uro cannot be certain !bill SCJ\N-EDF will be able lo st!rvicc O (o./k) for uny couslDnl k, 
mc:uning lhoL SCA i_i:mp is not a k-approximation for an optimal algorirhm. We suggest an alle-m.aliveheuristic 
Lo improve the pcrformn.nc:o of SCA -EDF, a.nd dcrnonslratc tho SCAN-EDF is aJso ooc & k..approximation to 
our suggested algorithm. which demonstrates that the improved algorithm is capnl)le of ser..'iog rnnoy more us­
eri;i11oortaia circumstances. 

https://propos.al
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Cable Ampaclty 

Ru/111/Anlhony 

Department or .Eh!clrical antl Computor Englnoerlnc 
Polytechnic J.nstirurn of ew York Uni\'ersity, Six MctroTocll Canter, Brooklyu, NY 1120 I 

Facnlt)' Advisor: Projc:J.YorFrancisco Dv Leon 

[nfonm1LionaboUl lhe Jl.lJl.X.iroum tokmtc throughoutuurrcnt-cunyin~ capacity (ampacity) which a cubic u1.11 
ils lifu wi1hout risking deltiriorntion or damage is extremely impocUlnl i11 pow1::r cubic engiuccring und opcrd­
tion. Amp.acily value~ arc required for every new cnblo ioetoliu1ion, 11s weUll$ for cable $%tents in operation. 
Because game und~rgrouad tr11Dsatlssioa coblo circu.ils ore opproecbing mo end of thc:ir design life. the dcvcl­
opruem of :.i systtmiulio metbod for det.crmining lhc f~sibiliry of c~tcnding cable life and iucn:a.sing cun-cal 
ratings is of puramounL irnportaniX. A cubic must carry largo amouuis of currenl v.-ithoul cuusiag o drop in 
t.he ,1oltag0. Therefore, ii is important 10 compute tbo nmp!lci1ies for the rnus1 common cuble gcomt::lrics und 
installorions. Be~use !hew are so lllllllY po5sibilinics. U1cso colcula1ions ore done by a program (C+t-) that deals 
wiLl.lall of'the possibl~ cas~. which obtoiDB all prdimioury informotioo by the u:.ser from a file. 

High-speed Router 

Zh1wyc,a11Zhaug 

Deparrment· of Elcctrie11l and Computer Enziue-erlng 
Polylechnic lnslitutc of New York Uo..ive.rsily, Si.'<-MotroTech Cenror, Brook.1yu. NY U:Wl 

FucuJly Atlvhsor: P1v/e:1wrYang Xu and f>mfc::.sorH. .Jonat.hariOiao 

As more applimLiom are emerging oo tho Incomer. tJw l'Ou11:1r to bi: uwu.n: oftbc flows lbrough ir, and is 1t::quim1 
provide de<liwilcd service ro coch fl9~ preroquisite nwchunism of a flow-a wore router is puckct clossi.ficstion., 
which has b~11 ooc oft:hc mnjor challcn~H io router dcsig;1 si.ncc lbc router needs to process millions of packets 
per s~cood, murch.iug them uguinst u classiiicr 'rt'ith rhousru.1ds of roles. 

lo lb.is pzoject, we, developed n two-stngo psckot classiflcaJ.ion architt<.:lun:. whicb decomposes the multi-field 
cla~iflcation to ~evcrnl ~ioglc-fidd clmssificutious. whose l'l;'SUlls H..rec.l.Jcooombioc<l by a m:c strucrul"C to gal 
the final decisioo I hat which rule fB rn111cbcd. To accelcm11,c the pack cc cl.assi fie.a-Lion, we stored oacb layer of tho 
ltt-e suucture! inlo llll indi.:pl!odcntmemory, whol'c nn oprimizod h3Sh cable has be<:n used to sto!:e tho trnnsicions, 
to exploit Ille pipeline operation.. 

Tbe efficiem;y of tltc nvo-stagc pipcl.ia.od archi1octuru hss been evalua1ed by SLmtllntionwritten i.11C-++ uudet· 
r~I istii.: r.:la1IBificrs£lDd tmffi.c tmoc~. Simulo1ion l\.'1:lulc shows that our scbemo only requires 2-4 tirues of mem­
ory :.icces.:s.es iu uvcru_gc lo liw!!.h Elpucker clUBsificotion o~ration, which i&nmong tbc best sd1clli1cs proposed 
in li1eranlro. &si-dc-s tbe ttigh-spccd fcaturo, the arcllitccrure h.<ts 3lsu bixa well cuocd to support iocr.emcnral 
upd.a{es_ 
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PolyLiv& P2P Live Video Streaming 

Ma,mg 7'1,etOo 

Dcpnrtment or Eledricul 1U1llCompuler Enginc.cring 
Poly1c:chnic Instinm: of New York Univornily. Six MelroTech Center. Broo.1Jy11, NY 11201 

Fncl.llty Advisor: Prof033or KeicJ1 Ross 

To dale we have witncssL-<l u lic,1-llmwing number or web sit\..--s which provide: u..~r-genoratcd video suooming 
s.crviet:s on the lntemcl 1.e., YouTube, Google Vidro, and many olhcrs. These vi<l<!u s~viccs arc mninly stream­
ing stor~d \'ideoe. \\le envision a s1,gni.ficamgrowth in user-generated 1i,1c sLrertOlillg o,•or !.ho lntcrnet in ;1 few 
y~ars. Th~~ sLrnoming video a.re emn,uucd from wcl) cau,s, digirnl video oomcras, PersoMI Digilnl Ass.is1ttn1 
(PDA) and collulur phonc:.s, uh:. Using these hnndhd<l devi~s, ll user mny shoot live events, c:mco<lc I.he vid~u 
stn:-.amsand s.horc \Vilb 11 puLcOLiullur8e uumbcr of intercslcd \'ICWC~ viu wrn::lcss connectioM. The d1sLribution 
oflbesti liw video streams 10 cod-Wlt:irsis ,•ory cbolleaginr, due to the huge LWWUIII oflrnflic volume and suio­
gcn1n!Ul-li111~ b'1?rvicorcqu.il\'.!meocs. video distnbulion P2P is Lhc ruosl promi~ing dri'\•iog whc::d for lc11)'.l.0•!1clllc 
over lbo tocemet, bocausc Lb<l upload capoeir}' of pc.x:~ cun btsutilized for vidc::o lnllliftlission so os to reduce 
the ~c::rvcrlood drnmoLicLLlly. Tbc: PolyLivc system is desig:nod und implemented 10 address lhc cbulJcuges i11 

providing a cost-cffc:cti,1c video <lisLribulion service for usc.r-gononncd live oonl~1~ u&ing tbo P2P Sl.reaill.lOH 
0Jchitc:c1ure. 

Noise Reducllon In Infrared Image Sequences for Bre••t Cancer Scrn~ning 

J/inuy .\furllty 

Department of Electrical 1md Computer tngineerln~ 
PolyLOcluticlnstitU'le ofNcw York Univcr.;ity, Six Mci.roTcch Center, Brooklyn. f\ry 11201 

Facaltr Ad\.·isor:Profi..'"!-surlva11 Sc/a,s,;;ck 

Syncllrouization is a weU-~tudicd phcaomeoon th:11 has been obscn•ed io llll!Jly biologiCJJI S}'stems. It occuni 
when Lwo systems inlt,Tact, and is ob~t:rv11blc ill certain rucasuromeots rundo upon lhc inlerncling s.y&ccnu;. In 
s1gnnls mclUlurcd from ~ys10ms that produce osciJloting outputs. such as rho hrein, synchron.izution u111nifcs1B 
3S ro11ain rclurion-.h.ips ~Lwocu the amplitudl!::,, ph.&!!Csand fu::q1.N:Ocic::s or tho rn·o s.igm1ls. lD particular. pha&c 
synchroamnion in EEG sigrwls (rucosurcmc111s of voltage 9ignols produced by the brain) is lhouglu IO indiclll-:! 
th~1:>xlea1to which di llcrem parts of lbc bru.in \\lark together to p\:rform oogniliv{) tssks. 

Tbe gool of our project is LDdevelop signal-processing Hlgoritluus to <1nalyzc BBGs nnd ucx:urotely deuannine 
the level of phll.!lc synchroui;,..ation ~IS of signLLls of rocords taken from dliferunL pnrts prcscot bc:twt!X!o .. <\.onlysi~ 
of the brain during \'llfiOU3 $Ulge!Iof sleep und al0rtm<iss should provi<l~ further insight into the role of phtu.'i.l 
syuchrouy iu cognitive l'u.oclioning.. Tho methods ,mcl tools developed I.or annlyz.ing phosc syochrony in healthy 
policne:; may be c:~tcndc:d to scorch for pix:cursor eivents lo seizure: ons.ol, io offccL pn.'<licli.n.g to some dc(lrcc 
wbco a seizure may ocx:ur in epileptic patients. 
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Cooperative Control and Plaa,ning for Multiwagent Autonomous Systems 

Lomu, lflekhar 

Department of Electrical and Computer Engineering 
Polytechnic Institute of New York University, Six MetroTecb Center, BrookJyn, NY 11201 

Faculty Advisor: Professor Farshad Khorrami 

Controlling the collective behavior of a large populalion of autonomous agents is an interesting problem that 
has been investigated by various discipli11es with different perspectives. As such, knowlt:dge from different 
fields has been incorporated to realistica11y model these dynamic systems, find rules lo efficiently and economi­
c.ally control them wh.ile addressing obaJlenges such as bandwidth limitation. inforn,ation sharing constraints, 
etc. These collaborative control and planning mechanisms cru, find application in diverse military or civilian 
areas such as autonomous unmanned vehicles, surveillance, animation and games, robolics. sensor networks, 
and emergency crowd control. Tb.is project 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 perfom,ed. 



Humanities and Social Sciences 

Phllosophv of Technology-China and Eurnpe 

Dai Cui 

Deportment of Human Ides and Social Sciences 
Polytechnic Jnstkute ofN'ew York University, Six MetroT~h Center, Brooklyn, NY 11201 

Faculty Advisor: Profe.ssor Hamid Sjflrson 

The Wes.tern question or problcrn of technology i.n 1.he llodilioo ofNictz5che-Heidegger leads tu nihili11m. Hans 
Jo1Las' proposal of a technological ethics for llle ful.ure ameliorates but docs not elimiume lhi9 nihilism. The 
dr.fficultics derive from how Heidegger structured his presentntiou of fundamental onlOlogy, Western views of 
scieuce and society, Cnrtl:'filllJl argurnents about the narurn of self (ego). wid the Ii mil11tions of pragmatism. 

The hypo(b~ill for is that lf one steps oock from the culc:gorit.:s of \\Ccs1em mcrnphysics and reinvestigate the .. prob­
lem" oftccb.nology witltia the conu:xt ofnco-Confaciao thinking, the nihilistic rl:'?sult is o,•crcome, (Pro[ Sjun;en) 

The Nco-Confucinn Metaphysics originated from ancieOI Clunu with e1hics of soma Neo•Coofuci.unlUlt1..~c11-

sors such us Chou Tun-i aod Zbu Xi. According to Zhu Xi, LI.lellit!illt: uf Noo-ConfucianiRm is nharChe Tuo of 
heaven is cxpl'essed in pri.nciplc whOti 5heatbed in mailer. NO\v3days, some philosophern propo:IO to apply 1.he 
Nco-Confucian cbinking lo lho development of teclmolo6ry. fl is a very unique approach, and it might 1>elhe 
baum~ of clin.tiuu.Lin_g nibifam and limitation of pragmatism. 

TI1rougb the study of Nco-Con.fucian thinking in rclacion wich Conremporury technology, our res~u.n::h uimN to 
find the ans\l.·t::r to the hypolhcsis. 

Genetic Privacv laws in the U.S. 

Junni11eRamlochw, 

Dcpa.rtmencor Humllnities snd Soclnl Scicuccs 
J>olytcchoic Institulc of New York University, Six Mt:LroTcch u:nLCr, Brooklyn. \ Y 1120 I 

Pacully Advisor: Professor. Myleu W Jackson 
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Tut! compktiun of the Humno Genome ProjtX:l hus raised new concerns of gc:nctic pri\lacy in the Unih:d State~. 
Genetk testing can lead to great advam:c:mc:n.ls in scieuct: un.d medicine by determining om:·~ susceptibility to 
conain diseases. tbar they may develop. However, if improperly applied. cberei,spolemiol for discrim.inntioo by 
crnployors, insurance companies, aud otber organizations.. For this reason. access 10 genecicinfont1ation needs 
tO bo rugula1ed. Americans want to know: who, bow long, and for wbat purposes will others have access to rheir 
genetic infomiat:1on_ All of these questions oecd ro bo cxpl icitly sddrl!"SSed through legisla.tioo. 

This projc:ct docwncn~ the bosis for these conccrru; ill! wt::11os the chronolobrlcal response& Lo them by both lhe 
fode:ral and sta.t.e go\'ernmenls. Af\er sewral fo.ile<luttcmpls ot pussing upplirnblc laws in Cougrcss, President 
Bill Clinton is.sued an executive order prohjbitiog federal agenciesfrom access to genetic information of em­
ployees. Aftcrwnrd, suites took action and implemented genetic privacy laws wi1l1io their own borde;rs. Some 
st.ates, such as Oregon aod New York, have passed compreberui\1'0 laws regaJdillg llle use of genetic infoLma­
rioo. Oth~rs have yet ro pass any sol id legislation. Tho La.ck of consistency across all stales nod llle e\·er-growi..ug 
importance of this issue kd to the pas.sing of the Genetic lnfornUJtio □ ondiscriminatioo Act in t-.fay 2008. 

The Tibetan Book of the Dead: Live Theatrical Multimedia Presentation 

May Tlmzin and Karim Tum 

Department of Humanities and Social Sciences (Digirnl Media) 
Polytechnic lnstirut0 of New York University, Six MotroTecb Ceoror, Brooklyn, NY 1120 l 

Fm:ully Advisor: Profe.uor Carl Skelton 

The Tibetan Book of tbe Dead is highJy descriptive text of the reJcitings of the great eighth centwy Buddhist 
.Master Padmasambhava. The te>.'1describes tho i.ntricnce structure of tbe ego and the mind and is tradicionally 
rend aloud 10 a dying persoo. Many artiS-lS have ouempr.ed to portray 1l1ese complex nnd viYid visions nod dream 
states of dying in Thangka painting,s.. The Tibcran Book ofrhe Dead: Live Toeau·ical Multimedia Preseutatiou 
(comrnissrnned by the Asiu Society and tho Golden Sun Foundatioo for World Culrurc) seeks to incorporate 
truditiounl Tbnugkn pru.ming;s with live music u.nd 30 gruphil:s. The 3D graphics are constructed with the high­
end progracu. AutoDesk :Maya. which is used by profoss.ionuls. 

Aoi..ma.Lioo wcrocxplol\..--<l include complex character rig­tcc.b.oiques using rhc 30 models thar were created. TI~e 
gings, so lhat tbo mcsb bass 5kelewJ s.tructure-whicb is a~ of nodes lb.al illflueoce a gi\-eo set of vertices on Lbe 
JD model. Tho i.nfluenco these ''joint!;" have mi:er a cluster of venioos can be ru.ruiipul.a.Ced by weiglll puinliug, wwcl1 
a-ss:igns!he \'trikes with a value rnngc from zero to one, which will calculate the tranF.fom1arion of the cluster. 

Tue proj~t nl.:;o rcqu.i.11::s lhe cburuclcn; to morph from ooc shnpe to onothcr. For cxamplo, onu such chorn.clcr 
rransforms from a humanaualoruy co a Lhree-beaded. si.-..-urrued w.onslcr. To ocwen: lhis effect, blend shape 
deformc.I'3are used, so tbat tbe geometry of checharacter is stored. as well as lhe Larg-etgeomelry, the rnonste.r. 
lo order for tllo morph to be al%thetically pleasing, each movement of the limbs and other auachmenlll mus1 be 
choreographed individually, to illustrate the psycbedelic aod dream-Like state of dyiug. AutoDesk Mnyn 's most 
powerful tool lB the attribute connection editor, wbicb allows one object, a simple curve for instrulce, to coutrol 
lhc ullribules of one or morn lllrgcl objcclg_ Mayo pcrfonm; culculutions m1wcmcnl and rotn.tioo of the com­
pooeab; of the objects, b~cd on scverul UBorinputs, where the attributes of one object (i.e., scolc, rotation and 
translation) can effect the attributes of a group of other objects. Ibis is a very useful usp~c.t in 3D animntions. 
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M athematlcs 

An Ext&nslon of the Cauchy-Davenport The<Went 

Alexey V~uyev 

Department or.Math<?mstks 
Polytechnic Institute ofNc.'w York Uni,·~rsity, Six MetroTecb Center, Brooklyn.. NY 11201 

Faculty Advisor: Prof~or Fram::iska B(!]-ger 

n,cCuuchy-Dovcnpon Theorem was proved in 1813 by Cauchy and rediscovered by Davenport in 1935. 

11srates rhat, given rwo oon-e.mpty :;ubsc::Ls A and B of the group ZP, i.e., tho set (0, I •... , p- I) with addi­

tion ond multiplic11tion modulo p, where p iBa prime nurubt:r and assumin,g lb111p ~IA + B -I. !he set 

A+ B ={a+ b: a E A, b E B} hus al !ell.SI:IA I+ I B 1-1 clements. As a consequence of 1his 1hoo1'.!:m. large 

subset; oftbc so-called circulant graphs GpJ., wltich nre g.rnphs as.sociute<l 10 the group ZP. or<estrongly con­
nc:,cte<l.Re::ccotly,the Diuc.hy-Duvcnport Thoorcm wos genornlizcd lO arbitrary finito groups. lo lbjs work, wo 

study ox1Cnsions of tho corollary abou1 c-i.n::ulonr grapbs lo the corresponding Caylcy graphs of arbit:rwy fioito 
groups. 

Flow of Information in a Square Grid 

Yevge11iy Davydov 

Dcpurlmcnl of ~fatbcmutics 
Polyrecbo.ic Imtilule of New York Un.ivc~ity, Six .MctroTcch Center, Brooklyn, NY 11201 

Faculty Ad,·lsor: Professor Fronzlska Berger 

A pieoe of gossip spreuds on un nxn grid G,, us follows. At rime 0, some ofo'lc sites (grid poinr~) nre in­

fonncd, the od1crs nrc (yet) ig.noran1. Informed site$ remain infom1ed forever, ,md at c:vc:ry time:: t, t =1,2, ... , 

eve..-y igoorunl ~itc: with ut lc:o~t two lo.formed noighbors becomes itself inforwed (a site requires i.ndepeodenc 

confirmation before occept.i.og che piece of gossip). 
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A ::it!I S of i.JL.ilinUyioJonued sites is snid ro percolsce on the grid Gn with 2-Dcigbbor infonnation i:f there is a 

time L11such lhut c,vcry site on the grid Is iuformed. Tbis lype of problem is llbo referretl lOas booLSlrap perco­

lation io pbysics. 

H hag been s1Jow11 by Balogh aod Pete that, for n large enough, if the sites ore initially informed uoifonuly at 
0 

• b b·1· ( ) > Jog (n)'>-( b 'd ·11 l lrr 1random wtlh pro a 1 1ly p n _ -"-'---. t c gn w1 p1::1w ult:" 10~1sure y.
ln(n) 

ln this project,. ,,·e study smuU fixed a and find explicit expressions andbounds for lhe probability of percola­

tion. We also io\'csligate tbe expected uum~r of steps until oo funhe.r sites become informed and the sh.apes 

which can occur as end results in a grid whit:h docs not percoloce. 

Matchstick Graphs 

Irina I.gel 

Department of Mathematics 
Polytechnic Institute: of New York Uoiversiiy, Six Metro Tech Center, Brooklyn, NY 1120 I 

Faculty Aclv~or: Profe:ssorFranziskaB<::rger 

A m11tchstick grnph is EJgrupb obtuincd by coustruc1ing a connected figure ouLof mocches which meet at most 

ac common ends (i .0. tho match-cs arcD't allowed lO cross). The vertices of Lho graph 11rcplnc~cl111tht, ends of 

tho matcl1sticlcsaad tho edges corrc:spoud to lbt: matches lbemselves. Marnemacically, such graphs arc planar 

roclilineor graphs in which every edge 1:ms unit Jeug1h. 

It is a long-standing open problem 10 find a smallest matchstick graph which is r-rcgul1-1r for r = 4,5, i.e .. in 

wb.icll every , 1ertex hos exactly r neighbors. Tue cusl:'S r = 2,3 are e.Jsy to solve. r ~ 6 is easily shown 10 be 

impossible. 

lf the gruph is uol pl11m.1.r.lbt,o uay r is possible, but explicit grnphs are 011lyknown for small values of r. In 

tho project, we consider several rcluxutions of the abo\'c problem. Thus, we conslrncl minimol (r,s)-nwtclu;tick 

graphs of dc:gr(X son the outer face and degree r in che incerior.\V.: als.o consider graphs in which sc\lcral edge• 

lengtb.s are penuine<l.Grvbuer bases are used to gi\'e explicit coordinates for the ,·cniccs whenever poss[blc. 



The Mathematics of Soap FIims 

Ruobiflg I/an 

Dcp11r1mentorElectrlcal and Compu1or Engineering 
Polytt::dmic Tns1i1ute of New York Uni'\'crsicy, Six MclroTecb Center, Brooklyn, NY 1120 I 

Family advbor: ?rofesso,· Frllll2isku Berger 

Ha\'t: you nhse:rved what happens if you fonn a cirdc out of wire, dip it iolo $00p solut.iou ond lift it up carc­
fully'7 You will ';lc,c:,a iOOp surfucc that forms between the wire aod LI.lo soo-p solutioo. The purticulur shD.pc is 
cu.l!cdtl c111t:ooid.lls buse is a cin::ki of tbo same radius n.sthat of the wire. Surfilces fonucd by soap solulioo 
him: the properly tb11t choir nrnnn cuninluro H is :i:ru-o. 09 o cooscqucnct: of the L:tplace-Young cqu.a1ion. ln this 
work, we e:.plafo wby in our experiment, a catuooid I.aformed rather IIDlll. say, .i cylinder, and detcrmioc its 
prnpcrtic:.s, includine tl1e phenomenon that occun; when you lX>Dliouc l.ilUug lbt: \\'ire: the rndiu.s of the oor.c 
cirdc dccrt:uSl.:!s,und when il is 0, connoi:riou with the soap solulion is l~l. ao<l the soup swfacc bums. 

Sludying the Growth of the Radii of Hlghly Ordered Ga Nanodroplets 
an a GaAs Surface Formed by a Focused-Ion Beam with Respect to Time 

1Vuji!J Ral,mun 

Oepartn1col of Elcclrk11l nnd Computer f.ngineering 
Po(jtcchnic Institute of New York Uo.ivcr:.ity, %1 MtrlrnTecll Ccotcr, Brooklyn, NY 11201 

Faculty Advisor: ProfCillor Y1nong Jang 

Tbe emerging field of no.noftuidics ei.ms to dcsig[! new l~hnolo.(tic~lO comrol the flow ofminuic qullfllilit:s of 
liquid. By Lntcracting with guch 11mnll amouots of Llquid (rumodrops) we can cvenruolly place o i;mull computer 
chip in a biological system tl1at cun n.:plicule lhc 1..:slio.g uoc.Jdiug.11osis!lbilitioo of a full-sized rocdicaJ lubomlory. 
Und~wuding tho boh3vior of these nw1od.roJ>$ muy help us odvu.nce g~\•l!'ruJ de\•olopiog ooootcchoologics. 
Rec~otly, ~i;ic111ists h:nl\': discovered tbet when a G-aAs (Gallium An>on.ic) surfocx: is inducl!d by a□ FIB (Focused 
lon Beam), Ga ow10droplo11i aall~ussomblc ioto o big.bly ortlered and mcch:rnicslly su·ang bcxu.gonul pu-llern. 
Self-a~robly is normally induced Ol Lcmpcnilu.rcslxlow the mt:l1in13 point 1·esultiog in their being mixlumi­
cally w~2k and thermally and chcmicnlly uru;Lnblc. By slUdyin.g u j)llrticular difTareotial cquntioo. we cw1 undcr­
stnud tht: the r..lleof change of the droplet ro.d..ius with re:.pecl LO time. 
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Mechanical and Aerospace Engineering 

Fabrication and Test of IPMCs 

WC!iytllll( Lill 

Department of Mechanical sod Aerospace Enginecriug 
Polylecbo.ic Ins1i1u1e of New York University, Six MctroTech Ceorer. Brooklyn, NY 11201 

Faculty Advisor: Professor Mm,rizio Po,firi 

An Ionic Polymer Motnl Composite (lPMC) cons is~ of an ionic polymor roombran0, s3ndwiched t>etwetn two 
c-0nductivc metal 0lcctrodes. By o.pplyiug o low volroge ttcross the electrodes, a mechanical bonding of tbe 
TPMC cun be, obtained; veraa., a mcebauicnl defoann1ioo gooe.nilt-s ua declric voltagu across the electrodes. 
Therefore, i::lcc1ro-ac1i ve polymcn; can be used as no\'cl sortSors and ncluators and C!lD be cspccis.lly useful for 
underwater applicutioa.s. 

TilODynamical Systems Laboralory is using lPMC.s for developing novel underwa1er propub1lon systems. IP­
M Cs are currently being an.ached 10 tbe fins of a robotic fish Lo mimic the swimming of real carangil'onn £sh. A 
thorough proccdul'I? has been established in the luborulory Lo fu.briculc segm(jntcd rPM Cs with tailored prope.r­
Lies. The core oftbc fubricatioo process is chemical reductioo. Tupc is used in Lho fabricntion proooss to obtain 
multiple clcclrodt~ Lhnl cun bc independently controlled and yield complex beading scenarios. Acruntion and 
sensing perfommncc of lPMCs is strongly iof.luem.-cdby the olcctric capacilllnce. Therefore. the capacitance 
and t'Dsistance of the [PMO; hn\'c been experimentally srudied by npplying different inplll volH1gt:s ut vatiou!! 
frcqueocios and mcas1mngU1e current flowing through tho transducer. The set-up of Ll.Jc Lest is compos-::d of 
a volt.age generator:. llJl IPMC strip clamped betwetn metal (goldfeoppcr), an auxiliary resistor, und a digital 
acquisition ca.rd. Lsb VTEW hns been ust:<l to proc1::Ss Lhc dum_ 

Towards a Wall•shear Stress Sensor for Arbitrary Wall Geometries 

Kur/ Abtle/nour 

Department of Mechanlcitl and Aerospuce l{.ngineering 
Polyiechnic Institute of New York Univcr11ily, Six MotroTcch Center, Brooklyn, NY 11201 

Fi1culty Ad\.isors: Profes~·or Seem D. Peterson and Professor A1auri?io Porfiri 
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Ouc to tho complc:x wull gcolJlCLrics of the human v.nsculnlure. wall shear sLress m~surcmcnt in phyi-_ioloaically 
rckvnm models is oot prescolly tcasiblc. Otm:irtlly, ~~urchcn1 rely heavily upon nwm:ricol simuln1ions willl 
Little cxpurimcntal vuhdubon to c.xtrSct wull ::;beur Slll!SS for co1Tclation wi1h i:dlulnr response d:i.ta. To vnl.ldnlc 

oumcricol simulations, wJJll shear stress oecds occurntc mcasuremenl in pbysiologicully rdcvaur geometries. 
Typical oxporimenlal urtcriul models aro oonslructed usi.ng rapid pro1otyping from a CT scan or a patient's 
vasculnruro. Thi, gouJ of Ulc pt-cecnr srudy i • lo dc:vclop o wall ~hcu.r st.re..~ s1:t1sortbar can be built di.ro::Uy into 
a mpid prototyped artcrinl model carchlc:: of rocosuring stresses in a physiologic-st Reynolds oumbers range 
(Rc=S00-4000). 

A floating element heud wull shosr stress 9cnwr was designed in Solid Works 2007 for mca~urio_g the woll shear 
stress in a 11.JUyd~vdopcd pipe flow. The sensor aselS lhc whispering gollcry modo oplica] n::.so11D..Oco pnnciplc 
{Amo Id cl al.) of a microsphcrc LOou~a~urcthe fol\.~9 on tho floating c:lcmcoL For a sili1.c1 cnicrosphcrc, the rola­
ti\'o hllJdocss of Lht sphere is co11~iJcrubly higher than tha1 of rapid prototyping plnstics nod rt:Sms. Tborefore, 
numerical simulations were performed i.otJ,c A SYS ·workbtmc:b modulo lo dclcrmi(l)c Lhe order of magnitude 
ohh0 sphere:: ddlcclion under the desued flow conditions. IL wus foWld that a silica microspbcro wilb diume1er 
~IOl.111would dclloct on lho order of tens of nsoorooters :lSSUJ\llng a scoeor cooslructc:d out of ABS plascic. 
Given a l.rururutrflow regime, a solid silica microspbcre W.l'S fouod to not deflect s.uOkicolly Loobtain desired 
stT~S resolutioos. Mic.rosplu:!n::s muoufoclurt:d om or 1he polymer polyrn<?thylmelhacrywlc (PMMA) would 
doftcc1 sufficiently in both Ibo laminar and rurbulcnc cas1::s. 

E.xpcrirucolliuro currently underwuy to l<?Sla physica.l device coostructod of ABS plnstic using a 30 pri.nLOr. 
Tile cxpcnmontal scl up consi:i-ls ofooo holfinch diamet~r gbss rubes witi1 su.01cicot l:ulroncc l::ngt:h t:0 be 11,lly 
developed for both lnmi nur u.ud turbuknt v.11tcr flo,v. Steady flow is produced via constant head csnl:ol. R6:.ulls 
of tbe expcrimOJ11!1 sro forthcoming. Fumrc work inc:ludcs designing ond ccsuiag a s.ensor into a 3D reconstru1.:-
1ioo of u pnticnt specific artery. 

Mech nics-ba&ed Design and Control of Robotic Fish 

Jared Alan Frank 

Deport111cut of Mccbunlcnl s.nd Aero11pnco Eog,inccdog 
Po)yu:_';;l.lDiCinstitute of New York Un.ivcrsily. Six. i\·lcrroTcd1 Center. Brooldyo., NY 1120 l 

Faculty Ad,·isor: Profe9S0I' Mmwi;:.io Po1fir/ 

Conducting ri:scim:h on newly-discovered ad,•anced materials oflt:n leads co des.ig,n rt:auznliollS for cxcitioo eo­
g.iuecring upplicatioru;. ElecLro•AcLivc Polymers (EA.Pi;) called Ionic Polymer Mt:Lal Composites (IPMCs) arc: 
ruJemerging !l.Jllllrt ll1.8l&riul1.hulcuo potcatially servo a:; both sc.nsors and m.:tuutors. JPMCs immersed iu o liquid 
solu1ion001 only b1md wbon a ,1olwgc is applied across Lhc:irclccrrocio:), bu1 also revc,rsibly produe-0 a ,0ult.1gt: 
wh1::odeformed. n,orefore, Lh.is smru1 material is bt:i.Hg tcstlXl in undcrwa1or applicutioos as both a seusor and 
uu uctuulur. As nn ncruamr. fPMCs bm~ boon dc,•elopcd for lL.«;tlns aniflcial muscles. The Dynnmical Syitems 
Laboratory is using fPMC uctuntoni controlled by PIC microcootrollors tu luoctioa us propuJgion systems for 
robou.c 6sb applic--.1Liorn;. The robotic fish ui;c an fPMC ottncbcd 10 a cuudul (back) fin made of an elaislic poly­
mer to rujm.ic Iba real s,,·unrni.ngbehavior of cu.nmgiform nod subcurar1gifonn spccicg of fish. Th~ guu..l is to 
dc:\'clop a susminoble and progrsmruably flexible u.odcrwu.tcr robotic flc;h with IP.MC propulsors. l\vo robotic 
fi9h urc being huill-a small. siroplor protorypc helps observe rho TPMC 1DDll.::rinl's tbrus1 capabiljties. Theo a 
!urger, more complex prototype will U!ilizc XBet, hardwal\c for wirele:;:; cootrol und nevigatioo. Each prototype 
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conais1s of 3 major subsys1ems: the ou1.er shtill, Lhe insi<l~ t:u1npun~11Ls-circuil/dcclricul ood dccLronic bunl­
WllN!',buttories-u.nd lho fPMC/fio combinutioo. Our dt!sign builds oo rigorous marboma1jca.J 01odcl.lng offisb 
propuJ~iun systems IJ.9ing concinuw11roccbao.ics. Computacional fluid Dynanucs (CPD} sofh are has betm ttSed 
co i;imulacc me flow amund chc: fish and tn calcularc cite drag and lili ilil\..~S for the range oft·docit10:s at which 
the robotic fish will bo ma.i1cu\1c1•ed. 1110osuremeaL 1-i=n ck:si8Jled nod llls.sc:rublc::d Experimon1:1l nrp-arnws~ lu.1ve 
co ec:cW11lcly doLermine the drag :md Ll1uthrust u11Litt! lhh fru111Lhc::wultlr uml Lite:IP.MC,1-espocl.ivt:ly.Sc\•~utl 
outer sboll ond fin ge □ mel!ries huve lx.--en consider<!d, ant! thoi1· oplimal di.mcosions--io orclc:r IO mi.oiroize d.mg 
and to moximi?~ both thrust w,d smbility--wcl'c obtained followiog appropnarn research and virrual now tesL'). 
Sc\'Cl'al nctu.a.ting systems aro being investigated and c:<pcrimc-ntnlly lJ) build a lighlwei1J,h1,com!)-Ore:-d manou­
,,crablc. and fuse robotic fish. TI,o project makes ugo or prncticsl. hondr.-011 skills like m:1chining nnd rneLa.lwork­
iug. wsrcrproofi.ng. ci.Jcu.it otclli.ng ood ro.pid pl'Ololypi11gll'hile wki11g i11Lu c.;umi<le111Li@ declrkuLmi::dmnic.:uJ, 
and conrrol systoms fundumonLals us woll ss solid o.nd flnid m~chooic~ theory. 

Impact Prop9rties of Syntactic Foams 

Durmis John nnd Mnkisim Koslmr 

Deportmeut of Mechnnlcol ond Aerospucc F.ngincering 
Polytechnic fnstituttl ofN~w Yurk Univl!1:;ity, SL-..:MctroT~ch Cc::olcr, Brnoklyu, NY 11201 

liaculry Advisor: Pro/lttlorNiJJrit Gupla 

Hollow r3rt1cle---flll1::<l wrnposilt!S, callc<l syntac:tic foam~, ar~ kaowo as highly domuic•lokmot (jgbtweiglu 
composi1~s. Epoxy unc.l olumi11wn 111utrix syrnuc.:tic.: cuoudofogg.111-S::l used io rnurinc fu11111~ hollow piu·tit:k!~11.r<: 
und aerospuce9LruCtures,sports equipment nnd iosulolioo appltcotioos. The prcscnl study is focllllOOo□ synthe­
sis and chara\'.:ccrizatiou ofvioyl ester ma1rix syniactic fDams. Vmyl ester resins are widely u.sed in manm: appli­
cations bocausc ofrhoir !'.uirable mechanical proper1j~,_ and low muis.ture <ll)$orptioo oocfficic.nL lwpoct tc9ts ore 
pe1forrnod aci the spocirmms usinu an imcrurm:t1h:dOym1tup POE 2000 irupu<.:t teslcr. The tests un:: t:□ 11duc:\cxl 

ou notched and w1-110Lcher.Jspt!cirm,nsi II ac.:1.xnduoet:lO ASTM D256--02. D48 l 2-99 slandun.ls. rtspcc!i v-dy. 
Loud-<lispluc.,~rnunt grupl.ti arl:l obtaiuod io tile srudy, wbicll uro arutlyzed to study the <lumagc iLml timl!!-em:rgy 
mcchonisms in these materials under i.mp-0ccloadiog condj1ion.s. Sixleeo compositions of synwctic foom.s arc 
tested co obtain on unde1~nnciing of ,·arious pammelers such as par1it;le volume frnctioo nnd porosity on the 
impact prope11.ios of ilia cornpofliLes. Thfj r~ulls ~how Llwt in n □ ll.:bc:<l ~peci.ruc0.sLbo crnck ioitiutioo stu,gc docs 
not co11.Swne si8nificum umounl of ~11~r8Y 1111r.Jt:onlrols the :spec;iI:ocu frt1cuu-c cburnclcn-slics. Compunxl tu the 
n~ut vinyl e11c~r resin the composites suowod lower energy absorpDoo. but higbcr spixilio fructun: sln:ngth. 

Compressive Properties of Functionally Graded Syntactic Foam 

Ryan Cn<?ti 

Dcpnrtmcnl of Mccb11nic11I uod Acrospnco Eoginc-0ring 
Polytccl.J.uicl.uslilltlc ufNcv..· York Un.iv1:rsi1y, Six MclroTl:ch Ccotcr, Brooklyn. NY 11201 
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Sy □ toctic foncm arc composed of holJow purtil:b (roicroballoons) dispec·sed within 3 matrix material. Primar­
ily. synluctic [ounl!I uru u:;ctl io buoyuocy, Lltcnuul i.□ sulu1iuu und su-ucturol a.pplicstion such as tllo hulls of boot& 
il.'i wc:Uas for pruts io (be aerospace industry. Jo these applications, the need a.r~s for mo~erials with both n low 
de-nsity un<l u high oompressive streog1h. Thero fore, new tailored mntorials are required for d10S\\!applicutiol19. 

1n previou::; rcsc.•.mob,syobu:tic forims we-re crt:uled by rundomly/homogeooou~ly distributing the microbal­
loous wilbio structure rnuliix rou1ciriul. Wwle lbt:se 11111tl!1iuls \\~'fe suiiaule [or certain applicslious. funbor 
improverocat of lho molcrio.ls is required to rueel tbe e\'tlV i.J1cruusing perfom1w1co rcquimmeoffi. This in lurn 
led to the crcatioo of fuoctioaaJJy graded syT11acLic foams (FGSFs) io wbich cbcmru:orialsW\'.ll\'.lcomposed of a 
l;iyort:d slructure r:ilh~r hased on the volume fl-ac1ion or ,vnll 1hickncss of microbaJloons. Prcviowi smdics on 
these FGSFs h.od ll1eir grndieol crealtld by alui_n,g layer.i of plain :,ynl:ictic foamg of desirL><l compositions with 
UJI epoxy r~io bu.Hier.However, luyereu 1 □ uU:,1wl :,trur.:lurt.'$ whcu subjected 10 shcaJ iuf\~r from disudv11.11Ullges 
sLiesscs.lo this study, new LC<:boiqueswcr-2employed lO create a single monolithic struc:ture comprised of llw 
grodienl layer$. Tbis was acl.liovcd by pouring tllc m~ of difforont compositions into molds according to 
their di:ni;ities, tbe:reby, creation na11m1I layers wiLhio the spcc-imon as per the desired FGSP con.figuration. By 
utilizing Ibis 1ed1aique, iL wus found that the compr\!!ssive propeilies of ll1e FGSF& W\'!l\:l able co be tailored co 
vezy preci:;e ue~. Wbile 11:Jt.ui.niug c:ompn:.."§ivetheir bi1:1h strength to densily ratio, ii was foWld tllnt volume 
fracuoo (VF) basc<I FGSFs exhibi1od a ShllfJ) drop io stress of 30% 10 50¾ upon catering lho pleslio region. 
Tiljs attribute was not presont in waJJ tl:uckness (\VT) based FGSFs whoru tho stro~ drop is only 20% 10 40%, 
upon entering the plaslic regiocr.-Purthormore, ic was found that wall thickness based FGSFs oro mo!\': cupnblc 
of rt:tni.ainJ£ a bi0i compressive strengfa up 10 at lea.s.t S-00/o:llnlin (tho poi.nt at which testing was halted) witliin 
the plastic rtgjoo, resu1Li11g in 21 hi8,11 ec1argy ubwrplion. 

Development of an Apparatus and Control System for Sbetching Optlcal Fibers 

K1110JcJfal, 

Dcpnrl-utcnt o( !\11Jchnnicnl nnd Acrospncc Rngin!X!rlng 
Polylectmic Institute of New York Univ~il)•, S~'( MolroT cch Ce-nb:!r, Brooklyn, "NY 1120 I 

Fl.lcttlty Advisor: Pro/e,yJ·orNikhil G11pu, 

A regular optical fiber is made ofa glass core surrounded by a Iayor of cladding,, also mado of glass. Optical fi­
~n; guide light by utilizi.ng n pbeoom~no□ c:.1llcdlot.al internal renection. \,\'beo a beam oflight is in a medium. 
surroundt!Xlby unolllcr medium witi1 u srn11.lleriudex of refruction prust ::1carLain critical nugle, all 1be incident 
Lightgels rcilccll.-'d baok in.Lo(be dcu.9cr mcdiwu nod aooe of it lea\les tiw medium. In oplicnl Cibera, tlto cladding 
ht1s u sm~llt:r index of refraclioo tl.!eo lbti core, which makes incidtnc light SL!ly in the coru. TI10 diameter or tho 
core wrth cladding in the optical fibers obtained from the manufucrurors is 125 microns. However in oc1min a11-
plicatiom;,w1: uced to n::ducc the di.imclc:r oflhc: frbc:r~tu lhe range or IO microns. Th~ modified optical fibers 
cun be used us 3(.!0Sor.; for slI~s. lcrnpcr;iturn, humidity, w1tl strain. TI1e goa.l or ll111resoa_rd1wsg to design aod 
build an apparatus nod associa1cll control sy~tem that is capable of HITOlching tho optical fibors according 10 tllo 
given speci£ca1ions. Tbe design process required you to uodorsmnd which homing mcilbod is moro effecl:i,•e 
and wh.m minimal 1emper.-11ure is needed 10 sLretch the tlbor. You also occd m [(now bow tho scrctching rate and 
stretch time will uffcct the: diumelt:-1 of the fibc:r. Thtl critic:al v-alul!B for the paramotcrs mus1 o.lso be known to 
p~eol frucu..1reOil lite (ib<:,p_;.TIJ.i::uppuru1w1wus built with the abo,•e-mentiornid p:uamotors in mind aod the 
re>0lt wos system with a three step proced~. fir:11 u micro lOn:;b is puc rwc,ir tho fiber Lohcrot ii up, thon the fibor 
will be strc1ched, and floalJy tllc torch wiJJ bo takon away from rho filxJno let tho fiber cool down. A LsbVTEW-
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based program is developed to conn-ol and implemenL 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 (P\VM). PWM is a powerful technique for controlling analog circuits wilh a digital output from tho 
computer. The apparatus and assuciated control system developed in the project ha5 bee □ successfully used for 
stretching the optical fiber to l Omicrons. 
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Variations In Information Redundancy in e Qutrlt System 
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Since the ~dv~nt of qW1J1Lurn tremendous progress. How-ever, deco­infomrntion science, die rheory hos CWldt: 
herooce is st.ill a major cl111Ucogo for Lho construction and operation of a quantum computer (QC). In order to 
study dccohcr-Dnce a.nd the const:-.:1uonr loss of infom101ion from u QC 10 tbe environment, seminal work11m 
the roc:-ont past buve trealOd die problem by studym~ infomrotion redundancy using Parliul Infouaulio11 PIOL~ 
(PIP's). Pl P's plo1 the mutual information (of the systtm under cuusidcmtion (QC) and the su~wisoOJJJenl). 
againsl the aurnbc:r of sub-cnvironmeaLS ioLO wbich Lhe iniormulioa luis -'leukcd'". Thc~a, plots have bocn shown 
10 be of imporurnce in sLudying the trnnsirion bc£\veen cbe quantum nu<l I.he:clossicul f\L'.81msvia in fom10tion 
redundancy. rt becomes impt:NU\'C thut o puramc1cr chncQOWlrnsrhis rransitioa be found. In all of the previous 
tt·cam10LHSof rile subjecl, lhe ossumption hus boon mado that lhe univor.;o ex.isl$ in a pure :;1.a1e aud cortnia sym­
mclry thcoroms for the PIP'i-have beeu shown to e..xist If, how~~r, one does not mak<:lsuch ao nssumpLioa and 
t.rc:utslhc cavironmont S!I ooing in a srmc that belongs to an c:nsc:mblc of mites (1hcrmol em·iroDlllt:!JI), wi.ilill 
prooobilily governed by the bompomture, lhea., such symmetry lbeorems do not hold !l.llymorc. This ,vork aillllS 
in showing precisely lb.atusing o quaulum 1cmnry inforruotiuu uuit ( ((uLric) system Lbul is coupled with a thermal 
enviroruueot C-Olllprising of quantum binary information unirs (qubi1s). The research project also sets out Lo find 
the value of the aforerueatiooed uuruiLioa tempt:rntw·e. 

Magnetk-resonance F'otce Microscopy 
with Spin-one Particles and Crya'tal Fields 

Thomas Fan 

Dcpi1rtmcnt of Physics 
Pol11echnic laslilutc: ofNcw York Univ~rsity, Si.x MelfOTccb Ccotcr, Brooklyn. NY 11201 

Fnculty Advlsor: Professor Vladimir Tsifrinovlcfr 

34 



Magne1ic-~sonance force microscopy (MRFM) is a method rn detect particles below the surracc or a nun­
tronsparenc solid. Toe oscillating c:mtilcvcr-d1ivcn adiubutic rcvl:r~ml (OSCAR) is 1he techruquc in MRFM 
being analyzed. This ledmiqul"! involves a ferromagnetic particle attached to a cantilever tip which experiences 
a magnetic force produced from a spin-one particle. This force will cuuse a frequency shi fl, which is measured 
accurately in laborntorics. This allows for lbe ddeclion of the particle. Toe frequency shifc is calculated on spin­
one purLicles with the effects of CI}'Stal fields. These caJcula1ions allow for the frequency shifts to be interpreted 
into useful data such as the stale of cJJe spin-one pnrticlc. 

Optimization of Surface-enhanced Raman Scattering 
In Rhodamine 6G-Silver Colloid Solutions 

Bemar<I H. Everson 

Department of Physics 
Poly1echnic fru;lilute of New York University, SL"< MctroTcch Center, Brooklyn, NY 11201 

Fnculty Ad\ 1isor: Professor David Mugg/in 

Many i:echniques have been duvcloped lo identify UJJU e~amine the structure of molecules. Among Lhese is 
Ra.man Scattering, in which a molecule is excited by a phmon to a virLuaJ energy state. The excited molecule 
then decays to a vibm1io-nnlslate differcm than tha.L of the molecule prior lo excica1ion. The emitted photon is 
shifted in energy from tl1e incidc □ t photon, and the resulting shift give~ dcllliltd inforrnution on the structw·e of 
lhe molecule. There is a drawback, however, in thul Ru.mun scnueriog cross sections arc many orders of magni­
tude srnalkr Lhw, Lhose related to other scattering phenomena. To remedy this, a tQchniquc known a.sSurfoco­
en.b.anccd Raman Scanering (SERS) is employed, io which surface plusmons in metal nanoparticlcs play a role 
in local field cnhaoccmcot, iocrcusing the Ra.man scattering cross section. Tn this project, we observe the SERS 
effect in a Rhodaminc 6O-&ilver colloid solution. A charncteriuitioo is made of the !!ilvcr colloid solutions that 
provide 1.he optimal Ramansignal enbanccmcol A He-Ne Laser is used as a source orincidcnL lig,hl. TI1e scat­
tered light is analyzed using an OccanOptics USB2000 fiber optic specLrometer, and tbe absorbancc spectrum 
of lht: colloid!! is anulyzed using an OceanOptics VSB4000 6ber optic speccrometer. 
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