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If the concepis being explained by the
hypothetical profiessce were relaned 10 the
aperation of the hummn heart, Eliabet
Cherry anid Flavio Fentan of Comell’s Cal
lege of Veterinary Medicing could provide
sume help. The o researchens received
honorzblie meation = the 2006 Scemce ahd
Engimeering Visualization Challenge Far
thelr msermctive program “Candiac Bioelec-
mcily amd Arbythmias”™ The josnnal
Friemce and the MNutiomal Science Foun-
dntion esmhlished the Challenge im 2005
1o “encourage recognition of the visual
and concepngal beaury of science and en-
nseTng.”

Cherry aml Femton's winning program
allorss umers o view animations of a heard
Ieesiting iegulary—im this case, hecouse of
an arhythmss—and offers educationsl in-
formaltion on nommal &d aboormal hear
operation as well as simulations of various
fors of cardise activicy, Users can view
animatices of 3 heart beating ooemally, or

The Human Heart Laid Bare
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choos o walch a heart wath a particular
foem of arbythmis; miate, z0om. or gan &
heating hean whils it is i motion in onder to
view it fron differear perspectives; and even
waich a simulaged fibolkazon, wheee the
still-active pimation cam he rotated on any
of the thres sxes, ameng other features.

Cherry, who bas an undesgraduse degree
in mEilhematics fsd 4 doclorane im computer
siiemoe, bocame mmbtresiond m snadving car-
dinc activity while in gradusie schoal.

T was drwwn o the beaty ond complex-
iy of the patters produced by the propegat-
g waves” she says. She also points io the
mizlisciplmary nature of e WP 45 4
medivatsonal foctor: “[[t] gave me an appor-
oty to swody not only numerical methods
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In nine weeks on the
seience desk of an urban
newspaper, the 20006
STAMAAAAS media fellow
improved her writing skills,
learned new science, and
gaired new respect for
science journalism,
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far sobving partial differential equations, bt
glsn the undeslying physiclogy,” she ex-
plains.

Fenion, whi holds a doctorate in physics,
also traces: B inlerest 1o graduate school. In
his case, borwever, the path began i com-
plex systems and & projict an resction
diffesion sguitsans, which evestaally led in
models of condiac elecirical dysamics and
the iden of modeling mrhythmeas.

A the teme | was in graduate schoal, the
first simwlations of spiral waves in cardisc
tissue were being performed 20" ke
says, While normal elecirbcal ampulses in
cardiae tissuse ane generally smocth, spiml
waves can sametimes develop; if they sub-
sequently become unsiable and break up,
the: reating impulses can case dangerous,
even fatal ardnthmios. Despiie the work
being dane in two dimensions at that thee,
Fenton says, “mo one keew what elfed te
fiber portation that oocurs naborally in 30 tis-
s and thit produces rotational anisoompy
had om spimal wave siabiling” Thal wecer-
minty left an imnguing apen problem foc
Featon 1o sody.

“[] wes sttractive because it regained
leaming & It of different sialls,” be wys.
“"Fasi computaticsal medod, hiclogy and
physaology. as well & programming and
wignaliealion in 30

Applying those skills, Cherry and Fenton
evennally came up with the cardia: bio-
electneily and arhy iz program, which
& Ireely available an their 'Web s (soe
endnoie for more information).  Mullipke
mathematical comcepts and a range of ge-
oinetnes were used in the &\dwr af
the program aed its imeegrated animations,
Cherry saplaing.

“The models of electrical activity stem
Trom Hodgkin-Huxley-style models of ex-
citable physicdogical systems.” she iy
Essentially, each cell is described by a sys-
e of nonlsear onbisary differential equa-
tions. Continuum approximaticos and diff-
sive coupling metheds are usad 10 conneet
the cells; the ressli is & sysiem of nonlmear
partial differential equations. Those equa-

tions ere: then discrereed s space and time
using Taylor series methods.

The modefing presents significest com-
pulntional challeages. =aye Cherry, “mo
only kecanse af the lage number af vari-
ahlkes and parameters that mmst be racked @
each position in spece, bl because of the
variety of space and lime scales present” in
the heart—space sceks in the researchers”
simalations range over three orders of meag-
ninad, and fime scales over six. The cam-
plenity of the problem, Fentom adds, in-
ireases with the incorporation of farther
realistic slemenis, such as peominc sna-
tures with frregular boundaries, or anatomi-
c:al vamalions in physiological propertics,

The researchers mit those challenges,
hiwever, and the judges of the Visualization
Challenge citedl their pragram’s use of “a
camhination of wonds, pictures, compicre
simralations e animatess™ 1o provide an
inberactive experiomos thal can oducale wers
bl arhythmias.

For their part, Cherry and Fenton were
extremely gratfied to lem thal their pro-
grars, which they say is in many ways the
culmination of a decade of research, is pro-
widimg others with @ wiy 1o lesm ahoul car-
diac thythms.

Ut was 2 wonderful opporunity 0 syn-
thesize suphisticmed vismlization modali-
ties b0 educate others” Chefry says, and
allow them “i0 eaperience the same com-
plis dymamics and pattems that drew 125 imdo
b field and keep us there oday”

Their plans for the research don't sop
there, Evenmially, the duo would Hke i have
a realistz, scvurle, and relinble model of
1w human heart that includes elociricad, in-
trucellular calcium, and costraction dysam-
bes—ong that can be wsed for shadying ol
aspects of arhylhmias.

“Condiac dynamics is a very nch system
v sy, conmeplet: with biliscations, nonlin-
cir wive propagabion, and complex pal-
terns,” says Fenton. “Hopefully in the fgane
peaple will consider candise dysanscs on
par with nvurcbicslogy in terms of introduc-
g sudimts from mathematics; physlcs,
becmedical enginszring, and hinlogy 1o &x-
citahle physiologicsl systems.”

Cherry echoes b optimism, “Candis:

Visualizing Mathe

Rictard Palms, a mathemancian ot ihe
University off California, [rvine, daies his work
in mathematical vsmlizaion 10 the eary
1950, when b wife, Chuu-Ban Temg. was

Hing e melationship b solom

s andl i p . Termg

wnnbied B vistakag cerain surfaogs in oeder o
betier usdessiml he nelaGonchip: Palais was
able i cofivert mdlhematical seas into numer-
ical elgonstme and, eveamally, e hrisg visual

Tepreseraations of e sefhoes il being, That
experence provided the isspication Tee 3D-

XplorMath, o program for the Macinicd pli-
form that FPalais develnped and his heen upsda-
ing ever smoe,

Pradais b masche 30X plorhlas freely aval-
thls e the lme 1940, One doy early this
vear, be recalls, a message amived “odl of the
hlue" froms ono user. a graphic ane nemed
Lz Bénard Astacked oo Bénard's mesuage
was g digital image whose comems keoked

exlremely Familiar io Palais. Bénard had 1zken

visualizativms  created by 3D-XplorMath,
imrwical them inia the 30 rendering software
Bryce, sl ransformnl whal Palws necog-
nized w ‘W chaldeen” o Cphass sculps
T ™ —a Madsfgrmation that, he sne, “semed
lke piire magic”

The Judges of the SoienoeN5F Visgliea-
tion Challerge, seemisg o mgree, awanlal
Palais and Bénam fiest place in the dlsnston

caegory for their image “Sil Life”

The imape, which contmins wisusszamons of

adecational mmenals m concert with o

Syaned,

holectrciry has o richoess of dysamics
amd o diveraty of hebavior” she spvs. “We
hope in the futare o produce sdditiesal

higsic: resazagch, o dow others into the field ™

dueresred readver can find Cherry anad
Fenron 'F porageam o it S et cornedl,
oo eonC ke reuediatmain hrmi,
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