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EversinceMRI wasintroducedasa medicaldiagnostidool, therehasbeen
a constandrive towardsoperatingat higherfrequencies.Therearemary ad-
vantageso operatingathigherfrequenciesincludingthepotentialof exquisite
resolution,reducedscantime, andincreasesn signalto noiseratio. At the
sametime, however, MRI athigherfrequenciesddsignificanttechnicalcom-
plexities to the NMR experimentincluding difficulties in fabricatingsuitable
RF coils. Understandinghe sourceof the MR signalis a mustin orderto
designa robust high-performancdRF coil that canbe utilized for high-field
imaging. In this work, an analyticalapproachbasedon the principle of reci-
procity for driving the NMR signalis presenteavith experimentabndnumer
ical validationsat 8 Tesla(340MHz).

An analyticalmodel using the principle of reciprocity was developedto
calculatethe receved signalin MRI. The analyticalmodelwas realizedfor
generalRF transmitand receve coils’ geometries. To verify the analytical
model,an experimentwasconductedusingan 8 Teslaclinical system.A 16-
strutcappedl EM resonatotoadedwith an18.5 cm spherdfilled with 0.5 mM
Gd DTPA and0.125M NaCl wasused.A nominal9® flip anglewasdefined
for a1 cm voxel neartheisocenterof the phantomusingSTEAM voxel spec-
troscopy. Magnitudeimagedor 18flip angleswvereobtainedandsubsequently
fit pixel by pixel suchthatthetransmitandthereceve fieldswereexperimen-
tally extracted.

For the numericalanalysis,a 3D FDTD modelwas developedsuchthat
the RF coil (TEM resonatorandthe phantomweremodeledasa singlesys-
tem. This approacltpermitsthe electromagnetiinteractionsbetweenexcita-
tion sourceandthespherewhichareeasilyobseredform theresultsobtained
in this study to berigorouslyincluded.Thecoil wasnumericallytunedby ad-
justing the gap betweenthe TEM stubsuntil ary of the modesof the TEM
resonators resonanttthedesiredirequeng of operation.

An excellentagreemenbetweerthe experimentandthe simulatedresults
was achiezed. The resultsdemonstratdhe effectivenessof the developed
FDTD modelandthe needfor the rigorousmodelingof the excitationsource.
It is concludedhatoptimizingboththetransmitandthereceve fieldsis nec-
essaryto achiaze homogeneouandhigh signalto noiseimage. Therefore,it
IS imperatve to designthetransmitterandrecever coils accordingly



