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EversinceMRI wasintroducedasamedicaldiagnostictool, therehasbeen
a constantdrive towardsoperatingat higherfrequencies.Therearemany ad-
vantagesto operatingathigherfrequencies,includingthepotentialof exquisite
resolution,reducedscantime, and increasesin signal to noiseratio. At the
sametime,however, MRI athigherfrequenciesaddsignificanttechnicalcom-
plexities to theNMR experimentincludingdifficulties in fabricatingsuitable
RF coils. Understandingthe sourceof the MR signal is a must in order to
designa robust high-performanceRF coil that canbe utilized for high-field
imaging. In this work, ananalyticalapproachbasedon theprincipleof reci-
procity for driving theNMR signalis presentedwith experimentalandnumer-
ical validationsat8 Tesla(340MHz).

An analyticalmodel using the principle of reciprocitywasdevelopedto
calculatethe received signal in MRI. The analyticalmodelwasrealizedfor
generalRF transmitand receive coils’ geometries.To verify the analytical
model,anexperimentwasconductedusingan8 Teslaclinical system.A 16-
strutcappedTEM resonatorloadedwith an18� 5 cm spherefilled with 0 � 5 mM
Gd DT PA and0 � 125 M NaCl wasused.A nominal90o flip anglewasdefined
for a 1 cm voxel nearthe isocenterof thephantomusingST EAM voxel spec-
troscopy. Magnitudeimagesfor 18flip angleswereobtainedandsubsequently
fit pixel by pixel suchthatthetransmitandthereceive fieldswereexperimen-
tally extracted.

For the numericalanalysis,a 3D FDTD modelwasdevelopedsuchthat
theRF coil (TEM resonator)andthephantomweremodeledasa singlesys-
tem. This approachpermitstheelectromagneticinteractionsbetweenexcita-
tion sourceandthesphere,whichareeasilyobservedform theresultsobtained
in thisstudy, to berigorouslyincluded.Thecoil wasnumericallytunedby ad-
justing the gap betweenthe TEM stubsuntil any of the modesof the TEM
resonatoris resonantat thedesiredfrequency of operation.

An excellentagreementbetweentheexperimentandthesimulatedresults
was achieved. The resultsdemonstratethe effectivenessof the developed
FDTD modelandtheneedfor therigorousmodelingof theexcitationsource.
It is concludedthatoptimizingboththetransmitandthereceive fields is nec-
essaryto achieve homogeneousandhigh signalto noiseimage.Therefore,it
is imperative to designthetransmitterandreceiver coils accordingly.


