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Thesis Summary (approx.2000 Japanese Characters )

AFwCIE, “NMR BLO MR H RF A L O#E—FEMFEEE & Mg IcBI3 24587 L L. MR (Nuclear
Magnetic Resonance) JHJERE DM LA B L T, 2 L7 RF (Radio Frequency) A /L& &TelIER D
0—7 O —REMEE A2 KIZ, RF a4 VRO R#EKE B L OEIEEEE (High-Temperature
Superconductors : HTS) ZZA{E A MICHEA L5450 MR 7 2 — 7 OMREIZOW TR TEY . LI Fo 5 &=
PO EN TN D,

13 CFEERT TlE. NMR Bl o SBALE AT . NUR JIE OJFEH & NVR SEB OB A RS & & HI2, NMR
BELOMRI EEICHAAZND 7 v — T OREREE % —HICEH T & 2BIERFE LN &, NR JIEX
FERRNREMRNZ E 2B LTV E, b E2BE X, MR BEUMRI f7 v —7 ORIEREE &/ —ric
T ZEIEOREOMEENE, BXOHTS %5 2 VICEAT 5 2 & TNR 7 r—7 OMERER _EXAEIFFC
X5 LARL, KRTOERHL BEBRNTVWS,

2w FEXHREY LA RIEFR ik, #HERBI O & & JIE B EIKTE L 722 WIS R A e A
ThHEBENRM Y L /A FESH (Signal-to—optimal-Solenoid-Signal Ratio : 3SR) Z#ERL TW5, Hi
FEE A ST 5 — A 72 NMR 35 L ONMRI I RF =2 A L O FEAMHERE 1%, 12 56 M35t (Signal-to—Noise Ratio :
SNR) TH D, RO R ORIMEET D720, HEx 27 a— 7 ONIEREE 2/ — I i T 7
WEWIFREER H o 72, 3SR FxiE Y L /) A RaA LV OESEEICKTIHNE T a0 —TDESFEEDLTH
0. EEIL 0~1 OIS, KEY LA RaAf bk, sge R sllEREHIH L CRADIESEEEE
HZLEMTEXDHaANThb, miE/ LV /A Raf LOBIRITICHRIC K » TR . EERIRAFHYL Sh Ty
RN FOT=S, AFETHIE L 3IWIEERA Y I 2L—a v, FB HEEBIOWITECL-> T, &
WYL A RafVBRERGI L T D, EEORBREICH L TRAROEERELZEI LN TEIKRHEY L
A RaANERERET H7201201F, BB E A VEESNRFRILTH D Z X v v 7 RIFEHEREN —ET
HDHZ LR EORREENLERZ L EERH L, T D ORMHESM & RICHITEE AT, EEOREHE &N
EREHICH LR FREZRAET DY LV A4 Raf VBIREELEL L T\ 5, 3SR IMEEEN R 5 7 a—
THOMEREBNTE 5720, 72e XIXRRDIWRNEDECA — I —0 NVR 35 L OVMRT ZEEIHARAEND T
0 — 7 OMRETM OIEERE & 72 B AlREMER S B Z & 2R T 5,

B3E BT NIY XL E DR RF 24 VOGE Tl Hax 2HEOREICHHETE S MR B &
OYMRI JH RF =2 A VIR 2 B b9~ 5 7212, IR T7 /LT ) XL (Genetic Algorithm : GA) Z i/ L7=#i L
WU alb—va VREERE LTS, MR ORIERENMEWE R O—2iX, RF 24 LORARICEEE LT
%o Ky al—3a Tt RF a4 VBREBREROMALEDELEZ, TOTMORRA KR4z ER
FTHETNIYALTHDGAZEY AN, R 72— I EIEBESELZHEHT S Z L2 AHIZBWT, (FEDH
B & FFOMBRREHIIR U TE BBRE 2 R KICT B AEWE RF a4 VB E B bkt L T\ b, Zhick
0. EE ORI A ISR U CROEE L2 ERA o A LV ORESR 11 fEM BT 22 & Z2RLTWS,

B 4E HIEBEEENRZERF oA I X AR E” TiE, MR e —ICHTS 25 2 Lic X A
ERE OB FICOWTHRI LTS, HEAJZIE RF a4 ALOME L L CEEHV SN TWSE8 5 HIS (29
% Z L CEBREPIK 1/100 12720 . BIERE TR 10 f5, BIERM & LTI 1/100 12725, LaL, —
Wery7e RE A Uid, SEZEIANABR RSN TEY, EZEIALEBITHTS &5 L, EERFOKEN
THIS A ARBERT DV AT No D, T TEZE A NVESHEL., BG4V, =E A VT HTS I
TEH e —THEEEZEREL WD, YL /A ROXIIEM L RF a4 VEEMERER HTS 2~ T EiF 5
Z ERBUROEIN TIXREE2 72D, HTS ZfEaA VAR E LTW5D, M HTS ZfE a4 6B oild
FEEMREAZRELS T2, WERBEZZEaANVOWANCEKET HHEEL L, ZE AL EHERB O E
WXL CTE Y RERBERELGD Z LN TEDEEF A VIR E GA TRaE(LHFH LTV 5, 3REFS 472 HTS
ANV ERIBROEZE ANV ERANT, EZELTHEIAVOMREEZY I 2 b —2a VB LOERIC L - THE
BLTWD, GBENTRERND, HIS ZE A LvE WSS, R JEICHEH S 2 —&7% Hoult Y L/
A RaA TR T EORERERS SN D FAREER H D 2 E AR LTV D,

%5 GRS TR, AR THELNIHEREEE LD EEBIC, SBOBEICONWTERERTND,
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The dissertation, titled “A Study on Unified Evaluation Metric and Performance Improvement of RF
Coils for NMR and MRI,” aims to improve the sensitivity of Nuclear Magnetic Resonance (NMR)
measurements based on proposed a unified evaluation metric for probes, including Radio Frequency
(RF) coils. The study involves simulating optimized RF coil geometry to maximize signal intensity
and examining the performance improvement achieved by applying high—temperature superconductors
(HTS) to the receiving coil.

The first chapter provides background on NMR and underscores the need for a standardized metric
to evaluate NMR and MRI probes and sets the stage for proposing a unified evaluation metric. It also
highlights the potential benefits of integrating HTS into the receiving coil.

The second chapter introduces a unified evaluation metric, the Signal-to-Optimal-Solenoid Signal
Ratio (3SR). This metric offers a consistent way to measure sensitivity, regardless of sample size
or frequency. Through developed 3D electromagnetic simulations, experiments, estimations, and
analytical methods, this study identifies optimal solenoid coil geometry. The 3SR emerges as a
potential benchmark for comparing performance across various NMR and MRI probes

The third chapter employs genetic algorithms (GA) to optimize the geometry of radio frequency (RF)
coil for maximizing signal intensity in NMR/MRI applications. The optimization of a substrate coil
with a surface perpendicular to a static field was demonstrated while considering various cylindrical
sample diameters. Results demonstrate a 1.1-fold improvement over traditional coil designs.

The fourth chapter examines the potential of using HTS into NMR probes. Although HTS holds the
promise of a tenfold sensitivity increase and reduced measurement time, challenges arise due to the
risk of HTS coil burnout during high-power transmission. To address this, we suggest a design
featuring separate transmitting and receiving coils, with the HTS receiving coil. Simulations and
experiments indicate that utilizing an HTS receiving coil could potentially result in a sevenfold
increase in measurement sensitivity compared to traditional solenoid coils.

The fifth chapter summarizes the key findings and outlines future challenges
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