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SUMMARY

We developed an optimized surface gradient coil by using numerical optimization and
integrated surface imaging setups suitable for in vivo NMR microscopy. The optimized
surface gradient coil expended linear gradient region three times wider and removed rotational
force and offset field which are drawbacks of the first surface gradient coil. To form the
surface mmaging setups, we developed three rf coils so that we obtained the best sensitivity for
the various shapes of objects. We also developed a modified - small - up - angle DEFT
sequence to improved the SNR by signal averaging with short T;. The new sequence removed
drawbacks of original DEFT (dnven equilibrium Fourier transform) sequence. By using the
surface imaging setups and the new imaging sequence, we obtained in vivo NMR microscopic

images of live plants.
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A 1A 7L wi A
19643 W7AE #xp>| FF (Nuclear Magnetic Resonance: NMR) # A S.g]
FaEor T ofHE AMEIH|Y AFFY Fokl NMR F3#7] (NMR
Spectroscopy)2] HElZ W7 2ol glon, 1980 Xo] 7|29 wh2Had Apg)
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of ol YT Yo FEHY AT 2UHA PRI AL

NMR #1| FEHA7F 483 2 3% A27FA FHel Wzl fHx 3
. F Y ¥olFPoly ’i"l#?“i“l’é‘“&@’r Zol Al2E o7 FEdAY S5
7Hg2l "Haot ¢lo] NMR-CT o & oo %3, 99 2 d4e 98 + 3
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0°FES 2A2, 3 BF AL7 AekA Ho) 0|2 FRabr] HsAE 3
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c}.
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33 AMEE AYY A ESF]|7F € Aol F AVA Ao dAE A
Mo FRV IEH 24 W AXAAL JFT ATE € 5 don, A2 ARY
T2 AEE AlEE AEAY 3R] ¢ FAY F o= 5 F
753t =R NMR ¥n| F40%x12 3771 NMR-CT 2 g #3156 27)
2] A o=z 20Tesla 2] FAUEHYFYE NMR-CToA 2 IAFZEH ¢
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B FAYe] doy ¥E FARRA ZYL 2 FRA FAUAY ZoledE
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=
o3t F Zgol W FARRA TYL AMEStmEM AEL Fet AL A2E
+ s

= Y&z oI ¥ 4 Uty I 2xbd e U HAd FHAL
AA ZYo] R ZHA £AH] UES YA Gyell ¥ Offser xpA 7}
X3o] o o] BVr|Fes 223 o FAe] IHFI = vy
= FHrolFoll sl SNRe| A3tatar, Gz ZYo] FRA FFHF o3
AAHS WSt o Aol 23l FAtol AnifactE WAt 221dx HA T
AP A Y T=E5E Computerg o|-&3 2|3 JHS 53l OffsetxtA 4
Ay Ao ¥ TAHE HA= HH BB FAAAZY FERE I
ot o2 3AY FAFFoA dofRE FARA L FY=FE A3
I I0-1.1 S Qg3 2jx7ze] md AARA Zdels, (a), (b), (©=
217} Gx, Gy, GzEUZ 3719 TUSo] ¥ sdate] A 3-Channcls] H 7
ARAMA ZdE 45 % ZHAA W x 9% Fo8 7F Al
2 F3 3o 3F H-1l oA ZF FYd52 FHFTol Zdol AYrkal &
v IFH ITYS FRFANA ZLF A F ZYTY o] ¢l
AFY FYS L ASE AT = UG =% xF wr3ke] ZF Channele) =2
dEol AR ol ST BT FARRA ZY FAHAE oA & 5 31S ¥
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ZY9 A= 023We FololA Fo] Heof OffseeaxtA7E AMAEH. 3 19
Wy ARRA FTULE dem (W) x8cm ZV| 2 A A8l 20A8] F-FHFE 50~100
G/ecmE AP 2FH O3 2 AAAAR Fd FARA Zd<s 5T ZY
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22 i E39 Z70e] ATo| gleuz o] F4HE Y= o|&-F 371X T
o] 1FI TYE MUY ITH M2.12 FP FAAA Zd3 23
F3 TYR 77 AP A FHE EAF vk I M-21@) 9 FH
IFEL ZYLS FAUe]l 2 ATl & EAY EE THY YFEL T
- A 1539 I Felfoitr. I I-2.1(b)2] HelmholzRF M F Y2 A&
3 Zo] ©EL oy o[t & EAY ¥Hm F4E €8 FEY IFN =
Yolok. o ZFER|IYS ARSI HES AAHAH e Fdolt HET AAY
de] o] F4E = o] JHEdtd W21 % TH: Y 2 Solencid 3L
FoFYo| A T FF7F F3 Sl A2 ARE g4 FAY FUE B ok
z|&-z0] H/aro|r} RZro| pEedtct 2 OI-1.39] 2F: T2 THIN-2.1(b)
9] Helmholtz 173} Y3 A2 A2g Holop. MU ze HA
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2 P9 SET=E F Y F32 U Y mM-2.2(0), (@), () = FHE7] S
‘JAdelE 122 M2 d& 9 AR AT gef BEo| HA|= A

2 % gtk

A 3d ML IAA7IH Y
. Modified Small-Tip-Angle DEFT Sequence

Driven Equilibrium Fourier Transform (DEFT) sequence= NMRIAF2] 7= &
Ndskr] 3 Aol HAou AA SEels R Aol AT F3F]
ol A}A] Bl of| A= DEFT sequenceS- Spin echo?| ¥ 3} 7 ¥3d}e] AR Zrx= o) YA
< 32| Y2 wA UM did 2T HYo] AxatA JHHA= TAHl U
t}.  ©-%7] DEFT sequenceT °}5 FH I n29} niF HA7 PR3} o]
g A YEsheols B9s| 450 £ 2FW TYo] YR Y B oy
et 15 2o II|E ofF MUsH Aok Py 224 Solenoid AL
F3 FYS AHEFT NMR 8o| QAfoMe A J4FFE T3t ofF FYeT
275} A7t dolAT WAS Ao} DEFT sequences] & 2T o] &8 5
olt}. 8 II-3.1(a)v Spin echo DEFT sequencee|™ A}(1)E YEl = EAilef 2
T Y Yo Jd drrt A=EFE AH3RR|F|A T JAHY FET ¥ A
o] it}

<dpyr>=1 PDGT (1)
3

NMR Akell X T,3} T, 7} Contraste]] mjX]= <d3k2 =z} o2jA 9l T, contrast
E d7] A= Y=<l Spin echo} Inversion recovery sequenceof A+ Repetition
ime (Tg) |+t Inversion ime(T)E I 222 NMR 8o 4= 9404
SNRWAHE #3] B Th & A3 Aol § o mEpAd 33 O340y T,
contrastS YU+ Modified Small-tip-angle Spin-echo DEFT sequenceS- 7} ¥}3}<ict. 3

e
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g M-3.1(b)o]A o = n2X.t} 22 Nutation angle2] 133} T2 o] FAE 7}
% Fols w2 %% 2Wo] golglA Hn AHA nFzel o# spinechor}
Shgo] Anj SAlo| zhake] 2UEE 2P YahA 3 o]Zlo] FHA Y
2o o3 Qo] WFoz w3 HIT oW e Ao ME nPAe] o g
A AEE do] SNRY o] o] Fojn, 3akH F4E H3H Fo| & 2F
Ty agh AMSSE FATE AYE T FAAAS ARESEA Yot B Tert
JRsste] Gatel o3 e Hissigch M2 ALY 2P M30)9
Sequence® AME3te] A BFYol o3 FPo] AT T, conmast = FAHE

25 & AT
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NMR-CT 7} 19804 2ol #4geo] o ®A, vlF, 3, 42 A
Maker &} ¥5-2] F/48AolA g 4Fol A= Vo= glen, XF7A]
NMR-CT &} 3-83¢ Huje} NMR-CT & Z7tL 2 3= A2 System & A4
o] BHE Gk 5T NMR-CT Ho] F444X = NMR-CTe] d2E &
mm ©|3}2] FA|of &3 VA ARt Qe Ho|F AHAE EE3AY A=
+ PlA] FAFES I AR BPEEie FHst FAAALY 77 AAS
I YUY A=A SIS NMR Microscope 7} #/do] = AlE-35-2 o
S-S NMR-CT 8 2|7}z ZF33 ¥4 9 5 U] A5 gFHY ¥olF
23S e AYHS FAERE D A FET 2| 2ol
= v, AA ARE Y Aot = AHE Vo] IS 4 7 Sl
NMR 52| ©+et Imaging parameter (T, T, Flow, Chemical shift)yg-ol &% HEZF
¥< T U= AX NMR Microscope 2] = o= EFo] HAgHH. 1
NMR-CT 9] 4+ R Z5H¥S T3 2 F ¥4 A4S NMR Microscope of
2 AR 7 Sle AL ofFF % AM4o|m], o] 72 NMR Microscope 2] F
Bt 734 " 7Y # 2RE EHAFe AU 2 7Y I
ot lum o] FMS7A = HE JheT Aoz WA, oA A¥HA A
Eo|v A, MEIHTA BEHIL AMEE o] fo] o]Fold Aoz AT
e g

v NMR Microscope oA+ &&50o] Ho}d £ NMR-CToA=

;

20



B 5 AAY A7 A At gy F BAHEAH(Diffusion)of
o]t NMRAIZ Y Fh4gl F352 A3t7f YAsta Alse AMjHo| At I
¢} NMR 2137} S33] Zelyuych [iko] o3k FAFPLS & 7 A=
T FA47IHE UL, o] 2SS T AHY #MAE ALY MFH T
o2 NMR A1& e X3l Falv E off #HdAM #PFS DYkt ot
lmm 7352 Ho] 10°02 Aot 213
7to] 1 oddko] NMRAIZ O ZA3 7}AE .ﬁ:aﬂ-s}:q MBS A HIL F
T s TETE THA MAHAE o|F1:s gy FEHo2E F A
A7 ZA SIMAI7I= T TUe| 7Y Ao Yty NMRAUZE dfF
ZxpAFo] M7]e]l AM|Fof wujEEh Hx| AREEF<Q) 2.0 Teslao] tld}eqd 14 Tesla
system-2 508 = & NMR & 4135 L8 5 St

2} MA =22 NMR Microscope F1+= Z7|HAZ 9334 vl 2 &
T Group 3 & QA o3 F=FH3 glon, & IdTAAAE 2.0 Tesla 9
NMR-CT & 2J < A4S NMR-CTL} B23= AAolt 22l d+Group 52
14 Tesla & 3LAPE XAPE A4S ARRS= 5 F7HH Y AHgoA HF3HYU Y
& W3 YT

A & 7Y I EE AAHLE AdFddel A dew XF9
System &2+ 2] U Q7 Group §3 &322 FAe] A= 1A}
el RPE AAHo] IFHYUT. C$7] YrEH2E NMR Spectroscopy off Af
£-8= Vertcal bore A}4-& bore 2] Z7[7} 251 L] FUEZl X F
[maging 0 2= X §3}X] ¢ 2 To] Microscopy 222 HUE Horizontal
bore A4S FYUEMoF YT oo ¥ X)W UHEHHE NMR Microscope AT
oAX AAHLZE HdFHXE ASH2LE FX & Yol 4= & #Folizl, NMR
Microscope 2| /43 F3 Hv|7 Fofo] A2 #& I9A € Aol 3= &

& AA Il 2 7137F EAYY S
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