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ABSTRACT This paper proposed the new method of the quantitative analysis about the behavior of a macro-
scopic magnetization vector in inhomogeneous magnetic fields, in which the static magnetic field and the RF mag-
netic field are not orthogonal to each other, and described the effectiveness.

In recent years, unilateral NMR systems were developed as substitute for general NMR systems. Those systems are
capable of measuring objects which are larger compared with the probe, because the measured area is not contained
between magnets. Moreover, it is also possible to move the system, and miniaturization of the system provides a lot of
advantage. However, a problem with those NMR systems is that, as the entire system becomes compact, the signal ‘
detecting area also becomes narrower. With such situation as background, we are studying a unilateral NMR system
capable of detecting signals in wide areas for the purpose of achieving miniaturization of the system.

In this paper, we analyzed behaviors of macroscopic magnetization vector in inhomogeneous magnetic fields by
means of computer simulation. This analysis is useful in designing a unilateral NMR system, because it can be applied

to NMR system of any desired shape.
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1 Schematic diagram of the unilateral NMR system
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4 Vector distribution of static magnetic field B, (r) and
RF magnetic field B, (r, 1)
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5 Analytical method
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7B, (r, )i dB,(r,0) & B, (r,1) LDFETREN
5.

le(rvt)=B1(rvt)_Blz(r’t) (3)
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6 Macroscopic magnetization vector M (r, t) immediately
after irradiation of RF magnetic field B (r, ¢)
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M (r,t}=M,(r) cos (e(r)) exp (_ TLI)
+ Mo (r)[1 —exp (- ] (10)
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FEEIAS T3 SRR T 5 &, RIS B PIRIRE & 0 1,
ZOFE B, (r) DHIEAHET 5.

1RE L 72 @M F7 1 % Unilateral NMR & A 7 A (238
L7oHER, BRboEg 2 e8I cEs 2t %
FER L 7.

3.3 CPMGi%

CPMG 13 90° XV A5, A% 90°3 & L 72 180°
PNV AE—EDBRBTHRIELEALT, AT
- EFRESELTTETHA. CPMG ¥ —7 »
A, T,27HIT 2720w s s, T RO B
LT, SHEBE LM EKRRMEO T, EH 5,
SZIEME BT AEROF A A HEEINS W,

7 Relaxation phenomena of macroscopic magnetization
vector M (r, 1) observed from the coordinate system O—
Iwh

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

66

Unilateral NMR ¥ A 7 513, A¥E—LRE % AN
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(11)
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M (r,t)=M(r)sin (a(r)) cos (yBy(r) exp(
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M, (r, t)=—M(x)sin(e(r)) sin (¥ By (r) 1) exp(f T%)
(13)
M _(r,t)=M,y(r) cos (a(r)) exp (_TL,)
+Mo(r)[1-exp(= 7] (14)
at)SVAE20() SVADREER T L, 20(r) /%
VAKR T2~ 2T TR Y R LIBT3, 20 (r) 75V
A% +x AN Y B LHGT L7256, BRdboEs)
FRATRENS,

M(r.(2n-1) 7-)
M (r,(2n-1) 7—)
M. (r.(2n-1) =)

(15)
22T n i3 2a(r) SV AEBE L 220 (n=1,2,3...)
ThHh.

20 (r) 7OV A % +x HIANZBBES L 72 B2 BT A KR
LOREE M (r,2n-1)74), M (r,(2n-1)74), M,
(r,2n-1D1+) &7 5% éz,&“ﬁ‘f‘%t@%‘%ﬂﬁ% XA TR
SNhb.

M, (r,1)
[ M (r, (2n—1) 7+) cos (Y By (r) 1) ,
B +M, (r, (2n—1)1’+) sin (yB,(r)¢) eXp(_TZ)
_ (16)
M, (r, 1)
(M, (r, (2n—1) 7+) cos (y By (r) ) ;
) |+ M, (r, (2n-1) 7+) sin (yBo (1) 1), exp (_ Tz)
(17)
M, (r,t)=M_(r, (2n—l)r+)exp(—TLl)
+M0(r)[1—exp(—TL1)] (18)
K15 KUK (6), K(17), (18) VK LEHE
TAHZEWEY, Bl r=2tn(n=1,2,3...)T, +x'}

L%))Lteiﬁ% A¥ T
BT BT EICER SV,
CPMG(i- 3180°/ %)V A DAYy —1t w%%ﬁ%f &5
720, BREHOII-OESMEICEALT, T,%
FHAT 5.
8 iZ CPMG 12 & » TEIM S 15 HRL M (r, )
D h ST M, 2t=5 [ms], 1 =32 [us]) &RY. &
JE P R z%@qﬂ LM EE 142 [MHZ], FEROREIZ

ﬁ IREBAL DLRLAR A )

312.5 [kHz), a () /v ADEVMEFE ¢ 1332 [ps] &
L, 20(r) SV AL a(r) SVAD2UEDEETH S &
L7z, £72, M(r) K& &i31, T,13560 [ms], 7,13

2

34 [ms] &L, ZTa—fEIE2r=5 [ms] & L7, ¥
YTV, 1382510 [mm] O HEE L, H—Th 5
Ll L22hoT, M1 OEERIZBVWT, 7
Vi TE AT -5 <1< +5, wilHRIA-5=<w=+5,
R AA0< h<+10 D22 EICHFET A L%
5. W02, 1 lmm] MBETHELTED,
FEREAIE 1331 MO BB EICHFET AL L. &5

0 2.0 4I0 60 80
t [ms]

8 Component M, of macroscopic magnetization vector M
(r, t) in CPMG sequence (2t=5 [ms] s tp =32 [,usD
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644 HDZERMEIZDO VTR L2, M, 13644 1IDF
BMElLTHEELZ.

a(r) 7V A% BE L7, FIDX¥AU 5. Hbo
ZTVABSEOENCI D, EHME L ICHIEF
WEPRL D720, WHALSHET 5. ZOBORKE
B T, £ 72 %. Unilateral NMR ¥ 2 7 A 3 RCY 5 B
BEMO TARE— L b iz, T IFEFIH R L
Ezonb.

7, BEFHOLa-F5HER, aFHox
- HELT, 20(r) SV ADRY— D B % 5
Rz EPHERTE L, T, CPMGEETIE, &
D 90° /v A% +x B AT, ZDHO—HED 180°
VA% +y BRI IT A2 82K ), @ TEDE
FEBL, 2T, 180° 8V ADNAREE LIS, &
EBRHMEFEHO OV AICL AT —3H LINEL R BDS,
BEFEHOLI-PEOHILBIET A0, iEd
ERELRWV., L7zA> T, CPMG IS, B350 E—
HOEBEZIFILY, ThbDTa—F505,
T, & RBULOBAE KDL I ENTE L. Lo L
BOSH, EHES T, RN 57201243, a(r) 7SV AD
%900 IZEVE S 2 5 X 9 1B BRSO EE R
EIIRs 23R ET A BN EEL B,

B9 (2 CPMG 12 & » TEIB X A R M(r, 1)
D hisT M, (2t=2 [ms], 1,=32 [ps]) 7R, §HE
DFMIE, M8LE L., Ta—-E2t2HT5Z
ETIERMOEINE N T AFHIT 2 2 LA fE L
5.

3.4 NMR{ESE

NMR fE 513, BEALORE D IZEAT DR & 455
BHICZ LT A2 LIk o TaANIZAEL 2 HHERE

1.0

f [ms]

9 Component M, of macroscopic magnetization vector M
(r, 7) in CPMG sequence (2r=2 [ms], = 3.2 {usl)
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HTHY, BHALD T 4V %2883 2 RHIE KA TR
5.

¢m=f B,(r)- M(r, ) dr (19)
sample
22T, B0, aA Vi1 [Al L Z2BEICAEL B
WHOZERMIATH Y, KNTRENE.
Br(r)zBr,[(r) ul+Br,w(r) uw+Br,h(r) Uy (20)

L7228 T, 24 NVICHEEINLEENIL, RATR
N5,

3 3
vwn=—_%#ﬁ=—5iwaBJn-Nunndr

__2 Br,l(r)Ml(r’t)+Br,w(r)Mw(r7t) dr
ot sample +B7,h(r) Mh(r7 t)
(21)
ZZTHEHBENAMHEIEINMR 5 &% L\, Unilateral

NMR ¥ A5 A Tid, FH T A VDS lw FEHICEE LT
WBD, RGBT A LIl 5.
E10(ZCPMGIEIZ & » TEII X A NMRIE T S(1)
D Ry S, (2t=2 [ms], 1,=32 [ps]) 2R, X9
TR LA, 24 VORESA 2 ZEE L. =
T, IANVOEESAIE, T4 [A] LR
WCHECAWHBOEBOMIZE LW, FFEDOLEMTE,
Blo LAELC, ENDIEEM & £ =3.2 [ps] &9 B, %
BIRLE (L w, h)=(0,0,5) 2B BBRILD 7Y v 7H
5900 L4 5. 10L& D NMREFTERIE TS Z &a°
TE, T,4%5MFT 5 2L MRETH S LA Eh
7z

KREXTIE, BICRT Y AT LSRN 5% 8
HLT, AL B 2B o g8 TE2H
IEAT L7z, E72, CPMGEEZ RV 5 2 LT T, DR

20 40 80 80
t [ms]

X 10 Component S, of NMR signal $(r) in CPMG sequence
(2t=2 [ms], t,= 3.2 [us])
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WU EETH L E2HEL I L.

S50, MEMBAE ¥ 7VD A VOB LY
AT LIZDOWThH, REEEE L Tt ES) %
AT L7z, 2o R, MERINMR ¥ A7 A%, |
LIZRT VAT L e/ LT, WNMEATTTEETH S 2
&, WBOSA EFE L CRIRICEBL 2 Bk 3 %
ZEDPUETHLIEEDH LA H LI EEZRLT.
L2 L%Hd s, NMREFIVMIGIZR S L V) REH
HLIEOHLEN LR T

4. &R

Bl & WA RSSO E AL L R WA — R IC B
AL O EE DV T ERBIIRIT T 5 HiET iR
L, FORMEERE L. FOKE, SBLoE
e EBWICHBNT A2 EMRTHLIEEHL )
L7z, £72, CPMGEEZHWAZ LIZXY, T,DF
WATRETH A Z & &R LT, REH TEIIEERIR
DYATFLIGERTSZENETH S 729, Unilat-
eral NMR Y A7 A% BREFTHABICERATHH. 5%
&, R OREEER LAY RS I BT BERAL
OEBICHT LY I2L—2a 2T TFETHA.

L

A2 HD HIZH72Y, BRI s LT, At
BN S & T 7 SRV ATEOE N BEEBAME 78R A
RifEALLE TR ZEE0 M MR 7V — 7 B — R
WML,

2 £ X M
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