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Fig. 1. (left) Zeeman energy splitting of a nuclear spin in external
field. A photon with the energy the same with the energy difference in
the splitting makes transition. (right) Spectrum observed in NMR
experiments.

12, & 5 714 Adeieke 7 75l oisl =4stai=,
EE 299 g oy 7E 7HE S ok o]#A ARk
ANAR] zpolel eF- HA}7|uke] o7} Zoba Hol7t
ofd wWiE Fo| Hrhr FErh ArErEe 32, Hdx)
23 BF @] HH Hapt daplegelal $ak= At
2~3-F (Electron Spin Resonance: ESR)C|E}al H-Et}, %]
Ty X A7 Hell HlElshr] wiEel] AfAew ¥
B Qorle T

f=5=H M
o} o] FAIEH. A7 A = 2SRRIzl Bele AR
A} dult} 71 gho] thEt). awint o] o] thE 7wzl
22 AA HelM= 38k 4 5 shs sk o
2 FEE 45 F Ut} dE 59 LaCa;_yMnO; B2
2] 79 Apdole] Wrks =2t W] AP |RHES &
g 5 Qo™ Lazt APFolRIA] opdAE wE S8
FE AL, B S FEh 4AAY o] sy Wizl
(vacancy)ell T3l A+ = AT}

HAol7}h B A o Haprlake] Al7)eh dele ARE
o HlglsiA ARAH, 1 o] g & A 100 % o]

2 ANZ FE JAL 50 % AENRS HolA ) % Qo). vk

il

o

— 68 —



<S> A A7) Qo] AR71He] 2R - ol

Aol7} Bl A9+ 7 23 FEY SR =M A7)
ko] Pl wet SR A Ve dekitt + &
ol o|F F U= ofulgt APIEE ArlEd el sl
s g 7] wiEel AT e 7P AEd kst
HWHolet & = Qltk. o719 =eeielA HloluEE ¢ o]
A S A FAE, AT WHE @A) I B
3 7P 732t YA (Quantum Engineering) &7t}
Fig. 1(lefty} 2 HolE 4o7)7] 918 Arlg=7dA1el
A o HA e HEATH Fig. 1(rightell 29 #& 2
AAE 3 FagolA] kRS SHERC] #5E AoR
et AR ole} FARE ZFEH0] ASHE= A4 E
UARE, dibF o g = T7le] Rrge AAAYH SHER.]
FrEReE AES THRAY B oldEE 3T ol9ld] §
2olA B0l H7% it} ojA Y 2HEYo] Hitelr] wf
| 4o A7} olz7|w SR, 3hA wilE AYztepd o]
A7l ~HERo] 1 EAlO] tigk BE 45 o
PelA] HolF7] mige|lng SEo8 Azww, o} i
A= Aeo] of7] wiiel AprlE dvAlse] 4
}E olfrel7I= stk
APdEde] A71gHe] 7t 4% 7P e He 28
A el Z71e] glof #lo] yle AP ool
ofE A= vl dEv= Aotk Zelal o] =7
AP A F719] FA4FR] E0A TREoAEE A
AR o] FFA] A3} (magnetization)ZF A7) A A
(demagnetizationl] 2J3ll == HZQl A 1TR= vi$-
g2t o] e AP 2 ol Y9, 32 g ¢
o]22] HzkAe] vhsollle SR eEA AR
ZH(hyperfine field)e}al F-20t. ZrAlgle 2 A A1)
A F950] e FFoF v mAleHA depict
= om|E 247 LolANh, o|Fo] R} AR ] A
SARo) &gk Aot} By o] o Akge] o3k adjolle &
T 2 o] B2 Zloth. 18] 23] Ar)e HAR:
AR oF 104 B 2] wizel] dj2o] ko] W]
= &= ZrAP AN AdRdo] syl vl &
= ¢ Hitjo]7] wiEell AR A o]F-2 o2} st
& AAe] FA Qlom g Apole] A9 ZuARt
7Pge xfe] 2idF, 52 A |RE W) HasiA L

O, TT

9 Gsich. AYBAY B Ae o] ZulAs gt s

T

T X
| U U
B

i
o

fCorlr oY

A7Pge] WEdte FAVCR /A HuEs (1A It
Hoz thes} o] MIHL.
—
/= %’?HFHWP‘ @

o] A& 2 ol§3hY BEol AHjs Bt v} o] 27

— 69 —

Jeflol] tigh ekt JRE gopd 4=t o] o] oS3}
=AM 9 ke AFERME A o] glol= &b
71EHo] dold &= ke Aoy, AAZ Tt} v 2
A glo] st ~HE et Slojx APJAlE Y] A)FH
ARS & 4 Uk gyt VjeF B2 o o] ok %
nAR7 1S SR Helle & 5 s17] vl 3
o) olEhA] epdA) Eek 2ofEEe 21} FScRe Bl

2713 PN S5k EHe dAA = A
Wk Fale ool Aso] F7], 4%, il gsAgE Fo
Utk ol A7k Al tig ke ARE AlFSEAY A
sHAHOo R FIARI AE &Lt o] FrRE= A
47 A 4E F 7 BEE EgRit A 229
739 AR Adnke vlg- gedsh 34 S3<1 AAEo
Hls] & @e A7t Hol e, xprlEge] ofst A

T HISS) 7T RS AEs BAQ 4] &
A Aol Sofigtar T2 A EAe tisix= 1S H
FHs1Z gt} Sk AJ:TA (strongly correlated system)<]
TN APIS nigk e FHte] Ak giseo] A3, 29,
Luegke] Aol Aol ofH HRE AlFst=A 94
AET e e, e T Hke] FR ois] Yo}
R7|Z gt

to

d

IL & £
1. M3} AEH
A7) FH-e AGA U] o] HaldHl, 5 9
st ARE AFgitt. o 2ol gle A T
@)yHell &l Zu ARl vlgsia Walsh=d], o] vl
AR L A7|EHE pol| vl sl wiiol| FraTale

f= %thp = %AH (3)
9} o] FoJAL}h 7N 42 ZuAPdSela Rasd A
2] 27 |EHEZ} &) fR]o] ghEo] U= A1) 27|15
AAsh= dolnz Yxle] Fel wet gEikick. yoF 47k
2ol g o]gA RAIF §lo] ke HAEE A3
T A7|ERIE HlEEH] Hal weta] Aol
o] AP |RHES Agsl= YA digh ARE AFd.
e ZeFHo] 9o o]LsPdEloll e ddEe 23 g
Thog A7|RHE} AgEe AL o, FEg A HRE
7} ol FHFISE i AMURF 5o o s Wl
g 4 A7) wiEol] ol2sPdElvE Eoal siA SHFEt
3] 22 AL ofla IAS WY kS Zheth dE
E0] Mn*'e] YA IF FHTG= ofd APgAe| Y 550~



—-70 -
/L
1 T 7/
1.0+ : ; : L
—mu—Mn" in B site °
2+ . . |
 osd —e Mn¥inAsite i‘ |
> i
g : é
< o064 ‘T 4
> : : ‘
® |
2 .
2 044 [ i
j= | ¢
o g
2 .
w 0.2 ° -
s !
’ o
0.0 S
: : B : ya
T T T T T T T 7/ T T
300 350 400 450 550 600

Frequency (MHz)

Fig. 2. Mn NMR spectrum of MnFe,O,.
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Fig. 3. Fe NMR spectrum of maghemite in several external fields (left) and the shift of resonance frequency vs. external field (right).
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d-orbitals.
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Fig. 6. Fe NMR spectrum of NiFe,O,.
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Application of NMR to Magnet Study

Soonchil Lee™
Department of Physics, KAIST, Daejon 305-701, Korea
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Nuclear Magnetic Resonance (NMR) is a very useful tool for magnet study because it provides information on local spin
environment. The valence of magnetic ions, spin canting angle, orbital state can be measured by NMR and the information on the
position of the ions and the change of domains and domain walls can be obtained. The principle of operation is discussed with

corresponding application examples.
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