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ø6ȍ ȭêŀȔ²ž
ȭþ¡?$%U5ȭê����yBżƓĥÛX.J0&++?ĈƿX :5<'Ĉ
ƿAƾƿô<żƓĥÛ&ŀȔ0T<ĈƿXȑľ.J0�+UXȭêŀȔ<QEJ0�
ȭêŀȔ?BƦn��&ãŝ?>TƦȭêŀȔ(NMR)ŬȭçÍ¡AĈ¼n��&ã
ŝ?>TĈ¼ŬȭçŀȔ(EPR)æȭçAȭê����y&ãŝ?>TæȭçŀȔ(FMR)
>=&Q)ęRU:!J0�++;BÑÚªȋOƑêAǺŚ?>):B>R>!NMR
X¡Ė?ȭêŀȔXÚEJ0�



ȭþ¡?Ľ%U5ȭê����yAżƓĥÛ
u ȭê����yM&ȭþH0A¡?Ľ%UT<���[A¹Ô?QSżƓĥÛ�i�?5<
#T<ƴȶ0SĥÛ�&Ũ'J0�ȭê����yM<ȭþH0?ȬĦ>´ö?ȭê����
yXŎÑ,2Ty�edM/dt&Ʒ)%R;0�ĥÛ´ƝłB

dM/dt=g[M´H0] (6.1)
H0//z<0T<MAŐéªAłB

dMx/dt=g MyH0, dMy/dt=-g MxH0, dMz/dt=0 (6.2)
u +UQSd2Mx/dt2=-g2H02Mx, d2My/dt2=-g2H02My, Mz=const

<>SJ0�+AłAĕBMAǷ'Xaw=-gH0<.:
Mx=M0sina cos(wt), M�=M0sinasin(wt), Mz=M0cosa (6.3) 

x, y, z´öAǈĉ�ey�Xi, j, k<.:MB
M=M0[sina(coswt i+sinwt j)+ cosak] (6.4)

u <>SƯ4.34AQ"?ǖĵǯƨÛôwXN8:żƓĥÛX.J0�
w=-gH0>A;żƓĥÛAǯƨÛôBȭþA�',?śƕ.J0�śƕĸôgXȭêÀŒ
ś<QEJ0�

u Ʀn��AgBñ>A;(a)?ġ0Q"?µĄÀSĈ¼n��AgBş>A;(b)?ġ0Q"?
ĬµĄÀS;0�

À6.1hv�IĞßƁ¬

a a



Q6.1 ȭêÀŒśgA�',<ȤǐBƍ?
Q8:ÃJTA;0%
u ghŇĢ~�}�oEhv�ŭƁ¬ƇIġ[Ŧ7N9E

uŇĢ~�}�ohƎÎIÇµhz�]ŇÎµB&ēIÇµēŇÎµNHg�[.R
=RID9.s&a�kŁHhƎţ/(。ƇC¡ſ)DĥNVN9E°ÎēI。Ƈh
ƎÎI。ƇrV3ĕRÌNHID&ēhv�IghƎÎhv�IgrV3ĕÜTH�
[R?N9EƎÎIŇĢ¿ŸġhgeEĎ.Xge/2p=2.8025C1010[Hz/T]D9M&ƌ
ÎIŇĢ¿Ÿġgph, gp/2p= 4.2578C107[Hz/T]EGV&3ĕÜTH�D9E

u1-3[T]IŇĽ[ª,=ENIƌÎIēhv�I¤かºħąh&42.6-127.7[MHz]
EGVN9ESI=Q&NMRHhVHFàIƎŇħM�ZXN9E�ĉ&ƎÎh
v�I¤かºħąh321mTIŇĽD9GHz(Xs�p)I{_c�ħEGVN9E

u Ŏ´HAHah&°ÎēIƎţhĝ&ƎÎIƎţh、D9.s&ēhv�Igh
ĝ&ƎÎhv�Igh、D9E



ȭê����yAņơœƵ(1)ȝǫóµ¸
u Ɓ¬ĉŊæ(6.1)H-Ha&ãťĵõH-HaÞźh&dM/dt=0&ì@a

Mx=0,My=0,Mz=M0=cH0 (6.5)

EGVN9E

u MzMĲãťĵõHGHEN&Mzh&ãťĵõMz=M0.sIßHġ�
7aãťĵõŻBPID&ƂĬðŏ[Ŧ9Hhæ(1)H

dMz/dt=(M0-Mz)/T1 (6.6)

EH+う[�Rª,GRXiGVN;zET1hŇĢ~�}�oIś÷¦M
ãťĵõH·.@aÉ9WĘÎ[Ŧ9IDśŚ¼ċƉE»iXN9E

u æ(6.6)IŮh

Mz=M0{1-exp(-t/T1)} (6.7)

EGVN9E



ȭê����yAņơœƵ(2)Řǫóµ¸
uŇĽIREDĞßƁ¬7aHWŇĢ~�}�oh&æ(6.3)Hň7=
r+Hx, yĉ·I÷¦(Ě÷¦)[ú?N9M&SXsI÷¦h&ãťĵ
õDhæ(6.5)Hň7=r+Hi�EGVN9ESIƂĬðŏ[Ŧ9H
h&

dMx/dt=-Mx/T2, dMy/dt=-My/T2 (6.8)

EH+う[æ(6.2)H�Rª,GRXiGVN;zET2hŇĢ~�}�

oIĚ÷¦IãťH·R=É[Ŧ9IDĚŚ¼ċƉE»iXN9E

u§Iūĉ[9WE, T2hMx-rLMyHÖ�9W�FIŇĢ~�}�o
I�ńM<Y@aHWċƉI-r<IłÑEG@aHN9ESIċƉ
[ƂOWEhv�ĠHĞßƁ¬I�ńMisisEGV&ċƉE¤H
Mx-rLMyMi�HŻBNN9ESI=Q&T2h�ńŚ¼ċƉER»

iXN9E



ȑľšAģƜƭ
uæ(6.8)[Şö9WE&æ(6.2)h&

dMx/dt=gMyH0-Mx/T2, dMy/dt=-gMxH0-My/T2 (6.9)

EGWID&æ(6.3)h

Mx=M0sina exp(-t/T’)cos(wt),Mけ=M0sina exp(-t/T’)sin(wt)

EH+êDīŧü¬7N9E�¢7aT’[ĤQWE

cos(wt)(1/T2-1/T’)-sin(wt)(w-gH0)=0

EGV&ŢĻĞßƁ¬H-HahT’=T2,w=gH0EGWSEM¦.VN7=.

u Ǝħ�H-.XWEhv�őhw=gH0�ŻIŭü¬ąDƎħ[¤か¹±
7N9E¹±řI®�âh&ĚŚ¼ċƉIŽą9GZ?1/T2D�,sX
N9E



NMRn�ey�;ÑÚƥX±¹0T
uēhv�I¤かºħąh&Ŧ6.ぎHň9r+HēŋHr@aľG@=�[E
VN9EN=&¶8ēŋH-HaR&À27Hň9r+Hŝ.X=ĸÈHð8a
¤かºħąMľGVN9ESXhÐ×woE»iX&×woƇ.sµĳH

¸NXWÓŠÅIŋえ[ÿÔ9WSEMDNN9EÐ×wo[Ŧ9IH&º
ħą[ĺHWEÊƅŇĽIéTHr@aą�MľGWID&žáno�}l�
×��がTMSきSi(CH3)4 I¤か�ŝ[ÅĮH7a&<X.sI:X[ºħąD

©Ő7appm¯�H7aŦ7N9E
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��n���_ŎƽÊ&NMRXŎ#5
u �¨INMR¦¡ũŝDh&ŰĆ[ŇĽ�H¢Xēhv�I·N[Ā,
=¦Îがēhv�hi�{�¦Ũ[²RaHWきHƎħIºħą[þç7
GMsƐĜ¤か[Ŭĭ7aHN7=.s&ĭÔHċƉM..VN7=EH
NDh&ŇĽI�HŰĆ[ŝN&t�hĵIƎħ[ıÚ7&ēŇĢ¤かT
;=ë&¦ÎMREIÑÔĵõHøWいHŀĹ9W`e��´[ĖŅ7a&
¦ÎėƀGd[Ůđ7aHN9E

u t�hĵIƎħ[ıÚ9WSEHr@aäHºħąàÄ[�åH«Ŷ7
N9EĖ¥TX=�´Hh&�FI¤かřHÙð9Wºħą÷¦M¸NX
aHN9.s&SX[w��`Éā9WSED�ĢHNMR hyco�M
ísXWID9E

u t�hw��`ÉāĦh&NMRhyco�IĭÔċƉ[ņŜ7&�´
ISNġ[ÌâHă½7=>RDGP&ąħą��ń�j_|�dGdお
ºħt�hIĂ�Hr@a&ś�ĚŚ¼ċƉGdIòÆRíWSER³Š
H7&NMRIďĺñ[おQN7=E



Q6.2. _i�ïǐXČ£0T<į%U:!J.5&
_i�<Bƍ;.P"%ŹÈ.:)6,!�

u 7=��%+/�#$	�:���
��*.%;HA 122GT�9����12��
�T��4�����6BC����5>������

u Ư6.2(a)AQ"?B/M?Ö:An��ȭê����y&ǝȭþ�zȖ´ö�Xö!:!5
<.J0�Ģ?(b)AQ"?�90
��n�<ǃCUT��nĈȭƿXn��<ĦĪ0T´ö
�ÀŒƺAX’´ö�?ǭù.:(d)AQ"?n��Xǝȭ¬<ĈȭƿAŉ´?ĦĪ0T´ö
�Ư;By’´ö�?ǎ.ŘȭÑX¯/,2J0�Ʀn��&ò*TŠèȭþ&CR9)5M
µ¸&59?9Un��A´öBǝȭ¬AJWS?Ǖ¤?ªǰ.:.J!(e)AQ"?Ř
ȭÑBŢŷ.:.J!J0�+A5Mτµ¸¶?ÉËB�180
��n�<ǃCUTæ!Ĉȭƿ
X(f)AQ"?ù#T<Őn��B180
ÀŒ.4A¶BÿMAτŰ¸<ǘAĥÛX¦"A;
180
��n%RτŰ¶?Bn��BĭEȷ!ŘȭÑ&ÀƏ.J0�+AëŶXn���_i�
<QE+AÀƏ.5ŘȭÑXi]�;Č£0T+<?Q8:ŀȔ&ƹǬ;'J0�)W.
)BƶžįX$ǴK)6,!

Ư6.2



ƋƲǺŚ?>):B>R>!MRIǔĽ
uĹ�[ė÷9W¦ÎI60ƛ70%hģ&20ƛ30%hš。D9M&ģ¦
ÎSš。¦ÎHhH+_a�9GZ?ƌÎ(x�o�)M¸NXN9Eƌ
Îhēhv�I=1/2[R@aHWID&ŇĽ�DēŇĢ¤かHrWĞß
Ɓ¬MŶNN9M&VHFIƎħDŇĢ¤か9WID&SX[ĺHaļ
�7&ĿķůĈHĺHWIMŇĢ¤かļ�Ħ(MRI)D9EƌÎI
×åIįĩMMRIIįĩHGVN9Ešş¦ÎhCnH2nEH+ŗ÷æ
DŦTXWr+HËąIƌÎ[¸O&éH�´MŬĭTXN9E

uMRIH-Hah&t�hĵIƎŇħ[�H&ƎŇħıÚë&Ĺ�.
sø@aPW`e��´[Ůđ9WSEHr@a&¤か�´IéåI
M.&ēhv�IĞßƁ¬IśŚ¼ċƉT1EĚŚ¼ċƉT2[ĭÔ7a
HN9E

u Ŭĭ7=HÙųIñ。Hð8a&T1éŲļ�&T2éŲļ�GdMĺH
sXN9E



MRI;BǷȥȭþXÕ!:ĉĽėýX
Ĕ:!T

u MRIDh&ļ�I=QH&�ćŇĽ[ĺHWS
EHr@a�ŝòÆ[íaHN9E

u À6.3(a)Hň9r+HÃ�ŇĽIREDh&¶8ē
ŋI�´hA, BE�ŝMƃ@aR¶8ºħąIE
SYHĶXN9ESXHÙ7&�ćŇĽ[ĺHW
E(b)Hň9r+HľGW�ŝ.sI�´hľGW
ºħąIESYHĶXN9.s&¤かŇĽ.s�
ŝòÆ[íWSEMDNN945)E

u Õいh&Ń�9W2ĉ·H�ć7=ŇĽ[�H&Ŭ
ĭ�´ħê[w��`Éā9WSEHr@aļ�
MŤZXaHN9E À6.3



Ĉ¼n��ŀȔ;ƍ&W%T%
u ƎÎhv�Iĵõ[ŬØ9WSEHr@a&ƎÎėƀ&ĔÎě
あ&�œĳGdIòÆ[íWSEMDNN9EôåMおHID
îƇI�œĳ[Ė¥9WSERDNN9E

u ®Û��I�œĳIŬØ[Ŗ�7a-NN9EŘčMîƇIƄ
ŉƈÝ°Î[¸PENh&dƎÎSfƎÎM�Ò£ğ[�W=Q
�Ùhv�MĹ8&�œĳ°ÎHĴďIƎÎáŇñ¤かEPRh
yco�[ň7N9E

u ȣôźAĈ¼ƺCr3+(3d3)�Fe3+(3d5)�Eu2+(4f7)>=
→đȦ¡? 8:NŬ?n���ăȂ�S=�1/2AŞũ&Ǩƀ.5Şũ�&Ƭō
.ȭþ?Q8:�1/2An��Şũ&ªȜ.ŋ1EPR&ƹǬ,UJ0�

u ȨôźAĈ¼ƺCr2+(3d4)こFe2+(3d6)こTb3+(4f8)Gd
→�İH�IĵõEŜż7aHWÇµHŭå�ÏñIÌNG¤かřMūsXN9M&
<X�Êh¤かřMMEzdŬĭTXN;zE



EPR;BȕƌÝȇčAŇ¹&;'T
uÀ6.4h&ĄóHĪª7GHCuGaSe2¯ŘčIEPRhyco�D9E

C¤かřI�ŝhÌNGŭå�ÏñM)V&�ą�IƎÎ[RA�œĳH
rWEÿĭTX&6�IdƎÎ[RAFe2+EŞ,WE&¤かřIŭå×w
oIÕƒŘĒMrPűĊDNN7=48)E

uƎÎř«ŶXř¿ùĦがEDXきGdDhūA.sGHîƇ�œĳDR&
EPRhý,WSEMDNN9E

uÀ6.5h&CuAlSくH1mol%IV3+[Īª7=¯ŘčIEPRhyco�D9E

ēhv¤かřHhぐĐIėƀMūsXN9M&SXhVI¶� ŔI
51V(I=7/2)HrW2I+1=8ĐI々îŕ¦ŨEŞ,sX&SI¤かřMV.s
I�´D)WE¶ÔTXN949)E

uēhv�EIń��ĺHrWîŕėƀ[ûŒE7a&�œĳIĴÔMD
NWID9E

À6.4

À6.5



Q6.3: F9"n�ey�AŘȖBƿ¥Oƾƿô>A
?EPRAn�ey�AŘȖB>3ȭþ>A;0%�
uũŝIƆµ�ºħą[üWSEMP:.7HIDŇĽIĉ[üW
ID9E

u 289IęĮŁGũŝDh&�´éå[Ō3=QHb�un^(ō
Ĩ¤ü¾) [ĺHaHN9M&b�un^[�+E�,W{_c
�ħºħąMƊÔTXWID9E<XD&{_c�ħºħą[Á
Ô7a&ŇĽIĉ[ÉT;WIMČžD9E

u áŇñ¤か(EPR)h�´MèHIDb�un^MïŪD9M&é
Ňñ¤か(FMR)Dh�´MéHIDŰĆ[{_c�ho�mx�
_��HŝN&ŇĽhÁÔ7a{_c�ħIºħą[ÉT;

rmo��c]q�_fDĖ¥9WSEMDNN9.s&ĚŹ
[ºħąH7=hyco�RĭÔTXaHN9E
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Ĉê<ȭêAÙǻŎƽ

u+UJ;Ĉê→ȭêȭê→ĈêAŎƽ?B!
1UNĈȭêÚ.5&8:i]�&ıWU:
$SJ.5

uĈê→ȭê�[����AÊǒ
Ñ´H=¶D/¶t+J

uȭê→Ĉê��Z�x�AĈȭȄťAÊǒ
Ñ´E=-¶B/¶t

un��y�|enB
Ĉê<ȭêAÙǻŎƽ%R
i]�XƐŮ.J0�

J

H

B

E



(I)ȭêXĈê?Ŏ#T
ȭê→ĈêȗǢ



1960°Ø%RęRU:!5ĈêƈŪ<ȭêAÁĸ
u NiATcĦÆ;AȗǢAǮËĸôAĊ��n���řÍ�x�<n
��ǱǤ;ŹÈ,U:!J.5�
u A. Fert and I.A. Campbell: Phys. Rev. Lett. 21 (1968) 1190. 

u æȭçÍAAMR(Ǎ´çȭêȗǢƚĲ�OǍŬ���ƚĲN1950
°Ø%RęRU:!J.5�
u R.Karplus and J.M. Luttinger: Phys. Rev. 95 (1954) 1154

u ȭçģťÍCdCr2Se4OEuO?$!:TcļĞ;Bn��AȏR(?
QTǱǤ&ĈêȗǢAĊ�XN5R0+<ȭþXù#T<ȏR
(&Ǫ#RU:ĈêȗǢ&Æ&T+<&W%8:!J.5�
u C. Haas: Phys. Rev. 168, 531–538 (1968) 

u .%.4A+VAĘƱ;B+URB�ğS9*�AƚĲ;
 8: ¸&åǋ;'T<BĤ#N.J2Y;.5�



n��ǶƬǱǤ
�NiAĈêȗǢŕAǮËǶƬç�



{~j]_�n<ȭçĈ¼A£±!(1)
u ưŅ?Q8:Ȓ%U5ģťÍƠĴ¼XB/M<0T{~w
e~�m�BģťÍ?$*T2ĢēĈ¼bnƌ¼ǽ/
+M��zŭƅAŎ×>=ģťÍ{~j]_�nXİS
DR'HEMT, MQW ��k>=½.!œÕª¿XȒ'J
.5�

u Ĉ¼Az��]ƿ¥BģťÍ?$!:B10nmA`�s<
¥!5Mśșº�'>j]oAŭƅAƩǂ;ƌ¼ƚĲ&
ëUJ.5&ȭçÍA3dĈ¼BnmƝËAĠ&S.%Ā
5>!5MnmõÆAǗǲ>åǋ&ŖĮ?>8580°Ø
J;Ž5@C>SJ2Y;.5�

u ,R?↑n��<↓n��AřUAƓ;¹ū,UTn�
�řB2!3!ônmAȊƳ;ŢȚ0TA;{~ŭƅ
&Ïë0TJ;Bŗŵ;'Tƌ685A;0�



{~j]_�n<ȭçĈ¼A£±!(2)

u 1986°z]vAf�����fAf���B
Fe/Cr(8�)/FeAŭƅ?$!:FeA2ǡAȭÑ
&ǚ¡AǄȭç§ǵXÅ.:Ĭæȭçº?đ¨
.:!T+<X�ƖǱǤÊXı8:�®.J
.5�

P. Grünberg, R. 
Schreiber and Y. 
Pang: Phys. Rev. Lett. 
57 (1986) 2442. 

H(Oe)



ǥ�ȭêȗǢƚĲ(GMR)A®(1)
u ���nA�^��BFe/Cr/Fe3ǡȮ;AĬ÷¦đ
¨AÏƊđĲXò*:ȭþǭù;ĈêȗǢ&űÆ0
TB1<ķï�

u 1988°Fe/Cr ĚĴ¼?$!:ĈêȗǢƜA50%NA
�'>ȗǢŎÑX®.ǥ�ȗǢƚĲGMR<ďļ*J
.5�

[������^��ǧ
Ō

M.N. Baibich, J. M. Broto, 
A. Fert, F. Nguyen Van 
Dau, F. Petroff, P. 
Eitenne, G. Creuzet, A. 
Friedrich, J. Chazelas: 
Phys. Rev. Lett. 61 
(1988) 2472. 

Fe
Cr
Fe
Cr
Fe
Cr
Fe



ǥ�ȭêȗǢƚĲ(GMR)A®(2)

��r��f�����eǧŌ

u ±/µâf�����fAf���NFe-Cr-Fe
A3ǡȮ;ȭþǭù?QTĈêȗǢAűÆX®
.J.5&4A�',B1.5%<!"Ó,>NA
;.5�

G. Binasch, P. Grünberg, F. 
Saurenbad, W. Zinn: Phys. 
Rev. B 39 (1989) 4828. 



ǥ�ȭêȗǢƚĲGMRAáÔ
u �^��BGMR?9!:ĢAQ"?ŹÈ.J.5�
u æȭçÍ(F)/Ǆȭç§ǵ(N)/æȭç(F)/��AŭƅXĤ#
J0�

F2
N

F�

F2
N

F1

F3
N

F3
N

Fǡ±ŌAȭÑ&÷¦>Rćô
n��Ĉ¼BǱǤXò*1
ŏôn��Ĉ¼AKǱǤ,U
J0%RűȗǢ;0�

ȓS¨"FǡAȭÑ&Ĭ÷
¦6<=7RAn��X
Ā9Ĉ¼NǱǤXò*T
A;°ȗǢ;0�



Ǆđ¨ƺ;NÒȭÄ&Ǎ>UCGMR&£T
u ½țRBq�yȭçÍ<��
zȭçÍ<A�ǡŭƅXğUC
Ǹ!ȭþ;NĬ÷¦ŞũXT+
<&;'�'>ȭêȗǢƚĲ
&ĔRUT+<X!6.J.
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