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Nuclear Magnetic Resonance: NMR
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A=Z+N B AEY
Z:.Proton (uud) (+1,1/2)
N:Neutron (udd) (0, 1/2)
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Nuclear Spin

1) A:odd number - /= (n+1/2)
Rotational Angular 2) A!even number

Momentum z and N both even - /= 0

"NUCIGar Spln |h" z and N bothodd — /= n
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BB EAVMDWEIEHTO B RES

U, = usinfcosw,t xQ
p, = psin@sin @t \
U, =ucosl (o,=y,H,) "
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o mMEEH (w,: Lamor Precession Frequency)
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du

dt

H, (t)=2H,cosao,t

H; =H, (cosa,t +sina,t)

H, =H, (cosa,t —sma,t)
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For Example:

¥ - H 1H : v(res) = 42.5759 MHz/T
n -1 63Cu: v(res) = 11.285 MHz/T
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A = _ = n
dt
W dN_

_ - _WN. —WN

hV N/Q/ | dt 4 —

eooe0o0 N, N=N,+N_,n=N,-N_
H=0 H#0 W B =Y DB

Transition Probability per second

1 1
N, =—(N+n), N.=—(N-n

dN,
dt

“W(N_-N,)

dn

dt

—=-2Wn — n=n,exp|[-2Wt]

t >long: N, =N_= T — increase
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Nuclear Quadrupole Resonance - NQR
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7 A
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Potential: V(r)=—
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Field:  E,(N=-2Y =" (cos0)
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Gradient: e€Q =V, = OE.(r) _ %(1—3cos2 0)
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v, = v + 2 (m —%j (3cos260 — 1)

Anclitude (ncrm.> Substance 1 CaSidcFIK-LSMHID

Hm (Qe) = 14971 , K GO = -8.35, Hg (De) = 452.5
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For 'H : 1=1

2

¥, =21 x4.25759 (Hz/Oe)
at 10 kOe — 42.5975 MHz
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- %x(zﬂx4.25759x103 x100)™

i | H,~ 1000e
—5.87%10 (sec) / 1 SRR/ NV RBRE

=0.6(1sec)



& FNEFRE DRI 5E i

RINDES. B, D
'T,_ nﬁf‘i’,]

FE39 SERCHEITSRMInAE
TE Ii MR- TEFREEPCRLETICR » THER

;nﬁ‘i

Ty &tELA

M) = M, [1-exp (F -ﬂ

=36 EMFIDEKLSERnEN

MellaD TR CHTSRBRATES. —F, DHORBEANGRIE TR &Rt
ALBONRG FIDERERT.

?BTM\.*M.‘M R covany

r PRLL
Tyt M.=Mn-_1—2£l\n\—Tl:|]

B IRZKICHETD Tt
A2 Wa o TN LRIUNTES.

[Mo = M(1)] / Mo

i T

+*

[Chicken eggJ




NMREZE D= X

MEESRER

EER/ LR ISR

INLAFESR

A

2 )L P

NMRIEBKRHS

T4OR)
)(:EIJ_

NMRT—4% JLE







NMRM S F o N 515 H

MG b TIT/ERET LI e E B L =N p RIS AR
FIRZOMEIZELS,
(F%R 1550 )
HIBEDGE AHNREFBUETDEHYDEFKEZRBL-
Vo182 4
-HIBD R /AT RIB D5 77

HIBDRE HREFEDH

LSRRI : T, T,
BRI EDEF 05 FEYIEET SESE

31



WL DRI E |

HoHMHRAER. HD

B(ZEohD

Rl I5
B
i Eipyr
thifF4R
28R

[CEMNT=, RIELEXIETHY

E5ZMEMLD L CEREBTHMTHS,

[ .u:>
T

R DHIDAIE
#1EE
HISHZ DRITFE
B HE
ZFIEHEIE
AR FP—3)E
BT IR R D AITE
HELIRZDAIE
1 Fi = B AL
X #RH Al 3L

32




EEADONMR
[ L =R F#%)

WEITRTFIZ L > THERE .

o=y H Jfg%ci%%k Jﬁi%bﬁgﬂjfm
w: AREIKEE
Vo ¥ WS B 85 L

H,: 9} &R i35

[fBE{ERALTL\SRFI#])
o=y, (H,+ AH)

 RFRAEEICERALTOWSEYDEFRE
VRN D T INB RS

33



RFREBEFORMINMEEER

— EWHEEER

H,=-yil -H +1{A}S =—y il -H

loc

w2l A= Ho_{A}/7/nh'<S>

BEFOBRE—AUL s =948
RFBOBEE—AVE A =77
HYHEEERGESEH® A

K. H . T,
FTATH
R &R 35

+ oH

loc

Tl‘ TZ
%R SR F B ]

34



BEinEENMR

e b (e e AWl ()~ 1 (0:) H (a.) B
ey “

g : Wave Vector

w : Frequency

® #rRr= : P
PR MERY ;AT R
M(@=0)=x(q=0)-H,

7(0,0) : Uniform Susceptibility

Q
R GRBEE Y AL R T RF BT |
= = H, — —
M(@Q=Q)=x(@=Q)-Hq ?
s> A
Q=(n/2,7/2): AFR Wave Vector Ql? ’ 4

© BHIRMLER ; R RS AR ]
M@, ®,) = x([,®,) -H{
(qaa)n) Z(qaa)n) (qaa)n) —]

@, : NMR Frequency
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Fe-VEEHR D' V-NMRAXRT KL

Iﬂ
Hn - a/I“lself + Zb(n) ' Zlul(n)

Ly n =1
‘a=-100 koe/py
/e, _re =—10.8 koe/

b, =-2.3 koe/ u,

FREQUENCY (MH=z)



BEMFEICE TR FEH ERNER S

REHE1E: ~25 MHz
REE2E: 3 MHz
= Quy *+ bIupp g sl kOe/ug » b = 2.29 kOe)uB

HY(D) = au) + b} + 4ul®) = 25 koe

HY(2) = auy + b(auY + 4u¥) - 2,9 kOe

W= -0.30mg  uY = -0.lug w ﬁxo‘

wf® = 1.49u3  (N. Hamada et. al.)

T ... AR
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51V-FNR and NMR in [Fe15A/V304l,,

51V-NMR in zero-field 51V-NMR at 13 MHz
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'spin echo amplitude

frequency (MHz)

110.0 150
. external field (kOe)
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zero-field Sly spin echo spectrum
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Fig. 5. The compositional dependence on each frequency (MHz)

atom layer at interfaces in FeTl5ﬁ)—V(303)
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to account for the distribution of 51V hyper- ‘ -60 -80
fine fields observed by NMR/16/ and the

smooth curve, for 57Fe hyperfine field Hn(kOe)
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Rt ER O RKIEBEAE B /ER
JERETER DONMR — [Ni/Cu]l A THF ) Cu-NMR

B RFONMR
A A
! 7/nh< > gﬂ57nh< IOC>
M, : local magnetic moment

For ferromagnetic alloys:

— Hn = a'/us,elf +bz :uni

JEREIRFDNMR
K = Ho_<HIoc>: A<Sz> P
H, g Uyl

Xioc - local susceptibility
X =2ugNs(Ey)
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Spin contribution to the Knight Shift K, decreases
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63Cu NMR Spectra at 80 MHz in Tl,Ba,CuQq, ;(Tc=85K)
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63Cu Nuclear Relaxation in YBCOy
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NMR Relaxation in CuO, Plane
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Cu Spin Fluctuation in CuO, Plane

Antiferromagnetic Spin Fluctuation Contribution

Lo tan Muﬂn%h} "'f]' Lscedl maomet %,L:«Jmuk-:ws,

5 2 S(S-ﬂ) /
DR H.. -
) 3 We

S"{/?.
%w:." A%!Jf‘k—l CG'PWAM.'VM &J&,u.',‘a,?

r\ )d- a (2%

|
le =374

La..I 85 Sr15CuO N

(8]}

o~

IYBa;gC u30gs52 YBa,Cu40gq

LaBa 2E:l.: 30& 9

w

Po, 5wy e (a6 (g O

-~
o

? -T { YBa,Cu.0
le292k 333 652

-
"o
@
0
™
o
—
>
o —
—
-
—
—
o —

N

‘ef } o Sr,5Cu0,
La532Cu3069 185 ®
La;BaCusOyq4s

4 5¥13+ = |

W
& 1 2
200 300 5
T (K) T2H2(1IT), (x10 sec )

N'wt 2— JO(S 54-!!‘!




NMR Relaxation in CuO, Plane
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Spin-Gap in CuO, Plane
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Spin-gap Phase Diagram in CuO, Plane

Yasuoka et. al

Fukuyama et, al,
1993
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Spin-spin Relaxation in CuO, Plane

Real part of static susceptibility

Rg : Indirect coupling,
A : Direct coupling
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