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Ix  ⇒  Ix cos ωt( )  + Iysin ωt( )
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800 MHz NMR ċ*! Co (176 ppm) ć Cα (56 ppm) ċ®Čí 
800 * 0.25144953 * (176-56) = 24139 Hz 
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I0 exp iω I t2( )  exp iωSt1( )
= I0  cos ω I t2( ) + isin ω I t2( ){ }  cos ωSt1( ) + isin ωSt1( ){ }
= I0  cos ω I t2( ) + isin ω I t2( ){ }  cos ωSt1( )
+iI0  cos ω I t2( ) + isin ω I t2( ){ }  sin ωSt1( )
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φ t( ) = γB0t  +  γ G τ( )
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--- pulsed field gradient --- 
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30 G/cm for 1 ms (w@eĬĶģ) 
30 G = 0.003 T 
0.003 T * (100 MHz / 2.34866 T) = 0.1277 MHz (1H) 
0.1277 MHz * 1 ms = 128 '� (/cm) 
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E =  − 3
4
I+S+sin2θ exp −2iϕ( )

F =  − 3
4
I−S−sin2θ exp +2iϕ( )

�W.�W.u��oċīĳĶĨĪĜĹ�



  

€ 

℘d  =  µI

r3 −
3 µI ⋅ r( )r

r5

% 

& 

' 
' 

( 

) 

* 
* 
µS

µI  =  γ I!I  =  γ I! IX ,  IY ,  IZ( )  =  γ I!
I+ + I−

2
, I

+ − I−

2i
,  IZ

, 

- 
. 

/ 

0 
1 

r  =  r ⋅ sinθ ⋅ cosϕ,  r ⋅ sinθ ⋅ sinϕ,  r ⋅ cosθ( )

  

€ 

℘d  =  γ Iγ S!
2

r3 A + B + C + D+ E + F( )
φ#

θ#

I 

S 
B0 

r 

€ 

I+ = IX + iIY
I− = IX − iIY

€ 

r ⋅ sinθ€ 

r ⋅ cosθ



€ 

℘d  =  − −
µI

r3 +
3 µI ⋅ r( )r

r5

% 

& 

' 
' 

( 

) 

* 
* 
•µS

I 

S 
B0 

r € 

℘z  =  − B0 •µS

�����	»u��oċ*!Č�

µæ»Č»�ã»ċ$ĕĚa7¤�ýĖ�

"]ĊíÝàäãáÞÁÝàäãáÞ»u��oċ*!Č�

µæ»Čí�����������������ċ$ĕĚa7¤�ýĖ�

€ 

DI  =  −µI

r3 +
3 µI ⋅ r( )r

r5

$ 

% 

& 
& 

' 

( 

) 
) 



€ 

DI  =  −µI

r3 +
3 µI ⋅ r( )r

r5

$ 

% 

& 
& 

' 

( 

) 
) 

=  − µI

r3 +
3 µI  r  cosα( )  r  re

r5

=  
−µI  +  3µI  cosα  re

r3

I 

S 

€ 

−µI  +  3µI  cosα  re

€ 

µI

€ 

−µI

α 

€ 

µI  cosα  re

ģĭĹ»µI óĔċ4Iy*ċU#�

1°ċ,õùČ»�Ç»Ć�ăĀ��

€ 

−µI  +  3µI  cosα  re
r3

€ 

r



ģĭĹ»µI ć r ô9�ċV�

ģĭĹ»µI ć r ôt�ċV�

€ 

−µI  +  3µI  cosα  re  =  −µI

€ 

−µI  +  3µI  cosα  re  =  2µI

I 

S 

€ 

µI

€ 

−µI

I S 

€ 

µI

€ 

−µI

€ 

r

€ 

α = 0

€ 

r

  

€ 

α = 90!



I 

S 

€ 

µI

€ 

−µI

ģĭĹ»µI ć r ô magic-�<ċV�

54.7° 

€ 

r

ÚÁG�ôlð�



B0 

Iα 

Iβ Iα 

Ωs 

B0 
Iβ Iα 

Ωs 

�\.�\.u��o dipole-dipole interaction 

Sx 

Sx 
Iα 



B0 

Iβ Iα 

Ωs 

magic angle 

Sx 

Iα 

B0 

Iα 

Iβ Iα 

Ωs 

4Iy*ċ»Bo U#G�ċđY��

Sx 



Iz 
Sz 

S 

B0 

2IzSz J(0) 

I S 

yc�\. I Ċ
ēĕ S ċ
�Ċ
TĀĊ�ĔėĀ
4Iy*�

I 

S 
1¸2=^��

�.¤�Ċēĕ
#õć,õùô
+�ýĖ�

Iz 

Sz 

¹�.ċ»�Æ»ôxðĽÕÔ×»ô¹�.Ċ>ðľnp�

�.ôïĐĕ¹ Ċ'�ûĉðUô»T2 ĬĶģćûą�öî�



�.íΙÁģĭĹíΣÁģĭĹô"VĊ ω0 Ć'��

I 
S 

x 

y 

x 

y 

x 

y 

x 

y 

S ģĭĹ�

I ĊēĖ
4Iy*�

x 
y 

x 
y 

ω0 

x 
y 

x 
y 

1¸2=^��

2I+S+ J (2ω0) 
1°Č�.ĜĹĠĹįĶćûą
ċ��Ě�FýĖE�ôïĖî�



  

€ 

℘d  =  µI

r3 −
3 µI ⋅ r( )r

r5

% 

& 

' 
' 

( 

) 

* 
* 
µS

µI  =  γ I!I  =  γ I! IX ,  IY ,  IZ( )
r  = rcosθX ,  rcosθY ,  rcosθZ( )

  

€ 

℘d  =  γ Iγ S!
2

r3 .......( )

+IX SX + IY SY + IZ SZ
−3IX SX cosθX cosθX
−3IX SY cosθX cosθY
−3IX SZ cosθX cosθZ
−3IY SX cosθY cosθX
−3IY SY cosθY cosθY
−3IY SZ cosθY cosθZ
−3IZ SX cosθZ cosθX
−3IZ SY cosθZ cosθY
−3IZ SZ cosθZ cosθZ

θz#

I 

S 
B0 

θy#θx#

6�θ����θ��������θ�������	����	��������#��
��
���4+-=�"�0�1! #��

€ 

r



  

€ 

℘d  =  γ Iγ S!
2

r3 .......( )

+IX SX + IY SY + IZ SZ
........
−3IZ SY cosθZ cosθY
.........

1.  ģĭĹ»µI ċñĂíz G�ô�ĖĽqUsľ
4Iy*Ě�òĖî→ IZ 

2.  øċ4Iy*ČíĒćĒć»cos(θz) ċ3�
ûóĉðî 

3.  øċ4Iy*ċñĂíģĭĹ»µS ċ
�Ć
ċ y G�ċ,õùĚ�òĖî → SY 

4.  øċ y G�Čí»cos(θy) ċ3�ûóĉðî�

I 

S 

€ 

µI{ }
Z

θz 
€ 

3 µI{ }
Z

 cosθZ  re

€ 

−  µI{ }
Zθy 

θz 

€ 

3 µI{ }
Z

 cosθZ cosθY

⇒ IZ SY −3cosθZ cosθY( )

€ 

− µI{ }
Z

+ 3 µI{ }
Z

 cosθZ cosθZ

⇒ IZ SZ +1− 3cosθZ cosθZ( )
1°ċ4Iy*�



,<?7:>�
3<.2*9�
%<)2/5�
;?7'(&�

8�?��������$�7���������$�

± ? ��

� ? ��

±ċ� 

ŁZ�

�ċ� 

łZ�

±ć�Ě!ęþą 35 ¶�

øėĔċ²� 94 



€ 

R360 ∗ sin φ( )€ 

R360

€ 

R360

�¥�

�\�

€ 

φ

€ 

φ

€ 

φ


