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Dirac equation 
:µγ gamma matrix 
charge :q

mass :m
velocity of light :c

Spin connection 

vierbine :)(αµe metric :µνg
low energy limit 

total angular momentum 

Non-relativistic limit 



Deriva+on	of	spin-rota+on	coupling	

total angular momentum 

Non-relativistic limit 

We	need	to	observe	the	Barne1	field	in	the	rota5ng	frame!!	
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Resonance condition

Zeeman interaction

Shift of resonance frequency = Ω

Zeeman int.＋ Barnett effect

NMR measurement	
+B0	 +Ω	

ω0	 ω0+Ω	

Rotate together the coil and the sample	

Ω=10,000cycles/sec	
	

← impossible 
in wired circuit !	

NMR spectrometer	



electron　　	 me：electron mass 
e: charge 
ge: g-factor	

~0.001 Oe/kHz 

~1 Oe/kHz	
nucleus	

mp：proton mass 
e: charge 
gN: g-gactor	

Ω couples to angular momentum, 
B couples to magnetic moment.	
	



sample and coil are 
put inside of the rotor

sample 

sample coil 

stationary coil 

coupling coil 

rotor capsule 

matching 
capacitor 

!! 

Rotating frame
No relative angular velocity

The observation must be done in   
 Rotating frame,but not Lab. frame! 



without rotation	

with rotation	

115In : γ~9.330MH/10kOe
 (reported value: 9.3858 MHz/10kOe)

cross section	

BΩ ~10.7 Oe at Ω/2π=10kHz



Sign of gyromagnetic ratio、 γ：�

The sign of Barnett field depends 
on the sign of gyromagnetic ratio: γ

Resonance shift direction  
changes by the sing of γ

+B	 +Ω	

ω0	 ω0+Ω	

γ>0	
+B	 +Ω	

ω0-Ω	

γ<0	

Magnetic 
moment Magnetic 

moment 

⎟⎟⎠

⎞
⎜⎜⎝

⎛ +⋅−=
γ

γ ΩBIĤ

Hamiltonian 
proton: γp= 42.8 MHz/T	

neutron: γn= ｰ29.1 MHz/T	

e.g. 

Ω couples to angular momentum,	
B couples to magnetic moment.	
	



Using rotating NMR, we can easily determine 
the sign of  gyromagnetic ratio of nuclei.

Frequency shift and  γ�

Indium-115: γIn = 9.33 MHz/T 
Silicon-29: γSi = ｰ8.45 MHz/T 	



Frequency shift in various 
nuclides�

Frequency shift is universally observed !? 

⎟⎟⎠

⎞
⎜⎜⎝

⎛ +⋅−=
γ

γ ΩBIĤ

Lithium-7: γLi = 16.5 MHz/T 
Fluorine-19: γF = 40.1 MHz/T 
Sodium-23: γNa = 11.3 MHz/T 
Indium-115: γIn = 9.33 MHz/T 
 
Silicon-29: γSi = ｰ8.45 MHz/T 
Tin-119: γSi = ｰ15.9 MHz/T 

Zeeman + Barnett field

Ω couples to angular momentum,	
B couples to magnetic moment.	
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Spin current is induced parallel 
 to gradient of local rotation. 

Rota+on	mo+on	can	be	created	by	a	flow	of	liquid	metals	such	as	Hg	 

empirical velocity distribution in a pipe 

there are local rotational motions 
 (vorticity) 
Ｈ　= S・Ω: spin-rotation coupling, 
 v(r) : velocity of liquid metal,　　 
Ω　＝　▽×v　(vorticity) 

Stern-Gerlach effects: 
     Fs = ▽・Ｂ 
　　　= ▽ ・Ω 



measurement result 

voltage signal appears only while mercury is flowing 

 “Spin Hydrodynamic Generation (SHD)” 



18	

HI	
LO	

HI	
LO	

Signal is reversed by reversing the flow direction	

Result 1 -SHD Signal Measurement	



All results can be fitted  
by the same parameter set 

No
. 

1 2 3 

r 0.2 mm 0.2 mm 0.5 mm 
L 82 mm 400 mm 400 mm 
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 No. 1 (r = 0.2 mm, L = 82 mm)
 No. 2 (r = 0.2 mm, L = 400 mm)
 No. 3 (r = 0.5 mm, L = 400 mm)
 fitting

vV ∝ 2 
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Result 3 -Absence of Contact Electrification of Wall	

Flow	 Flow	

Uncoated Quartz Pipe	
Quartz Pipe  
with Resin-coated Inner Wall	

Resin and Quartz	
exhibit different electrification 
properties	

Flow-induced signal in resin-coated pipe is 
the same as that in uncoated pipe 

ruling out the contribution of 
the charging effect between 
pipe wall and fluid	



Angular momentum conservation�
and Energy conservation:�

Electron	Electron	

Magnetism	

Thermal  
effect	

Electricity	

Spin 
current	

Electromagnetic 
Field	

Magnon	
SMF	

STT 
Spin Pumping	

SS
E	

Nuclear 
 Spin	

Motion	

Magnetism	

Heat	

Electricity	

Spin current	

Nuclear 
spin	

Hyperfine	

Spintronics	

In summary:	

Motion	


