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Content:

1. Introduction to spin mechatronics;
Einstein-de Haas effect (1915) and Bernett effect (1915).

(M.Ono et al., Phys. Rev. B92, 174424(2015) and Y. Ogata et al,,
APL (2017)).

2. Nuclear magnetic resonance with mechanical rotation,
(H.Chudo et al, Appl. Phys. Express 7, 063004 (2014) and
J. Phys. Soc. Jpn, 84, 043601 (2015) and more),

3. Spin hydrodynamic generation in liquid metals.

( R.Takahashi et al., Nature Phys. 12,52 (2016)),
News & Views; Nature Phys. 12,24 (2016),
Nature Mat. 14, 1188 (2015),
Science 350, 925 (2015)).
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Derivation of spin-rotation coupling

Dirac equation
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Derivation of spin-rotation coupling

auf PZ
7'{ U?‘(OU — IHUW Zm (1" X p) Q

-5-Q

~

J

We need to observe the Barnett field in the rotating frame!!
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NMR measurement
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2'm'P m,: proton mass
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Q couples to angular momentum,
B couples to magnetic moment.




Tuning circuit

The observation must be done in

Rotating frame,but not Lab. frame! matching
capacitor

rotor capsule
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sample and coil are
put inside of the rotor




Observation of Barnett field

without rotation
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e.g.
The sign of Barnett field depends proton: y,=42.8 MHZ/T
on the sign of gyromagnetic ratio: y neutron: y. = —29.1 MHz/T
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§2 couples to angular momentum, Resonance shift direction
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Indium-115: v, = 9.33 MHz/T Using rotating NMR, we can easily determine

the sign of gyromagnetic ratio of nuclei.

Silicon-29: yq, = —8.45 MHz/T




NMR shift (kHz)
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y<0
e siinSi(=172)
e '“sninsn0, (1=12)

y>0

"Li in LiF (1=3/2)
"®Fin LiF (=172)
’Na in NaCl (I=3/2)
"In in InP (1=9/2)

Zeeman + Barnett field

H=-i B+

4

\ Lithium-7: y,;= 16.5 MHz/T
Fluorine-19: y.=40.1 MHz/T

Sodium-23: vy, = 11.3 MHz/T
Indium-115: vy,,=9.33 MHz/T

Silicon-29: vy, = —8.45 MHz/T
= Tin-119: y;,= —15.9 MHZ/T

= Frequency shift is universally observed !?
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§2 couples to angular moment

B couples to magnetic moment
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spin current generation from tluid motion

Spin current is induced parallel
to gradiep,‘%of_}ocal rotation.
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empirical velocity distribution in a pipe
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there are local rotational motions |
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H =S8 °Q: spin-rotation coupling,
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overview

measurement result

voltage signal appears only while mercury is flowing

“Spin Hydrodynamic Generation (SHD)”




," Result 1 -SHD Signal Measurement

LO

O f/ar 1
At 5.9 sec, 2.7 m/s

gy

Internal Diameter ¢ 0.4 mm /)/

Length L 80 mm

& Signal 1s reversed by reversing the flow direction

& Signal increases with increasing pulsed pressure AP

V (nV)




pipe size dependence measurement
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," Result 3 -Absence of Contact Electrification of Wall

L
, Quartz Pipe
Uncoated Quartz Pipe with Resin-coated Inner Wall
&®S % Resin and Quartz
Flow S : Flow ™S . exhibit .different electrification
properties
150 . ———
— fit. (uncoated wall)
— 100 L© exp. (coated Wall)/,// Flow-induced signal in resin-coated pipe is
E ® the same as that in uncoated pipe
< 50l o . .
¥ @ ruling out the contribution of
0 ?’D | the charging effect between
0 | 0.1 | pipe wall and fluid




,0" In summary:

Angular momentum conservation
and Energy conservation:
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