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magnetism → rotation rotation → magnetism

Einstein-de Haas effect(1915) Barnett effect(1915)

Angular momentum conservation

between electrons and mechanical motion:

External field

rotaion

Barnett field



Dirac equation
: gamma matrix

charge:q
mass:m

velocity of light:c

Spin connection

vierbine:)(

e metric:g
low energy limit

total angular momentum

Non-relativistic limit



total angular momentum

Non-relativistic limit

Rotation couples to Angular momentum!!

Magnetic field couples to Magnetic moment!!

No coupling constant! 

Different from the spin Orbit coupling, which is of 1/m2



Foucault Pendulum

Period (day) = 1day/sin φ
cf. wikipedia

Rotation freq. = Ω cos θ

Rotation freq.(Earth) Ω = 1 round/day,

φ =90°- θ,   sin(π/2-θ)=cos θ

(φ: latitude)

Foucault pendulum in the Southern 

Hemisphere

（Reverse in the Northern Hemisphere）

z
θ



Electron：
Spin（S）：internal motion。

Ofrbital（L）：motion around a nucleus。

Total angular momentum of 
electron：

<J>＝<S>＋<L>
Magnetic moment of electron：

<μ>＝μB<２S＋L>
２μB<S>：

Spin magnetic moment
μB<L>：Orbital magnetic moment

μB = he/4πme

Orbital
Spin

In 3d materials、 the orbital angular momentum (L) is
quenched by the crystal field.

<L> recovers by the spin-orbit interaction！！
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μB = he/4πme

Orbital
Spin

In 3d materials、 the orbital angular momentum (L) is
quenched by the crystal field.

<L> recovers by the spin-orbit interaction！！
This is observed by the Barnett effect.

Application of Barnett effect:



g and g’ in 3d metals

C. Kittel, PR 76, 743 (1948), D. 
Polder, PR 73, 1116(1948), J. H. Van 
Vleck, Physica 15, 197 (1949), J. H. 
Van Vleck, PR 78, 266 (1950).

Magnetic field couples to magnetic moment and gives g,
Rotation couples to angular momentum and gives g’!!

ESR

Barnett effect, Einstein-de Haas effect

Fe Co

g 2.1 2.21

g’ 1.92 1.85

gyroscopic g factor 

spectroscopic g factor

ε = 0.1 (Fe) and 0.21 (Co)
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Nano-Granuler
magnets:
FeCo dispersed 
in MgF2, AlF3,etc.

Transmittance and 
Magnetization vs. 
FeCo concentration
In  AlF3:



：
sample 
volume

susceptibility Rotation 
freq.

：Bohr 
magneton

：distance to sensor
：gyromagnetic 

ratio
：length of 

sample

実験方法

Magnetic sensor

Dipole model for the stray field

L

R

Experimental set-up



<J> 

<M> 

g’ = 2 

g’ = 1 

g’ ≒ 2 

g’ = 1 

FeCo nano-granule

Rare earth metal:
Ogata et al., APL(2017)

Barnett effect:

Nano-granular magnet: g’  =1.76
Ogata et al., JMMM (2017).

Induced magnetic moment by rotation:

S. J. Barnett, Phys. Rev. 6, 239-270 (1915). 



Fe(bulk) Co(bulk) FeCo-MgF

g 2.1 2.21 2.31

g’ 1.92 1.85 1.76

spectroscopic g factor gyroscopic g factor

ESR Barnett effect

FeCo-MgF

Fe(bulk)

Co(bulk)

Contribution of Orbital : ε

FeCo-MgF:

Orbital Physics!!

Spin Physics

Orbital is not a byplayer.
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pool of liquid

spin current

An electron (spin) is a kind of rotor !!



Spin current is induced parallel

to gradient of local rotation.

Rotation motion can be created by a flow of liquid metals such as Hg 

empirical velocity distribution in a pipe

there are local rotational motions

(vorticity)

= S Ω: spin-rotation coupling,

v(r) : velocity of liquid metal,

Ω v (vorticity)
Stern-Gerlach effects:

Fs = 

= Ω



measurement result

voltage signal appears only while mercury is flowing

“Spin Hydrodynamic Generation (SHD)”
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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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In conclusion:

Spin Mechatronics!!
Electron (spin) is a rotor.

General relativistic quantum mechanics.

c.f., Talk by M.Matsuo on May 6.

Mechanical rotation provides a new  degree of freedom 
in quantum matter!!


