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Conservation laws

•
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Classical description



The Lagrangian

• Canonical variables:

• Lagrangian density:

with

• Euler-Lagrangian equations:
Landau-Lifshitz equation

Maxwell’s equation 

(magnetostatic approximation)



Linear momentum conservation

• Conservation law

• Total linear momentum

is conserved.

Neel:

Bloch:



Complication

• Singularities at two poles

• The linear momentum of magnetic textures



Domain wall (DW) momentum

Reference texture 
(zero momentum)

Planar wall



Application: Spin wave scattering by DW
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Linear Momentum Conservation:

DW velocity in the presence of damping:
No lattice effect here.



Angular momentum conservation

• Conservation law

Spin angular momentum Orbital angular momentum

• Total angular momentum

is conserved.

where

Angular momentum of EM field:



Illustration

•



Helical spin wave mode

• Wave-front shape



Helical spin wave mode

• Wave-front shape



Its photonic and electronic counterparts

• Photons
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• Electrons

• Spiral phase plate

• Computer-generated holograms

• q-plate, …



Orbit transfer torque 

Biziere et al., Nano Lett. 13, 2053 (2013).



Conclusions & Outlook

• We formulate the conservation laws for linear and angular 
momentum in ferromagnets.

• We identify a non-adiabatic torque on domain wall due to 
spin wave reflection.

• We predict an orbit angular momentum transfer which is 
highly efficient to drive domain wall motion.


