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Equations /

Landau-Livshits-Gilbert equation:

dM Yo
= AM x H.g —
T e V)

M x (M x Heg) .

Effective magnetic field:
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Equations /

Gibbs free energy:

A
EM) = /M2|gradM\2+cI>(M/Ms)—2u0He-de+%uo/\gradw?dx.
S
Q R3

Potential equation:

oAy = divM  inR?

M satisfies Neumann boundary conditions
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. Discretization: Time / E
: Timestepping:

L | n+3 S B n+;
om"2 = -—m""2 xhg?—am"? x (m""2 X h g ?)

with
dm 1 mn—l—l m” —n—l—l mn—l—l + m”
E(tn_'_l)wém 2 = - m(t +%)~m 2 = 5
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- Discretization: Spati al 4 §

o} -




Discretization: Weak form

Weak form of LLG and potential equation:

1
1+ a?

1 1 1
/(5mn+§ —am""2 xSm"t2) . vdx =
Q

N /" grad(m"t2 x v) - gradm" 2 — Q@2 x d)(d - m" T2 )v+
Q

+ (@2 x grade) - v — (@"T2 x he) - vdx
1
/grad¢-gradgpdx=/ﬁ”+§ -grad pdx .
D D

forallv e (H'(Q))% and ¢ € Hj(D)
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Discretization

LLG — |m]| is invariant in time
Not the case for our discrete equations.
Need to introduce a reduced integration for coupling term:

/ n grad(m’ 2 x v) - grad m" "2 dx

Q
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Discretization

LLG — |m]| is invariant in time
Not the case for our discrete equations.
Need to introduce a reduced integration for coupling term:

/ n grad(m’ 2 x v) - grad m" "2 dx
Q

LH
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Newton-Algorithm /

fl(m) :]CAl (ml — 7711 -+ Ck(ﬁlH_QmH_l — ﬁzl+1ml+2))

3 — 3 — - — 0"
+ 77(14;+2mz+1 - Al_|_1ml—|—2) — Ay + Aoy =0 :

Start withm =m
Do while norm(f(m)) > tol

° mz‘t—|—1 _ mz’t . (Df)_lf(m“)

e If It > Itmax, break and error
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Examples

Results

Strong coupling vs weak coupling

Vector field m after:1000 timesteps

Vector field m after;1000 timesteps
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— — exchange energy
anisotropy energy

— - external field

—— magnetic energy

— total energy
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Results: Different mesh widths

— 4*ho

2*ho b
— — 3/2*ho °
— ho
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# iterations

300 ®
timestep ®
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Dynamical evolution of the magnetization
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