3/10/2021 Grain Hysterics 0.5 - Jupyter Notebook

In [64]: dimport discretisedfield as df
import micromagneticmodel as mm
import oommfc as mc
import math
import numpy as np
import matplotlib.pyplot as plt

env: OOMMFTCL=/home/sellmyer/aullah8/.conda/envs/ubermag-2/opt/oommf/oommf.tcl

In [39]: from scipy.spatial import cKDTree
import numpy as np

A= 1.3e-11

Ms = 8.6e5

n=1

d = 30e-9

pl = (-30e-9, -30e-9, -30e-9)

p2 = (30e-9, 30e-9, 30e-9)

cell = (2e-9, 2e-9, 2e-9)

region = df.Region(pl=pl, p2=p2)

mesh = df.Mesh(region=region, cell=cell)
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In [40]:
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# perform Voronoi Tesselation
np.random.seed(11)

Ngrains

72

# Create positions to be grain centres, and create a cKDTree to

grain_centres = np.random.uniform(-n*d, n*d, (Ngrains, 3)) # create data between
grain_centres

out[40]: array([

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

-1
1
-2
2
2
7
-1
1
-2
5
-5
6
2
1
-2
-1
1
-8
1
1
1
-8
9
2
2
-8
-2
7
-7
1
8
1
-1
4
2
-2
-9
7
7
2
1
-3
-3
2
3
-1
-4
2
1
-2

.91838187e-08, -2.
.34960358¢-08, -4.
.92331511e-08, -7.
.10477054e-08, 1.
.36342502¢-08, 2.
.94004083e-09, -2.
.10179613e-08, -2.
.90965215e-08, -9.
.33003261e-08, -2.
.97260378e-09, -2.
.89941116e-09, 2.
.12384307e-09, 3.
.92003998e-08, -9.
.77861452e-08, -2.
.57986318e-08, -1.
.25841800e-08, 1.
.75572831e-08, 3.
.31098747e-09, -1.
.39695202¢-08, -2.
.62328840e-08, -1.
.40800633e-08, 2.
.49372430e-09, 1.
.15688439¢-09, 1.
.74466432¢-08, -9.
.69899983e-08, -9.
.05978995e-09, -2.
.88393983e-08, 1.
.37004046e-09, 1.
.94294250e-09, -1.
.99822445¢-08, 1.
.88338652e-09, 1.
.60579341e-08, -9.
.08677856e-08, 4.
.53351246e-09, -1.
.06963119¢-08, -1.
.45151248e-08, -1.
.37720158e-09, 1.
.51349040e-09, -1.
.61986915e-09, 1.
.46672999¢-08, -5.
.14046450e-09, 2.
.65219932e-10, -1.
.13373038e-09, 3.
.59448231e-08, 2.
.39126635e-09, -8.
.11792508e-08, 2.
.77655351e-09, 2.
.59289173e-08, 2.
.27777752e-08, 1.
.18109292¢-08, -2.

88314855e-08,
78778372e-09,
57703561e-10,
37978682e-08,
14292548e-08,
87709832¢-08,
05252616€-08,
32253054e-09,
49628114e-08,
66595792¢-08,
08787399¢-08,
14302929¢-09,
71675702e-09,
61788142¢-08,
08379376e-08,
74060674¢-08,
70912261e-09,
98709621e-08,
62267426e-08,
20028794e-08,
59742776e-08,
83940075e-08,
86579944¢-08,
96753471e-09,
93815075e-09,
30758252e-09,
55789681e-08,
43970911e-08,
98582714e-08,
40527792e-08,
17639705e-08,
95502634e-09,
09738014e-09,
09087684¢-08,
18701187e-08,
19412498e-08,
25580611e-08,
38417876e-08,
95391337e-08,
06977985e-09,
53470143e-08,
50218835e-10,
03836826€-09,
04411258e-08,
01436734e-09,
58459553¢-08,
75977588e-08,
33101751e-09,
29440948e-09,
13048323e-08,

-2.
-8.
2.
-2.
-2.
-2.
1.
-1.
.27635561e-08],
-1.
1.

W R URNMNMNOOERLPRE

1

2

2

2

2

20688841e-09],
74374110e-10],
65083991e-08],
34758357e-08],
00948029¢-08],
29957639¢-08],
55387753e-08],
08720722e-08],

21216310e-09],
30709508e-08],

.69461439¢-08],
1.
8.
.57770443e-08],
2.
6.
3,

56075193e-08],
12306142e-09],

43240192¢-08],
96110310e-09],
82554398e-09],

.87560213e-08],
1.
5.
.58694658¢-08],
.53289152e-09],
.42951574e-08],
.69791980e-09],
.54998804e-08],
.83445013e-09],
.88019419¢-09],
.76323444e-08],
.25176748¢-08],
.84189152¢-08],
.72244764e-09],
.52154109e-09],
.69197975e-08],
.70675975e-09],
.48583116e-08],
.84380953¢-08],
.40252837e-09],
.02163891e-09],
.28373198¢-08],
.34346758¢-08],
.92333190e-09],
.82705122e-08],
.23771043e-08],
.47077291e-08],
.56992339¢-08],
.72920143e-09],
.63177880e-08],
.28390117e-10],
.57763069¢-081,

20698565e-08],
98029402e-09],

https://crane-ood.unl.edu/node/c0409.crane.hcc.unl.edu/51103/notebooks/Ubermag/grains/Grain Hysterics 0.5.ipynb#

2/14



3/10/2021

P NPFRPOPRNMNRPRPEPNMNREPRERPNMENNEONNDN

e e e

Grain Hysterics 0.5 - Jupyter Notebook

.73634958e-08, 2.
.72477877e-08, 3.
.88278839e-09, -2.
.23530555e-08, -2.
.93448697e-08, -1.
.87815985e-08, 1.
.30460159¢-09, 2.
.68092103e-08, 6
.08935426e-08, 2
.51801108e-08, -2.
.52972115e-08, 2
.46919708e-08, 1
.94457911e-08, 2.
.74368116e-08, -1.
.04094086e-08, -1.
.27553638e-08, -1.
.83360404e-08, -4.
.47935663e-09, 1.
.22359284e-09, 5.
.86176435e-09, 2.
.15624469e-08, -1.
.62189766e-08, 1.

79558538¢-08,
23563637e-09,
68240291e-08,
66949101e-08,
51320215e-08,
60329771e-08,
49301802e-08,

.83821975e-09,
.68770018e-08,

68228879e-08,

.71305288¢-08,
.88664523e-08,

76832663e-08,
97525911e-08,
50948191e-08,
07776530e-08,
64040152¢-09,
12761748e-08,
97900625e-09,
16835612e-08,
66873745e-08,
63522648e-08,

-8.
1.
-1.
2
-2.
-2.
-8.
-1.
-8.
1.
1
-1.
-1.
-1
1.
-1.
-2.
4
2.
-8.
1
2

53264552e-09],
41785683e-08],
60270300e-08],

.07898186€-08],

67530817e-08],
74813199e-09],
65019521e-09],
12473144e-08],
36520730e-09],
98995964e-08],

.23688577e-08],

85567032e-08],
25377215e-08],

.20545862e-08],

51120301e-08],
20775274e-08],
60732050e-08],

.09834986e-09],

41588457e-08],
88170437e-09],

.75969237e-08],
.41702100e-081])

https://crane-ood.unl.edu/node/c0409.crane.hcc.unl.edu/51103/notebooks/Ubermag/grains/Grain Hysterics 0.5.ipynb#

3/14



3/10/2021

In [41]:

Out[41]:
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voronoi_kdtree = cKDTree(grain_centres)

# Generate random anisotropy axes

axes = np.random.uniform(-1, 1, (Ngrains, 3))

axes
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In [42]:

out[42]:

# Weight them towards +z - assume grains oriented along field cooled direction

axes[:, 2]
axes
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In [43]:

out[43]:

# Normalise

axes /= np.linalg.norm(axes, axis=1)[:, np.newaxis]
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95019599,
.73700501,
.31611996,
.48641083,
31768655,
31870081,
.3621917 ,
.49703923,

(ORI RN RO B I RN ORI RIS RN RO RO B R RN RO BN RN RO BB R RN RO R R RN RO BN R RN RO RO R NN RO BN R RN RO BRI RN RO RO RN )

()

.86629484],
.46494103],
.88007162],
.89309297],
.68536315],
.23375023],
.86851461],
.64724662],
.77688993],
.92137423],
.78824821],
.83741602],
.05529544],
.95511172],
.97550997],
.774994887,
.54075795],
.50198508],
.89236062],
.9707273 1,
.33693514],
.93472585],
.20211476],
.98762557],
.72436376],
.22719018],
.49222981],
.36683295],
.15808097],
.80831926],
.32139201],
.89912385],
.74949615],
.92363877],
.941529921,
.87606277],
.8889478 1,
.72061573],
.68000783],
.73730777],
.90494538],
.65593239],
.82950016],
.88065757],
.21156952],
.97637886],
.18951314],
.48983745],
.73993482],
.83730822],
.92977332],
.79620123],
.51725143],
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In [45]:

Out[45]:

[-0.06534586, -0
[ 0.06176535, -0
[-0.08478047, -0
[-0.64264441, 0.
[ 0.09663073, 0.
[ 0.1773248 , ©
[-0.15813822, ©
[ 0.15553684, ©
[-0.45470788, -0
[-0.09950586, -0
[-0.62062138, O.
[ 0.36119047, -0
[-0.58798843, 0.
[ 0.82268288, -0
[ 0.86685384, O.
[ 0.19105804, -0
[ 0.52517297, O.
[-0.51049402, -0
[ 0.40140479, 0.

Ku = 1le5

# Generate a normal distribution of anisotropy strengths:
np.random.normal(Ku, Ku*0.2,

strengths =
strengths

array([125416.
77285.
85124.

128428

88255

99460

60244588,
48570018,
17441533,

.80227099,

94518.
126174.
101105.

55745.
120700.
106339.

62155559,
22357484,
16438771,
75217358,
52608749,
70993317,

.1419409
107183.

86380.

72908.
117808.
104458,
109339.

35671148,
54698092,
57995578,
50920675,
51068638,
26917193,

.25693344,
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, 0.73976142],

.6696887
.4235211
.1593305

7350295
9535087

.4238410
.1306162
.4656189
.1516731
.2105928

3080152

.4318053

4666599

.1682263

2755699

.5748126

6081364

.0693294

0862171

113264
81800.
88040.
63461
80203.
91985.

120365.

115057.
66716.

110415.

148417

105924.

132659.
98851.
88194.

122431.

104272.

108977

4, ©.90377812],
7, ©.98357818],
3, 0.21619378],
8, 0.28545315],
2, ©.88820871],
3, ©.97873986],
5, ©.87121024],
3, ©.87763091],
5, ©.97249639],
8, 0.72107953],
6, ©.82648991],
6, 0.66068001],
, ©.54304033],
7, ©.41548239],
7, ©.79566778],
8, 0.59528428],
5, ©.85708184],
5, ©.91183375]])

.75803076,

71185825,
92267893,

.893785

44829353,
06567302,
3468904
9921469
8558198 ,
87622442,

.22572717,

62185986,
84558423,
83198226,
16059653,
23081276,
37950638,

.47574679,

Ngrains)

62021.
58395.
110326.
72165.
115357.
99816.
90136.
132748.
93295.
72545.
98502.
95187.
105095.
100603.
96603.
95389.
123694.
113094.

16371098,
35329679,
54604098,
67034941,
12499158,
54921428,
12029707,
78824114,
49099093,
88424885,
41507686,
8367293 ,
0238786 ,
91957936,
99335486,
33619159,
58317776,
47182588,

80310

104986

102373

77573

.16009458,
58965.
93504.

43262684,
82797555,

.23044733,
121737.
104514,
107359.
99424 .
69118.
83027.

5348981 ,
02768573,
4270245
4505686 ,
89100413,
66977328,

.91277767,
73346.
92524.
86916.

116827.
91326.

108105.

92711371,
38437615,
86094844,
25073186,
45326275,
80631909,

.21933547])

9/14



3/10/2021 Grain Hysterics 0.5 - Jupyter Notebook

In [46]: # We then use the cKDTree in two functions. We get the x, y position
# of each micromagnetic cell, and query the tree for the region that
# the cell sits in. The functions then return the axis and strength
# at that region index.

def K_axis(pos):
X, Y, Z = pos
_, test_point_regions = voronoi_kdtree.query(np.array([[x, ¥, z]]), k=1)
region = test_point_regions[9]
return axes[region]

def K_mag(pos):
X, Y, Z = pos
_, test_point_regions = voronoi_kdtree.query(np.array([[x, ¥, z]]), k=1)
region = test_point_regions[9]
return strengths[region]

In [56]: K = 1le6
u = df.Field(mesh, dim=3, value=K_axis)

# uniaxial anisotropy axis
system = mm.System(name="'grain3")
system.energy = mm.UniaxialAnisotropy (K=K, u=u)

In [57]: u.plane('z"').mpl()
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In [58]: wu.plane('y').mpl()
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In [59]: u.plane('x"').mpl()
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In [60]: gamma@ = © # gyromagnetic ratio (m/As)
alpha = 0.2 # Gilbert damping
system.dynamics = mm.Precession(gamma@=gamma®) + mm.Damping(alpha=alpha)

system.energy = mm.Exchange(A=A) + mm.UniaxialAnisotropy(K=K, u=u) + mm.Demag()
system.m = df.Field(mesh, dim=3, value=(@, 0, 1), norm=Ms)

Hmin = (0, ©, -3/mm.consts.mu®)

Hmax = (@, ©, 3/mm.consts.mu@)

n = 61

In [61]: hd = mc.HysteresisDriver()
hd.drive(system, Hmin=Hmin, Hmax=Hmax, n=n)

Running OOMMF (TclOOMMFRunner) [2021/03/10 10:44]... (118.6 s)
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In [62]: system.table.data.head()
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Out[62]:
max_mxHxm E delta_E bracket_count line_min_count conjugate_cycle_count
0 0.084858 _4'3835741% 1.479114e-31 250.0 50.0 177.0
1 0.092319 _4'2012041% 2.465190e-31 296.0 95.0 178.0
2 0.096270 _4'0190031% 0.000000e+00 343.0 141.0 179.0
3 0.008174 ~3-836985e-  -4.93038%e- 391.0 188.0 180.0
16 32
4 0.078269 '3'6551651961 0.0000006+00 440.0 236.0 181.0
5 rows x 26 columns
In [63]: system.table.mpl(x='Bz', y=['mz'], marker='o', linewidth=2, linestyle='dashed')
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