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Magnetization and 1/f Fluctuation Frequency Characteristics of Ferromagnetic

Materials by Visualizing the Dynamic Magnetic Wall Movements

FH P, FERE IR
Takashi Ishii, Yoshifuru Saito
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Bitter method is most commonly observing way of the magnetic domains even though it is limited
to the surface of specimen. To observe the magnetic domains by Bitter method, a drop of magnetic
liquid is put on a target magnetic material surface after electrical field polishing processes. Applying
magnetic field to this magnetic material covered by magnetic fluid makes it possible to observe the
magnetic domain dynamics by a microscope.

We have previously reported that local magnetization characteristics could be obtained from the
visualized magnetic domain dynamics. Final purpose of our research on visualized magnetic domain
dynamics is to work out a fully automatic quality control system. And also, we plan to deduce some
rules governing the magnetic domain dynamics system from the visualized thin magnetic materials
domain dynamics. Present paper, we try to visualize the magnetic domain wall dynamics of
ferromagnetic materials when applying not only the anhysteretic magnetizing condition but also
mechanical stress. We try to extract 1/f as well as 1/f* fluctuating frequency characteristics from the

magnetic domain wall dynamics, where o is the generalization of 1.

Keywords: Ferromagnetic materials, Magnetic domain wall dynamics, Visualization

1. &R

WM LR - s 2 AT D R B
Thd, —MKIT, WMERPEHIREX & FEIT 5 0
A DOEE THER I I, SNBSS CTHE D%
REAFNF =N/ 70D XD ITBENZENT D,
T, WM ORI R IS RT3 5
WX ZFETH 5,

AT DA FHEZ RO EIBRSE - BT, BEXE
O FIGAGIERA LR 2 R 3 5 - DI EE R & E
O, WX ORI, ko n A N E
HAni-v s #—ik, BB Hik, BEot
TR ERA L FIEE bbb, By & —ikiX
FRRFETHHH, BIXFOBEE LB TE
VW, T, BEROCTFRY BT AR ZR T O R X 25 )
AIHAGIZIRE SV D, B BB D AR
RN OB X B A BIE2FTRE & 208, w72 iss
R+ 2010 4 2 A 20 H

AT 201046 7 1 H
Copyright © 2010 Hosei University

ELEET D,

ek, s 1TMEIX OO FE - BABE I 7> S BEEAR D
BALRHEZ S T 2 < B LWHIEERE LT Y,
BUE, xR 72 % 0 CREMEIR D RERE 2 I AL T
REL T2 By ¥ —ik%E AW CTREMEIR OB LREE 2 fil
M9 2 HEEBRELTOD 2,

ARG TIE, FREEMEROSRZ VT, AZHE AR I
B % BEMEAROBEER B I KON, AZHt S A
TRz BE S GE OMEBE 2 &y 4 —1AT
B L. £ ORERD bR RE L 756 OBALE:
PRI AR D Y, S BT, EERMRICIEE A
7oA OREIX %8 % Bitter L CBIZE L G FORE
DG DORFE A 1/0° & E R E Rt CREAT
T,



2. HERBOAHRIE SBIERY

2.1 Ev AR —&IZ &k 3HBEBHDOARL

REHE BB 2 T, A U 723U I A AR A
MCHRitEa v A RIERET=D L, IX—HT A %H
HCRIEET D, mEEVERMRL 7 (v BBkER) o=nm
A NiExERMEAREICOT D L. 2 a4 RIENIC
S L T T BR LB DRI 123 . REREATIT D 2 73
WAL 2RI KL R § 2 i O IRV R OBERNZ 5| = {4
FONTEEY, REITHEOMEEDHNNTX S,
ZOFMEIT, v~ %y hEa—U—2 EOREHICIE
AENTEHY ., w72 SRl 2 L2 &
WERERIZR A ATREL +5 2,

Fig.1 (ZARMFZE TR L 7= EBREEE b abfd = A v
Z7R3Y, Table 1 ICARERR Tl A L7221 v &
HaA Lotz R~d,

(a)Entire measurement
system.

Fig.1 Experimental devices for magnetic domain wall

observation.

(b) Exciting coil.

Table 1 Various constants used in the experiments.

. Diameter of Length of
Coil. Turn. coil. coil.

Exciting | 300[ Turn] 11 [mm] 20[mm]

Search 1 200[Turn] | 2.5[mm] 15[mm]

2.2 TR POHERE & BT

Fig.2 (ZJ8 4 1 [Hz ] O A2 A Fiin L 72356 o
WX D7 L— NEHGH & 7T, Figd (2GR0
B-H LA TH %,

2.3 ERRET OMERE &R

Fig.4 | E WL T2 1) 2 BEX Ei4 & 7~ 9, Fig.5
SRR B O B-H B b4 Th 5.

Copyright © 2010 Hosei University

ek, B A%

(d)Nickel.

(c)Permalloy45%.
Fig.2 Flame images of magnetic domain dynamics undet
the alternating magnetic fields.
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(a)Soft iron. (b)Silicon steel.
(c)Permalloy45%. (d)Nickel.

Fig.3 B-H Loops of the tested magnetic materials.

(c)Permalloy45%. (d)Nickel.
Fig.4 Flame images of magnetic domain dynamics
under the anhysteretic magnetic fields.
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(a)Soft iron. (b)Silicon steel.
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(c)Permalloy45%. (d)Nickel.
Fig.5 Anhysteretic B-H loops of the tested magnetic
materials.
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Fig.6 Typical fourier power spectrum.
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Sinusoidal field. Sinusoidal +DC fields.
(a)Soft iron.

“ihite Color part 1/Fzihite Color part

Sinusoidal field. Sinusoidal +DC fields.
(b)Silicon steel.

1fzwhite Color 1/fziite olor part

Sinusoidal field. Sinusoidal +DC fields.
(c)Permalloy45%.
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White : 1/f frequency
Fig.7 Extracted 1/f frequency fluctuation.
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Fig.8 Ferromagnetic under downward stress.
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Table 2 1/f frequency fluctuation characteristic.

The stress situation. Extraction rate.
Omm 3.59%
Imm 1.89%
2mm 1.59%
3mm 1.01%
4mm 0.88%
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Green : 1/F-°1%, Area: 3.59° (%

(a)0Omm.

Green : 1/F2-°1%, Area: 1.839° (% Green : 1/f°°0% Area: 1.587° (%)

(b) Imm. (c)2mm.

Green : /%1% Area: 1.0147 (%) Green : 1/1°-°1% Area: 0.878 [%]

(d)3mm. (e)4mm.
White : 1/f frequency
Fig.9 Extracted 1/f frequency fluctuation.
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Averaged  1/F distribution
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(d) 3mm. (e) 4mm.

Fig.10 Averaged 1/ f“ distributions.
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