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Abstract

Bitter method is most commonly observing way of the magnetic domain walls even though it is limited to the
surface of specimen. To observe the magnetic domain walls by Bitter method, a drop of magnetic liquid is put on a
surface of a target magnetic material after polished by electrical fields. Applying magnetic field to this magnetic
material covered by magnetic fluid makes it possible to observe the magnetic domain walls 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 walls dynamics is to
work out a fully automatic quality control system of the electrical iron sheet producing plants. And also, we plan to
deduce some rules governing the magnetic domain walls dynamics by consideration of the entire visualized results.

In this paper, we try to visualize the dynamic magnetic domain walls of ferromagnetic materials when
superposing the direct current magnetic fields to the alternating current magnetic fields excitation, i.e. anhysteretic
magnetizing condition.

Also we try to visualize the dynamic magnetic domain walls of ferromagnetic materials when magnetized in the
perpendicular and longitudinal directions. Further, we try to extract the 1/f fluctuating frequency characteristics from
these dynamic magnetic domain walls. This clarifies the 1/f fluctuation characteristics of the dynamic magnetic

domain walls when magnetized to the perpendicular and longitudinal directions.
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Fig.1 Barkhausen noise.
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() Initial permeability region. (b) dB/dH is large region. (C) Saturation region.

Fig.2 Initial magnetization curve.
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(a) Demagnetized state. (b) Saturated state.
Fig.3 Magnetic domains and magnetized states.
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Fig.4 Electro-polishing process.



(a) Before electro-polishing. (b) After electro-polishing.

Fig.5 Before and after electro-polished images of the magnetic material surfaces.
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Fig.6 Experimental devices.



Table.1 Various constants used in the experiments.

Tum Diameter of coil. Length of caoil. Thickness of coil

[Tum] [mm] [mm] [mm]
Exciting coil. 300 10 30 0.6
Search coil. 200 15 15 0.2

2.2.3 BREEEEIR

AT CILE >y # I L D EAIREEBIIR OHRE. T EA IR~ Fig TS ARG F IR DA FEREMEA
OENIREEERIRO 7 L— NEiG 23 il = A M EREHz |, LOAOFE AT L CREH R L,
{37001 CENOBRERIR A4 L7z,

(c) Permalloy45%. (d) Nickel.

Fig.7 Sample flame images of dynamic magnetic domain walls.
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Fig.8 B-H Loops of the tested magnetic materials.
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Fig.9 Average pixel values in each of the flame images in time t
axis.

Sample: Soft iron.
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Fig.10 Flame image of the dynamic magnetic domain walls.

Sample: Soft iron.
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Fig.11 B-H Loop reproduced from the entire referred pixel values of the

sequential flame images.
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Fig.12 Typical Fourier power spectrum.
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Fig.13 Typical Log-Log graph of power spectrum and frequency characteristics.

-19-



323 1Uf @b EEEEERHED RS

BhHIRGEEEIR 30T D UfD & ETERRERFED MY KIZ DN TR S, B AHz O A 2 Fn
U 7= B MR B OBIREEE IR O 7 L — AOBSREE RS L—2) FHAZDFT L, )8
BT D7 =V e NRU—=ARY T LEGHRT D, 7=V T U =27 T AOHZE 1L 2
HOIDGEIIIFHEZL & L, TOMOMETEHREFEAL YR & LTRLNLUF &6 RSO il
A 1G5 .

BRI B A Hz OAZ S A A FIIN L7235 B 0O U b ERIEM AR EFig. 14l R Y. B0l TUfd
HEZRL, THLINIERATHS.

Fig.14 Extracted 1/f frequency fluctuations.
Sample: Soft iron.
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Fig.16 Flame images of the dynamic magnetic domain walls under anhysteretic magnetic fields.
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Sinusoidal field. Sinusoidal +DC fields.

(a) Softiron.

Sinusoidal +DC fields,
(b) Non-oriented silicon steel.

Sinusoidal field.

Sinusoidal field. Sinusoidal +DC fields.
() Permalloy45%.

Sinusoidal field. Sinusoidal +DC fields.
(d) Nickel.

Fig.17 Extracted 1/f frequency fluctuation.
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(c) Permalloy45%. (d) Nickel.
Fig.18 B-H Loops of the tested magnetic materials.
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Fig.19 Anhysteretic B-H loops of the tested magnetic materials.
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Fig.20 Experimental devices.
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(b) Point@.

(d) Point®@. (e) Point®.
Fig.21 Flame images of the dynamic magnetic domain walls at each of the positions ©,@,®,® and ®.
Sample: Grain oriented silicon steel.
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Fig.22 Flame images of the dynamic magnetic domain walls at each of the positions ©,,®,® and ®.
Sample: Non-oriented silicon steel.

A (e) Point®.
Fig.23 Flame images of the magnetic domain walls at each of the positions ©,@,®,® and ®.
Sample: Permalloy45%.
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(a) Point@.

_ B)Point@.

(d) Point®@. (e) Point®.
Fig.24 Extracted 1/f frequency fluctuations from the grain oriented silicon steel.

©,0,0,® and ® refer to the sampled points.
White point denotes a 1/f frequency pixel.
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) a) Point@.

b) Point@.

(d) Point®. (e) Point®.
Fig.25 Extracted 1/f frequency fluctuations from the non-oriented silicon steel.
©,0,0,® and ® refer to the sampled points.

White point denotes a 1/f frequency pixel.

(@) Point@.

_(b) Point@. _ @Point®.

(d) Point®@. (e) Point®.
Fig.26 Extracted 1/f frequency fluctuations from the permalloy45%.

©,0,®,® and ® refer to the sampled points.
White point denotes a 1/f frequency pixel.
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Table.2 1/f frequency fluctuation characteristics of the grain oriented silicon steel.

The Point. Extraction Rate.
© 6.11%
@ 1.24%
® 14.13%
@ 1.76%
® 9.43%

Table.3 1/f frequency fluctuation characteristics of the non-oriented silicon steel.

The Point. Extraction Rate.
© 5,65%
@ 3.34%
® 10.82%
@ 4.84%
® 10.23%

Table.4 1/f Frequency fluctuation characteristics of the permalloy45%.

The Point. Extraction Rate.
© 5.40%
@ 0.08%
® 10.69%
@ 0.05%
® 3.36%
5.2 RFH51A) & FEE T ORH LR
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RV DENIREERISR0 7 L— LEi% % Fig.28 (R iR, A sdEs IV CEEE 700[13]
Tf1o7z.

Fig.29 I Fig.27 @ Point@I Tkt = A NV AEE, 15 DIVICREEEIE & Nt &L U SR 7R/ LR T
bb.
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Fig.27 Experimental device for the local magnetization characteristics

measurements.

(a) Point® (b) Point@.
Fig.28 Flame images of the dynamic magnetic domain walls at each of the
positions: @ and @ in Fig.27.
Sample: Soft iron.
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Fig.29 B-H loop of a tested soft iron.
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Fig.30 Magnetization characteristics of the tested soft iron evaluated from

the entire pixel values in each of the flame images.
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(@) 0 Second.

(b) 60 Second.
Fig.31 Side view of the infrared images.
Whiter: high temperature, Black: low temperature
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