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Ordinary cylindrical specimens with easy-axis anisotropy perpendicular to
the axis of a cylinder are studied. As shown, the inhomogeneous long-wave
magnetic configurations of harmonic type can be created and observed in
such samples. A linear theory is developed to simplify the set of Landau—
Lifshitz and Maxwell’s equations to one general equation for a magnetostatic
potential. The ranges of magnetic fields and the self-parameters responsible
for the inhomogeneous periodic configuration formation are determined
when solving a boundary value problem for a magnetostatic potential. De-
pendence of the period of magnetization wave on a magnetic field value, the
constant of anisotropy and diameter of a cylinder is determined. The pro-
posed theory gives qualitative explanation of the experiment when, using the
Bitter’s powder-like figures’ method, quasi-periodic distributions of the
magnetostatic fields can be observed in samples. These fields arise under ex-
ternal magnetic field of about 1 kOe directed along the axis of a steel cylinder
and are absent without external magnetic field. An example of practical ap-
plication of long-wave magnetic structures for a surface morphology control
during chemical etching of ferromagnetic metals in acid solutions is given.
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The quasi-periodic structure of a corrosion surface of ferromagnetic cylinder
corresponds to the period of a long-range magnetic structure.

Key words: ferromagnets, domain structure, magnetostatic field, etching.

JocaimxeHo MUIiHAPUYHI 3pasKu 3 JIETKOBICHOIO aHi30OTPOIi€l0, IEpPIeH M-
KyJaapHOIo 10 oci nmuiainapy. Ilokasano, 1110 B TaKUX 3pasKax MOKHA CTBOPIO-
BaTH i crocTepiraTu HEOAHOPiAHI JOBroXBUJIBOBI MarHeTHi KoH(piryparrii rap-
MOHiuHOTO TUN'y. ByJsio pOo3BUHYTO JiHifIHY Teopilo, AKa 3BOAUTH CUCTEMY DPiB-
HaHb Jlangay—Jlipmumna ta MaxkcBeqI0BUX, 10 ONKCYIOTh MAarHeTHUIN CTaH
CHCTEMMU, 0 OJHOTO 3araJIbHOTO PiBHAHHA JJIA MarHEeTOCTATUYHOI'O TIOTEHITiA-
ay. B xozai pos3B’si3aHHS KpaioBoi 3aaui A1 MarHeTOCTATHYHOTO MOTEeHITiATIYy
BU3HAUYEHO JiANMAa30H MarHeTHHUX IIOJIiB i BJIaCHUX HapaMeTpPiB cHUCTeMH, 3a
AKUX IMOBipHHM € YTBOPEHHSA HEOJHOPiAHOI mepiogmuHoi KoH(irypaiii. Bu-
3HAYEHO 3aJIE}KHICTD IIepiofly XBUJII HAMAarHeTOBAHOCTH BiJl aMILIiTy 1 MarHe-
THOTO II0JIsI, KOHCTAHTU aHi30TPOMii Ta miAMeTpa HMUIiHAPY. S3aIpOomIOHOBaHA
Teopid rae AKiCHe MOSCHEHHA €KCIIEPUMEHTY, KOJIU IIPU 3acTOCyBaHHI BiTTe-
POBOi METOAM ITOPOIITKOBUX (IIr'yp MOKJIUBE CHOCTEPEXKEHHA KBasUIIePiogny-
HHUX PO3IOiJiB MArHeTOCTATUUYHUX IIOJIiB, IO YTBOPEHI IIpM IPUKJIAZaHHIL
30BHIIITHLOT'0 MAarHeTHOTO ImoJid mopaaky 1 KE B3goB:k oci crasmeBoro muiring-
Py, TOAi AK 6e3 IPUKJIaJaHHI 30BHIIITHLOI'0 MATHETHOT'O TTOJIA MAarHETOCTAaTHY-
Hi mousa BigcyTHi. HaBegeno mpukIag MpaKTUUYHOTO 3aCTOCYBAHHSA JOBIOXBU-
JBbOBUX MATHETHUX CTPYKTYP IJIA KepyBaHHA MOP(OJIOTielo TOBePXHi TpH Xe-
MiuHOMY IIaBJIeHHi (DepoMArHeTHUX METAJiB y posumHaxX KucjaoT. IIpu nsomy
KBa3uIIepiogMUYHAa CTPYKTypa IIOBEPXHi KOPOJAOBAHOTO (pepOMAarHETHOTO ITHJIi-
HIpa BifmoBizmae mepioay foro JoBromMaciiTabHOI MarHeTHOI CTPYKTYPH.

KuarouoBi cioBa: depomMarneTnky, JOMeHHA CTPYKTYPa, MarHeTOCTATUYHE I10-
Je, MaBJIeHHA.

WccnemoBaHbl MUJINHAPUUYECKHE 00pa3Ilbl ¢ JETKOOCHOII aHM30TPOIINE, mep-
NeHIUKYJIAPHON ocu muianHapa. IlokasaHo, 4To B TaKUX 00pasiiax MOMKHO CO-
31aTh 1 HaOJII0JaTh HEOAHOPOAHbIE NJINHHOBOJIHOBbIE MATHUTHBIE KOHPUTYpa-
MY TapMOHMYECKOT0 TUlla. Pa3BuTa JUHEHHAA TeOPUsa, KOTOpPas CBOAUT CU-
cremy ypaBHeHui Jlangay—JIndmmuia m Makcsesia, OMUCHIBAIOIIX MATrHUT-
HO€ COCTOSIHIIE CHCTEMbI, K OJHOMY OOII[eMy YPaBHEHHUIO AJISI MarHUTOCTATHUe-
CKOT'0 IOTeHIIajJa. B xome pellleHUs KpPaeBOM 3aJauM IJIs MarHHTOCTaTHUe-
CKOr0o MOTEHI[HAJIa OIpeNe/éH AUAlasoH MaTHUTHBIX IIOJEH M COOCTBEHHBIX
mapaMeTpPoOB CHUCTEMBI, IIPU KOTOPBIX BEPOSATHBIM SBJISAETCS oOpasoBaHme He-
OIHOPOIHOM IepuoanuecKoil KoHpurypamuu. OmnpemeseHa 3aBUCUMOCTD IIe-
puoza BOJTHBI HAMArHMUeHHOCTH OT aMILIUTYIbI MAaTHUTHOTO IO, KOHCTAHTEI
AHM30TPOIIMU ¥ AuUaMeTpa HuauHapa. IlpeaTo:KeHHasd Teopus AaéT Kaue-
CTBEHHOE O0'BbfACHEHNE JKCIIePMMEHTa, KOrJa IpH IPUMEHeHWU MeTOoJa IIo-
POIKOBBEIX (uryp Burrepa BO3MOKHO HAOJOJeHNe KBa3sUIEPUOAUUYECKUX
pacmpegeneHuil MarHUTOCTATUYECKUX II0Jiel, 0O0pasOBAHHBIX IIPU BO3meii-
CTBUU BHEITHETr0 MAarHuTHOTO moJdA mopaaka 1 xKE BIoJb ocu CTAIbLHOTO ITH-
JUHAPA, B TO BpeMdA KaK 0e3 IPUI0KeHna BHEIITHET0 MArHUTHOTO TTOJIA MarHu-
TOCTATHUYECKNE IOJII OTCYTCTBYIOT. IIpmBenéH mpuMep HPAKTHUUYECKOrO HC-
MOJIb30BAHUSA AJMHHOBOJHOBBIX MATHUTHEIX CTPYKTYP AJIA YIPABIEHUS MOP-
(osrorueil MOBEPXHOCTHU IIPU XUMUUYECKOM TpPaBJeHUU (PepPOMATHUTHBIX Ma-
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TEepHaJOB B pacTBOpax KuCJOT. IIpu sTOM KBasumepuomuyecKas CTPYKTypa
IMOBEPXHOCTH KOPPOIUPOBAHHOTO (DEPPOMATHUTHOIO IIUJINHIPA COOTBETCTBYET
IEePUOAY €ro AJINHHOMACIITAOHO! CTPYKTYPEL.

KuaroueBsie croBa: heppoMarHeTuKy, JOMEHHASA CTPYKTYyPa, MarHUTOCTATIUe-
CKOe II0JIe, TPaBJIeHUeE.

(Received September 12,2016 )

1. INTRODUCTION

Ferromagnetic materials are known to possess domain structure due to
competition of magnetic interactions of the certain types. On the one
hand, it is the energy of a magnetic anisotropy and exchange interac-
tion; on the other hand, it is dipole—dipole interaction of magnetic
moments of the system. Domain structure acquires the various forms
depending on the contribution of the mentioned interactions, a speci-
men shape and characteristics of external magnetic field [1-4]. It can
be a system of stripe domains, serpentine domain structure, a lattice of
cylindrical domains, spiral domains, etc. Similar structures appear
spontaneously or artificially and correspond to an absolute or a local
minimum of complete energy among the variety of magnetic configu-
rations.

The parameters of certain types of domain structures (DS) and their
separate elements have been widely studied both by experimental and
theoretical methods, for example [1-6]. These papers report on ther-
modynamic properties of ferromagnetic materials, the influence of DS
on their magnetization processes and their practical use in magnetic
devices. Except the practical application, investigation of magnetic
configurations is interesting itself in the theory of the non-linear
equations and theirs soliton-like solutions.

There are some elements of domain structures describing system
magnetization field distribution, which satisfy the joint solution of
the magnetostatic equations and the Landau—Lifshitz non-linear equa-
tions. These are the Néel and Bloch one-dimensional domain walls, the
Shirobokov stripe domain structure, and the Belavin—Polyakov two-
dimensional soliton configurations. However, for real systems with
geometrical restrictions of the samples, the mentioned solutions could
be considered only as certain approach to the real magnetic configura-
tions. Certain simplifications are necessary to take into account fac-
tors of magnetic objects shape and a wide spectrum of magnetic inter-
actions influence. One of the most useful simplifications consists in
representation of a domain wall as geometrical boundary characterized
by a surface energy.

A number of important domain configurations and their elements
have been investigated due to this approach[1, 2, 4].
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However, there are magnetic configurations with the fundamentally
different magnetization distribution compared to traditional domain
structures, which are formed in ferromagnetic systems under certain
conditions. These are non-uniform magnetic configurations in systems
with biaxial anisotropy.

Inhomogeneous magnetic ordering character of such configurations
is caused by a demagnetizing field in the presence of exchange interac-
tion. These structures are characterized by the sinusoidal type modula-
tion of magnetization components. The existence of such structures in
magnetic films or plates with anisotropy factor lower than unit, were
predicted in papers [7, 8]. The inhomogeneous structure period de-
pendence on the thickness and parameters of material was determined
as well. The development of this theory was the discovery of a magnetic
field influence on the magnetization distribution in such structures

[9].

2. THEORETICAL DETAILS
2.1. Problem Definition

It will be shown further that the inhomogeneous long-wave magnetic
configuration of harmonic type can be created and observed in cylin-
drical samples with ‘easy magnetic plane’ anisotropy, which is perpen-
dicular to the axis of the cylinder. The necessary condition of sinusoi-
dal modulations creation in such systems is the magnetic field directed
along the cylinder axis.

2.2. The Equation for the Magnetostatic Potential
and the Distribution of Magnetization in Ferromagnetic Film

We assume that the system is a ferromagnetic cylinder in an external
magnetic field. The cylinder axis coincides with the direction of the
field and is directed along 0z. It is supposed that while making such a
sample form (by rolling or drawing), uniaxial anisotropy of ‘easy mag-
netization’ occurs in the material in plane that is perpendicular to the
axis of the cylinder.

Thus, the magnetic energy density of the film material consists of
the exchange interaction energy, the Zeeman energy and magnetic ani-
sotropy energy and is given by:

2
w, =M B g 1)
2| ox, 2

where oo—a constant of exchange magnetic interaction, M—a system
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magnetization vector, P—the uniaxial anisotropy constant, H—
magnetic field value in the direction of cylinder axis 0z.

In case of B> 0, we have anisotropy of ‘easy plane’ (xOy plane).

The fragment of a cylindrical ferromagnetic sample is shown in Fig. 1.

As, in ferromagnetic systems at fixed temperature, the absolute
value of magnetization is constant,

M? = M + M} + M? = M; = const

(where M,—the saturation magnetization), we can represent Eq. (1) in
form:

2
_a oM B 2 2 2
w,, _Eﬂa] +§(M0 +M:+ M) - HM,. (2)

Based on Eq. (2), we can express effective magnetic field determined
through variation derivative:

H, = vy —aAM+B(Me, + Me )-V 3

eff__S_M_ wi_(x +B( xex+ yey)_ wi’ ( )

where y,—a potential of a magnetostatic field in the cylinder,

A =0° /axl.axi —the Laplace operator, Vy, —gradient of magnetostatic

potential in the cylinder, describing demagnetizing field of the sample
H" =-Vy,.

Last term in Eq. (3) determines demagnetizing field caused by mag-
netization inhomogeneities. The first term aAM is caused by exchange
interactions. When changing of the magnetization modulations at
great space scale (for example, the radius of a cylinder), it makes small
contribution and can be neglected.

Indeed, for cylindrical magnetic system of the radius R, we can es-
timate aAM as follows:

x4

=
y,
N

Fig. 1. The fragment of the ferromagnetic sample of a cylinder shape.

[N
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2
ofam| - <M _ (%j M4,

R2

where A =./a/(4m) ~10™* cm —the characteristic magnetic length.

Thus, for ferromagnetic rods or wires of the diameter of
2R ~ 10 2cm, the value of OLJAM| ~4nM -10™* is of the same order with
the terrestrial magnetic field.

The self-consistent distribution of magnetostatic fields and system
magnetization in the cylinder is described by the Landau—Lifshitz and
Maxwell’s equation sets, which correspond to a static case:

[MXHeff] =0,

divB, =0,

B, = -Vy, + He, + 41M,
H, =-Vy, + He,.

eff —

(4)

If the macroscopically modulations of a magnetization field with a
wavelength close to the cylinder diameter are considered, then, the
quantities with the second spatial derivatives in an effective field
could be ignored, and the set of equations (4) will be as follows:

M.(BM, -9y, /dy) = M,(BM, - dy, /dx),
M_(H -0y, /0z) = M (BM, — 0y, /0x),
M,(H -9y, /dz) = M,(BM,, - 9y, /dy),
Ay, = 4ndiv M.

()

The potential y, and magnetic induction B, satisfy to relations out-
side the sample:

Ay, =0,
B, =-Vy, + He,.

e =

(6)

Requirements of the continuity of potential and the magnetic field
component normal to the surface of the cylinder should be satisfied at
the boundary of two media:

1|Ii Z‘Ue r:R’
7
AL/ ol (0
or or | _p

where M,—magnetization vector component normal to the cylinder
surface.
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If magnetic field H directed along cylinder axis is greater than ani-
sotropy field, H > fM,, then, ferromagnetic sample obtains homogene-
ous magnetization. Otherwise, H < fM,, magnetization direction can
deviate from the cylinder axis 0z.

Suppose that such deviations are negligibly small. So, M, =

= \/M§ - M} - M = M,.Insuch approximation, we excluded terms

(M, /M,), (M, /M,)* <<1. (8)

Condition (8) is a soft constraint, because it allows operating with ra-
ther noticeable magnetization modulations: |Mx| , ‘M | ~0.3M,.

Considering that the magnetostatic potential changes are caused by
magnetization modulations and have a small value as well, let us keep
only the linear terms in the equations (4). As a result, the following re-
lation is obtained between magnetization and magnetostatic potential
components:

Q-h Y Q-h
where h = H/(4nM,) —a reduced magnetic field and @ = B/(41) —a re-
duced anisotropy of the system.

Substituting the relation (9) in (4), the equation for magnetostatic
potential is obtained in the self-contained view:

2 2 2
a’ 81|£i+8u£i _811;1.:0,
0x oy 0z
o 1-@-h)

Q-h

As a system possesses axial symmetry, it makes sense to represent
equations (10) in a cylindrical coordinate system:

2 2
a® lirawi+lza\ii —a\gi=0,
ror or r° o0Q 0z

4nM =

(10)

where r = +/x* + yz, 0= arctg(y/x).

The equation (10) changes into wave one and can describe spontane-
ous modulation of magnetization of cylindrical sample, if the coeffi-
cient before a bracket has positive value. This condition can be pre-
sentedas 0 < @ — h <1 orininitial designations:

0 < BM, - H < 4ntM,. (11)
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It follows from (11) that the magnetostatic wave structure cannot
spontaneously be generated without magnetic field presence in a direc-
tion of system axis at large value of anisotropy when [ > 47 . The re-
quirement of occurrence of such magnetization modulation is carried
out starting from some fixed value of the magnetic field.

Taking into account the relations (9), boundary conditions for the
magnetostatic potential (7) on the surface of the cylinder gain the fol-
lowing meaning:

l|]i = 1|Ie r=R’
@ e _ V. (12)
or or | _p

Besides, the magnetic field on some distance from the sample should
be converted in zero.

We will search for the solution of the boundary value problem (5),
(10), (12) in case of the axial symmetry in the following form:

y,(r,2) = Ad, (ﬁJ coskz,
a

vy, (r,2) = BK(kr)coskz,

(13)

where J,(x)—the Bessel functions, and K,(x)—McDonald’s functions
decaying at r — -, k—a wave number, A, B—some constants defying
amplitude of modulation.

The given functions turn the equation for the magnetostatic field
potential to identity at any value of a wave number £.

The real value of % is determined from the characteristic equation,
which can be written out from the boundary conditions (12). Substitut-
ing (13) in relations for boundary conditions, the set of the homogene-
ous linear equations is obtained:

( J,(kR/a) _KO(kR)jLA] _ (OJ (14)

aJ,(kR/a) K,(kR) |\ B) \0

The requirement of non-zero solvability of the set (14) leads to the
characteristic equation:

J,(kR/a)K,(kR) + aJ,(kR/a)K,(kR) = 0. (15)

The equation (15) has a discrete set of solutions concerning a wave
number. We will be restricted by the definition of the minimum of &
value as the configurations with high values of wave numbers are
characterised by greater energy at the account of an exchange interac-
tion.
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2.3. Discussion

It follows from the Eq. (15) that the wave number depends on a mag-
netic field and anisotropy of a material. The dependences of modula-
tion wavelengths on the quality factor @ and magnetic field & for the
first numbers of a discrete spectrum are presented in Fig. 2.
Asymptotic behaviour of the magnetization wavelengths depend-
ences on the external magnetic field can be easily obtained from the

(15).
Thus, having h — @, we can get for the spectrum brunches:
L, =2 Q=h, (16)

n

where P,—zeros of the Bessel function J;(x):
J,(P)=0, P, =3.817, P, =7.0156, ...

For the ferromagnetic systems with high anisotropy @ > 1, we can
get asymptotic behaviourat h— (@ —-1) - 0:

I - 2nR ’ 1mn

Gn h_(Q_l)

where G,—zeros of the Bessel function J,(x):
J,(G,) =0, G, =2.4048, G, =5.5201, ...

It follows from the Eqgs. (16), (17) that, at » — @ for any mode, the
magnetostatic modulations wavelength tends to zero obeying square-
root law, while, for the systems with @ >1 at 2A—(®@ —1) —> 0, the
wavelength asymptotically tends to oo.

Ln Ln
2nR 2R
24 21

i

>

Fig. 2. Magnetostatic modulations wavelength dependence for several first
modes of a spectrum.
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3. EXPERIMENTAL DETAILS

As it has been already mentioned, there are different types of lattices
of magnetic domains in the ferromagnetic materials under certain
conditions: the stripe domain structure, hexagonal lattices of cylindri-
cal magnetic domains, etc. However, the situation is even more typical
when there are more complicated inhomogeneous magnetization pat-
terns in ferromagnets, for which existence of the large-scale qua-
siperiodic ‘over-lattices’ is typically observed ‘against’ micro scale pe-
riodic structure of magnetic domains.

For example, open domain structure with a magnetization direction
perpendicular to the magnetic microwire surface [10]. As a rule, long
ferromagnetic cylinder can have such configurations of domains that
we can see not only the microscale domain structure for the amorphous
magnetic micro wire but the quasi-periodic change of magnetization
direction which is expressed in large-scale quasi-periodic change of the
angle slope of magnetic domains concerning the symmetry axis of a
microwire [10].

Similarly, the long-range magnetic structures of iron and steel cyl-
inders with the Bitter’s method application (a sedimentation method of
highly dispersed paramagnetic powders (Fe,O;) on a ferromagnetic
surface from the distilled water) were revealed [11].

Magnetic structures observed experimentally in [11-16] for thin
iron and steel cylinders are typical in comparison with the structures
observed by other authors [10]. Such long-range domain structures of
steel and iron cylinders as those have been shown in [11-16] can essen-
tially affect the processes in electrolytes in the vicinity of their surfac-
es, in particular the processes of chemical etching in acids solutions.

In the present work with the use of the Bitter’s powder-like figures’
method, we have revealed the quasi-periodic distribution of magneto-
static fields formed by an external magnetic field of about 1-10 kOe
applied along the axis of the steel cylinder and absent when the exter-
nal magnetic field is not applied.

To investigate the magnetic field influence on the surface structure
as a result of metal ferromagnet corrosion, we compared the steel cyl-
inder surfaces as a result of corrosion in the solution of nitric acid
without and with the magnetic field applied along the steel cylinder
axis. Besides, the steel cylinders’ surfaces under the experiments be-
fore the immersion on the solution were controlled by the optical mi-
croscope and the error of the medial diameter was less than 1 micron
along the whole length.

For definiteness, let us consider typical change of the steel cylinder
shape in a magnetic field in a nitric acid solution. The steel that the
cylinder (DSTU 1050-88) has been made of, has the following composi-
tion: iron—98%, other elements (nickel, copper, chrome, carbon,
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..,....«.v.m

a b ¢ d

Fig. 3. The images of the initial cylinder d = 550 um (a) and the cylinders after
different duration of etching in a 7% solution of nitric acid without external
magnetic field: »—460 um, c—440 pm, d—400 pm, e—360 pm.

Fig. 4. Allocation of paramagnetic powder on a surface of the not magnetized
cylinder of D =440 um.

phosphorus, sulphur, silicon, manganese)—2%, and a surface before
the experiment had smooth enough structure (Fig. 3, a), the cylinder
length was equal to 18 mm in the experiments which results are given
in Figs. 3, 4 and in Table 1.

The optical images of initial cylinder surface and cylinders after
etching in 7% water solution of nitric acid are given in Figs. 3, b—e.

It is clear that the cylinders corrode uniformly along the axis with
formation of a smooth surface without appreciable dents and hills
without external magnetic field. The diameter of cylinders along the
axis within an error did not depend on coordinate.

Magnetostatic fields’ distribution in dependence on initial diameter
of a ferromagnetic cylinder was visualized by the Bitter’s powder-like
figures’ method. The highly dispersed paramagnetic powder of iron
oxide was used. Powder sedimentation was carried out with and with-
out external magnetic field. Non-magnetized cylinders of different
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TABLE 1. The image of the powder figures and the etching figures depending
on the cylinder diameter.

The cylin-| The image of the powder figures for| The image of the etching
der diam-| visualisation of quasiperiodic long | figures with quasi-periodic
eter D, um| scale distribution of magnetostatic elevations and cavities
fields

460

440

400

360

diameters were fastened on a thread and placed inside a cell for this
purpose.

The 23 ml of suspension containing a paramagnetic powder in the
distilled water were added to the cell, which was outside of a magnetic
system or in a constant homogeneous magnetic field. With magnetic
field applied, the cylinder turned along its direction and was magnet-
ized. The powder sedimentation on the cylinder was carried for 15 min
until the saturation. The optical image of the cylinder with diameter
460 um after sedimentation of the paramagnetic powder without ex-
ternal magnetic field is given in Fig. 4.

It is clear from Fig. 4 that, without magnetic field, the large-scale
periodic magnetic domain structure of the steel cylinder is not formed.

The average dimensional characteristics of the powder figures and
the etching figures are given in Table 2.

According to the results, the width of elevations L,, cavities L, and
periods of the structures L, = L, + L, obtained by the method of pow-
der figures and etching are identical within the error for steel cylin-
ders of a wide range of diameters in external magnetic field for homo-
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TABLE 2. The average dimensional characteristics of the powder figures and
the etching figures.

Dimensional characteristics Dimensional characteristics
D, of the powder figures of the etching figures

um <L1>7 Gy, <L2>7 Oy, <L3>’ 63’ <L1>’ Gy <L2>7 Gy, <L3>7 037

460 100 10 240 20 340 30 100 10 230 30 320 30
440 100 10 220 20 320 20 100 10 200 20 300 20
400 110 10 220 30 320 30 110 10 200 20 310 20
360 100 10 210 30 310 30 110 10 180 30 310 30

geneous external magnetic field value B = 3 kG. The average width of
elevations of the Bitter’s powder figures and elevations of etching fig-
ures is about 100 um. The length of cavities is about 200 um. There-
fore, the cavities are approximately twice wider than elevations. The
length of period of the structures is approximately 300 um.

The regions with the increased and decreased etching rates of fer-
romagnetic cylinder appear due to the inhomogeneous quasi-periodic
magnetostatic-fields’ distribution in the ferromagnetic cylinder. The
nonuniform magnetic fields of cylinder domain structure create the
nonuniform concentration distribution of paramagnetic or effectively
paramagnetic cluster products of chemical etching [17] at the interface
with an electrolyte that leads to the cylinder heterogeneity dissolution
along the axis and to formation of the quasi-periodic structure on its
surface[11-16].

The hysteresis curve of the steel cylinder is presented in Fig. 5. The

B, mT
90
60 P
_——_-'-:= T ="
Jfﬁﬁ' i !
H F H® H
-60 -40 208 0 '.'2'0 10 60
. H, Oe

--l.-l"--....- —60
901

Fig. 5. The hysteresis curve of the steel cylinder, coercive force H,=17 Oe.
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hysteresis curve comparison with the results of visualization of the
large-scale distribution of magnetostatic fields by means of the powder
figures gives the possibility to admit that the short-range non-regular
domain structure with the sizes of separate domains less than the cyl-
inder diameter exists in external magnetic fields, lower than critical
field H.,,.

The process of cylinder magnetization is not terminated with the ex-
ternal magnetic field exceeding H .., and the large-scale quasi-periodic
domain structure is created, and the magnetization of the sample line-
arly grows at the subsequent increase of an external magnetic field.

4. CONCLUSION

It is shown for cylinders of different diameters (Table 2) that for-
mation of etching figures under external magnetic field is caused by
spatial distribution of their magnetostatic fields. As a result, it is
shown in the present work for the steel cylinders of different diameter
that the quasi-periodic structure of corrode surfaces is created during
their chemical etching in a solution of nitric acid with the constant
magnetic field applied, while the quasi-periodic structure of corrode
surfaces is not formed under the same experimental conditions with-
out magnetic field influence. Besides, the quasi-periodic structure of
the cylinder that is observed due to its etching arises only on ferro-
magnetic samples and the characteristic period of the quasi-periodic
structure equals to the period of the long-range magnetic structure of
ferromagnetic sample.

The results of the present work prove experimentally the possibility
of formation of inhomogeneous boundary conditions for the electric
field potential and a current density, offered in [18], on an interface
metal—electrolyte, if metal is spatially homogeneous with its chemical
compound and mechanical properties.
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