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Introduction

The surface of a magnetic fluid (MF) ex-
posed to a normal magnetic field forms
a pattern of hexagonal crests [1], when a
threshold Bc of the magnetic field is sur-
passed. This phenomenon has been exten-
sively studied both theoretically and exper-
imentally [2–5]. However, until recently an
experimental technique to accurately mea-
sure the surface profile in an extended con-
tainer was not available. Standard shadowg-
raphy works only for small amplitudes [6]
and is thus not usable for the fully developed
crests. A recently proposed laser technique
allows only to detect the plain amplitude [7].
In order to record the full three-dimensional
surface profile we utilize the attenuation of
an X-ray beam [8]. This enables us to com-
pare amplitude and shape of the pattern with
those obtained by numerical simulation.

Experimental Setup

A vessel with a diameter of 180 mm and a
depth of 1 cm is filled with MF (APG 512a)
and placed in between a pair of Helmholtz
coils. An X-ray tube mounted above the
magnet is passing radiation through the
fluid. Beneath the container a detector ar-
ray with a high dynamic range (96 dB) re-
gisters the incoming intensity, which is then
converted to the fluid height for each point
of the ground area. By means of image en-
hancement and processing techniques, a sin-
gle peak from the center of the vessel is ex-
tracted and its amplitude and shape is ana-
lyzed further.
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Figure 1: Amplitude of the peak pattern
as a function of the bifurcation parameter
ε (Bc = 16.8 mT). Triangles mark experi-
mental data, the solid line stems from the
simulations.

Results

We have measured 540 surface reliefs under
adiabatic increase and decrease of the mag-
netic induction. Fig. 1 shows the scaling be-
haviour of the amplitude versus the bifurca-
tion parameter ε = B2/B2

c − 1. The di-
lute fluid with a permeability of 1.5 shows
a small hysteresis. The solid lines present
the corresponding result from the numeri-
cal simulations based on the finite element
method [9]. For the simulations, the mea-
sured nonlinear magnetization law and the
measured material parameters of the MF
have been taken into account.
Fig. 2 shows a three-dimensional recon-
struction of the shape profile from both ex-
perimental and theoretical data at B =
20 mT. In order to facilitate a quantitative



Figure 2: Three-dimensional visualization
of the shape of one peak. (a) Experimental
data and (b) Simulation

comparison, we present in Fig. 3 a diago-
nal cut through one peak. Perfect agreement
between simulations and experiment within
the statistical errors is found for sufficiently
large bifurcation parameters.
To quantitatively characterize the shape of
the peaks, we fit a sinusoidal hexagonal grid
with two higher harmonics to both experi-
mental and theoretical data. Fig. 4 shows
the evolution of the results. It turns out,
that most (≈ 90%) of the energy is in the
first Fourier mode. The deviation of the nu-
merical and experimental data becomes pro-
nounced only near the critical field due to
imperfection and in the higher harmonics far
from the critical point.
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Figure 3: Shape of the peaks at 20 mT.
The squares (circles) show the diagonal
cut through experimental data for rising
(falling) magnetic field, the solid line shows
data from the simulations.
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Figure 4: Analysis of the shape of the peak
in terms of Fourier modes. The basic mode
and the next two higher harmonics are dis-
played.
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