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Dynamical Motions of Diamagnetic Solid Particles Induced
by Static Magnetic Field in Cosmic Condition

Keiji HISAYOSHI ! "2, Chiaki UYEDA'!

Abstract

Field-induced rotation and translation caused by static field below 1T was studied for sub-mm sized diamagnetic particles
using a short term pg condition. Magnetic motions of ordinary solid, free of spontaneous moment, has not been reported at
such low field before. In a given field distribution, the motions were mainly determined by intrinsic magnetization of the
material; they were independent to mass of particle. This was because the motions were induced by magnetic volume force.
The above translation is applicable in identifying the pm-sized grains or regolith collected in various regions of the solar
system. The magnetic rotation provides quantitative information to solve the mechanism of dust alignment observed in
various interstellar regions. The above motions were observable in a short pg duration produced by a compact drop-shaft;
here the observation was realized by adopting a small NdFeB magnetic-circuit. The established technique to observe the
motions of sub-mm sized sample is a step to detect the magnetic motions of pm & nm grains.
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Table 1 (a) Published x pia values of solid materials 7, (b) The A x pia values of oxide crystals detected by the

method of field-induced oscillation ®.

(a) (b)

Sample Xaia x107(emu/g) sample AXaia x10%(emu/g)
naphthalen CioHy 7.08 orhoclase KAISi30s 2.1+2
anthracene C1sH1o 7.35 gypsum CaS04 2H:20 9.6+0.2

silicon carbide SiC 3.19 qurrtz Si02 2.0+0.2
alumina Al:O3 3.63 alumina Al:O3 0.7+0.1
calcite CaCOs3 3.55 calcite CaCOs 8.3+0.3
forsterite Mg2SiO4 3.3 forsterite Mg2Si04 9.6+0.2
graphite C 52 graphite C 20000
diamond C 5.88 ADP NHH:PO4 11+0.5
magnesia MgO 2.56 KDP KH:PO, 8.3+0.3
gold Au 1.42 magnesium hydroxide Mg(OH): 1.4+0.2
bismuth Bi 13.4 aluminium hydroxide Al(OH)s 2.6+0.2
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Fig.1 Two types of magnetically induced motions
expected for a diamagnetic crystal released in
microgravity 9.
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Fig.2 Schematic view of a short drop-shaft (left side)
and an apparatus to observe magnetic
motions of sub- mm particle (upper portion in
the right) ©:19, Image inside the drop box is
shown in the bottom of right side.
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Fig.3 Visual images of translational motion of
graphite particle. Field decreases monoto-
nously from right to left. The images are
arranged in the sequence of time from top to
bottom; time intervals between the images are
0.034sec. Translating particle is observed
inside the circles.
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Fig.4 Relationship between sample velocity v (Left
axis) and position x. Relationship is obtained
from measured variation of sample position
shown in Fig.3. Field distribution is shown
by a solid curve.
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Fig.5 Relationship between measured and
published diamagnetic susceptibilities of
various materials. Closed circles in figure
are values of graphite and bismuth
measured by short ug drop-shaft 9. The
measured results of mm-sized sample are
shown in open circles 9.
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of graphite and bismuth measured by short
pG drop-shaft 19. Open squares are results
of measurements on mm-sized samples 9.
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Fig.7 Visual images of field-induced oscillation of
calcite (a) and apatite (b). The images are
arranged in the order of time from left to
right. Length of scale bar is Imm.
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Fig.8 Comparison between published and
measured Aypia values detected by the
method of field- induced oscillation 9.
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Fig.9 Degree of alignment <m> vs field intensity
B  measured for an ensemble of
diamagnetic micron-sized crystal dispersed
in fluid. Parameter <m> is defined as
<m>=%<3cos? 0 -1>. Parameter Bs is the
field intensity to achieve partial alignment
of the crystals. 'V It is deduced from a
process proposed by Lanjevin'? that Bs is
uniquely determined by temperature 7,
mass of particle m and intrinsic A x of
material.
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