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Abstract:

The advantages of detecting diamagnetic susceptibility ypia and its anisotropy Aypia of a single
crystal grain is discussed, which is based on their free motions induced in a low static field below
1 Tesla. The measurement is based on video images obtained in short term u G experiment
performed in a chamber-type drop-shaft. Detection of Aypia was realized on mm- and sub-mm
sized crystals by observing the period of rotational oscillation of its magnetically stable axis with
respect to direction of magnetic field. The obtained Aypa values agreed well with the published
values over Sorders of magnitudes. Observation on free translation, caused by repulsive
field-gradient force mypaB(dB/dx) in a monotonously decreasing field was reported for a number
of diamagnetic crystals ; m denote mass of sample. The above two motions are useful to detect
xpia and Aypia of single small particle, because the measuring principle is free of both sample
holder and mass measurement of sample. Mass measurement is unnecessary because ypja and
Aypia derive from individual atom or molecule of the particle;. Magnetization can be hence
measured on samples with limitlessly small size, provided that motion of the sample is observable.
The mass independent property of the above two motion is examined in wide range of sample size;
namely between 1.0 and 0.01cm in diameter. It is necessary to improve sensitivity of Aypa to the
level below 10"%emu/g in order to examine the relationship between Axpis and crystal structure,
which was previously proposed for oxide materials. It is necessary to observed a long period at the
level 10”seconds in order to achieve the above-mentioned sensitivity; such long duration of © G
condition is obtained only in a space laboratory..

Key words; Magnetic Orientation, Magnetic Alignment, Magnetic Oscillation, Diamagnetic
Anisotropy, Magnetic Ejection,
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Fig.1 Two types of magnetically induced motions
expected for a diamagnetic crystal released in
microgravity.*’ Firstly, a crystal that is released in
an area of monotonously decreasing field is ejected
from field by field gradient force. Secondly,
magnetically stable axis of crystal show rotational
oscillation with respect to homogeneous filed by
diamagnetic anisotropy energy.
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Fig.2 Relationship between degree of alignment
<m> vs field intensity B, which is measured for an
ensemble of diamagnetic micron-sized crystal
dispersed in fluid. Here <m> is defined as
<m>=<3cos’ 0 -1>. Parameter Bs is introduced to
quantitatively describe the field intensity to achieve
partial alignment of the crystals. 2% It is deduced
from a process proposed by Lanjevin® that Bs is
uniquely determined by 3 parameters, temperature,

mass of particle and intrinsic A X of material.
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Fig3 A method to detect diamagnetic

anisotropy Aypia of a small crystal which is
based on period of rotational oscillation of
magnetically stable axis with respect to B;
crystal is released in a diffused area of u
G.*®  When oscillation of sample is
observable, Aypa can be measured for a
limitlessly small crystal grain by observing
period of oscillation T= 2n(// m Ay)"* B
I/m is obtained from video image. The
method is hence free of m measurement. In a
conventional method to detect Ayxpia,
existence of a sample holder and difficulty of
m measurement had prevented the studies on
small samples.
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Fig 4 (a) Time variation of magnetic
oscillation of a sub-mm sized quartz-crystal
measured in a chamber type drop shaft **

Static field (B=0.8T) is applied in horizontal

direction. The compact ¢ G drop shaft was
adopted in an educational program which was
performed at a senior high school. A 2 fold capsule

was added to the system.lz) (b) Time variation
of magnetic ejection observed for a
mm-sized diamond released in a 1 G area.”
Images are arranged in sequence of time
from lest to right; time interval 0.033s.
Sample is set on a sample holder in the first
frame; then it was released in an area of
static field monotonously decreasing in the
vertical direction.
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Fig.5 Comparison between published and
measured A X . values detected by the method

of field- induced oscillation*® .
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WHEA (x10° i{mu/g)
graphite (C) 20000
o-quartz (Si0») 2.0x0.2
muscovite (KAlx(Si;Al)O1o(OH,F)2) 11£2
orthoclase (KAISizOs) 2.1%2
alumina (AL03) 0.7%0.1
forsterite (MgzSiO4) 9.6+0.2
calcite (CaC03) 8.3%+0.3
gypsum (CaSO4 2H20) 9.6x0.2
KDP (KH,POy) 8.3%+0.3
ADP (NH4H2PO4) 11£0.5
Mg(OH), 1.4%0.2
Al(OH); 2.61+0.2
AIOOH 42+0.3

Table 1 A Xy, values of popular oxide crystals
detected by the method of field-induced oscillation.
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Table 2 Publised ypia values of popular materials
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