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Magnetic Field Effect on Droplets of Dia- and Para-Magnetic Liquids
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The magnetic field effect on the formation of a water
droplet was investigated by measuring the volume of water
droplets formed in a magnet with a vertical field distribu-
tion. The maximum field was 9T at the center of the
magnet bore. The droplet volume increased significantly
on the upper side of the magnet with a strong field gradient
and decreased at the lower side. Measurements were also
carried out for several diamagnetic and paramagnetic aque-
ous liquids, and showed that the same effect was intro-
duced by the presence of a magnetic force. The results
agreed with those of calculation. We also succeeded in
controlling the droplet volume under a magnetic field of
below 1 T by forming a droplet of a liquid in another liquid
of similar density.

Key words: droplet formation, gradient magnetic field
effect, magnetic force, surface tension, gravity, permanent
magnet, paramagnetic and diamagnetic liquids
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Fig. 1 (a) Experimental set-up for measuring the
weight of water droplets. (b) Distribution of the
magnetic field along the bore axis.
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Fig. 2 Change in the volume of water droplets. The
lozenges show the volume under a gradient magnetic
field, and the squares show the volume under no
magnetic field. The positive x direction is toward the
upper side of the bore in the magnet.
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Fig. 3 Relation between the velocity of water flow
in the capillary and the size of water droplets formed
at the tip of the capillary under a zero magnetic field.
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Table 1 Magnetic susceptibility of the water and
aqueous solutions employed for the results in Fig. 5

Symmbol Solute Concentration Susceptibility
(mol/1) 10-6(-)
-o- (Water) -9.05
-0~ CuS04 aq 0. 227 -4.52
- CuS04 aq 0.472 0.00
-X- CuS04 aq 0.735 4.52
-A- MnCl2 aq 0. 100 8.91
-v- MnCl2 aq 0.117 11.9
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Fig. 4 Change in the Vqlume of droplets under a gra-
dient magnetic field, plotted for solutions identified in
Table 1. The positive x direction is toward the upper
side of the bore in the magnet. Solid lines show cal-
culated results.
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Fig. 5 Illustration of the critical state of droplet for-
mation under a capillary.
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Fig. 6 Distribution of the magnetic force along the
vertical bore of the superconducting magnet em-
ployed.
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Fig. 7 Volume changes of a droplet of CuSO, aqueous solution in an organic solution under a permanent magnetic

field. (a) Droplet formed above the field center. (b) Droplet formed below the field center.

RL7. ZoZfbid, BMKOEEALCKBIEROE 7T
DEBMICHHTE &b oo, i, ZREDESR
T OBEEAGE W & KA GRS OIS T LA E A 1) S. Ueno and M. Iwasaka: J. Appl. Phys., 75, 7177 (1994).

2) N. Hirota, T. Homma, H. Sugawara, K. Kitazawa, M. Iwasaka,

X 3

EELS BT LERWELLE. S. Ueno, H. Yokoi, Y. Kakudate, S. Fujiwara, and M. Kawa-
FEOERIMEFEPTEN 7o XA TCLIELREHVWON AT mura: Jpn. J. Appl. Phys., 34, L991 (1995).

B B RIGIcBWT, F+E5 7 — AT BT L 3) E. Beaugnon and R. Tournier: Nature, 349, 470 (1991).
€ . fm s ARSI & ):ﬁﬁl ex ; . 4) WEEZ, AMERY, RS, BHEEE SRER, LRE—
o X OBy A REBBHNIHMBSIC L OFEITE S SURIERL, IR, HOHSY, MEES, EEE= BAMH
AEWKT S Ldrd, BEEZBINEKABAGICEZ-THZD RS Eesk, 20,513 (1996).
BAEEITS TEMTERCLEFEEL I &3, BB THN 1996 4F 10 A 16 A%, 19974 1 A 16 BIRK

IEHOFH L WHREM 2B MR TH 3 EE ATV 5.

768 HAIGHABS S5 Vol 21, No. 4-2, 1997

NI | -El ectronic Library Service



