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Abstract

The method is based on the phenomenon of levitation of a nonmagnetic spherical body immersed in a magnetic #uid
situated in a magnetic "eld characterized by a vertical gradient oriented from top to bottom. This structure of the "eld
has been obtained in a wedge-shaped air gap. Taking into account the levitation condition and the hyperbolic structure
of the "eld, a theoretical formula for the z coordinate was used. The comparison between experimental and theoretical
data allow to obtain the magnetic "eld intensity inside the magnetic #uids. ( 1999 Published by Elsevier Science B.V.
All rights reserved.
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1. Introduction

The levitation e!ects [1] allow a lot of technical
applications of magnetic #uids, especially for ma-
terials separation [2}4] and sensors [5]. In this
paper we present a new application of the "rst
order of levitation phenomenon. This is a method
for the analysis of the magnetic "eld intensity
around a spherical nonmagnetic body levitated in
magnetic #uid. The method may be used for theo-
retical and experimental investigations of the mag-
netic "eld inside magnetic #uids.

*Corresponding author. Fax: #40-54543491.

2. Theoretical analysis

It is well known that one of the simplest struc-
tures of the magnetic "eld is that of the "eld of line
current, a sector of which corresponds to that of
a wedge-shaped air gap. The value of the magnetic
"eld intensity in the wedge H"A

0
/z decreases

with distance z from the apex of the wedge to the
point taken into consideration on a vertical line,
and increases with parameter A

0
"NI/h, where I is

the current intensity in the coils of the electromag-
net, N is the number of the turns and h is the wedge
angle in radians.

The ponderomotive force exerted by the wedge-
shaped "eld on a nonmagnetic spherical body im-
mersed in a magnetic #uid has been computed [2]
and expanded in powers of the parameters
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characterizing the position of the body as follows:
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where k
0
"4p]10~7H/m, s

F
is the susceptibility

of the magnetic #uid, <
S
is the volume and r is the

radius of the nonmagnetic spherical body. If we
take into account only the "rst term from the
right-hand side of relation (1), the levitation condi-
tion of the nonmagnetic body will be
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where o
S
is the density of the body, o

F
is the density

of the magnetic #uid and g is the gravitational
acceleration.

If we make use of the relation A
0
"Hz we will

obtain the equilibrium function:

z"
k
0
s
F

(o
S
! o

F
)g

H2 (3)

for a levitated body in a magnetic #uid in a wedge-
shaped air gap characterized by a structure,where

H"

A
0

z
. (4)

The equilibrium condition is satis"ed in the inter-
crossing point of the curves which represents func-
tions (3) and (4).

The portion MN of the curve (a) shown in Fig.
1 has been drawn taking into account the values of
the magnetic "eld for A

0
"A

0
(I), as a result of the

variation of current intensity in the coils of the
electromagnet. The minimum value M(z

"
, H

"
) has

been obtained for the bottom level and maximum
value N(z

5
, H

5
) for the top level of the magnetic #uid

in the experimental vessel.
It is very important to remark that the same

function (3) may be obtained starting from the
levitation condition as follows:
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Fig. 1. Theoretical curves. (a) Parabolic curve representing the
equilibrium condition. (b) Hyperbolic curves family representing
the structure of the "eld in the wedge-shape air gap.

where H dH/dz is computed for the structure of the
magnetic "eld in the wedge-shaped air gap.

3. Experimental results and discussion

The experimental set-up shown in Fig. 2
allows to obtain the levitation of the nonmagnetic

Fig. 2. Experimental set up: (1) magnetic #uid and (2) nonmag-
netic spherical body levitated.
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Fig. 3. Height z of the levitation point as a function of magnetic
"eld intensity H at respective levels. (1) Theoretical curve and (2)
experimental curve

spherical body in a cylindrical vessel "lled with
magnetic #uid at any point of the z axis between
z
"

and z
5
through variation of the current intensity

in the coils.
Fig. 3 shows the theoretical curve (1) and the

experimental data curve (2) obtained for an alumi-
num spherical body (o

S
"2700 kg/m3) immersed in

a magnetic #uid (o
F
"885 kg/m3 and s

F
"0.015).

The theoretical curve (1) shows the levitation
level z

L
as a function of the e!ective "eld

H
L%&&

which acts on the nonmagnetic spherical
body. This "eld may be written as follows:
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where H
L%

is the external "eld at the levitation level
and H

L*
is the inner "eld created by the magnetic

#uid at the same level as a result of its magneti-
zation. From Eqs. (3) and (6) we can write:
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where
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The experimental data show an inner "eld
around the spherical nonmagnetic body of about
7.5]103 A/m. This "eld may be created by mag-
netic dipoles of the monodomainic particles lying
along the applied external magnetic "eld.

4. Conclusions

A new method is developed to measure the local
intensity of the magnetic "eld inside magnetic
#uids. Based on the phenomenon of levitation
of a nonmagnetic spherical body immersed in
a magnetic #uid, the method allows the determina-
tion of the magnetic "eld structure around the
sphere.
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