
1.  Introduction
 The interaction of a constant magnetic field with a 

moving extended conductor is an important area of study 
with applications to linear induction motors, eddy current 
braking, and levitation. The interaction of a constant 
magnetic field with a moving conductor sphere makes 
forces which are exerted on the electrons in the sphere. 
These electrons generate a non-uniform charge density 
and electric fields with eddy currents. To find the currents, 
rotating of a hollow sphere about a perpendicular axis with 
an applied uniform magnetic field, is studied. By moving 
the sphere through the magnetic field or when the magnetic 
field surrounding a stationary conductor is varying, it 
results in the conductor experiencing a change in the 
intensity of a magnetic field which produce eddy currents.

2.   Materials and Theory 
Both solid and hollow sphere will have a radius given by 

(R) , total mass (M), moment of inertia (I) and angular 
frequency around the z-axis    . The rotation of the sphere 
in a magnetic field which is produced by Helmholtz coil, 
makes current around the axis of rotation. The total 
magnetic field of Helmholtz Coil (Fig.1) is given by 
(Eq.1).  

                                                                                    (1) 

 Fig. 1: a) Helmholtz Coil, b) Magnetic field of a loop 

 Since the sphere is rotating through a magnetic field 
according to the Lorentz law, it generates forces on the 
charges in the sphere which is conductive and neutral, the 
electrons can move and this can result in charge 
redistribution and possible currents. 

The total velocity of the electrons, Vt, due to the velocity 
of sphere,     , is given by (Eqs. 2, 3).

                                                                                    (2)

                                                                                    (3)

The sphere is a 3D object so we will put it in a spherical 
coordinate system (Fig. 2), where each of the electrons will 
have a distance from the source point as L: 

Fig. 2: Modeling of the rotating hollow sphere when the rotation 
axis is parallel with the uniform magnetic field 

Then the velocity of any point is (Eq. 4). 

                                                                                    (4)

Another parameter is the magnetic force which is applied 
to the sphere from a uniform field parallel to rotation (Eq. 
5).  

                                                                                    (5)

The eddy current is generated by the applied magnetic 
field interacting with the rotating conducting sphere, but it 
is not the total current. This eddy current generates a 
magnetic field within the sphere that, yields a second eddy 
current. Then, the second eddy current generates another 
magnetic field that yields a third eddy current, and, this 
third eddy current is of the same form as the first eddy 
current but of opposite sign. So, the third eddy current acts 
to cancel the eddy current, yielding a negative feedback 
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loop. 
The interaction between the current that generated the 

applied field and the currents inside of the sphere yields 
equal and opposite forces, but one acts on the sphere and 
the other on the coil or the magnet that generated the 
applied field. 

The torque by hanging a hollow conducting sphere by a 
thin wire and measuring the decay in the amplitude of its 
torsional oscillations yields (Eq.6). 

                                                                                     (6)

where       is the time derivative of the angular velocity, K is 
the torsion constant of the wire, and    is the rotation angle 
of the sphere. There are two resistances, one due to the 
frictional loss and the other one is magnetic drag, which 
make the angular velocity of the sphere to be equal as 
analyses (7).  

  
                                                                                     (7)

which

While our frictional and magnetic losses are small, 
equation of sphere oscillation will be (Eqs. 8-9). 

                                                                                        (8)

                                                                                        (9)

where

The total decay time can be found by measuring the decay 
in the oscillation of hanging hollow sphere without a 
magnetic field, which gives the frictional damping term  
and then by the magnetic field,     is found.

3.  Experiments 
We provided two coils with 600 turns per coil and 8.5 Ω 

and 1200 turns per coil and 35 Ω, power supply, hollow and 
solid spheres and wire as in Fig. 3. The current through the 
coils generates a magnetic field measured by a Gauss-
meter.We hung hollow and solid aluminum sphere in the 
center of the coils by a steel wire with a length of about 0.5 
m. 

Fig. 3: Experimental setup 

In our experiments different spheres, hollow and slid, 
with different mass have been investigated to get relevant 
parameters by comparing the frequency of their rotations 
and oscillations. The spheres hang at different distances 
from the coils and the results are compared with each other. 

To track the oscillation of the spheres we used tracker and 

the plots are recorded in different positions (Figs. 4- 6). 

Fig. 4: 9 centimeters distance between the coils, a) hollow sphere, 
b) solid sphere 

Fig. 5: 13 centimeters distance between the coils, a) hollow 
sphere; b) solid sphere

Fig. 6: Comparing the results of solid and hollow spheres 

4.  Conclusions 
Our experiments were performed to examine the forces, 

torques, and magnetic field interactions with hollow and 
solid sphere when it starts to slowly oscillate in an applied 
magnetic field. Finally, the results show in hollow sphere 
and less distance between coils with more magnetic field 
and more elasticity of wire the speed of oscillation is more 
and it stops earlier.  
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