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Abstract—The classical Wilson—Wilson experiment in 1913
about the electromagnetic field in a rotating non-conducting \4
cylinder is studied, based on Finite Element analysis. Electric
and magnetic fields are coupled through motional terms in the E, b
constitutive relations. This particular kind of coupling is usually
not considered in existing numerical models. Hects due to the
finite axial extension of the cylinder can be conveniently assessed
with the help of the Finite Element simulation. This should be k=0
useful for the correct interpretation of the experimental data
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. INTRODUCTION

The classical Wilson—Wilson experiment [1] has re-gainedrigure 1. The Wilson-Wilson experiment. A magnetic % o) noncon-
attention, both from the experimental [2] and conceptuahtpo ducting & = 0) hollow cylinder is immersed in the external magnetic field
of view [3]—[6] since there was still some controversy abou Bo of a solenoid. It rotates at constant angular veloeityaround its axis.

h ! f th . ith relativi Th A potential diferenceV occurs between the inner and outer surfaces of the
the agreement of the experiment with relativity. The exper-jiiger, which bear metaliic coatings.

iment consists of a magnetic nonconducting hollow rotating

cylinder which is immersed in the external magnetic field of a

solenoid, Fig. 1. According to the relativistic theory ofwirtg ~ electric and magnetic scalar potentials By= —grady and
media [7] a potential dierence occurs between the inner andH = —grady, respectively.

outer surfaces of the cylinder, which bear metallic coating The general form of the interface conditions at a moving

In general, motion might exhibit itself through (i) a time- interface is (see Table 1 in [8])
dependent geometry, (ii) motional terms in the interface-co . _ _(n. _
ditions [8], or (iii) the constitutive relations. In usuabw- nx[H]+(n-vIDl =k, nx[E] - (n-V[Bl =0 2
frequency electromagnetic modeling, (iii) applies to Odm’ n-[B] =0, n-[D] =0,
law, J = k(E+vx B), whereJ is the electric current density,  where [-] denotes the jump in the direction of the unit normal
the conductivity,E the electric fieldy the velocity, andB the  vector n, k is the surface current and the surface charge
magnetic flux density. Interestingly, the Wilson-Wilsompex-  density. In the Wilson-Wilson experiment, the geometry is
ment cannot be described in terms of such a quasistatic modejtationary, which amounts - v = 0 on the boundary of the
because there is no separation of inductive and capacitiveollow cylinder. The interface conditions reduce to thesual
effects. Moreover, due to lack of bulk conductivity, Ohm’s law form. That is, the motion is neither "felt” (i) through a time
is irrelevant, and the motion enters the constitutive iefstof  dependent geometry nor (i) through the interface conaiitio

the electromagnetic fields. This renders the situatiomésteng _ . . . .
from the modeling and simulation point of view. Numerical The Minkowski relations established in 1910 are [7], [9]

simulations also allow for assessinffeets due to finite axial D+1/c3vx H =¢E +vxB), 3)
extension of the cylinder and imperfect external field. B_ 1/c§v>< E = u(H - vx D),
II. M oODELING where ¢cg = 1/+/equo is the velocity of light in empty

space,¢ is the permittivity andu the permeability. We are
using the constitutive relations in the for = D(E, H, V),
B = B(E, H, V), in their low-velocity approximation

Away from the coil the system is described by time-
independent homogeneous Maxwell equations

curlH=0, curlE=0,

Pl V|2
divB=0, divD=0, @) D=sE +gV><H+0(|C—|2)’
whereH is the magnetic field an® the electric flux density. If A V|2 @)

the considered domain is simply connected, we can introduce B=uH-5vxE+0(5).
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Figure 3. Equipotentials of the electric scalar potengialhe parameters are
chosen as followsy = 3ug; & = 6£9; w = 2 - 100s!; mesh size R1.7mm,
~3.200 degrees of freedom.

Figure 2. By exploiting the symmetry it is flicient to consider one quarter M
Q, of the hollow cylinder’s cross section. A rectangular conagiohal domain
Q1 U Qy has been defined for Finite Element analysis, with the indéat
boundary conditions.R,Z) = (ra,za) + Arp; ra = 1865mm; z; = 47.5mm;
, = 10mm;z, = 0; A= 2.

SIMULATION

We conducted a Finite Element analysis of the weak for-
mulation, with triangular first order standard nodal eletagn
compare Fig. 3. The floating potentials due to the metallic
coatings on the inner and outer surfaces of the cylinder have
where ¢ = 1/ is the velocity of light in media, and been taken into account by a standard Lagrangian multiplier
A =1-c%c > 0is thedragging coefiicient. The velocity technique. We obtailV/Vier = 0.928, whereV is the potential
provides a coupling between the electric and the magnetiglifférence, and/. is a reference potential fiierence which
fields. Loosely speaking, a moving electric dipole is alsooccurred if the cylinder was conductive.

perceived as a magnetic dipole, and vice versa. In the actual experiment, the dragging ffagent 1 is

, . . determined from the measured potentialffetenceV [1],
From Maxwell's equations, the potential ansatz and theIZ]- Only for an infinite cyIinderZ 2 it holds [th]at

constitutive relations we obtain the strong formulationtloé
problem

; ¢\ _ (O B P Awr /2
d|ngrad(¢) = (O) , M= (—/lwr/cz u

The computational domain and boundary conditions are in-
dicated in Fig. 2. The conditions o and I, are dictated

to us by symmetry. The solenoid is located outside the com-!1]
putational domain and taken into account by the conditions
for y onI'r (Oy/on = 0) andI'z (¥ = yo). For simplicity, 2]
they are chosen in a way that in the absence of the rotating[
cylinder there is a homogeneous magnetic field-direction.

The conditions forp on I'r (¢ = 0) andI'z (d¢/on = 0)
correspond to a grounded shield with radRishat extends to  [3]
infinity in z-direction.

). )

Since the interface and the boundary are non-smooth, wd4]
relax the regularity and seek the solution of the problem in
H(Q1UQ5), which corresponds to the weak formulation: Find [5]
(¢ ¥) € Hyg x (Hy , NHG,) such that

2” @ ¢ [6]
Mgrad|” |- grad|”,| dQrdy = 0 6
fo fs;luﬂz J (Vf) J (‘l’) i ©

holds Vv (‘,D,, lV) € Hgl),R X (Hcl),z N Hé,z)'l

(8]
We can show continuity and ellipticity of the bilinear form
induced byM in the energy norm
, 1= [9]
lewif=5 [ [ (0-E+B-H)dards,
0 QUQ) [10]

which yields existence and uniqueness by standard argsment

V/Viet = A = 0.944 [10]? Modeling assumptions have to be

taken to deal with the finite axial extension of the cylinder.
In the full paper, we will explain how these assumptions can
be assessed quantitatively with the help of the Finite Efgme

model.
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TH}, = HE(Q1 U Q) denotes prescribed traceon T,

2We used the same parameters as the Wilsons, who found in thE¥ 19
experimentd ~ 0.96 [1].



