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Abstract— This paper presents a model for calculating electric 
field in non conducting regions in steady state AC magnetic 
application, with conductors described by surface impedance, 
using the 3D finite element method. This approach is validated by 
calculating the equivalent impedance of a coil comparing the 
presented surface impedance decoupled method with a volume 
decoupled method. 

I. INTRODUCTION 

In some applications, it is necessary to know the electric 
field in non conducting regions (air or dielectric regions), after 
a 3D AC steady state magnetic computation. The electric field 
is assumed to have no meaningful feedback into the magnetic 
field. For instance, it is the case for the simulation of the 
measure of a voltmeter between inductor turns or between 
sectors of cold crucibles, or when the capacitive effects of 
coils have to be computed in addition to resistive and inductive 
effects. A previous work dealt with a decoupled model for the 
computation of electric field in non-conducting regions after a 
steady state AC magnetic computation using the 3D finite 
element method, where the conductors were meshed and 
described by Tφ formulation [1] (method derived from [2]). 
This method was validated with simulations solving full 
Maxwell’s equations. The cold crucibles are around 2 meters 
long. At their working frequencies (around 300 kHz), the skin 
depth is small and the inductors and sectors must be described 
by the surface impedance formulation [3]. This paper presents 
the extension of the method presented in [1] for conductors 
described by surface impedance with magnetic scalar potential 
φ as state variable. They can be coupled with an external 
circuit.  

II. NUMERICAL METHOD 

Let Ωnc be the non conducting region (air and dielectric 
regions), Ωc the conducting region described by surface 
impedance and Γi, its boundary. The decoupled method 
consists of two successive computations: 1) steady state AC 
magnetic computation with T0-φ surface impedance 
formulation [3], 2) computation of electric field in non-
conducting regions. The second computation consists of 2 
steps, described below. 

A. First step: passage from φ to AV 

At the first step, the magnetic vector potential A is 
computed in the non conducting region Ωnc and the electric 

scalar potential V on the surface impedance (Zs) region Γi, as 

functions of B in Ωnc and tangential H on Γi. To that purpose, 
the following functional is minimized to obtain the system of 

equations which are solved in this first step: 
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B. Second step: computation of electric field from AV 

At the second step, E is computed in the non conducting 
region Ωnc. To that purpose, the Maxwell-Gauss law 
(div D = 0) is solved in Ωnc, assuming no existing charge 
volume density. Therefore, V is computed in the Ωnc\Γi region 
as function of A in Ωnc and V on Γi, solving the following 
equation (which corresponds to solve div D = 0): 

Ω⋅ωε−=Ω⋅ε ∫∫ ΩΩ
dwgradAjdwgradVgrad

ncnc 
 (2) 

III.  NUMERICAL EXAMPLE 

The method was validated on an example with a simple 
geometry: a semicircular coil with a R = 2.5µm radius circular 
section, with imposed potentials on the terminals of the coil. 
As electric energy (0.5 D•E) is function of electric field, we 
computed the capacitance of equivalent circuit of the coil at 
several frequencies as in [1]. Fig. 1. depicts the capacitance 
function of R/δ ratio, where δ is the skin depth. Results in 
terms of capacitance were compared with those obtained with 
the previous method of [1], where the coil was meshed and 
described by Tφ formulation. The presented method is 
considered to be validated and gives good results. 
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Fig. 1.   Geometry of the coil and curves of capacitance function of R/δ ratio 
with method presented here (“Surface”) and method of [1] (“volume”)  
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