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Reduced Vector Potential Formulation

Advantages: No meshing of the coil, no cancellation errors, 
distinction between source field and iron magnetization
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Source, Reduced, Total Field



S
te

ph
an

 R
us

se
ns

ch
uc

k,
 C

E
R

N
-A

T-
M

E
L

4

BEM-FEM Coupling (Elementary Model Problem)
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The FEM Part (Vector Laplace Equation)



S
te

ph
an

 R
us

se
ns

ch
uc

k,
 C

E
R

N
-A

T-
M

E
L

6

FEM Part
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BEM Part

From Green’s second theorem:

Vector Laplace Weighted Residual
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BEM Part
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BEM-FEM Coupling

FEM

BEM
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Always check convergence of your computation
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Vector Potential and Total Scalar Potential
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The Field of Line Currents

Pre-processing (Current sources)
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Biot Savart’s Law for Line Currents

Current loops have always be closed, must not leave the problem domain
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Biot-Savart’s Law and the Linking Number
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Vector Potential of a Line Current

Caution: Infinitely long line currents have infinite energy



S
te

ph
an

 R
us

se
ns

ch
uc

k,
 C

E
R

N
-A

T-
M

E
L

18

Vector Potential of two Line Currents

Problem solved, but reference radius has physical significance: 
Return path for sum-currents
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Field in the Plane

Easy to program equation. Still remember: Closed loops
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Harmonic Analysis

Discrete Fourier Transform

Don’t bother with the Fast Fourier Transform, but consider to use the vector- 
potential directly

And please: Never use 
holomorphic continuation, it’s 
just to inaccurate
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The Case of Solenoids

To derive this result would take 5 pages. So take it from the 
“horse’s mouth” (and don’t do Fourier series analysis).
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Separation in Cartesian Coordinates
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Higher order Harmonics in Cartesian Coordinates
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Apparent Inductance
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Inductances
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Differential Inductance
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Sign conventions

Load case

Generator case

Faradays law
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Maxwell stresses
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Mathematical Formulation of Optimization Problems

Subject to
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Pole Shimming
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Pareto Optimality

A Pareto optimal solution X* is given if there exists no solution with
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Real World Optimization Problems

There are only Pareto-optimal solutions  
– Decision making       
– Treatment of nonlinear constraints               
– Optimization algorithms

The objective conflict is the characteristic of real world optimization 
problems

Fuzzy objectives in the concept phase
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Objective Conflict
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Objective Weighting, Distance Func., Constraint Form.

s.t.



S
te

ph
an

 R
us

se
ns

ch
uc

k,
 C

E
R

N
-A

T-
M

E
L

35

Treatment of Constraints
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Penalty Transformation
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Optimization Algorithms
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EXTREM
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