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THE ANALYSIS AND CONTROL OF SATURATE
STATIC MAGNETIC FIELDS
Lin Xiao-biao

Abstract -

We consider two basic problems in the analysis of static. magnetic fields. 1) Find
the distribution of a magnetic field when the distribution of the electric current is
given. 2) Given the distribution of a magnetic field, find the distribution of the
electric current in the set of admissible distributions such that the corresponding
magnetic field is closest to the given one.

Since rotH=j, weset H=Vep+h, where h is any solution of the equation rot
h=j. we calculate the static magnetic field by solving the boundary value Problem:
Find p€H*(2) such that

divLu(a, Ve +h[*)(Vo+h)]1=0 z€Q, )
p(z, |Vo+hi*)(Vo+h)-n=0 2€Q, (2
n

where h€[L*(2)]? is given.

“In the first part of this paper, we prove, by variational method, that if B is a
strictly increasing function of H, the solution of the boundary value problem exists
and is unique and that if dB/dH=e>0, the seQuence of approximate solutions
strongly cohverges to the real solution, ' :

The second part of this paper treats of the inverse problem, i.e., the controj
problem, Let %/ be a closed, convex, bounded set in [L?*(£2)1®, such that je2/
implies div 7= 0. % is called the set of admissible controls. The state equations are
(1)~ (3). The cost functional is

I(Vp+h)=||Vo+ h-H,| 10,
where H,c[ L?(02)1® is given,

- Extending j€%/ to [L*(£2)]® linearly and continuously and considering ‘a set of
auxiliary Laplace equations, we discuss the operator rot, [H*(Q)1*—{L*(2)1® in
detail. Let N, be the null space of rot. The operator rot induces an isomorphic
mapping ,[H*(£2)1*/N,—[L2(£)1®, Besides, by using the coercive inequality, we
prove that the solution &(h) of equations (1)~ (3) is a continuous mapping,[L*(2)]*
—H*(Q), Hence, the Cobolev embedding theorem ensures the existence of the
optimal control.

By the finite elements method, numerical approximation of the boundary value
problem and control problem are discussed in the- last part of the paper. It is shown
that the approximate solutions of the boundary Value problem strongly converge to the
real solution and that the control problem can be separated into optimization problems
in the finite-dimensional spaces.
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THE ANALYSIS AND CONTROL OF SATURATE
STATIC MAGNETIC FIELDS
Lin Xiao-biao

Abstract -

We consider two basic problems in the analysis of static. magnetic fields. 1) Find
the distribution of a magnetic field when the distribution of the electric current is
given. 2) Given the distribution of a magnetic field, find the distribution of the
electric current in the set of admissible distributions such that the corresponding
magnetic field is closest to the given one.

Since rotH=j, weset H=Vep+h, where h is any solution of the equation rot
h=j. we calculate the static magnetic field by solving the boundary value Problem:
Find p€H*(2) such that

divLu(a, Ve +h[*)(Vo+h)]1=0 z€Q, )
p(z, |Vo+hi*)(Vo+h)-n=0 2€Q, (2
n

where h€[L*(2)]? is given.

“In the first part of this paper, we prove, by variational method, that if B is a
strictly increasing function of H, the solution of the boundary value problem exists
and is unique and that if dB/dH=e>0, the seQuence of approximate solutions
strongly cohverges to the real solution, ' :

The second part of this paper treats of the inverse problem, i.e., the controj
problem, Let %/ be a closed, convex, bounded set in [L?*(£2)1®, such that je2/
implies div 7= 0. % is called the set of admissible controls. The state equations are
(1)~ (3). The cost functional is

I(Vp+h)=||Vo+ h-H,| 10,
where H,c[ L?(02)1® is given,

- Extending j€%/ to [L*(£2)]® linearly and continuously and considering ‘a set of
auxiliary Laplace equations, we discuss the operator rot, [H*(Q)1*—{L*(2)1® in
detail. Let N, be the null space of rot. The operator rot induces an isomorphic
mapping ,[H*(£2)1*/N,—[L2(£)1®, Besides, by using the coercive inequality, we
prove that the solution &(h) of equations (1)~ (3) is a continuous mapping,[L*(2)]*
—H*(Q), Hence, the Cobolev embedding theorem ensures the existence of the
optimal control.

By the finite elements method, numerical approximation of the boundary value
problem and control problem are discussed in the- last part of the paper. It is shown
that the approximate solutions of the boundary Value problem strongly converge to the
real solution and that the control problem can be separated into optimization problems
in the finite-dimensional spaces.



