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LAYER STRIPPING METHOD FOR POTENTIAL INVERSION�1)Xue-li Dou(Beijing Resear
h Institute for Remote Sensing Information, Beijing 100011, China)Guan-quan Zhang(State Key Laboratory of S
ienti�
 and Engineering Computing, ICMSEC,Chinese A
ademy of S
ien
es, Beijing 100080, China)Abstra
tTo solve the potential inversion problem of the 
oupled system for one-way waveequations, the absorbing boundary 
onditions in the lateral dire
tion are derived.The di�eren
e s
hemes are 
onstru
ted and a layer stripping method is proposed.Some numeri
al experiments are presented.Key words: 2-D potential inversion, Layer stripping method, Absorbing boundary
ondition 1. Introdu
tionThe potential inversion problem of the following Plasma wave equation is dis
ussedin this paper:h �2�t2 � �2�x2 � �2�z2 + v(x; z)ip(x; z; t) = 0; x 2 R; z > 0; t > 0; (1.1)p(x; z; 0) = �p�t (x; z; 0) = 0; (1.2)p(x; 0; t) = Æ(t); (1.3)��z p(x; 0; t) = h(x; t): (1.4)That is, giving an impulse at the surfa
e z = 0, to determine the wave�eld p andpotential v from the impulse response h.There are three kinds of inverse problems of this Plasma wave equation:(1) To determine the di�erential equation from its spe
tral fun
tion[1℄;(2) To determine the potential from the wave fun
tion form at large distan
e. It isthe so-
alled inverse s
attering problem[2;3℄;(3) To determine the potential from the response on the boundary to a unit impulseat some referen
e time t = 0[4;5℄.Our problem belongs to the third kind.� Re
eived Mar
h 25, 1996.1)This work was supported by China State Major Key Proge
t for Basi
 Resear
h.



26 X.L. DOU AND G.Q. ZHANGIn the one dimensional 
ase, there are 
omprehensive results for this problem. Butfor the multi-dimensional 
ase, there is not any satisfa
tory result, whether theoreti
alor numeri
al. Be
ause in this 
ase the problem is non-linear and ill-possed.We have done some theoreti
al analysis about this potential inversion problem andsplit the original full-way wave equation into the system of one-way wave equations byusing the wave splitting method based on the theory of pseudo-di�erential operator[6℄.In order to make the problem 
losed, we also transformed the impulse 
ondition (1.3)into the 
onditions on the 
hara
teristi
 surfa
e by singularity analysis. We also provedthe stability of the dire
t problem for the system of equations, treated as Cau
hyproblems in the dire
tion of depth.As the results of wave splitting and singularity analysis the potential inversionproblem of the one-way wave equations is [6℄:� ��t � ��z�U1 � �2�t2 h nXm=1 amqU(sm)i+ vp2 = 0; (1.5)� ��t + ��z�D1 � �2�t2 h nXm=1 amqD(sm)i+ vp2 = 0; (1.6)�p�z = U1 �D1; (1.7)U1 = �U�t ; (1.8)D1 = �D�t ; (1.9)� �2�t2 � s2m �2�x2�qU (sm; x; z; t) = �2�x2U(x; z; t); (1.10)� �2�t2 � s2m �2�x2�qD(sm; x; z; t) = �2�x2D(x; z; t): (1.11)The initial 
onditions on the surfa
e z = 0 areU1(x; 0; t) = �D1(x; 0; t) = 12h(x; t); (1.12)p(x; 0; t) = 0: (1.13)The 
onditions for suÆ
ient large value T are:U(x; z; T ) = U1(x; z; T ) = qU(x; z; T ) = �qU�t (x; z; T ) = 0: (1.14)As the results of singularity analysis we get the 
onditions on the 
hara
teristi
 surfa
et = z + 0 D(x; z; t = z + 0) = � Z z0 v(x; y)2 dy = g(x; z); (1.15)D1(x; z; t = z + 0) = 12 Z z0 h �2�x2 � v(x; y)ig(x; y)dy � 12h(x; 0); (1.16)qD(x; z; t = z + 0) = �qD�t (x; z; t = z + 0) = 0; (1.17)


