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Absatract
In this paper, a characteristic iteration for solving coefficient inverse problems has been presented,
This method is stable and fast converging, and may be extended to the 2-D case. RExcellent
numerical results have been obtained by this method.
§ 1. 1-D Wave Equation and Its Inverse Problem
-3%( u'(a})%:'—)—u-(m) —?——E—=Q x>0, $>0, (1.1)
u(x, 0) =%~ (z, 0)=0, >0, | | (1.2)
-g:.:.(n, D=5, >0, .8
Measured data:
uw(0, 1) =f(¥). " (1.4)

Inverse problem:

To recover o (z) from f(#) and (1.1)— (1.8}, where o(z) is the coefficient of
(1.1), which belongs to o

2={o () |o (@) €00, o), 0<o<o(z) <o}
and &(7) is the generalized Delta function.

Agsume that f (%) satisfies a certain compatible condition, for example, f(0) =
—1, such that the solution of the inverse problem exists.

§ 2, Singularity of the Solution of (1.1)— (1.3)

Lemma 1.. Suppose that o (x) belongs to 3 and u(a, t) i3 the gemeralized solution
of (1.1)—(1.3). Then,

u(w, i) =a(@) H ({—=) +v(s, ¥), (2.1)
where a(z) is the jump quantity, H (+) és o Heaviside fumction, and vz, ) 4s the
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vegular part of u(w, t). Moreover, a(z) and v(o, t) satisfy respectively

() = — : (2.2)
N o (z)
wle@g)-o@ Zh-—[o@ S5+9 dalgg g, .9
v(z, 0) =2, (x, 0) =0, (2.4)
w(0, ) =—LE H@). B

Proof. Since o(x)€ 2, (1.1) is a wave equation. By [3], the singularities of
the solution of (1.1)—(1. 3) propagate along the characteristic line t=w. By (1.2)
and (1.3}, we have (2.1).

Since u(w, ¢) is the generalized solution of (1.1)-—(1.3), it should satisfy the
weak equation of (1.1)—(1.3). By the theory of generalized function™, we can
make generalized calculus on both sides of (2.1). Thus we have

-g;t = a(m}ﬁ(t—m)—}-ﬂmﬂ(ﬁ—m)-l--gz—, (2*6)
32u . 3! 9 H 321? 9 7
o =a(z)8 (i—a) —2a,8((—2) +aH ({—a) + e 2.7)
oU _ . oV
1 a(x)d(t—a) e (2.8)
& _ Pig P ' '
-a—tﬂ-—ﬂ(ﬂ:)ﬂ (f' ﬂ?) 282 _ (2'9)
Substituting (2.6)—(2.9) into (1 1) and making proper arrangement, we have
E-i-(a(m) D)o@ Zh= (20.0@) +a@)a)d(—a)
— (o () cz,,-l-a'caa) H(t—z). (2.10)
Let - _
oy ovy - |
R, ) =o(o(@ $2)~o@) 2%, (2.11)
where R(z, ¢) does not include the 3 function. This is because by (2.1) we have
= v(w, 1) =b(x)O({—a) +w(z, ?), (2.12)
in which w(z, ) belongs to O' and O ((—a) = ({—2)*. Olearly, we have
R(w, t) = (—2b,0(2) —b(@)0o) H(E—a) + (0 (@) beo+ 04bs) C (— )
o Sw Pw
| +E(a'(m) aw) o (o) s (2.13)
In (2.13), since w(a: ¢) belongs to 0%, it is obvious that there is no & function
An _(a (@) 22)—o @ Thus the coefficient of 5(f—z) in (2.10) should
vanish, i,e, | r
2a,0(z) +a(x)o,=0, o (2.14)

and we have

2 (6@ 8)0(@) 22 = — (0 @) tutowa) H(1—2),



