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Abstract

* ) o _"‘Al” = . .
The spectral function 4(t) = Z e " where {1;}52, are the eigenvalues of the

three-dimensional Laplacian is utl;d_i;d for a variety of domains, wheré —co < £ < oo and
{ = v/~1. The dependence of A(t) on the connectivity of 3 domain and the impedance
boundary conditions {Robbin conditions) are analysed. Particular attention is given to
the spherical shell together with Robbin boundary conditions on ite surface.

" 1. Historical Remarks

Let D C R® be a simply c;:mnected bounded domain with a smooth Fbuunding surface
S. Then, there exist eigenvaluea {1,}*° 7=, and corresponding eigenfunctions {¢;(z (..)}:=1

2 3 2
the Laplace operator As = —;;,— + -3——- + :? in zyz-space, under the impedance boundary

conditions (Robbin boundary cundltwnu), such that {¢,(z)}%2, is a complete orthonormal .
system in L2(D). That is, we have the following impedance problem (Robbin problem):

~D3d; = A;d, in D, | (1.1)
a :
(5, +7)¢;=0 onS, o (1.2)
where -?—— denotes differentiation along the inward pointing normal to S and -~ is a positive

a 5
conltm“ We may assume that each ¢; is real-ﬂlued and that the e1genva.lueu Aj are

enumerated in the order of magnitude

0<A €A3<A3<-€A<- moo asj—o0.  (L3)
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There are numerous works trea;ting the asymptotic behaviour of the number of eigenvalues,
N(X), as A — co. It has been shown that (H. Weyl, 1912)

N(A) ~ 61-’2-)3/2 a8 A — 00, - (1.4)
and that (R. Courant, 1920)
N(\) = 537 +0(Alog}) 82 — oo, (1.5)

where V is the volume of D. .

In order to obtain further information about the g.enmetry of D, one studies certain
functions of the spectrum. The most useful to date comes from the study of the heat
equation or the wave equation. | '

Accordingly, let e—*23 Jenote the heat operator. Then, we can construct the trace

function
o0

0(t) = tr(e™*4%) = Ze'“‘f, - {1.6)
=1 :
which converges for all positive &. |
Suppose that e—t83"" is the wave operator. Then an alternative to (1.6} is to study

the trace func tion
1/3

Bty = te{et ) =3 e, (L)
=1 - |
~ which represents. a tempered distribution for —co < ¢ < oo and i = v/—1. The applications
of (1.6) to problem (1.1) and (1.2) and to more general ones can be found in Gottlieb
[1], Pleijel [4], Waechter (5], Zayed [6, 7] and the references given there, thus, Pleijel has
investigated problem (1.1)—(1.2) by using the heat equation a.ﬁproai:h and has shown that:

if 4 — oo (Dirichlet problem),

S 4 S 1 1/2 .
0) = TomgyoTs ~ Toi * TSI [S Hds +O0(t%) ast—0,  (18)

and if v = 0 (Neumann problem),
v ., 5 . 1
(4xt)373 7 16xt  12x%/2t1/2

ﬂ(_t)-_= fs Hds + O(tt/?) ast—0, (1.9)

w!:tere V and S are respectively the volume and the surface area of the domain D while
H= %(-}:—1 + —1—], Ry and R; are the principal radii of curvature.

| Zayed [';]hhau investigated problem (1.1)- (1.2) for either large or small impedance 4,

by using the heat 'lg:natiun approach, and has shown that, if v >> 1, |

V 1 - 1 i
) = Gmyia e L [S Hds}+ 5773 /;Hdﬁo(t”“) as t — 0, (1.10)
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