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The writers wish to congratulate Dr Wang for his extremely interesting paper [1]. The fact
that exact vibration solutions for sandwich plates with simply supported, straight edges
can be obtained by using exact Kirchhoff plate vibration solutions and ultimately from
the classical vibrating membrane problem is a remarkable one.

The analogy is also valid in the case of doubly connected plates, as long as both
boundaries are constituted of rectilinear simply supported sides.

Another fundamental property is also of interest. It has been pointed out recently [2]
that the fundamental frequency coefficient 4,; of a membrane of arbitrary shape and that
of a membrane of circular shape, a,, are related by the inequality [3]

}41 <O(0/ao, (1)

where oy = 2-4048 (the first root of the Bessel function of the first kind and of order zero)
and ay is the coefficient of the first term of the infinite series which maps a unit circle on
to the arbitrary shape. Similarly, in the case of a doubly connected membrane of fixed
edges,

An < om/ao, (2)

where o is the frequency coefficient of the corresponding circular, annular membrane and
ay 1s the coefficient of the ¢ term in the Laurent expansion, which maps the given doubly
connected membrane on to a circular annulus in the £-plane.

In view of the important theorem proved by Wang [1], it turns out that the fundamental
frequency coefficients of simply supported, sandwich plates of rectilinear sides are related
to the fundamental frequency coefficient of a circular membrane by the inequality (1) in
the case of a simply connected domain, and by the inequality (2) if the plate is doubly
connected with both edges simply supported and made of rectilinear sides.

In the case of a simply supported plate (sandwich or Kirchhoff) with re-entrant corners,
the membrane analogy should be considered as a first order mathematical model, since
a stress concentration field is generated at a re-entrant corner. This, in turn alters the value
of the natural frequencies obtained from vibrating membrane model.
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Furthering this discussion, the author would like to point out the work done by Pnueli
[1]. Pnueli considered the eigenvalue problem governed by the biharmonic equation

VaWViw — A*w =0, in the region Q, @)
with the boundary conditions
w=0, on I', the boundaries of Q, 2)
and
ow/on =0, onl,, 3)

(I'. denotes the portion of the boundary of Q over which the normal derivative vanishes),
and

7w =0, on I, “4)

where I';u . =1T. Note that the foregoing eigenvalue problem covers the vibration
problem of plates the edges of which are either simply supported, or clamped, or of mixed
combinations of simply supported and clamped edges.

Here the author cites the three theorems that Pnueli had stated on the inequalities
associated with the above eigenvalue problem.

Theorem 1. A lower bound to the lowest eigenvalue of equation (1) with the boundary
condition of equations (2) and (3), over the two-dimensional region bounded by I, is that
obtained from the solution of the same equations over a circular two-dimensional region
of the same area.

Theorem 2. A lower bound to the lowest eigenvalue of equation (1) with the boundary
conditions of equations (2) and (4), over the two-dimensional region bounded by I', is that
obtained from the solution of the same equations over a circular two-dimensional region
of the same area.

Theorem 3. A lower bound to the Nth eigenvalue of equation (1) with the boundary
condition of equations (2) and (4), over the two-dimensional region bounded by I, is that
obtained from the solution of the equation (1) with the boundary conditions of equations
(2) and (4) over a circular region of 1/N the area of the original region.
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It is clear that the lower bounds given by Theorems 2 and 3 are directly applicable to
the class of plates that the author has considered; i.e., general polygonal plates with simply
supported edges. The author hopes that the above theorems will be useful to the writers.
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