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Abstract. In this paper, we investigate submanifolds with locally bounded mean

curvature in Hadamard manifolds, product manifolds N �R, submanifolds with

bounded j-mean curvature in the hyperbolic space, and successfully give lower bounds

for the weighted fundamental tone and the first eigenvalue of the p-Laplacian.

1. Introduction

Let ðM; gÞ be an n-dimensional ðnb 2Þ smooth Riemannian manifold

with the Riemannian metric g, the gradient operator ‘ and the Laplacian

D ¼ div � ‘. For an open bounded connected domain W � M, the classical

Dirichlet eigenvalue problem on W is actually to find possible real numbers l

such that the boundary value problem (BVP for short)

Duþ lu ¼ 0 in W;

u ¼ 0 on qW;

�
ð1Þ

has a nontrivial solution u. The desired real numbers l are called eigenvalues

of D, and the space of solutions of each l is called its eigenspace which is a

vector space. It is well known that for the BVP (1), the self-adjoint operator D

only has the discrete spectrum whose elements (i.e., eigenvalues) can be listed

increasingly as follows

0 < l1ðWÞ < l2ðWÞa � � � " y;

and each associated eigenspace has finite dimension. li ðib 1Þ is called the

ith Dirichlet eigenvalue of D. By domain monotonicity of eigenvalues with
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