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ABSTRACT

Periods and structures of several normal modes of Lake Michigan (including Green Bay) are calculated
theoretically, taking into account the Lake’s topography and the earth’s rotation. The calculations are based
on a Galerkin method developed by Rao and Schwab (1976). Even though the calculations give both rota-
tional and gravitational modes, attention is focused primarily on the latter. The calculations show that there
are several modes dominant in the main basin of Lake Michigan and some dominant in Green Bay. The low-
est Lake Michigan mode has a period of 9.27 h. Green Bay exhibits a (co-oscillating or Hemlholtz) mode
with a period 10.35 h. For the modes dominant in the main basin, the periods and structures obtained from
theoretical calculations are compared to those deduced from spectral analyses of water level data from vari-
ous stations around the Lake. The agreement is found satisfactory for several of the lowest modes.

1. Infroduction

The problem of two-dimensional barotropic normal
modes of Lake Michigan is considered here. Past studies
of free oscillations in Lake Michigan and other water
bodies have dealt with the one-dimensional channel
theory, an excellent summary of which is contained in
Defant (1961). Channel theory, though fairly successful
for the lowest longitudinal modes, breaks down for
higher modes and for bodies of water that are not
“narrow and elongated.” It is only recently that the
two-dimensional problem of free oscillations in natural
water bodies, taking into account the earth’s rotation,
has been successfully attacked (see, for example,
Platzman, 1972, 1975). In this paper, frequencies and
structures of the two-dimensional normal modes are
calculated theoretically by the method briefly described
later, and the results are compared with observations of
the gravitational modes wherever possible.
the method of

2. Governing equations and

calculation

We are concerned with the smali-amplitude, free,
quasi-static oscillations of a homogeneous lake on a
rotating earth. The governing equations are the
familiar Laplace’s “tidal” equations. If V is the hori-
zontal velocity vector and 5 the free surface displace-
ment from the equilibrium position, these equations
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may be written as
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In the above equations the dependent variable is
taken as the transport vector M = HYV instead of the
velocity vector V. H (x,y) is the equilibrium depth of the
lake. The symbols defined in the spatial differential
operator L have their usual meaning. If we consider the
lake to be a fully enclosed water body, then the
appropriate boundary condition to be imposed on (1)
is the adiabatic condition

M:-n=0 (2)

on the coastline, where n is a unit vector normal to
the coast.

In order to determine the normal modes, we seek a
simple-harmonic solution, a=Ae*¢, so that Eq. (1)
becomes

LA=isA. 3)

It is clear that the frequencies ¢ (multiplied by i= v—1)
are the eigenvalues of the operator L and the A’s are
the corresponding eigenvectors. Each eigenvector Aisa
function of the horizontal coordinates and represents






