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ABSTRACT 

An analytical solution is derived for the motion of an infinitely long fluid ribbon of shallow 
water, with parabolic depth and linear velocity distribution. The solution is of intrinsic dynami­
cal interest and also offers a "bench-mark" for testing numerical methods which handle the inter­
section of a free surface with a horizontal boundary. The development is expressed in terms of 
the translation and deformation of the hump. The former component is determined uniquely by 
the initial velocity at the symmetry axis and the externally imposed uniform pressure gradient. 
On the other hand, the deformation component depends on the initial shear and divergence, but 
is unaffected by a uniform external pressure force. Relative to its axis, the fluid ribbon alternately 
expands and contracts, with a pulsation frequency (~the inertial frequency/) that is a function 
of a Rossby, and a rotational Froude number, defined in terms of the initial velocity, and height 
field. 

1. Introduction 

The shallow water system of equations offers an 
amenable and fertile paradigm for many geophysi­
cal flow systems ranging from global-tidal theory 
(Laplace, 1799, 1825), barotropic large scale 
motion of the atmosphere (Phillips, 1954 ), frontal 
instability and movement (e.g., Orlanski, 1968; 
Davies, 1984 ), hydraulic flow over terrain 
(Houghton and Kasahara, 1968), to breaking 
waves on a beach. In these applications, the 
shallow water system captures the dynamical 
essence of some particular phenomenon, renders 
tractable the mathematics of the problem and 
hence has promoted our understanding of the 
often physically complex system. If an analytical 
solution is obtained for the particular problem 
in question, then that solution can form an 
appropriate bench-mark to test numerical models 
designed to examine much more generalized 
aspects of the particular phenomenon. This 
strategy of using the shallow water system as a 
paradigm is followed here. Bounded masses of 
heavy (light) fluid at the base (top) of a fluid 
domain are a common occurrence in geophysical 

fluids. Our interest here is in fluid segments that 
are large enough for the influence of the earth's 
rotation to be significant, e.g., sub-synoptic and 
meso-cx scale bands of cold air linked to fronts, to 
orographic trapping or to squall line generated 
downdroughts. 

Several investigations of bounded shallow water 
segments have been undertaken in the past. Ball 
( 1963) derived and documented some general 
properties for the evolution of arbitrary shaped 
shallow water layers of limited horizontal extent. 
He showed that the motion of such a fluid 
segment, released on a rotating paraboloid, is a 
superposition of three modes: the displacement of 
the centre of gravity (which is a linear problem, 
independent of the deforming motions within the 
fluid), the distension (characterized by a velocity 
field with time-dependent but homogeneous 
divergence and vorticity), and the "additional" 
deformations, which are governed by shallow 
water equations with transformed space and time 
coordinates. Also he noted that the temporal 
evolution of the distension component is governed 
by a simple harmonic oscillation of the total 
moment of inertia. In the case of a flat base, this 
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