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86 ESSAYS IN SCIENCE

physico-chemical {factors (decomposition of the
ground), We must concentrate our attention on the
circumstances which affect the steepness with which
the velocity falls at the wall,

In Loth cases the asymmetry in relation to the fall
in velocity in question is indirectly due to the oc-
currence of a circular motion to which we will next
direct our attention, I begin with a little experiment
which anybody can easily repeat.

Imagine a flat-bottomed cup full of tea, At the bot-
tom there are some tea leaves, which stay there
because they are rather heavier than the liquid they
lhave displaced. If the liguid is made to rotate by a
spoon, ihe leaves will soon collect in the center of the
bottom of the cup. The explanation of this phenome-
no is as follows —The rotation of the liquid canses
2 centrifugal force to act on it. This in itself would
give rise 1o no change in the flow of the liguid if the
latter rotated like a solid Lady. But in the neighbor-
hood of the walls of the cup the liquid is restrained by
friction, so that the angular velocity with which it
circulates is less thers than in other places near
the center. In particular, the angular velocity of
cireulation, and therefore the centrifugal force, will
Lie sinaller near the Lotlom than higher up. The result
of this will be a circular movement of the liquid of the
type llustrated in fig. 1. which goes on increasing
until, under the inAuence of ground friction, il be-
comes stationary, The tex leaves are swept into the
center by the circular movement .. | act as proof
of its existence,

THE CAUSE OF THE FORMATION OF
MEANDERS IN THE COURSES OF
RIVERS AND OF THE SO-CALLED

BEER’S LAW

I 15 common lmowledge that streams tend to
curve in serpentine shapes instead of following the
line of the maximum declivity of the groand. It is
also well known to geographers that the rivers of
the northern hemisphere tend to erode chiefly on
the right side. The rivers of the southern hemisphere
behave in the opposite manner (Beer's law). Many
attempts have been made to explain this phenomenon,
and I am not sure whether anything I say in the
.fol.'luw-ing pages will be new to the expert; some of
the relevant considerations are in any case known,
Nevertheless, having found nobedy who thoroughly
understood the elementary principles involved, I
think it is proper for me to give the following short
qualitative exposition of them.

First of all, it is clear that the erosion must be
stronger the greater the veloeity of the current where
it touches the bank in question, or the more steeply it
falls to zero at any particular point of the confining
wall. This i3 equally true under all circumstances,
whether the erosion depends on mechanical or on

8s

THE FORMATION OF MEANDERS &

The same sort of thing happens with 5 curving
stream (fig. 2). At every section of its course, where
it is bent, a centrifugat force operates in the direction
of the outside of the curve (from A to B). This force
is less near the bottom, where the speed of the cur-
rent is reduced by friction, than higher above the
bottom. This causes a circular movement of the
kind illustrated in the diagram, Even where thers is
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no bend in the river, & circular movement of the kind
shown in fig. 2 will still take place, if only on & small
scale and as a result of the earth’s rotation, The latter
produces a Coriolis-fores, acting transversely to the
direction of the current, whaose right-hand horizontal
component amounts to 2 v 0 sin ¢ per unit of mass
of the liquid, where v is the velocity of the current,
the speed of the earth's Totation, and ¢ the geographi-
cal latitude. As ground friction causes a diminution
of this force towards the hottom, this force also gives
rise to a cireular movement of the type indicatad in
fig. 2.

After this preliminary diseussicn we come back to
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Figure 5,16 Vortex sheet.
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metal cylinder frontal surface
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