shape of real river meanders [see illus-
tration on next page]. At the axis of el
the channel is direcled in the mean
dowan-valley direction and the angle of
deflection is 7ero, whereas at the point
of inllection the angle of deflection
reaches a maximum value.

A sine generated] cuve dillers [rom a
sine curve, [rom a scrics of connevted
semicircles or from any other Luniliae
geomelric curve in thal it has the
smallest variation of the changes of di
rection. This means that whea the
changes n direction arc tabulated for
a given distimee along several hypo-
thetical mewnders, Uwe sums of the
squares of these changes will be less
[or a sine-gencrated curve than for any
other regular curve of the sume length.
This operation was perforned lor [ous
different curves of the same length,
wavclength and sinuosity- a parabalic
curve, i sine curves, i cirenlior curve and
a slne-generated curve—in the illustra-
tion on page 65, When the sipuares of
the changes in dirsction were measured
in degrees over 10 equally spaced inter-
vals for cach curve, the resulting values
weere: panabolic corve, 5,210; sine curve,
5,200; clrcular curve, 4.840; sine-gencr-
ated curve, 3,940,

Curve of Minimum Total Work

Another propesty closcly associated
with the fact that a sine-generated
curve winimizes e sum of the squares
of the changes in direction is that it is
also the corve of minimum total work
in bending. This propesty can be dem-
onstrated by bending a thin strip of
spring steel into varions confignrations
by holding the strip finuly st lwo poials
and allowing the length between the
fixex] points fo assume an unconstrained
shispes [#ee fop illusiration on pages 66
and 67]. The strp will naturally avoid
any comcentration of hending and will
assumne @ shape in which the bend is as
uniform as possible. In cffect the strip
will assume a shape that minimizes total
work, since e work done in esch ele
ment of length is proportional to the
square of its angular deflection. The
shapes assumed by the stdp are sine-
generated curves and indecd are good
wodels of river meandess.

A cataslrophic example of o sine-
generated curve on a much larger seale
was provided by the wreck of o South-
em Rallway I[reight train near Creen-
ville, S.C., on May 31, 1965 [sce bot-
tome illustrution om page 67], Thirty
adjacent Hatcars camicd as their load
TOO-fpot sections of tnuck rail chainesd in

a bundle to the car beds. The Lmain,
pulled by five locomotives, collided with
a bulldozer and wis derailed. The vio-
lent compressive strain lolded the train-
load of rails into a drastically foreshore-
ened snakelike conliguration. The elstic
properties of the stecl rails tended to

possible. This cxample is particulardy
appropriate to our discussion of river
eanclers becuse, like river meanders,
the beal rails deviate in a random way
from the perfoct symmetry of a sine-
generaled]l curve while preserving its
essenlial lorm.

minimize total bending exactly as in the
case of the spring-sieel strip, and as o
vesull the wrecked train assumed the
shape of a sine-generated curve thal The mechanism  for changing  the
distributed the beding as wnilorly s course of o river channel i contained

The Shaping Mechanism
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DIS IANCE ALONG CHANNEI

SINECENERATED CURVE (top) closely approximates the slape of cexl civer mesndees.
Thi= means that the sngular dircesion of the chaunel at any point with respect to the mean
down-valley direction {toward the right) is a sine function of the distance measured alomy
the channel (graph af bottom). At the axiz of wxch hend (B, D ard F) the channel i di-
rected in the mean downvalley direetion and the angle of deflection is zero, whereas 2t
each point of inllection (4, C, E and G) the angle of dellection rescles o maxinunn valae.
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