PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM  MWF Olin 103
Plan for Lecture 37:
Chapter 10 in F & W:
Soliton surface waves

1. Nonlinear water surface waves —
soliton solutions
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ABSTRACT

n 1962, s & graduale student at Harvard Universdy, | endeavored 10 explore in my Ph.D.
thesis particies and ofher in the observed expanding
niverse I Ihis cotoquium, | wil Ge<cribe th excTing results of this study 3nd how they
refale to present day observalions of the 3 degree COSMIC MIEToWave Dackground radiation
Ieft over from the *infiating big banq” and 1o fundamental properties of biack holes. Starting
from the familiar simple harmonic osilator, | wib go over the basic ideas and dific ities that
haa 16 be overtome, In a way Ihat Snouid be accessibie 1o Siugents and Aon-Specialss
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Consider a container of water with average height h
and surface h+{(x,y,t) (slightly different notation than
last time):
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Within fluid : 0<z<h+¢
ov |,
2 +1v? + g(z—h)=constant (We have absorbed
t
-V®=0 P, in our constant.)
Atsurface: z=h+¢ withé’:{(x,y,t)
d¢ o 0 0
—§=—§+vx—§+vv—§ wherev, , =v, NERN Eat)
dt ot ox 7oy : N
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Convenient assumptions :
and ((x2)

trivial y dependence
express problem in terms of @(x,z,2)

Bernoulli’s equation at water surface

2 2
_ afl)(x,z,t) +l 6(13(x,z,t)j + 6(D(x,z,t)j g6, =0
ot 2 ox Oz
z=h+{

Consistent vertical velocity at water surface

d¢ ac

=v-V —

v V(¢ + ot

l‘z(.T. 2, t)JZZ[H»C = ﬁ

=0

OD(z, z,t) 5 9%(z,2,t) (z,t) Bq(r‘t)J
dx Ox 2L R

Jz

Boundary condition at z=0

Zero vertical velocity at bottom of tank

a0 (x,0,t) g
dz -

Taylor’s expansion about z = 0

2 52 .3 53 -4 94,
¢ @(I.O.t) + ;—'y(r.u )+ ]—I%(I,n,:
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B(x, z,t).‘;‘I>(1All.i)+:%(1‘0‘!)+i; b2 EL
2 n2, 4 A4
= (D(x,z,t)z (D(x,O,t)+z— o (I>(x2,0,t) +Z o (D(xz:O,t)w
2 Oz 4! Oz
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7 62(I)(x,0,t)+ z* 0'o(x,0,1)
4 et T

O(x,z,t)~ D(x,0,¢)+ S

From Laplace equation :
i q ox’ oz’
Modified Taylor’s expansion
2 92 4 94
z= 0% 2t ot
P(z, 2, 1) = P(x,0,t) — E@(mﬂ t) + E@(I

Bernoulli’s equation at water surface

Oz

z=h+{

))2 {acp(x,z,t)ﬂ

_00(x,ze) 1

ot 2

(6®(x,z,t
ox
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L0.1) -

+8¢(x,0)=0




