Math 379 — Homework 2

Peyam Tabrizian

Friday, September 23, 2016

Problem 1: Show that, in Example 3 (Derivation of the KdV equation), after
the change of variable

£ :=ve(x — cot)
T ::e%t
P =\ep

where ¢y := VA9, the PDE for @/; and h become

( etee + Uy =0
Y, =0 at y =10
. — el + 3 (@ + (3,)) = —elh 1) aty=Fh
\ €hr + e(the — co)he =1y at y=nh
Here 1/1 and h are ¢ and h in the new variables, i.e. U(x,y,t) = 12(5 y, ) and

h(z,t) = h(£, 7). It may also be useful to use @, i.e. o(z,y,t) = G(&,y, 7).

Note: For sake of clarity, the original PDE are

( Ap =0
vy =0 at y =0
or+ = |V90| =—(h—h") at y=nh
ht+90whx =Py at y:h




Problem 2: Let ¢ and v¢ solve the system

b () ()

up + —ul, = 5
€ ) € ) (1)
€ 1 € _(ug) — (UE)
vy evx =—a
Let our Ansatz be:
ut = u’ + eu' + o(e)
v =0 + ev' + o(e)
And moreover suppose that ©° > 0 and v° > 0
(a) Plug the Ansatz into (1) and show that
u? =0 (2)
and
ul = 2u’ (vt —ut). 3)
(b) Notice that if we add the two equations of (1), we get that
€ € 1 € €
(u —i—v)ﬁ—z(u—v)xzo. 4)

Plug the Ansatz into (4) and show that

1
ug = 5(1)1 — ul)x

(c) Using the results of (a) and (b), show that u° is a solution of the nonlinear
heat equation

wy — Z(ln W)z = 0.

Hint: Use (3) to write (v! — u'), only in terms of «° and its derivatives.
Also, it may be helpful to write out explicitly what (In w),,. is.



