Solution 5

1. a) By the d’Alembert’s formula,

sin(x + ct) + sin(x — ct )
u(x,t) = ( ) 7 ( ) = sin(x) cos(ct), —o0 <x<oo,1>0.

The function WT_”) is the forward wave and the function

wave.

b)

w is the backward

u(x 1+ 27”) _ sin(x) cos(ct + 27) — sin(x) cos(ct) — u(x, ).

2. Using the d’ Alembert’s formula, we find

P(10,1) =

P(10 — 41,0) + P(10 + 4£,0) 1 (10+%
( ) ( ) + gf Pi(s,0)ds
1

2 041

Since P;(s,0) is a step function
1 |f<le-1<x<1,
Pt( ,O):
0 [x>lex<—-1lvx=l,

we calculate the integral § igii; P;(s,0)ds in three cases

1 10+4¢ 1 10+4¢
= J Pi(s,0)ds = < J 0ds,
8 Jio—4s 8 Jio—ar

1 <10—4¢

-1<10-4r<1 <10+ 4¢

1 [lo+4r 1 [10+4 1 (! 1—(10—41) 4r—9
—J P:(s,0)ds = —f Ods + —J 1ds = ( ) = )
8 10—4¢ 8 1 10—4¢ 8 8

10—4t<—-1<1<10+ 4¢

1 10+4¢ 1 —1 1 1 1 10+4¢ 1
- Ps,Ods=—f Ods+—f lds—l——f Ods = -.
8 fm—m ((5.0) 8 Ji0—4 8 J_1 8 Ji 4

1



So

9
0 10—d4t>1=1e(0,7),
t 9 9 11
P(10,f) =<5+ (z—<) —-1<10-4<l=re|[-,—]
(10.7) +(3-%) =teln ]
1 11
7 10 — 4t<—1=>t€(4 o0).
The pressure at the building achieve the maximal at #y = %. P(10, 171) = 5% < 6, so the
building won’t collapse.
3.
i(x, T) = u(x,0) = f(x),
it (x,T) = 0= T[ (x, T —1)] = —u(x,0) = —g(x),

u,,(x t

) =[u ( = D)o = —[w(x, T = )] = uu(x, T — 1),

= [u(x, )] = uee(x, T — 1),

u,t(x, t)—c uxx(x 1) = uy(x, T — 1) — Cuge(x, T — 1) = 0.

4. The points where the initial data are not smooth are (—1,0), (0,0), (1,0), (2,0). We draw the

characteristic curves through them and divide the upper plane ¢+ > 0 by these lines. Using
the d’ Alembert’s formula, we have

1 (x,t) contained in the regions L, II, III
u(x—10) +u(x+10 1
u(x,t) = ( ) > ( ) = 3 (x,1) contained in the regions IV, V, VI, VII, VIII, IX
0 otherwise.






