








































































section 2.1 Q1 Solve

Lee
Eun

Ufo ex

UtX O Six

D Alembert's formula tells us that
at

UX t take E to Ect 241,4 Is

I let't et at sins as

s et et é't at Los Hct cos Kat
et cosh t t d sin ft sink

section 2.1 23 Themidpointof a piano string
of tension T density y and length l is hit by a

hammer whose head diameter is za A flea is

sitting at a distance 94 from one end actu
How long does it take the disturbance to reach
the flee a I hammer
Theflea is distanced d f a

from where the hammer
hits The disturbance levels

10 I e's d
at e f The time it would take is

E E JE f a











































































Section 2.1 Rt If both 4 and Y are odd

functions of x show that the solution uh t

of the wave equation is also odd u x for all t

uxi tLtCxtctt4HcHJtzEJEitu
dsHenceiufx.t

I tact ex a If treads
IE p x ca p Wat ndJ teslas
ELA Ect Petco É SEE y ds

ux.tl

Let's explain what we did with the integralof X

IS 4 ds IS yes ds

here we just used the oddness of X 7 yes

IS N as ÉSÉÉ reads
here we use the fact that the integration interval

Ex et wet becomes Exact x at by changing
s to S and then x to becomes xD We get
another in front by changing Ect ect

to E ct act











































































section 2.2 Ql Use theenergy conservation of the wave

eg to prove that the only solution with 4 0 and 4 0

is 2 0

Weknow that E If gut Tuf dx is conserved

At time to we have

E ISIL My THI dx 0

So for any later time we have
O E If Letty

dx

How can the integral of a non negativefunction be 0

By the first vanishing theorem the only way for this to happen
is that the integrand is in fact O

gut t Tuf 0 Fx

But since both terms are non negative this means that

they are both O individually gut Tui 0

Since g 0 T o we have WE WE O WE 4 0

Hence u must be constant Since it is 0 initially
it is 0 everywhere











































































Section 2.2 23 show that the wave ly has the following

invariance properties
a Any translate wax 3,4 y fixed is a solution
b Any derivative of a solution is a solution

c The dilated faction u ax at is also a solution ta

We start with next which is a solution nee eux
a Define what Wey t Then

Wet XD Utz 3 H

W xx x E U xx RZA

Wet CZW xx Utt E U xx 0

b Define w Gt 2 44 t

Wet 4,4 Det GU XD Ox Ut XD
Wxx x E 2 2 4,4 2x U xx X E

Wee ow xx a WIFI
0

since any other derivative will commute with
2x and Ott the same result will hold for any
other derivative or combination of derivatives in x t

c Define w xD u x at Then

Wx aux Wxx a Ux We take Wet a Utt

Wee eww a Late 0








































































Section 2.2 25 For the damped string satisfying
htt CU xx true 0 Crs o

show that the energy decreases

Recall that theenergy is defined as

E E I f I gut TUE ax

Then E JI g Venet t Twixt de

Kat's G JI gut Ein rut t Ture de

JI gfutuxx ryME Tux nxt dx
Ight G JIT uxdx.tw I JIrguEdxtItuxxtd

this since u and itsderivatives
areassumedtovanish at IN

frguidx so
Futegrand is non negative

E SO the energy decreases


