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3.3 Eindimensionale Wellengleichung

$ & 7. _—y 2 Fr eine eindimensionale Wellengleichung der Form e = «*u., und den
3.Q1 [10 Points] Wave equation bbbt i
Find the solution u = u(z,t) of the 1-dimensional wave equation on the interval [0, L] with the w(0,8) = u(L,t) =0
constant ¢ > 0 and the following boundary and initial conditions: { I"""l'"l“”i"‘“',"
= (‘211;1-. 0<z< Tk >0, finden wir eine aligemeine Losung
u(0,8) =0=u(L,t), t=0, ulr. t) = Z:I (Bu cos (Ant) + B, \i.n,\.,u)m.(%..) m
u(z,0) = 4sin (5— ) 0<z<L, .. o
2z ‘ = A
u,(z, 0)_5111(Lr). 0<zr<L 1) =3 By sin (55) (©)
el e
You can use the general formula directly to obtain the solution. For this exercise, no points will ) = i By sin (252) @
be given for detailing all the steps of the separation of variable .
) . 27k nw
=2 / staysin (522 as G}
. 'k ﬂ A 2 £ nm
= A B, = e /” qu}\ln(Tl‘) dr (6)
w
/s ) [ s= R.=4% Pqﬂs n=5, 331 Vorgehenl
b = | —_— = =D ~
u(xlo) = ‘(‘(‘K} ZS\, 81‘\,( L x)= q g(\'( L X * Berechne A, mit (2)
R0 sonst

o Bestimme B, mit (3)

> X Cﬂk Qe 2 wenn das nicht funktionlert, benutze (5)
“e (K,O) :3(K)= Z B‘ asm'% ) ZB (L X = ‘ST(\'(Z)\ ) * Bestimme B, mif (4)

wenn das nicht funktioniert, benutze (6)

= = ‘% o |\,‘2[ o Sefze alle in (1) ein
[3: =0 soos(—

< ulxt) =2%¢su'n (2\2" (-,) Sl‘ﬂ(?txx) + 4'0:8(5—2’5&) Sfﬂ(st.‘ ~<)
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problem for v, equivalent to (3).
) (8 Points)

(i) Find, using the formula from the script, the solution v(x,t} of the
problem you have just formulated.

(i) Write down explicitly the solution u(x, t) of the original problem (3),
ODE andect sich idat da zweite No(du‘a gein all_cod a MH\UUDB

Q) o0 5 ol B s ax +b

D050 < e ) 18 (4K -

Vg = & U ('-20’ x € [0,%]
V= V(XIL) V(Grl’) = V Ylé) -0 ézG
suda Gt v(%0 - x*-nx xe[0x]

e =0 X e 0%l

C))V (/€)= g (Bq.cos(‘% '€)+B.:".s(n )) Sin 1:" :_

Ve (x©)= 3(*)' g?:: A sin(o¥) = O=8}-0
E(\, = % L“(x‘_ x.x)s‘n(ox) dx = j‘ X sm(ax) dx -2 x s'n(ox) ax =
2 [(2-&

2 (-0 a2

h

2
w(0)=b-3 w(r)= ax+3-5 = o=

3.3 Eindimensionale Wellengleichung

3.3.1 Vorgehen 1
o Berechne A, mit (2)

* Bestimme B, mit (3)
wenn das nicht funktionlert, benutze (5)

« Bestimme B mit (4)

« wenn das nicht funktioniert, benutze (6)
w. ~

m\‘c’ﬁ‘yﬁ& Setze alle in (1) ein

b) vOO- uo)-wd) = 2-3=0 5 v, O=ulxt) - b(x)~5-5-0

w2 sex w(x,o) = u (0 -2

T > . L g Fur eine eindimensionale Wellengleichung der Form uye = «“u., undden
3. lphomogenequs Wave I:quau‘on (14 Points) : o Randbedingungen, = € (0. Z
Find the solution of the following wave equation (with inhomogeneous boun- ;
" . I wl0,t) = u(L.t) =0
dary conditions) on the interval [0, 7t: ulr,0) = flx)
ug(x, ) = gix)
2 " <5 Y
Ugp = CTlxy, t=20 xel0,n finden wir eine aligemeine Lésung
u(0,t) =3, t=0 o i
w=ulx,t) % : a(r.t) = ¥ (Bu cos (Ant) + B sin (Ant)) sin (—u Q)]
) u(m, t) =5, t=0 (3) o] vi )
such that o 3 o
u(x,0) = x*+ (2—7m")x +3, x € [0,7 M= @
uy(x,0) =0. x €[0,7 f0=38, .(% ) @
-
You must proceed as follows. o) = 3 BiAain(222) @
a) (2 Points) Find the unique function w = w(x) with w” = 0, w(0) = 3, and 2 fL i (5
= 3y = - {x) sin x iz
w(m) =5. ! L / seysin ( L ) g
2 L.
: 5 . B = ;/ atx)sin () da ©®
b) (4 Points) Define v(x|t) := u(x, t) — w(x). Formulate the corresponding L to

wk)=2x +32
x=

S =0

ndefinite Integrals (you may use):

(ne@z)
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1) | [xeosing]dx = = 5 [+ cor

3) | [xsin(nx)dx =

2(6"“’3 (cat) +B SIQ(CIL‘(T))S(«.@») 1

2) | [%*cosinx) dx =

[« sin{nx) dx =

nT
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e

[ns?
sin|nx}j—nxcosinx)
n?

2-nx7 | casinx ]+
n

5) | J iz dx =arctan(x] (+ constant)

Trxoos i
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2nxsinnx)
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7.\ na r\'ﬁ) 2 ( ne ) |

A
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e cos (c(Z)'M)(—.) sie ((ZJ}- A) x)

= A
= & ap

-2

“) U(k /'t) = V(X/é) *‘U)(K)

cos (c(2)+/()e sm,((zdd) )

—x +3
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3. uly, ) = F(x)- G@)

Sidwe Bsp 3)

Week 9 2 Seite 5



