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Gruppenübung

G 1 1. Since a, b and c, d lie on the same line parallel to x = t, then

ax − at =bx − bt

cx − ct =dx − dt.

Similarly

ax + at =dx + dt

bx + bt =cx + ct.

Therefore

u(a) + u(c) =φ(ax + at) + ψ(ax − at) + φ(cx + ct) + ψ(cx − ct)
=φ(dx + dt) + ψ(bx − bt) + φ(bx + bt) + ψ(dx − dt)
=u(b) + u(d).

2. Suppose there are two solutions: u and v and let w = u − v. Then the boundary and
initial conditions for w vanish. Take any point inside the triange bounded by t = 0,
x = t, x = l − t. Then w at this point is zero, from the d’Alambert equation. Next,
choose the triangle bounded by x = t, x = 0, x = l− t. The solution at point inside this
triangle is zero, since we can draw a rectangle, whose 3 vertices touch the boundaries
at which we know the solution is zero and then use the formula from G1 1. Similarly
we extend this reasoning with triangless to the whole strip [0, l]× R+.

The functions should be of class C2 and satisfy the conditions

α(0) =g(0), β(0) = g(l)
α′(0) =h(0), β′(0) = h(l)
α′′(0) =g′′, β′′(0) = g′′(l)

(the last equations follow from utt = uxx).

3. Take any point (x̄, t̄) ∈ R2. The conditions are given along the lines x = t + 1 and
x = −t + 5, their common point is (x, t) = (3, 2). The lines parallel to these, passing
through (x̄, t̄) are x = t + x̄ − t̄ and x = −t + x̄ + t̄. The points of crossing are(

1
2 [x̄+ t̄+ 1], 1

2 [x̄+ t̄− 1]
)

and
(

1
2 [x̄− t̄+ 5], 1

2 [t̄− x̄+ 5]
)
. Therefore

u(x̄, t̄) =u
(

1
2
[x̄+ t̄+ 1],

1
2
[x̄+ t̄− 1]

)
+ u

(
1
2
[x̄− t̄+ 5],

1
2
[t̄− x̄+ 5]

)
− u(3, 2)

=α
(

1
2
[x̄+ t̄− 1]

)
+ β

(
1
2
[t̄− x̄+ 5]

)
− u(3, 2).

The obvious condition to satisfy is u(3, 2) = α(2) = β(2). Moreover, α, β ∈ C2(R).
Apart from that the data can be arbitrary.


