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Homework 3

Due February 1st on paper at the beginning of class. Justify your answers. Please let me know if
you have a question or find a mistake. There are some hints on the second page.

1. Borthwick Exercise 4.1.

2. Give an alternate proof of Borthwick Theorem 4.7 by the following steps.

(a) Solve wt(t, x)− cwx(t, x) = f(t, x), w(0, x) = 0 by the method of characteristics.

(b) Solve ut(t, x)+ cux(t, x) = w(t, x), u(0, x) = 0 by the method of characteristics and plug
in the answer from part (a).

3. Show that, if r = |x| with x ∈ Rn, and ∆ = ∂2
x1

+ · · · ∂2
xn
, then

∆f(r) = f ′′(r) +
n− 1

r
f ′(r).

4.



Hints:

4.1. Use the form (4.14) of the solution, and use the approach below from Strauss’ book. (But you
must find a version of the identity adapted to Borthwick’s notation and constants.)

2b. Switch the order of integration and substitute.

4. For 4c, start with the equation coming from f , then do the one for f ′′, then plug into the one
for f ′ afterwards. To solve y′′(r) + ar−1y′(r) = 0, recall that it is enough test y(r) = rm and solve
for m and use the fact that the space of solutions has dimension two; if you don’t get two different
values of m use rm and rm log r. Incidentally this is also from Strauss’ book.


