
Math 442 Homework 10: (due April 20, 2020, Monday)

1. Problem 7.3.11: What is the convolution of a Gaussian kernel f(x) = e−x
2

with itself?
Hint: Use the Fourier transform. That is, let h(x) be the convolution f ∗ f , then ĥ(k) can
be found from the Fourier transform of convolution formula. You can find h(x) from ĥ(k).

2. Problem 8.1.1(c): Find the solution to the heat equation on the real line:{
ut = uxx, −∞ < x <∞, t > 0,

u(0, x) = e−|x|, −∞ < x <∞.

Your solution should not contain any integrals.

3. problem 8.1.2: On an infinite bar with unit thermal diffusivity, a concentrated unit heat
source is instantaneously applied at the origin at time t = 0. A heat sensor measures the
resulting temperature in the bar at position x = 1. Determine the maximum temperature
measured by the sensor. At what time is the maximum achieved?
Hint: the equation to consider is{

ut = uxx, −∞ < x <∞, t > 0,

u(0, x) = δ(x), −∞ < x <∞.

So the solution is given by (8.14) with ξ = 0, that is u(t, x) =
1√
4πt

e−x
2/(4t).

4. Problem 8.1.18: Use the Fourier transform directly or use Exercise 4.1.17 to solve the heat
equation with a convection term, namely, ut = γuxx − cux for −∞ < x < ∞, with an
initial condition u(x, 0) = f(x), assuming that u(x, t) is bounded and k, µ > 0.

5. Problem 8.1.23: Find the solution u(t, x) of Black-Scholes equation for a put option:
ut +

σ2

2
x2uxx + rxux − ru = 0, 0 < x <∞, 0 < t < T,

u(T, x) = max{p− x, 0}, 0 < x <∞,
u(t, 0) = 0, 0 < t < T.

Express your solution by complementary error function or cumulative distribution function
(CDF) of the standard normal distribution.


