
Math 6316, Spring 2018
Due 4 May 2018

Homework 6 – Initial Value Problems II

1. Discuss the stability, consistency, convergence and order of accuracy for the linear
multistep method

un+1 − un−1 = h [fn+1 − 3fn + 4fn−1] .

2. Consider a 3-stage explicit Runge-Kutta method of the form

k1 = f (tn, un) ,

k2 = f (tn + c2h, un + c2hk1) ,

k3 = f (tn + c3h, un + c3hk2) ,

un+1 = un + h

3∑
j=1

bjkj .

Write the system of nonlinear equations that the coefficients c2, c3, b1, b2 and b3 must satisfy
to guarantee the method has global accuracy O(h3). Show all relevant steps in this derivation.

3. Find a valid set of coefficients c2, c3, b1, b2 and b3 for your method from problem 2.
Using this new method, determine if it is linearly stable for the Dahlquist test problem with
(hλ) = −2.

4. (Matlab/Python) Implement your method from problem 3 in a function

function unew = RK3_step(f, t, u, h)

(or the equivalent in Python) in a file RK3 step.m or RK3 step.py. The function inputs are
identical to those from class and homework 5.

Write a script named hw6.m that compares your new function against your TS-3 and AB-3
routines from homework 5, again on the initial value problem

y′ = −2ty2, y(0) = 1, t ∈ [0, 1].

Your script should use time step sizes h = 2−j for j = 2, . . . , 9. For each j output the maximum
error in the solutions over the full set of computed time steps, ‖y − u‖∞, and for j > 1, output
the convergence rates of your approximations. You should not output the solution or error after
each time step, only for each overall run.


