
ME 210B
Homework 4

Part 1 due February 20, Part 2 due March 4, 9am in class or 8:30am in the homework box

Overall description, 30 points total Write a variable-stepsize MAT-
LAB code for solving nonstiff ODE initial value problems using the second-
order Adams-Bashforth method as the predictor formula and the second-
order Adams-Moulton method as the corrector method (PECE). Explain
and highlight in your code documentation, how you are doing the following:

1. Finding the starting values

2. Storing the past solution values

3. Estimating the error and accepting or rejecting the step

4. Choosing the next stepsize

5. Changing the stepsize

Part 1, 10 points Implement the variable-stepsize method, but for now
without the adaptivity. For this, you will need to find the starting values
and store the past solution values. Use it to solve the problem

y′1 = −y1

y′2 = −10(y2 − t2) + 2t

for 0 ≤ t ≤ 1, with initial value y1 = 1, y2 = 2, with stepsize h = .01. Plot
the solutions obtained.

Part 2, 20 points Now add the variable-stepsize capability to your code.
For this, you will need to be able to estimate the error and accept or reject
each step, choose the next stepsize, and change the stepsize. Use your code to
solve the following problems. Plot the solutions versus time, and the stepsize
versus time, for error tolerances ε = 10−3 and ε = 10−6.

1. Predator-Prey Problem

y′1 = .25y1 − .01y1y2

y′2 = −y2 + .01y1y2

1



for 0 ≤ t ≤ 100 with initial values y1 = y2 = 10. Plot y1 vs. t and y2

vs. t, and y1 vs. y2.

2. Van der Pol’s equation

y′1 = y2

y′2 = η[(1− y2
1)y2 − y1]

for 0 ≤ t ≤ 11 with initial values y1(0) = 2, y2(0) = 0. Plot y1 vs. t
and y2 vs. t. Take η = 2.

3. Method of lines solution of a PDE Consider the method of lines applied
to the advection equation in one space dimension, ut + ux = 0, on
the spatial domain 0 ≤ x ≤ 1, with boundary condition u = 1 at
x = 0, and with initial values u = e−10x . Formulate the method of
lines using the first order backward difference approximation to the
derivative ux, , to arrive at a linear constant coefficient ODE system
y′ = Ay. (Recall that you did this part already (!), in HW2, but for
a different boundary condition and a general initial condition.) Solve
this problem for 0 ≤ t ≤ 1. Plot the solution as a function of x at
t = 0, .25, 0.5, 0.6, 0.8, 1 (on the same plot, in different colors).

Note: You must turn in a listing of all of your source code.

IT IS STRONGLY RECOMMENDED NOT TO WAIT UNTIL THE LAST
MINUTE TO DO THIS HOMEWORK. GETTING AN ADAPTIVE MUL-
TISTEP CODE TO WORK PROPERLY CAN BE TRICKY. THE DEVIL
IS IN THE DETAILS WHICH REQUIRE A COMPLETE UNDERSTAND-
ING OF ALL OF THE ISSUES ABOVE. PLAN IT OUT, AND LEAVE
PLENTY OF TIME TO GO TO OFFICE HOURS IF YOU NEED TO.
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