
MATH 133A, Fall 2015, Assignment 4
Due date: Thursday, September 24 (in class)
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Instructions

1. Fill out this cover page
completely and affix it
to the front of your sub-
mitted assignment.

2. Staple your assignment
together and answer the
questions in the order
they appear on the as-
signment sheet.

3. You are encouraged to
collaborate on assign-
ment problems but you
must write up your as-
signment independently.
Copying is strictly
forbidden!

Correctness

/15

Completeness

/5

Total: /20

Bonus: /3

Grader Initials: .



Numerical Methods and Applications

Q1: For the following initial value problem, perform the following tasks (if
you use a computer, provide a printout of the code):

(i) Use the forward Euler method with ∆x = 0.1 to estimate y(0.4).

(ii) Use the forward Euler method with ∆x = 0.05 to estimate y(0.4).

(iii) Solve for the exact solution y(x) and compare it with the numer-
ical estimate provided above. Which step-size has smaller error?
How much smaller? {

y′ = 0.5− x + 2y

y(0) = 1

Q2: For the following initial value problem, use the Runge-Kutta method
with ∆x = 0.5 to estimate the values y(0.5) and y(1) (if you use
a computer, provide a printout of the code). Then find the exact
solution and compare these numeric estimates with the true values. y′ =

y

1 + x
− y2

y(0) = 2

Q3: A tank originally contains 100 gal of fresh water. Then water con-
taining 1/2 lb of salt per gallon is poured into the tank at a rate of 2
gal/min, and the mixture is allowed to leave at the same rate. After
10 min the process is stopped, and fresh water is poured into the tank
at a rate of 2 gal/min, with the mixture again leaving at the same
rate. Find the amount of salt in the tank at the end of an additional
10 minutes.

Q4: Consider the irreversible chemical reaction

X → Y

where X and Y are also subject to continuous inflow and outflow (con-
stant inflow can be modeled by a constant, while outflow is typically
assumed to be proportional to the current concentration, x or y, re-
spectively). We will assume appropriate parameter values so that this
can be modeled by the system of first-order differential equations

x′ = 1− x, x(0) = 0

y′ = 1 + x− 2y, y(0) = 1.
(1)



[Note: Positive signs corresponds to terms of inflow, while negative
signs correspond to terms of outflow.]

(a) Solve the initial value problem (1). [Hint: Solve the equation for
x first, and then substitute it into the equation for y.]

(b) What are the limiting values (i.e. t→∞) of the concentrations?

BONUS: Modify the forward Euler method to a general system of two variables

x′ = f(t, x, y)

y′ = g(t, x, y).

That is, for a given ∆t > 0, give formulas for xn+1, yn+1, and tn+1

in terms of xn, yn, and tn. Then apply the formula with ∆t = 0.25
to estimate (x(0.25), y(0.25)), (x(0.5), y(0.5)), (x(0.75), y(0.75)), and
(x(1), y(1)) for the system in Question #4. How good in the estimate
of (x(1), y(1))?


