
Math 450 Assignment 3
Due Friday, Oct. 19, 2007

1. On pages 32-35 of Logan textbook: Number 8. Here is a guide to how to write up your
results.

(a) List all variables, parameters and their respective dimensions. You are encouraged
to use the same notation that was used in class when we discussed the Chemical
Reactor example.

(b) Identify the dimension of k, the rate constant for the assumption that the chemical
reaction rate is proportional to the square of the concentration c(t).

(c) Once you identify the dimension of the rate constant k, you will see that we can
no longer nondimensionalize the time variable according to the rate constant k(as
we did in the example in class). For the nondimensionalization, use the time
scaling and concentration scaling given according to the example in class where

τ =
t

V/q
u(τ) =

c(t(τ))

ci

.

Begin by giving the governing differential equation in dimensional form, and re-
formulate the problem in dimensionless form using the given scalings. Your di-
mensionless form should require the definition of two dimensionless parameters,
call them β and γ.

(d) Show that the dimensionless equation can be expressed in the form

du

dτ
= f(u) = −β(u− λ1)(u− λ2),

and explicitly give the form of λ1 and λ2 in terms of β.

(e) Find the equilibrium solutions for the ODE, and classify them as stable or un-
stable. Discuss the long-term behavior of solutions to the ODE for all relevant
initial conditions.

(f) FOR EXTRA CREDIT! Solve the dimensionless equation explicitly for u(τ), and
show that the long-term behavior of the analytical solution agrees with that of
your stability analysis in part (e) above.
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2. On pages 32-35 of Logan textbook: Number 10.

(a) HINT: In order to identify the appropriate length and time scales for this problem,
you will need to first perform a dimensional analysis on the initial value problem.
Show that there are 3 dimensionless variables associated with the problem.

(b) Using the dimensional analysis you just obtained, show that the following scalings
can be used to nondimensionalize the problem.

τ =
t

V/g
u(τ) =

h(t(τ))

V 2/g

Give the dimensionless form of the initial value problem.

3. Use Method of Undetermined Coefficients to compute the solution to the IVP.

u′′ + u = 5 cos 3t

u(0) = 1, u′(0) = 2

4. Use Method of Undetermined Coefficients to compute the solution to the IVP.

u′′ + u = −1

4
cos 3t− 3

4
sin t

u(0) = 1, u′(0) = 2

2


