
MATH 415, Fall 2014, Assignment 1
Due date: Friday, September 12 at noon

Review, one-dimensional differential equations

Submission instructions: Clearly write your full name and ID number on
the first page. To avoid marking and handling difficulties, please staple all
submitted pages together and answer the questions in the order they appear
on the assignment.

Academic integrity: Students are encouraged to collaborate on assign-
ment problems but must write up their assignments independently. Copy-
ing is strictly forbidden!

Problems for submission:

Section 2.2: 1, 4, 7, 8, 9 (Do not attempt to solve 4 and 7!)
Section 2.3: 1, 2
(Justify your answers for full marks!)

1. Rewrite the following differential equations or sets of differential equa-
tions as a single system of first-order autonomous differential equations
(remember the initial conditions and to remove the dependence on t,
if relevant!):

(a)
d2x

dt2
+ sin

(
dx

dt

)
· cos(x) = 0.

(b)
d4x

dt4
= t

(c)
d2x

dt2
+ cx

dx

dt
+ kxx = cos(t), x(0) = x0, x

′(0) = (vx)0

d2y

dt2
+ cy

dy

dt
+ ky(y − x) = 0, y(0) = y0, y

′(0) = (vy)0

d2z

dt2
+ cz

dz

dt
+ kz(z − y − x) = 0, z(0) = z0, z

′(0) = (vz)0

2. Consider the differential equation

dx

dt
= 1 + cos(x), x(0) = x0.



(a) Solve the differential equation for x(t). Remember to solve for
the integration constant in terms of the initial condition. [Hint:
Use the identity 1+cos(x) = 2 cos2(x/2)) and relate the resulting
trigonometric terms to secants.]

(b) Evaluate the limit t → ∞. Does this behavior depend on the
choice of x0?

(c) Now construct the vector field diagram, carefully identifying which
fixed points are stable, unstable, or semi-stable. Is there any long-
term behavior we have missed in the explicit solution? Explain.

Bonus! The software package MAPLE has build-in commands for solving dif-
ferential equations (when possible) and for plotting the results. For in-
stance, the command to solve the differential equation x′(t) = 1+x(t)2

is

dsolve(diff(x(t),t)=1+x(t)^2).

Initial conditions can be added by, for example, writing

dsolve({diff(x(t),t)=1+x(t)^2,x(0)=0}).

Note the extra brackets! We can plot the resulting solution with

plot(tan(t),t=0..1)

Note that the bounds must be given, separated by two dots. Addi-
tional syntax is general straight forward and can be found in the Help
Menu.

Use Maple to determine the solution to the initial value problem

dx

dt
= 1 +

1

2
cos(x), x(0) = 0. (1)

Produce a plot of this solution over the range t = 0 to t = 10. What
do you notice? Can you explain what is happening and whether this
makes sense in the context of (1)? [Hint: Consider the vector field
diagram!]


