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MATH 316, Spring 2017 – HW # 1

Hand in a report on Tuesday January 31 in class.
Do not include your Matlab codes in your report.

1. Mathematical modeling of a falling object.

(a) (10 points) Consider the problem of falling an object of massm in vertical direction
with velocity v(t). Let g and γ denote the gravitational acceleration and the drag
coefficient. Assume that the magnitude of the drag force is proportional to the
square of the velocity, and that the direction of the drag force is opposite to that
of the velocity. Derive a differential equation for the velocity of the falling object.

(b) (10 points) Determine the equilibrium velocity.

(c) (10 points) Let g = 9.8 [m/s2], and consider an object with mass m = 10 [kg] and
with equilibrium velocity vE = 49 [m/s]. Find the drag coefficient of the object.

2. Classification of ODEs.

Determine the order and linearity/nonlinearity of the following scalar ODEs.

(a) (5 points) y′′(t) = 2 y(t) + sin t

(b) (5 points) y′′(t) = sin y(t) + 2 t

(c) (5 points) y(t) y′(t) + t2 = 0

Note: If the equation is linear, you need to prove it by the linearity property. If the
equation is nonlinear, only determine the term in the equation that makes the equation
nonlinear. You do not need to prove nonlinearity.

3. Solving simple ODEs.

Let Q(t) be the amount of a radioactive material, measured in milligrams [mg], at time
t, measured in days [day]. Assume that the decay rate of the material is proportional
to the amount of the material:

Q′(t) = −r Q(t), r > 0,

where r is the decay constant.

(a) (10 points) Find an expression for the amount of material Q(t) at time t.

(b) (10 points) If 100 [mg] of the material decays to 80 [mg] in 7 days, determine the
decay constant r. What is the unit of r?

(c) (5 points) Using plot command in Matlab, plot Q(t) for t ∈ [0, 50]. Label the
axes.
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(d) (10 points) How long does it take for the material to decay to one-half its original
amount? Show your work.

4. Direction Fields.

(a) (10 pts) Using quiver command in Matlab, draw a direction field for the ODE:

y′(t) = 3− 2 y(t).

(b) (5 pts) Without solving the ODE, determine the behavior of y(t) as t→∞.

(c) (5 pts) Does the behavior of the limiting solution depend on the initial solution
y(0)? Motivate your answer


