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This exam contains 6 pages (including this cover page) and 5 problems. Put your first and last

name on the top of this page.

You may not use your books, notes, or a graphing calculator on this exam.

You may use a non-graphing calculator on this exam.

Turn off all cellphones and electronic devices.

Do not open the exam until time.

Problem | Points | Score
1 9
2 10
3 13
4 8
5 10
Total: 50
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1. (9 points) The following parts are NOT related.
(a) (3 points) Verify that y(t) = cost is a solution to the differential equation y” +y = 0.
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(b) (3 points) Find all equilibrium solutions for 3’ = y cosy.

j:'_o ov wj:o
G?WJL‘L;{»M Sons : O, kTL+‘;_"7D,

k ﬁh\j {ther

(¢) (3 points) Is the solution to the initial value problem unique: ty’ =y, y(0) = 07 Justify
your answer.
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2. (10 points) Find the explicit solution to the initial value problem

2
y* —4) cos 3t
y'=(y), y(0) = 3.

Here y is a function of .
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3. (13 points) Consider the initial value problem
Yy =e 34 2te™ — gy, y(0) = 1.

Here y is a function of .
(a) (1 point) Is this equation linear or nonlinear? (You do not need to explain)
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(b) (2 points) What is 3/(0) and y”(0)?
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(d) (2 points) For the solution obtained in part (c¢), what is
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4. (8 points) Consider a free falling object with mass m, and assume the air resistance is propor-
tional to v3 (with constant of proportionality 3 > 0), where v is the velocity of the object. The
constant of gravity is ¢ > 0 (Do not use a number for g). Use the convention that v is positive
if the object is going down.

(a) (4 points) Write down the differential equation for the velocity of the object as a function
of time. You do not need to solve it.

S R0

(b) (4 points) Sketch a direction field and show the equilibrium solution, label it as stable or
unstable. You need to find the value of the equilibrium in m, 3, g.
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5. (10 points) Suppose a tank initially (at ¢ = 0) contains 100 liters (L) of fresh water. Suppose
further that:

e Water flows into the tank at a rate of 2 liters per minute with a concentration of 10 gram
(g) of salt per liter of water.

e Water flows out of the tank at a rate of 3 liters per minute.
e The salt-water mixture is well (perfectly) mixed.

(a) (5 points) Formulate an initial value problem for, Q(t), the amount of salt in grams in the
tank at time ¢ (measured in minutes) before the tank is empty. Specify the domain of ¢.
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(b) (5 points) Solve the initial value problem for Q(t).
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