MATH 2280-001
EXAM 1

Instructions. There arc 5 problems, each worth the same number of points. No
calculators or electronic devices are allowed on the exam. You are allowed one side
of an 8.5 by 11 inch sheet of notes.

1. Consider the ODE:

a. Find a general solution.

b. Find a solution satisfying the initial condition. y(0) = 0. Show that this is not
unique (find another solution).

c. Explain why the Existence-Uniqueness Theorem does not hold.
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2. Cousider the autonomous differential equation
e e S 1

a. Find the equilibrium solutions.
b. Determine which ones are stable, and which ones are unstable.

c. Sketch the sketeh the equilibrinm solutions, as well as the solutions that satisfy
the initial conditions #(0) = -1, #(0) = 1/2, (0) = 2 and x(0) - 4.
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3. Consider a brine tank which holds 15,000 gallons of continuously mixed liquid.
Let w(t) be the amount of salt in the tank at time t (in hours). The inflow and out
flow rates are hoth 150 gallons per hour, and the concentration of salt flowing in is
1 pound per 10 gallons of water.

a. From this information explain how @ satisfies the differential equation
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b. If there is no salt in the tank at time ¢ = 0, find z(t).

c. What is the limiting amount of salt as t approaches infinity?
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4a. Find the general solution of the differential equation
v+ 29" 4 2y =0

b. Solve the equation
Y+ 2 +2y =0

with the initial conditions y(0) = 1 and '_1/’(()) = —1.
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5. Consider the first order linear equation
4+ cos()y = cos(x)

a. Find the general solution.

b. Find the solution with the initial condition y(0) = 2
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