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Show your work! No calculators! Please draw a around your answers!
Please do not write on your desk!
1. (10+5) Consider the initial value problem
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(a) Find a solution for it.
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(b) Is the solution uniqiie™? Explain your answer.
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(a) Write a differential equatmn which models the amount of salt z(¢) in Tank A
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(4+6+4+6-!Q) Consider two tanks, A and B. Tank A contains lOO@nlof solution in which is

dissolved 20 kg of salt. Tank B contains 20081]‘01“ solution in which is dissolved 40 kg of salt.
Pure water enters in Tank A at a rate of s. Solution leaves Tank A with the same rate, 5
/s and enters immediately into Tank B. The drain at the bottom of Tank B let the solution
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(b) Find z(¢) by solving the differential equation in bd;% (a) :355
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(c) Write a differential equation which models the amount of salt y(t) in Tank B
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3)(5+5+5) Consider the differential equation

(z* — y)dz + z(xy* + 1)dy = 0
(a) Show that this differential equation is not exact.
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(b) Find an integrating factor u(x) which makes the differential equation exact.
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(c) By using the integrating factor found in (b), solve the differential equation.
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4. (10+10) Find the general solution to the following non-homogeneous differential equations
by using the method of undetermined coefficients.
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5. (44+8+8) The parts below are about the non-homogeneous differential equation
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(a) Without finding any solution, find the largest interval where the solution with initial value

y(1) = a, y'(1) = b exists and is unique.
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mental solution y,(¢) by using reduction of order method.
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(c) Use variation of parameters to find the general solution to the non-homogenous equation.
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6. (I8 For the autonomous differential equation,
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draw the integral curves, determine the equilibrium solutions, and describe their stabilities.
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7. (6) Consider the damped free spring mass system which is described by the differential

equation
mu” +yu' + ku =0

where (%) is the displacement of the mass from the equilibrium position.

Show that if the system is critically damped, then the mass can pass through the equilibrium
position at most once, regardless of the initial conditions.

(Hint: At the equilibrium position, u(t)=0)
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