
MTH 235 Review Midterm Exam 1 October 9th 2018

Review for Midterm Exam 1

Chapter 1

(1) Consider the population of worms in a composting pile. Assume the worm population increases by 20%
each week and that a farmer takes 10 worms from the pile each week.

(a) Write a differential equation of the form P ′ = F (P ), which models this situation, where P is the
number of worms as a function of time.

(b) Assume that the initial worm population is 40 worms. Solve the ordinary differential equation in
part (a) above with this given initial condition.

(c) Find the time t1 when the farmer runs out of worms.

(2) A population of fish has a growth rate proportional to the amount of fish present at that time,
with a proportionality factor of 1

5
per unit time.

(a) Write a differential equation of the form P ′ = F (P ), which models this situation, where P is the
number of fish as a function of time.

(b) Now, assume that we have the same fish population, reproducing as above, but we are harvesting
fish at a constant rate of 100 fish per unit time. Write the differential equation in this case.

(c) Assume that the initial fish population is 600 fish. Solve the ordinary differential equation in part
(b) above with this given initial condition.

(3) Use the Picard iteration to find the first 4 of a sequence {yn} of approximate solutions to the IVP

y′(t) = 8t3y(t), y(0) = 4.

(4) Find the general solution to the following ODE

y′ − 8y2 cos(t)− 7y2 sin(4t) = 0.

(5) A radioactive material has a decay rate proportional to the amount of radioactive material present at
that time, with a proportionality factor of 2 per unit time.

(a) Write a differential equation of the form P ′ = F (P ), which models this situation, where P is the
amount of radioactive material (measured in micrograms) as a function of time.

(b) Now, assume that we have the same radioactive material decaying as above, but we are adding
additional material (of the same type) at a constant rate of 6 micrograms per unit time. Write
the differential equation in this case.

(c) Solve the ordinary differential equation in part (b) above, assuming the initial amount of radioactive
material is 70 micrograms.

(6) Find the solution to the following initial value problem

y′ + 8y3 cos(7t) = 0, y(0) = 2.
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(7) Find the solution to the following IVP

ty′ = 2y − 3t3 cos(4t), y(π/8) = 0.

(8) Consider the differential equation
dy

dt
= y(y2 − 4)(y2 + 9).

(a) Find the equilibrium solutions of the ODE.

(b) Construct a phase diagram and determine the stability of the critical points.

(c) Make rough sketches of typical solution curves.

(9) Find the solution to the following IVP

y′ = tan(t)y − 5t, t ∈ [0,
π

2
), y(0) = 3.

(10) Find an explicit expression for the solution y of the following initial value problem.

y′ =
3y3 + t3

ty2
, y(1) = 2, t ≥ 1.

(11) A glass of cold soda is placed into a room held at 30 C.

(a) If k is a (positive cooling constant), find the differential equation satisfied by the temperature,
T (t) of the soda.

(b) Find the soda temperature as a function of time (and k), if the initial temperature of the soda was
2 C.

(c) If after 40 minutes the soda temperature was 10 C, find the cooling constant k.
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Review for Chapter 2

(1) An object of mass 2 gr is hanging at the bottom of a spring with a spring constant 3 gr/sq.sec. Let
y(t) denote the vertical coordinate, positive downwards and y = 0 be the resting position. Find the
mechanical energy of the system. If the initial position of the object is y(0) = −3 and its initial velocity
is y′(0) = 3, find the maximum value of the position of the object, achieved during this motion.

(2) Find the general solution of
y′′ − 8y′ + 16y = 0.

(3) Solve the initial value problem

y′′ − 5y′ + 4y = 0, y(0) = −5, y′(0) = 3.

(4) Solve the initial value problem

y′′ − 8y′ + 32y = 0, y(0) = −2, y′(0) = −4.

(5) Solve the initial value problem

y′′ − 8y′ + 15y = 4et, y(0) = 5, y′(0) = 1.

(6) Find the general solution of
y′′ − 6y′ + 8y = 3e2t.

(7) Find the general solution of
y′′ − 6y′ + 9y = 4 e3t.

(8) Find the general solution of
y′′ − 10y′ + 24y = −3 sin(2t).
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Review for Chapter 3

(1) Use the Laplace transform to solve the initial value problem

y′′ + 6y′ + 10y = 0, y(0) = −5, y′(0) = −4.

(2) Solve the initial value problem

y′′ − 8y′ + 16y = 5δ(t− 3), y(0) = 0, y′(0) = 0.

(3) Consider the following second order IVP with an arbitrary force term, g(t)

y′′ − 4y′ + 20y = g(t), y(0) = 0, y′(0) = 0.

Let G(s) = L[g] and Y (s) = L[y]. Find H(s), such that Y (s) = H(s)G(s) and h(t) such that
y(t) = h ⋆ g(t).

(4) Find the Laplace transform of the function

f(t) =

!
0, t < 3
t2 − 6t+ 7, t ≥ 3.

(5) Solve the initial value problem

y′′ − 7y′ + 12y = 5u(t− 3)e−3t, y(0) = 0, y′(0) = 0.

(6) Solve the initial value problem

y′′ − 5y′ + 4y = −5u(t− 9), y(0) = 0, y′(0) = 0.

(7) Solve the initial value problem

y′′ − 7y′ + 6y = e5tδ(t− 5), y(0) = 0, y′(0) = 0.
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