
MAP2302/ODE/Practice problems for Final

Read class notes, review hws/quizzes/exams, practice examples/exercises from the book.

1. Consider the Logistic population model

dP

dt
= f(P ) = k(1− P

N
)P

where P(t) is the population at time t

(a) For what values of P is the population in equilibrium? Draw the graph of equilibrium solution in the tP-plane.

(b) For what values of P is the population increasing?

(c) For what values of P is the population decreasing?

(b) Draw the graph of f(P ).

(e) Draw the graph of a solution if P (0) > N of the logistic model.

(f) Draw the graph of a solution if 0 < P (0) < N of the logistic model.

(c) Draw the phase line for the logistic model.

(d) Identify the type of the equilibrium point.

2. Consider the population model
dP

dt
= 0.3(1− P

200
)(

P

50
− 1)P

where P(t) is the population at time t

(a) For what values of P the population in equilibrium?

(b) For what values of P the population increasing?

(c) For what values of P the population decreasing?

3. Find the general solution of the differential equation

dy

dt
=

ety

1 + y2

4. Solve the initial value problem
dy

dt
=

t2

y + t3y

y(0) = −2

5. Solve the the following nonhomogeneous linear equation
dy
dt = −2y + et

6. Find the general solution of the differential equation using guessing method:

dy

dt
= −3y + cos 2t

y(0) = −1

7. Find the general solution of the differential equation:

dy

dt
= −2y

t
+ t2
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8. Solve the initial value problem
dy

dt
= −2ty + e−t2

y(0) = 3

9. Find the general solution of the following differential equations:

i)
dy

dt
= −2y + sin t

ii)
dy

dt
= −2ty + 4e−t2

10. Find the solution of the following nonhomogeneous linear equation with initial condition y(0) = 0

dy

dt
= −2y + t2 + 2t+ 1 + e4t

11. Consider the following damped harmonic oscillator: d2y
dt2 + 3dy

dt − 10y = 0

(a) Convert the equation into a system of equations;

(b) Using the guess and test method, find two solutions that are not multiples of each other and graph
the solutions. (c) Draw the graph in ty, tv and yv plane.

12. Consider the following damped harmonic oscillator: md2y
dt2 + bdydt + qy = 0

(a) Convert the equation into a system of equations;

(b) Using the guess and test method, find two solutions that are not multiples of each other.

13. Find equilibrium points of the following non-linear systems:

i)
dx

dt
= y

dy

dt
= − cosx− y

ii)
dx

dt
= y

dy

dt
= −y + x− x3

14. Find equilibrium points of the following non-linear systems:

i)
dx

dt
= y

dy

dt
= − cosx− y

ii)
dx

dt
= y

dy

dt
= −y + x− x3

15. Read example on pages 256-257

16. Do exercises 24, 25 of section 3.1
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17. Solve the the following partially decoupled system:

dx

dt
= 2x+ y

dy

dt
= −y

18. Do exercises 14, 21, 22 of section 3.2

19. Do exercises 4, 6, 10, 11, 12, 13, 14 of section 3.3

20. The general form of a linear, homogeneous, second-order equation with constant coefficients is d2y
dt2 + pdy

dt + qy = 0,

(a) Write the first order system for this equation, and write the system in matrix form.

(b) Show that if q ̸= 0, then origin is the only equilibrium point of the system.

(c) Show that if q ̸= 0, then the only solution of the second-order equation with y constant is y(t) = 0 for all t.

21. Consider the following second-order equation : d2y
dt2 + 3dy

dt + 2y = 0,

(a) Convert the the equation to a first order system.
(b) Compute the eigenvalues and the associated eigenvectors.
(c) For each eigen value, pick an associated eigenvector V , and determine the solution Y (t) to the system.
(d) Solve the problem the second-order equation using guess and test method.
(e) Compare the results in part (c) and (d).

22. Consider the following system
dY

dt
=

(
−4 −2
−1 −3

)
Y

(a) Write the characteristic polynomial.
(b) Compute the eigenvalues.
(c) For each eigenvalue, compute the associated eigenvectors.
(d) Find the general solution

23. Do exercises 3, 4, 5, 6, 9, 10, 11, 12 of section 3.4

24. Consider the following system
dY

dt
=

(
2 2
−4 6

)
Y

with initial condition Y (0) = (1, 1)

(a) Write the characteristic polynomial;

(b) Compute the eigenvalues.

(c) Determine if the origin is spiral source, spiral sink, or a center.

(d) Determine the natural period and natural frequency of the oscillations.

(e) Determine the directions of the oscillations in the phase plane ( do the solutions go clockwise or counterclockwise
around the origin?).

(f) Find the general solution.

(g) Find the particular solution with the given initial value.

(h) Sketch the x(t) and y(t) graph of the particular solution

25. Do exercises 2, 4, 6, 8, 17, 18, 19, 21 of section 3.5

26. Do exercises 14, 16, 18, 22, 24, 26 of section 3.6

27. Do exercises 4,6,8,10, 12, 14, 16, 18, 22, 24, 26, 28 of section 4.1

28. Do exercises 4,6,8,10, 12, 14 of section 4.2
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29. Do exercises 4,6,8,10, 12, 14, 16 of section 4.3

30. Consider the following forced harmonic oscillator: d2y
dt2 + 2dy

dt + 10y = 4cos2t

(a) Find the general solution;

(b) Describe the long term behavior of solutions in a brief paragraph.

31. Consider dy
dt + y = e−2t, y(0) = 2

(a) Compute the laplace transform to the both sides of the equation;

(b) Substitute the initial conditions and solve for the Laplace transform of the equation;

(c) Find a function whose Laplace transform is the same as the the solution and check that you have found the
solution of the initial value problem.

32. Consider the following second order initial value problem: d2y
dt2 − y = e2t, y(0) = 1, y′(0) = −1

(a) Compute the laplace transform to the both sides of the equation;

(b) Substitute the initial conditions and solve for the Laplace transform of the equation;

(c) Find a function whose Laplace transform is the same as the the solution and check that you have found the
solution of the initial value problem.

33. Do exercises 6.1 14, 15, 16, 17, 18, 22 6.2 8, 9, 10, 12 6.3 23, 24, 27, 28
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