
Sample Final Exam Math 221 Spring 2008Name: S
ore:Instru
tions: Show your work in the spa
es provided below for full 
redit. Use the reverse side for additional spa
e, but
learly so indi
ate. You must 
learly identify answers and show supporting work to re
eive any 
redit. Exa
t answers (e.g.,
π) are preferred to inexa
t (e.g., 3.14). Make all obvious simpli�
ations, e.g., 0 rather than sinπ. Point values of problemsare given in parentheses. Notes or text in any form not allowed. The only ele
troni
 equipment allowed is a 
al
ulator. Tableentries for Lapla
e transforms may be used freely, unless otherwise stated. However, you must show enough detail so that itis 
lear that you are using table entries.(10) 1. Classify ea
h of the following systems as linear(L), nonlinear (NL), autonomous(A) or non-autonomous(NA).(a) 3y2y′ + y3 = ex(b) dy

dt
+ sin(y) = 0(
) dx

dt
= y,

dy

dt
= x + y(d) d2y

dt2
+

dy

dt
= t2y(14) 2. Solve these DEs and IVPs(a) (

1 + x2
) dy

dx
= 2y(b)1

y

dy

dx
= y3(2x + 1), y(0) = 1.(
) dy

dt
−

2

t
y = t2et.(12) 3. Use Euler's Method with a stepsize of h = 0.5 to 
ompute the approximate solution on the interval [0,1℄ tothe IVP

dy

dx
= 1 + xy2, y(0) = 1.(10) 4. Sket
h the phase line, 
lassify equilibria and sket
h representative solutions for the equation dy/dx =

y(y2 − 1).(12) 5. Find the general solution to this damped os
illator problem: 2y′′ + 4y′ + 2y = 0.(14) 6. Compute the equilibria and traje
tories of the system dx/dt = (1 − y), dy/dt = xy.(15) 7. Given that the linear system Y ′ = AY with 
onstant 
oe�
ient matrix A has eigenvalues −1, −2, with
orresponding eigenve
tors [

3
2

] and [

1
1

], respe
tively, write out the straight line solutions and the generalsolution to the system. Use this to �nd the solution to the system that satis�es Y (0) =

[

3
1

]

.(15) 8. Use the eigenvalue method to �nd the general solution to the linear system x′ = x+ y, y′ = −x+ y. (You



may assume that one eigenvalue is .)(6) 9. A linear system Y ′ = AY has repeated eigenve
tors 2, 2, eigenve
tor [

3
1

] and generalized eigenve
tor
[

−1
1

]. Use these fa
ts to �nd a general solution to the system and write out the form of ea
h 
omponent of thissolution.(24) 10. Given the IVP y′′ + 3y′ + 2y = t, y(0) = 0, and y′(0) = 0.(a) Find the general solution to the di�erential equation by the method of undetermined 
oe�
ients.(b) Find the solution to the IVP by using Lapla
e transforms.(14) 11. In ea
h 
ase below, �nd the form of a parti
ular solution to the di�erential equation. (Do NOT expli
itlydetermine the unknown 
oe�
ients.)(a) (D(D − 2)(D − 1))[y] = t + e3t(b) y′′ + 5y′ + 6y = cos(4t)(14) 12. Find general solutions to the following equations(a) y′′ − 4y′ + 4y = 0(b) y′′′ + y′ = 0(12) 13. You are given that the fun
tion f(t) is de�ned by f(t) =











0, if t < 1,

t, if 1 ≤ t < 4,

0, if 4 ≤ t.(a) Compute L{f(t)} dire
tly from the de�nition of Lapla
e transform.(b) Express f(t) in terms of step fun
tions and use the tables to 
ompute L{f(t)}.(18) 14. Find the inverse Lapla
e transforms.(a) Y (s) =
1

s (s2 + 4)
+

1

s4
, L−1 {Y (s)} =(b) Y (s) =

s + 3

(s − 1)2 + 4
, L−1 {Y (s)} =(
) Y (s) =

1

(s − 1) (s + 1) (s + 2)
, L−1 {Y (s)} =(10) 15. Find the Lapla
e transforms.(a) . L{

e−3t cos 2t
}

=(b) L{

∫

t

0
e3v (t − v) dv

}

=


