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Math 217 - Final Exam _ "’T;(L,

14 December 2018

Instructions: This exam contains 18 multiple choice problems, each worth 5
points or 7 points each. You do not need to show any work for these problems, and
the grading is only based on the option selected.

No calculators or other electronic devices are allowed on this exam. You are allowed
one 4 x 6 index card, double-sided as a notesheet; it must be written in your own
handwriting, and cannot be typed. Turn it in with your exam and write your name
on it.

Table of Laplace Transform identities:

(1) L{f@t)} = fooo e~*t f(t) dt provided that the integral converges

(2) L{f'(t)} = sF(s) — f(0) and L{f"(t)} = s*F(s) = sf(0) — f'(0)
(3) LA{u(t —a)f(t—a)} =e *F(s)

(4) L{(f *g)(t)} = F(s)G(s) holds for the convolution of two functions
(6) LAtf(t)} = —F'(s)

(6) L{t"} =nl/s"H!

(7) L{e®} =1/(s —a) and L {t"e®} =n!/(s — a)"**

(8) L {sin(kt)} = k/(s® + k?) and L {cos(kt)} = s/(s* + k*)

9) L{u(t—a)} =e"/sand L{6(t —a)} =e°



1. (5 points) Consider the equation
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2. (5 points) Consider a solution y(¢) to the equation
y' =2y
which passes through both (0,0) and (1,1). What is the value of y(—1)?
(a) 0
(b) 1
(c) 2
(d) 3
The given counditions are not enough to determine y(—1).
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3. (7 points) A certain population is modeled by the differential equation

—‘% = (P — 1000)(P ~ 2000)2.

Which of the following statements is true, given P(0) > 07
{a) The population grows without bound.
(b) The population stabilizes at a (non-zero) equilibrium.
(¢) The population oscillates between two equilibria.

(d) The population eventually goes extinct. ‘
Depending on the intial condition, the population can go extinct, grow without bound, or

stay constant.
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4. (5 points) Consider the solution of the equation

y' =2 +y=0 —_— O T R )

subject to the initial conditions y(0) = 0, y’(0) = 1. Evaluate y(1).

(a) 2e
@. Pl W ¥ |

() 1 ¢ .
(d) 0 4 - ¢, e+ ote .
(e) None of the above
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5. (5 points) Consider the solution to

El_y___“2w+3y
dr = 3z+2y

which passes through the point (1,1). If (z,y) is a point on the solution curve for which
22 + 3?2 = 2, what is the value of zy?

??;l (3« Tlq) ohe + (7 3y) oy -0
@ 2 b Crect N
(e) 3 7

X + g

1

r 3\:(3 = C, Xel, g -

6. (5 poiuts) Consider the driven, damped, mass-spring system
mz” + cx’ + kz = sin(wt)

with mass m, damping constant ¢, spring constant k, and an oscillatory driving force with
frequency w and amplitude 1. Which of the following statements are true?

(a) If ¢ = 0, the amplitude is unbounded. - AJs+. Low 4 o

(b) If ¢ > 0, the amplitude tends to zero. ~ Mgt v idL Arivieg
{c¢) If m = c=k =w =1, the system will exhibit resonance and the amplitude grows without
bound. - ‘\)g-'— e r0mo~t /' ’\O"‘hﬁ( 'C-(gwl*bg o~ 1 .
d) The system can only oscillate at frequency 1. .
Osailldes of £ [X 4
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7. (5 points) Consider solving the equation

y' +dy =tsint +t

using the method of undetermined coeflicients. How many unknown constants would the can-
didate particular solution require? Note: You do not need to find the particular solution.

(a) 3

(b) 4 ‘éc = If‘ coy Lt v Oy 8- 2t — e th‘,{ﬁ\h.
(c) 5
() 7 A - A tad + Bled

+C$1‘—f * D(—o:{‘

+ E¢t + F.

8. (5 points) If y, is the particular solution to
y' +y =sin(?)

what is y,(27)7?

‘éPz A ta-1 R+ cost

(a) —2m ,
@_W A = Alst « tesdt) s Bl eost - tsm t)

(c) 0 R
(d) = 4y T Alet - go )+ B (Bt = 4 cont)
(e) 27
. N ZP“ - %P - 'ZA W)é —'llg;f,{ = S(K;__é
‘ A‘-O; ‘28 = |
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9. (5 points) If w is a function such that

¢
/ e"w(t — 7)dr = te'
Jo

for all t > 0, find w(t). e* * o . -+
= ¢
(a) w(t)=1
(b) w(t) =t \ \
w(t) = ¢ . ls) = [':_:)z
(d) w{t)=1+e¢
( t) = tet
e) w(t) N L
-1
wlt) = ¢ €

10. (5 points) The solution z(f) to the constant coefficient equation

¢’ +ax' +ba = f(t); x(0)=2'(0)=0

is given by

z(t) = /'t e "sinTf(t —7)dr
0

for all ¢ > 0. What is the value of a - b? _ —
(a) 0 x(’) B %IC s-‘.-'()g - f:(s)
(b)y 1 = =( )

— {5
(c) 2 (sey ey

d) 3
4 = { ’_( )
— M (s
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11. (5 points) The acceleration of a particle is given by

v J 0 ift<l
T 3 ift>1

with initial conditions y{0) = y’(0) = 0. Where is the particle at time 27
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12. (5 points) Consider the equation
(% — 1)y" —day’ +6y =0

ok Explict+
I with power series solution y(z) = ¥ oo, c,z™ and initial conditions y(0) = 1,%(0) = 0. Evalu-
R ate the series 3 oo | Cn. " v
W g - “ e
A OX ,®
b) 2 g 7 L nex
~z 0
%n 4 >0
= ~-2
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13. (5 points) Consider the differential equation
(z® +9)y" + (10— z))y +y =0

with initial conditions y(—4) = 6,y'(—4) = 0. Identify the interval of convergence of the power

series solution centered at x = —4.

a) (—5,5
((bi §—7,w)1) Bod poicds X = 2% 4 >0,
(C) "‘971)
(d) (-18,10) 3
{(e) (—o0,10) o
;— LA ove e,
-y BRI, l 10
-3

14. (5 points) Cousider the equation 222y” +5xy’ +cos(z)y = 0. Which of the following statements

about the series solution(s) is true?
(a) 0 is an ordinary point and we would use Y oo ¢, z"

(b) 0 is a regular singular point and we would use > . ¢ 2™
is a regular singular point and we would use Zf;o Cpz™ withr = —1/2 or r = —1
(d) 0 is a regular singular point and we would use 3 oo o c, 2™t withr =1 orr = —1.
{e) 0 is an irregular singular point and we would not use a series solution.
a“ o, /e Cosx/2
3 — 4y » O
*% x 2
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2
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15. (7 points) Given that the equation

has one solution given by
lell = [ 9 ]6‘“,

find a second solution Zp which is linearly independent from the first.

(a) [‘22]55“ E\.%hw(w— ) N 3 ,-qumlco/.
<b>[*22]test Cemrolived  eigeoveche [A-3T)3: 3.
o (72 ERLPE

o ()0 1)) SRS

(e)/Both (c) and (d) are solutions.

{
' —_— Kby=1-2 < o le O

3 = YFql} ‘3(},}:;1.;( > 0

NS
EF ~ (v-tg : —
Genve Co- AMa-\) +2- \* -~ s% + B - (v-18-3)-6
16. (7 points) The planar position of a particle is given by f>\ U3 om ostdcee .

M

The particle starts at position (1, 1); which of the following describes the motion of the particle?

It initially moves up and to the right; after a long time it is very far from the origin.
t initially moves up and to the left; after a long time it is very far from the origin.

(c) It initially moves up and to the right; after a long time it is very near the origin.

(d) It initially moves up and to the left; after a long time it is very near the origin.

(e) The particle moves in a closed loop around the origin.
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17. {7 points) The system

d.
dg;:wy"‘?
d
di/._.w_Qy

has a critical point at (2,1). Classify the critical point.

{a) Spiral sink Y X
(b) Spiral source :Y :

¢) Center | .
@ Saddle -

(e) None of the above

(1- N-2 - y)

D N & WY VR
(N - qy(\ )

= 0 N -
18. (7 points) Consider the system
Dok s G whe C,%J = —8y
Solv-(, L\, % -9z
E(.‘rﬁ:"“*.a 97
— with initial condition z(0) = 2,y(0) = 0. What is the largest value that y attains?
E@g 'T;;jc ¢ Fooes art A level! Corvey .-Q, 'Mt
c) 2 C“i\ z
( ) P‘(. L + g T - 1 ,
(d) 4 Y
(e) The solution is unbounded. %



