Math 250 NAME:

Fall 2007
Exam 2 ID No:

SECTION:

This exam contains 10 questions on 10 pages (including this title page).
This exam is worth a total of 100 points. The exam is broken into two parts.
There are six multiple choice questions, each worth 5 points, and 4 partial
credit problems. To receive full credit for a partial credit problem all work
must be shown. When in doubt, fill in the details.

No notes, books or calculators may be used during the exam.

Please, Box Your Final Answer (when possible).
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Multiple Choice Section

1. (5 points) Suppose the Wronskian of two functions f and g is
W(f,g) = sin(z).
Which of the follwing statements is FALSE?
(a) f and g are linearly independent on any open interval.
(b) f and g are linearly independent on the interval (—%,%).

—(c) f and g can be solutions to a second order linear homogeneous dif-

ferential equation on the interval (—%.%).

(d) f and g can be solutions to a second order linear homogeneous dif-
ferential equation on the interval (0, 7).

2. (5 points) Which of the following is a suitable form for a particular
solution y(¢) to the differential equation

¥+ 6y + 9y = 2te™ 4 4e~* cos(t) + He " sin(t) ?

A, B,C, D below are constants. o A 7 =0
(a) Ate™® + Be™3 cos(t) + Ce 3t sin(t) (r+3 ) =90
oo v =
(b) At?2e=3 + Be~3 cos(t) + Ce 3 sin(t) ' e
Y = o3t
(c) (At? + Bt)e 3 + Cte=3 cos(t) + Dte~3 sin(t) ' , 957

o (d) (At + Bt?)e™% + Ce™% cos(t) + De™* sin(t)




3. (5 points) A spring is stretched L meters by mass of 4 kilograms. The
system is set in motion at time ¢ = 0 by an external force F(t) = sin(wt)

Newtons. Assume no damping and take g = 10m/ sec?. Then resonance will
occur when

410 = kL =42
v (a)«w*L =10

O = ’ k. 4
(b) sz = 20. 0 e = ‘—0 - le'
(c) w?L = 30. S =20 = [Ie

(d) w?L = 40.

4. (5 points) If
Yi=t, Yo=t+2, Yi=t+e'+e’

are solutions to a nonhomogeneous differential equation

y" +p(t)y + q(t)y = g(t), where g(t) # 0,

then the general solution to this differential equation is
(a) ¢t + cat + 2€t) + c3(t + €' + e7*), where ¢y, ¢o, 3 are any constants.
(b) 1t + ca€' + cze™?, where ¢, ¢4, ¢3 are any constants.
(c) cit + co(t + 2¢*) +t + €' + e7*, where ¢, ¢, are any constants.

+—(d) c1et + coe™t + ¢, where ¢, ¢p are any constants.




5. (5 points) A spring-mass system has mass 4kg and spring constant
9m/sec?. What is the critical value of the damping constant (the value for
which the system goes from underdamped to overdamped state)?

(a) v =4 kg/sec M=y k =9
(b) v = 6 kg/sec 4rrdyr #7170 oo mmpected nf
&> T _
(c) v =9 kg/sec ¥ = 4«9
= -
. (d) v =12 kg/sec © Y= “r3 =1

6. (5 points) Which of the following CANNOT be the graph of a solution
to a differential equation of the form

mz’ +yz' +kr=0, m,v,k>07

r s @ . (b)
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Partial Credit Section

7.(15 points) Given that y; = z* is a solution to

22y — 2zy + 2y =0,

o >0,

(a) Find the second solution y, linearly independent of y;. Explain why

and y, are linearly independent.

ke G, = 1/"3' q

U

f iy
v = ity
X"'L
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= |
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)-’eh)(

+ C

Clevrae C—"|f =0 o j‘_g_;{‘ A= K_t

?1 ad Jd. Qv [P*\-e_cw[y s\«d-ef)_ Ao

(b) Find the general solution to this differential equation.

Gerd ol =€+ Cak,

B

C,’ Ca

’

C«-ﬂv.va

p 8 / (2
- — s ol = ©) X >0
XLQ' K»? / ‘7

v = —SP[")G{K
W(3,9)=w(g, v)y=v13 =Ce

Ce

=C-e

£ I
X

=1 /
Cx ¢ .

| pT

W(%,9.y40




8.(20 points) Consider the nonhomogeneous differential equation
Y — 4y + 5y = te® + 3.

(a) Find two linearly independent solutions of the corresponding homoge-
neous differential equation.

o« . J
‘&f Clae ofjn ri— 4ris s =0, R ﬁ_i.tl:fo = W EFP -
pA 5 = LEe
N ':.-1' ./{A:(
ok . =
?I:eltc»ot_ L&.L‘:e,ﬂ*‘“ﬂ-t-

Lg’(, 3 ,ﬂ\.. \xcﬂ-t‘b )q-'MLE_.- rz“-‘&‘_‘] Ave h“)'%‘ prD[J“L'hU“L“—Q ch [/\/(8" "ﬂ.,_):{:;_-,

(b) Find a particular solution of the 11onl1omogeneous equation.

= Ty YO = (Atrg)et+ C
2t
779 Y= Ae42(4trB)e = (At + Arap)e'®
@ VP = sh &% 1(1At+A+1B)e?"t .1elt(cmt + A+ ¢R)
\( L; (8. /4'/(;‘:'
S ™ (¢AL + A+ B) - L F(2AL + A+2B) + & (Aerg)eltﬂ-c

= telti‘-}_

At v+ 3=t A= Be =T
7@‘?6 ,/i\\’ /i o ¢ =
AG,C. £C =3 L (2 Oh
égku-f-—Q"’ Q_/
. - 2E 3
/lqk, Y('&)“‘-‘ t e J(-‘S-".
6

Jj-F _,gz/'{‘—w'?’ N 0L g} '&w‘-’.’.{i %’flfo



(c) Find the general solution of the nonhomogeneous equation.

d= ¢ 1tc:m\t et ot 4 €02
- € s
! + 1 t € + 2 ) C!, - ,

(d) Give the form of a particular solution to the equation
+ Y — 4y’ + 5y = 3e cos(t).

Do NOT solve for it.

- 2t e
Y= At e et + Bte aint A DB comals




9.(20 points) A mass of 2kg stretches a spring 10cm. The mass is pulled

down 20cm from the equilibrium position and then released with downward
initial veolicity 2m/sec. Ignore air resistance and take g = 10m/sec?.

g (a) Write down the differential equation governing the motion of the mass.
m=2

L=0o1 2 10

= ‘{'L -0 | .{,\ - 2060 |
U(%)’ FOS;L% U‘F rt\-& " g lda ‘R’m —Q?\vx‘((lﬂr\\“m C\("‘(‘-Qv- t Ae .
o3 1. Differential Equation:

2w A2 [} I[%
2. Initial Conditions:

—

=0
U(o) = 0.2
6

(
, wle) = 2
(b) Determine the position of the mass at any time ¢.
ST Ly T o
0 ™ T G lov

U, = Ceaiot

(o

U= M(Ot
Uz C, Cenjot + C, ¢~ tot
u' =

—(0 €, An (ot & 10(y contot
Ule) = ¢, = 0.2 UWr=10C, =2
UE)Y= 0, 2 Caoiot

5




© (c) Find the amplitude, frequency, period, and the phase of the motion.

Uy= 0.2 Cealot + 0.2 Aot = R e ((0f~.§‘) ) <l

R=Joryrapay = oxda = amplibede

‘p\«-ewu} = (D /\—RO(/ﬂ-ec,

. N — Z‘r"
PML ¢ (Q = W
0.1
Conyd = — N
g R \I = }I /e/u,o T {ST‘ y'\.r..d‘/uu«.]_
eny- o2
R
- T
474«5:‘_ X«Qr‘c'ﬁ.\i--&—‘ ;PI\MQ
\/\/\___\__—._\-‘_\M
1. Amplitude: 0.2 J_)_
2. Frequency: i O
3. Period: )'(—TT
0
4. Phase: A
¢
(d) Find the first time the mass crosses the equilibrium position.
Solee UE) =0 rot-X:—E‘ lot'—%*r% =i$
- 3T
/&"’LS ‘(; - ‘T_o AR




10. (15 points) Find the Laplace transform of the function

f(t):{5 if 0<t<8,

t—1 ift>6
from definition. T
o -o+t 28
For- T6Twy= (S Hwe a
-0t
:S Ce ~ut At + l — S ({;-1) e At %P’g
) u=t-1 dw= ™%
_— - —A 6 &fLL-_ At e v
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