Math 222 Exam 2, March 8, 2017

Read each problem carefully. Show all your work. Turn off your phones. No calculators!
1. (15 points) Solve the IVP:
y'+2y +5y =0, y(0) =5, y(0)=T.
Describe the solution behavior as t — oo.
2. Consider the IVP
t2y" + 5ty +4y =0, y(1) =0, y/(1) = 1.

(a) (5 points) Show that y; = t~2 is a solution to the above equation.

(b) (10 points) Find a second independent fundamental solution, and then solve the
IVP.
3. (a) (8 points) Find the general solution to the differential equation

y" — 2y — 3y = 3te*.

(b) (7 points) Find a suitable form for the solution of the differential equation using
the method of undetermined coeflicients but DO NOT solve for the coefficients:

y' — 5y + 6y = e cos 2t + e*(3t + 4)sint + 12t%e ",

4. (15 points) Solve the IVP
y'+2y +y=tte ! y(1) =1, y'(1) = 0.

Describe the solution behavior as ¢t — 0.

5. A mass weighing 4 1b is attached to a vertical spring of constant k = 2 Ib/ft. After the
mass comes to rest, it is pulled down 1 foot and released with an upward velocity of 4
ft/s. In these units the gravitational acceleration is g = 32.

(15 points) If there is no damping, determine the position u(t) of the mass at any time.
Find the amplitude, period and phase angle of the motion. Note that

cos(B — C) = cos B cosC + sin Bsin C.



6. Consider a forced vibration system described by the IVP

u” +u = cos(wt), u(0) =0, u'(0) =0.

(a) (8 points) Find the solution u(t) when w = 1.
(b) (8 points) Find the solution u(¢) when w = 0.9.

7. (9 points) Figures 1, 2 and 3 are sketches of solutions of second order differential
equations. Based on the solution behavior, identify the differential equation(s) in the
list that may correspond to the given solution(s) in each figure. You DO NOT have
to solve the differential equations, but you do have to explain your answers using
mathematical reasoning.

(a) " +4y' +4y =0, (0) y' +4y' +4dy =t,
() y"+y +9.25y =0, (d) y" + 9y = cos 3t,
(e)y" +vy +9.25y =sin3t, (f)y"+9y=0,
(9)y" —y —2y=0, (h)

t

y”—y’—ZerQ.

w<

Figure 1 Figure 2
y

2_

l \ \ |
05 1 15 2 t

Figure 3




p-ol
Qrmdmg Guidelgy or  Guam I Moach 08, ZolT, Math 227

PfDlOLDM/\ 4]~ (2“ +L.2(+5‘a=0, 'a(o):b'/ 3(0);’7

Vq—?f-&?t—o

(r+n+7—o, =tz

%

Z;ét{\ vﬁmogf(,}s.mt) W‘P"S\

Y--¢p “( st Gsnt) + € (-26 swt+ 26 ost)
)= G =5 [4953)

L?,‘P)‘ O S R TS Cfé@

==

g(t):étc5mszt + 6 smLt),

Yoo G tHx

Poblem 21 Y4+ 5ty 4g-0, Y=o, Jliy

[Q) =T J':'Zf;, ‘d,"-‘—b't"f

'E/éfu +5¢t- («2{5) FLE®

= (£2 -1t rytt-0 VvV Y i a selutiey @

by 4,=V{, ?Jf\/?l T ) 5:"' V'Y, + vy, - "5"’

TZ( V"l(']‘ +Z\/g: . V%”) +5f(\//g' +Vﬂ,’/ +¢Vé/; ol
tLéi N ] zt‘\;,' + 5t )v=0

fl
v

s Y
S

v +(’c(zp)+stt P

I
\l""' IL\/I;O

~

1

— =Ty G’ ~ht~g Vit vs bt
N L 7. 5 'r“s
-2 (Zp0) "™ Bl

\

L‘S‘L' tﬂ“‘\E/—' ﬂL_ Qt"‘(‘ C),-tzt J(/):o: & @
‘d(: ‘ZC‘EB-QCJ(?BEJ"F (é't (7‘;1’}: Cl = | @

=20

1= tmt)




P.o1

Poblam® (@) Yoy’ 3y - 3te

=30 (st)(v+¢):o, ==l o

%}c: /7 fs—t*Cxpt {m
m

Y- (AHB)C - Ae“+ Q(A+RIE" < (iZAt+ZB~f—'A,)é
\‘/": 2AC% 2 Mt MB)e™

>C

(o 5T = (aht v pys)E 2 (a8t~ 3ptE)E

= até"'

gAY - bt Nt = A=

(.ul I

4AB-4B2A 3P, = zA 3p-0 B:=2P--

; P
Y= €% 6€ + (-t- 2 )E" | Bog

T

b)) Yrsyhey = ot st + 12tET

(2srig=o, (=2 fr-2)=0, r=2,3

li{_ = C.EPZt‘k— Cl egt M

% "‘f
Lt RSt ),02'*_1 (Ct +D)Smt€2t + (GtFHEt+L )C
e P\ A 2 ‘ 24

\(nl—]*bzt Femm—)

4 [f"l.l'" L =
I LY e SpO]

bham U | 4R4+d T £E, yn~l, gln=o

rz-vzr+(=° ) )"—’"," \jct Gét+61tét @@_l
wly e |et ) J°

IS L \
= (1t et [ Eee, Tt

TG e )

- -tét 2 P,,A*.-ke't

| 3: Clﬁ = C;,er = TC + At -t e. »Cepﬁfe + tﬁ»fe (Séts]
| 4l- =g€ +CLC‘ Gtet + fite + & - tLhiet
lml~ C.B{-( e ~'l ! gl )= [fl.“c(.*-[‘.,)(_’ 4\-5( =0

¥

| ol

|



P-03

(Lt =6
st tl. =0
Cizl, G = E-C=f

=)

(30 &b« teet ) B

Poblom 5 || M= ¥ =g 7
mUs ku=0, Ly 2uz0, e lbu=o, uwer=l, Ue)s -y
U= C 34t + G smut te)= /= ¢

W=-bgsmytt 4G4t Ule)s — 4= U(, G =)

) = cosyt — smyt @2{
Ut)= B ofek-5), &= Tan(l )=

A

Z_F
Gmplitnde ~ 2
wfmféumu(} =Y (g",'@bll
Pragy =TT
‘ T

(@ o'fu= st

U~ GosttGsmt ] = /A st +B<n\t)t [4@

U, = \[A&Jf 4 Bt ) +(-A st + R wst)é

V" :A Sty Bost — Aane + Rasst

+ (\ Aot - & 4;\«) t

[ ips (/,\coJHBfmr)t z,z\ st 2B st + /Amr( tB&mt)f (PM

25 =], P=h U= Costtsmt ¢ S € sint
2h =0, A=0 ‘ o
l4((*7)-‘— - st OTt %ﬁht + f:(w-(
Wep)=o = G , =
uplzo= G ! Uet) = §smt) (&7

(b)) Wwu= oot

U= Awseftt Bt (Zp?ﬂ

l f\_ oq +1 )Ato_toﬁ* -+ (—oﬁi—l\r%smoq‘c- 0807'('

B=c A= ‘}73—/ =, U= Cbsteelnt + 1 G0t

bm

o.]
!

—0




i ( :
J‘ u = - C( 91’\‘("’( CL (6&{ = ao 1? Slho,qt
(—ﬁ
1
weljz=o = ¢, 41t G- e
9 f

ul)=o - ey o
R -

' s == ’, (D_\*' -+ (%“ﬁt [Z.0tS
;l "t 2.9 5.1

‘ Nt
Problom T:00 fpwre £ = Y~ e (Cospt xGompt) w/ A>e
Solytion alse chca%ov + 2et0 =)  (angwt be e
Yawe 4 — C 3pH]
—
@ = tefnnanlg

@ g&ut’p 7 = 05'—(\\&*0"‘%( solution Coud be /7y

= ot¢€

7

(e)] wi 1‘0’«7\&]{’

PInix)
>N Bque 1 can correspmd to e f R

D Tgute 3 =D Wansiens qrowth t decay o 2evp

Bither aevb . b&e—a—twhﬁmnhl_du;ﬁ_

fovang

)
= EﬁWQ 3 can (or/es P\md +to 2 (256

N7

So—




