Solubons

Name:

December 8t 2015.

Math 2552; Sections F1 — F4.
Georgia Institute of Technology
FINAL EXAM

I commit to uphold the ideals of honor and integrity by refusing to betray the trust bestowed upon me as a
member of the Georgia Tech community. By signing my name below I pledge that I have neither given nor
received help on this exam.

Pledged:
Problem | Possible Score | Earned Score
1 10 X
2 10 P
3 10 Vel
4 10 )d
5 10 )d
6 10 X
7 10 A
8 10 »~
9 10 )q
10 10 X
11 10 P
12 10 X
13 10 _ P
14 10 ~
Bonus 10 Pal
Total 140

Remember that you must SHOW YOUR WORK to receive credit!

Good luck!



MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

1. [10 points] Find the general solution to the differential equation:

4
y-—y= 6%y, /y.

P 32 ox72
Limemu p(x):)&z => %(\U\l)‘“;xq =2 U“:—;?x*c'x

Z - L _ I3 3 Ay-2
2 3 i \["—-?X*CX B
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

2. [10 points] The picture to the right is the graph of the function f(t) obtained by:
O f is the linear function y = ¢ from ¢t = 0 to t = 2,
O From t = 27 to t = 4, it is the graph of y = sint.
O On (4m,00), f is the 0 function.

Compute the Laplace transform .Z{f(t)} of this function.

1
D= (1 o))+ st (- Winth)
Me{ﬂ (L.5¢ts.) ﬁf»t) (1.5¢'s.) 1|

(1)

2= 28y = 2{t Wpr@)] + 2 T3t Uar)] - 2wt U ()]

= 5~ 2 {(b-amam) e @] « 2 | oe-amhan @)}
— 2 {sm —Lﬁf)‘hm(*b)‘j

N 2—1 - e ™2t £27] + e’ £ {ont] - e ™ 2 { st

_ 4 _ e ( N E) -2ns | ~uyvs A
TS s2*¥5)T¢€ s%q S S24+ 1
(05¢s.) (1.5 pts) (1.5pts.) (1.5pts.)
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

3. [10 points] Solve the differential equation:

y® — 16y’ = 0.

Chmn.omfsh‘cgfunm)m . mE—Aem =0 (ZP"'S.)

we (Ao b) =0
m (W= 4) (we i) =O

—_—
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

4. [10 points] Find the matrix exponential e for the matrix:

~)
Sole R'=AX

@F5) Eqpuotins \—‘—1 \ (A+0)-2) Q U
® = ) e 2l
( \ j,)‘&\l’,:\rzw -k?;: (;)

or Fundawentad Sekc

e e deth) e, o))
_F_uﬁtdammhi Madux . HE)= (e_t ez::

o 2e

A 3@2{: "e?b - ) 7
> @"'(Jc)=;g;( o ét\ :@‘(0)37(0 15
TA - 1 Q:b e’ib 7 -
= e =PE)= %) D (0):7 o 22 N\o 1
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

5. [10 points] Solve the differential equation:
v +y*cosz =0,

subject to the following initial conditions:

a). y(0) = 3
A __ y%osx
AX

b). y(0) = 0.
‘(}(0) =0

1 _ |
\d(x)"am«-c >},(o),€ Qon mevan be 0

:74 =0 ‘ B’M-}Qo[whé'kkb Youls TVP

Quoding Ruknic © » Separali ‘
< ) Tmhu.a: 3::(6@11

= S'olubon. 3:

* $ol. o TvpP (a)
* Sol. Jo TVP (b): (gph
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

6. [10 points] Find a particular solution to the equation:
1 1
1" ’ _
Y-y +—m2y—lnm, x>0,

given that
yi{(z) =2 and y2(z)=2zlnz

are two solutions of the associated homogeneous equation y’ — %y’ + Elgy =0.

X Xdux
{ mmx\ ) XH/QMX, X :®
] = - 2X (

- XMH—xMx =5
X A+ X I

_lxoey | __'7:*\.
W ‘4 ,Q/ux\ ' >\82,_/QM_XH

-5l = - Smfxdx = - Sx’ﬁﬂfxax = = XX+ Sx'zﬁux'lxd%

\N:

i =

= -XMXH_SQMM)S_ __
e s | Q5

= W = S}de)( => I\_\-LL';XJNE?S*)_(_E @

]
= %o =\(—xm‘x+zxm<—zx>x+(x9ux—>«3xh)< \
= — XX E 2N K2 Kt CIEKCIIR

X X —2X%

b'\/:

-

Page 7 Georgia Tech



MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

7. [10 points] Solve the differential equation:

2y’ —zy’ + 2y =0, z > 0.
(46%). Cosuotuy - Gale. widt- =1y b=-1; €22
Char.n.: W= 2u«z=0 (2pt5)
A=t-g=—t
meZE2 _\p( (o)

Y g =X (CIODS(QM)-(- c;%w(M)) ( (4pts.)
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MATH 2552, Sections F1-F4

Final Exam

Tuesday, 12/8/2015

8. {10 points] Find a solution to the equation:

y(t) = e* -

yc)- (s'z)CS 1)

Po.nb ol Foakiow Doss wprom hitm_

s _ A
G-2)(s%1) 5%

4s%
5
(L+8)s 4@.25)3{1 ~2¢)=5>

€D €9

= 4lb)= %{'{ Jr ol

Bs+C_
'S+1

2
+Bsz+cs 2BS 20 =S

S%

- mnru}'.conm\uﬁom |
_TaKe loploce of bt At

@) - Otwim. Y5)

|

@) shy

I'\,H
xgach. cos{folent

J

}*’ ——iv'{S’:(-’l}

=

(\a(b) = % ezb+ —15: cost + %—%Wt

~ dolukion,

[1 pt. bonus:] What is this type of equation called?

Voltmra, ‘hekequall. fpuatren_
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

9. [10 points]

a). [3 points] Find: £~ {m}= - {(344)24_9 }
_ {%_115 ?Hw} L L fmlzv)

Completine Sqwane - (2pis.)
hw:;u“s(dﬁat)

. N 2S-12
b). [4 points] Find: £ ™1 {%}: P '{m}
— o, 2 -6
[ A, pnf e ]
{ (s-2)°+9 t (5-2)+9
_ - S -1 1
AR S—>S—2} e {52“'7

S%49
=2 s (3t) - 262" (3%)

S- 5-27]

Comeck Separation.. (3 pis)
Poveners (ﬂ_p'\’,)

¢). [3 points] Solve the initial value problem:
Y’ — 4y + 13y = 6(t — 3); y(0) =3,%'(0) =0.
Take Loplose of buth evdas :
V) - %S - 43YE)+12+42Y(S) = e (1[""")
(s>45442) Ys) = 25-124€

. e () m“‘"kSTmmﬁom
W)= e+ (1pt.) [ Theoranto (),

= 3(4;) = 382tCnS (3¢) - zeﬁ"&w 'M(’i‘b) + 13‘ 6200-3)%‘/&(3‘!7 -9) U'a(-b)
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

1 1
x; = et and xp=¢’t
-2 3

are solutions to a homogeneous linear system x’ = Ax for a real 2 x 2 matrix A, solve the initial value problem:

x' = Ax; x(0) = ( ! )
4
1
t-e.et3) ree(3)

Ro)= & (Jz\ *CZ(;) - (—;:f;cz

10. [10 points] Given that

|- (4) 2e( ;) o)

e
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

11. (10 points] Suppose that

is a fundamental matrix for the linear system X’ = Ax, where A is a real 2 x 2 matrix. Find a particular

solution to the linear system:
o2t
x' = Ax+ :
o2t

G ;- 5 |5 wzme

o2t el | ét —Ze't o2
(X = ﬁ ( o & = (o o2 | e >
o () 3:(%): e 2e" : 'et>

4 1

> Jawges- (T )

=D )TY -

("

™
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

12. [10 points] Find the general solution to the differential equation:

cos(zy) — wysin(zy) — 22 sin(zy)y’ = 0.

(An implicit solution is fine.)

(QOS(XB) -Xy iwm(xg )) AX - XZ?\w(xy ) AJ =0

oM
—gg = —ww;)-xm(x})—xl\&ms&}) => Exosk
%}% = —2X i (xy ) -ng 203 (ky )

Potem\al; ’_}} -

'—xzam(xw => J(x/4) = heostey)+30d

= %: oSy = Ky lxy ) ¢ ’00} =9(x)=0
_ M(X?) - Xy i\w(x«;,) IN)=0

esp-e |

°
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

13. [10 points] Consider the autonomous equation:
Y =@+ -1y+2).
a). [3 points] What are the equilibrium solutions of this equation?

\é=l} \éz—Z

b). [4 points] Draw the phase portrait of this equation.

c). [3 points] Draw a picture of what the solution curves for this equation might look like.
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

14. [10 points] Find the inverse Laplace transforms of the following functions:

a).[3points]z-1{3+1} -£- {S 4’&+3ﬁ"{3+4,

= cos(2b) + iw(zb)

b). [4 points] 3‘1{%} i{g ,} 8 L {S-«—z

2 -2t
‘.L" _—e + -3-6 f
2S-4 A B 1 tl

G-)Gs2) s

A---j t_)

c). [3 points] £ ! {s

_5 =7 {3 q]lt - Uq(t)

= £ AGL-2) Uk,
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MATH 2552, Sections F1-F4 Final Exam Tuesday, 12/8/2015

Bonus Problem: {10 points] Solve the differential equation for the function y(z):
2y + 2zy = a*y% + 1.

Give an explicit answer.

= (U=zx\é +x23’

= W= %\ ( aufonomend )

J—du:dx

W |
Mk = X+ C
W= EAL(X-(—C)

ng - 'tam()(-eQ)
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