MTH 165: Linear Algebra with Differential Equations

Final Exam
December 17, 2016

NAME (please print legibly): S O \ U _\- 10N S
Your University ID Number: '
Indicate your instructor with a check in the box:

Bobkova MWF 10:25-11:15
Lubkin MWF 9:00-9:50
Rice TR 14:00-15:15 -
Vidaurre MW 14:00-15:15 1 -

* You have 180 minutes to work on this exam.
e No calculators, cell phones, other electronic devices, bocks, or notes are allowed during
this examn.

e Show all your work and justify your answers, even if the answer is just a
number or “yes/no” or “true/false”. You may not receive full credit for a correct
answer if insufficient work is shown or insufficient justification is given.

" You are responsible for checking that this exam has all 13 pages.
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1. (20 points) Solve the following initial value problems in explicit form.

(0 @ v =430 =0
! 9 ax
'y = e (D e =de -l
Jerdy - faeta CRSD.
eﬂ = Qe.“a-c, @mkﬁ. @

1 =21+ 0C

—-—?C: —l @

(b) ¥ =4e® —y, y(0) =0 |
ﬁj"* Y= te” @) s Y= ¢’ g”r.of"“

Cocrny .
- In Psffﬁ“-\(l
p(x)= 1 __ - e (53&@ +c)@ o
: 14 LY
Tw=e @
fown O = 1 (i +c) - c:----%
Ah’ Solution.
gy = e r+1=0 [
‘j y - r=-L : _ ie,“-fte'”
%;-”A& " ) 4 21(+ C % (3" 3 i __,5!
‘j.“j,gp.e = He \.3.. —3—6 c R —
ﬁ'i O’ %.’C - C: ".13
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2. (36 points) Determine if the following statements are true or false.

@ (2) The polynomisls py(z) = 1, pa(z) = 2 + =, pa(z) = 2 + 5z, and py(z) = 2® — 1 are
linearly independent vectors in P,{R), the space of polynomials of degree at most 2.

False, bec_o_use}he number of vectrs ('-D
is 3r0a+cr fhan Hne dimension .a? he

vector spott (3D,
C“\?‘A\"‘r&ma’rilt\\j \ -H-mj cond Find o SP%P"E”— depindaacr
© Some parkiad crediy (3 96’3) R any adermpd

aF oo soluwien Yhat c}nsp\mjs W\W\Mg%l of
tre dofn. of Wnew wndsperdunca.

1 0 3
| @ (b) The vectors [7}, \:—1},]: 0 }formabasisforIRB.

This is eo\‘u\'wa\cm oo Yhe  OodY

A.—: [f, c: z.\ hwmg e 3.

2 4 3

dev (A)= 1 (2-0) + 3(28+2) = 91 %0,

S0 rue

v mam_») ok, Solwkions O(d\\a\o\e‘ -’r\'\wb\n \ cxpeo’r
most shvdevs witl yse  deduminmt

Porvial eredit o Q,x\n}b(h'nj Ymow\e,aﬁj. a{f lin if\a;
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@ (c) The set § = {(z,y) : = +y > 0} is a subspace of R2.
(1,0} €5, bur (-1,0) = - (1,0) § 5,
SO0 S i NOT closed wnder s::a\i‘nuj;

50 -ga\slg'w

pactial cadiv for s\\owintﬁ 0eS
cm& Q closed undw cdirion "E
W5 conclusion B reoched (mmjbt Zpb for f’—%\‘v

a-+b

c+d

@ (d) The transformation T : R* — R* defined by T - is linear.

- [
(G- (270, » Gl

li
- 2 ph Cor nehnxj DeS \-€ WWS conclusion % fﬁﬁb\ﬂa

Zﬁ..n o R
=
o

Wide VO of  cownkerexompies possidle b add ivon or Sccu\’m@
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3. (24 points) Consider the matrix

10 3
A= 3 —5&
02 -3

@ (a) Determine all eigenvalues of A.

det (A-\L) = |+>» o 3

o 3-» -5
O IR
L\\or oMy, ' :
= (t_—h)((s—ﬂ(-*a-ﬂ*\o) @ dek

Ca\c_«

= (1-n) (W) =

-@m

@ (b) If A~! exdists, compute it. Iffi‘l does not exist, explain why not.

\ } 0 ) { 0 o
i o Lo O g e \
o 3 0\ 0] —s bt
- o) 1
0 2 0 0 ' 0 17 L
o © & b -9
..ZR;#RI-QRS. ! 0 3 ! 0 o ‘ a s
D -
o .0 1t }lo -1 3 Wkl | o 0, O 23

-3 rRy 2R,

69*5 cocreck Grauss - Jurdon
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4. (36 points) Consider the matrix
1 2 3 5 7
A=13 6 9 16 22|,
5 10 15 26 36

and suppose the function T : R® — R3 is defined by T'(x} = Ax.

@ (a) Determine a row-echelon form of A.

-38, +R, - &, i 2 3 5 3 Dotor (:rou&um-
o o o 1 \ —y.
- Spn -\-ﬂs - 33 o 0 O 1 ‘*'K-,J&;"'R!, L P"b . (LK!,CLA}FW\.

ONLY PENAUE

coR Qow RELULTION
EQREAS ONCE )

iF pwes (), () (M)

@ (b) Determine a basis for the range (also known as the image) of T. 4o @W-* (a) . -‘:‘V‘Uj

Range f T= column space &£ A . Oy rAl crediv

basts R column Spott = ]_5* ond -"_’f*h w\um}\b of A
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(c) What is the dimension of the kernel of 77

Rant-Nm\\Thj Theorem dim (an (T)) + Ggm (klf (‘*’)) = culm (iﬂs ) i
| 2+ dim (er(D)) = 5

AH" WO(k wirh +he medax (521.(*4:5,4*[\4_)r
conclvde (+ hes @ 3-dhim ﬂmtlspaa __

@ (d) Are the rows of A linearly independent?

No beconst +he dineasion 6? e SPM e«?

)

he  rows (?,) is less Fhon the Aumees

8£ OWS [33

or\oLVJbL Hroat
Al vcfvw opuactons c@]splm{ a c%ﬂﬁ@pim,
or o exhibiun of &

P
(2@26,‘ . 3 nd-

{ Ay madde o erer 0
W\Lm)ﬂf pa{"' 0;8 W‘Q W& "W\L W{‘(“f‘

hmg k3 cuncluddd "Yaa“,‘
Yoy 4ot credit



Final Exam, MTH 165 December 17, 2016 Page 8 of 13

5. (36 points)
@ (a) Find the general real-valued solution to the differential equation
y@ — 25¢" = 0.
aux. eqn.: (t-25¢ =0 (2)
(*-25)=0
c=0(ma.2), £5 @

— .
S: C,+ LR+ Ge « Cye

ne O O

@ (b) Find a particular real-valued solution to the differential equation

1" + 9y = 30€°.

Guess Y = Ce"
-, |

‘ﬁu*‘ c\\ﬁ:’ = \OCE." = 302-#.
C=3
Amj Wy o

amiet at this
s bae
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@ (¢) Find a particular real-valued solution to the differential equation

y" + Oy = 12sin(3z).
* ;s = : 5m(3ﬂ.‘cos(?.ﬂ ore
Guiess (5 Amm(m ' %st( { in e Mooy So\t.\-ﬁA
? form )

A‘Jr. Seluvon 47 2 anl3e) + BAxs) + Beos (3 - 3Bx sz

| ”cm;m;mw‘? f

" | lﬁe" = 2Acos(3x) + 3A ws(3x) = VA% a0 (3x) « @ dvihiins
~38 510(3x) - 38 51n(3) - 4 Bxcos3n)

- tjf" N ﬂ\jf = (A cos(2x) - b6 sin (30) = 12 5n(%)

— A=O , 67 -2
U)F" "27&(.05(3&)@ And ans.
@ (d) Solve the initial value problem

y" + 9y = 30e” + 12sin(3z), y(0) =4, ¥/(0) =3.

hbmoo), solu 100

3: 3¢t -2 es(30) + c.co5(3r)
QK. QOU\ (‘1'.; C\:o X c-,s\nl?;x)

Fer?d @

Lj(°)=3“"c\ =4 C,=\

= €o5(3x) 0 . - - ,. .
9, QZ‘; 3 9.;-__ Be* - 2éos(3n) + bx5i0(3X) 50l
sz”' Sin(3n) Ranckions +13¢, 510 (3%) '\'f?:C'x'(P-‘e‘-_‘:i*) |

y (oY =3-1 « B = 3

—
( = po= '; " U

\j.—; Je" - 25 oSN + Co(x) + 3‘-@ > 2 €
3 €, ® ; Sﬂ(tvi

for sty
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6. (24 points) Consider a spring-mass system with spring constant k = 4 N/m, and a
mass m = 1 kg, which is hung from the spring and allowed to reach equilibrium. Determine

the following about the position function y of the mass, relative to equilibrium, where the
positive direction is downward.

a) If the medium hes damping constant ¢ = 4, no external force is acting on the system,
and the mass is stretched 1 m past equilibrium and released, find a formula for 7.

rn3"+cj'+h3 = flt)
M=) i [ _
P @3 P4y +y =0

o z TR
C__,q i AUY eﬂ’n; . -l-"'r 'i"'q "'D .
' (C+ '1-)‘ =0 a
Flt)=
[) 0 rs-2, mir. 2
360)-": | | | 1t 2k
! : =C. ¢ +G¥eT
lj'(O) - O lﬂ \ 3 |
| POEES ylo)=-20,2020
. , ' C272
(b) If there is no da.mpiﬁg force, and an external force of F(t} = sin{t) acts on the system,
describe all possible formulas (i.e. give the general real-valued solution) for y.
m=l - .
]
k=t @ \j + _L{j = 5in(’c)
=0 o A_Q_é_
ot 0N ¥D g\"a- Uy = a0 (1) '
Flr) =sin(4) P =

lﬂ:-. %‘s'm(*') + Ccos(24)

Guass 4 = Asoi+ Beslid $Ca 80 (14) |

gﬁﬁ so\n 0 nu""\jfo ‘3‘: = P(cug{,t'} _@ﬂn(t)
a4 =0 "5;: ‘Astntﬂ—BcosLﬂ

c= X ‘ﬁv”* q\jr = 39‘5“\('.,4)-*36&&{{) = sinl)

=3 B0

- L sinlt)
v @

% cos(2t)

W= sin(74)
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7. (24 points)
(a) Solve the following initial value problem.
T =2z 4y

y =2z + 3
z(0) =1, y(0) =2

CXEAY A2 B

eigeovalues i+ det(A-ML) = | 3‘4\ = Wo5N Y
= (24 (1) =0

=\4 @
ciggovechrs
N, A-T = sz {00\ Via¥y =0
~ ~cheon 7= (1] @

}\2‘-\‘ .A'Lr.[= ] ‘_’1 \A) ~2N ¥V, =0
- c\wost '}Qz[‘

A | @
509__5319 © K= e ['ﬂ A cle“&‘z}

DA P R B Bl @
\oChor - o
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(b) Find the general, real-valued solution to the following system of equations.
T =3z +2

Y =-z+y.

=A%, A-T 7} O

gienvales et (431 = 1> RSO
. ] =t (S
= W-4n15 =0

NI R [P LI @
e
2
exc\mvccw Co\= 244
d

A..'(pqiz{;_x 2 '\_‘3 [\-'\ 7—} (150 + W0

- -\ -t > -
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-1

t -1 _

= ‘C_‘L (m(&)’rl&inl«tﬂ L \ @
- _
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e
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R e
2% ~2¢es )
= |e
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—
)
=
*,
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e
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