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1. If 3r(c) is the solution of the initial value problem

I + ""y'- o, y(o) - ;, s"P. 3' = -

then y(ln2) - -) 5':9' '
=) -5t =-

7_-e.3- :)

- { d.,-
,t

e +L
t+c

d5'-J5'^J'

,.1
(a) 

5

o) 3
k)i
(d) ;
(.) i

= -z -) C='l

^,t3Y
! l.e

2. In a certain culture of bacteria, the number of bacteria doubled after 4 hours' How

long did it take for the population to triple.
(Assume the rate of change of population is proportional to the population present

k€
e

-n:) (-: to

at time t).
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3. Solve the homogeneous differential equation

(u) 6

(b) 5

(.) a

fM,q.SrER l

b+6 =\ :) b =-z

q -i s-q+j=q-)azf

-z+j " e

rlil # -(correct

I

E-.Y,
q
q
1

(c) 3y2 + rs : kx4

(d) -by'*x2:kx3 i) 3! a,/ = I. dzc

i.i ,'l rz:r2+* 
- ,u'i^rl =')^t*l + 9-tc1 -l^\xcl

l'u\'t '- l crl = 1 cx ' vx 
3

, O f*q7'*lLtc1 +Ll - k?(
d-'

u:1*t' 4.Let t : (4,20,2g),u - (t,3,2),u - (2,8,7),u : (1,2,9) be vectors in lRs.
) 'r'l t: aulbu + an,, then a * b+ c:

(d) -7
(") 8

va\4" il
tr 1

rt z

L;;
I

L
1

9
E

r5

il

rl L I

l" '2- q

L" j 7

l: i j\
Lo ., ll

.:) Cz \
6fa("1
4+tb +(

Q+b+L'

:)

i
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5. If the rank of the matrix

f1,:LI

(u)

(b)

(")

(d)

(.)

-2
1

-1
0

k) e,+-R1rRz I '
i] r,;=;r='1;

is equal to 2, then k: 2.--, -e.*R. I 
I

:_---, L:
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--y d5

? 
q.s

? 
,'r-- 6'

tt \ah"^K< r"r r-c-\c
L

Qoo[ =1 <'
4=)

lL-t

lc-z:o
lc =Z

11
22
2k

I

I

t-r

I

I

I

I

I

o

t_'1

:::J

,Tl
I

Let Abe a 10 x 15 matrix. If the rank of .4 is 7, then the dimension of the solution
space of the system AX :0 is equal to

(u) 8

(b) 3

(c) 10

(d) 15

(e,, /

tS-? =X

fMASTER-l
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^,fl la
}YY

7. The dimension of the subspace

W : {(x1, 12, r;3, r4., rs) i xr - fi2 : rs + 2fi4 - 3fr5)

of IRs is equal to lt is l-'\rr- glr'rh'* :lt Q- -l 5i-,--

A \ -)(L- x-.3 - Z?L\ + 3)ct =o

[r -t -t -'L 31"]

55sler"t

correct)(,) a
(b) 3

(.) 2

(d) 1

(.) 5

L,V.r rr
Ffee V. : *t t X11)C*n, X_S

5 J,,n -l W 'lr cl

( f" " ft-- 
yor''.b\ey'

ls''
Bq6rc

8. The general solution of the differential equation

D(D-1)2(D2+4D+5)s:0, (= f'
't

isl

6) a : ct * czei I cgre' + c4e-2' cos r a c5e-2' sinx

(b) g: q* c2eo + cae-2'cosr + cte-2'sinx

(.) u: c1* c2et * caxe* * cae'cos(2r) * cse'sir-.(2r)

(d) g : cy* c2ex ! cse'' cos(2x) + cae-'sirl{2t)

(") g : cr * cze-a ! csre-' * cae' cos(2x) * cse' sin(2x)

\r \ 
r

t

"', 
*d

zJ
-za-q CctS)<,

(correct)

-4C- S tn>
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9. An appropriate form of a particular solution of the differential equation
-., {}

?s.

,u 4"1J-

$ s'.

IS

u" -g:2ec - 3e-t

(u) Yr: Ate' + Bxe-'
(b) sp: Ae' + Be-'

b) uo: Ae' + Bxe'
(d) vp: A+ Be'+ce
(e) yo: Axe'* Be-"

.l'l-4 ,. ,r--) y'-l ,o :) f z J I
I J * rr.- z')c= <l e '

-\ 
q 'Slct<x+[3'dt-/ J?

(correct)

-t

10. If gr(r) is the solution of the initial value problem
tl

5

Jc

)p

-a

+) -d : C+lz''r

. C1 c<,* -1 
(a5i61

. -l Cb3 'nsY.o 
t' t)

->t''Jt

(a) r+t/2
(b) 2+\/,
(c) t -3t/2
(d) 2+3,/,
(e) z +zlz

) : ct c'

. 3 (o) .a

. J'r -t'

1tu) = t

.Jo ) z Cosx

3(T) ' f

<:c + Ct 9rnx 1 |

':)Ct+o+l:?:)

S rr^X + Ca C'o x-

=) C1 =l

1 5rr,26 -; I

*f *r z G +l

(1 : I

CR3x +



^r fs3

' 
s,s-
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11. Using variation of parameters, the differential equation

a"+1ra-4sec(2x)

has a pa^rticular solution Up : utUr * uzAz.Then u1 * u2:

(a) 2x + ln lcos(2c)l
(b) 2r + ln lsec(22) + tan(2c)l

(c) 2a * ln lcsc(2r) * cot(2c)l

(d) 2a - ln I sin(2c)l

(e) 4x-lnlcos(2c)l

(a) one eigenvalue of multiplicity 1 a.nd one eigenvalue of multiplicity 2 _(correct)
(b) three distinct real eigenvalues

(c) one eigenvalue of multiplicity 3

(d) one real and one pair of nonreal complex eigenvalues

(e) no real eigenvalues

,-. fl

,6.1

/-t 
12. The matrix

^:li:i)

tn-ril1'-r 6L
r-> I

o z-)
-(z-)) (r->,)(z->) -o +z'("-l (r-A))

- 1z-r)t(r->; - (r-,,r)

= (r-)) [(z->)'-tl
= 1r-) ) ( 2-> -r) ( z-> +r)

= 
(r-)) (r-> \ (j-))

,Eo :i A=ll\t3
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24+L,3cr r Flrl
.2q+L+b.j ^j2q:l

=-t a"+

, \ a+zb , \Q tLa ' (c"

fMAsrER l

t,, l.L

z-,

".[r]
, Ii;J

(u)

(b)

(.)

(d)

(")

.)

-1
1

-3
6

v
6

l;

t:1\

14. An eigenvector associated with the eigenvalue ) - 9i of the matrix

^: [,9, 
_,.]

i' in -q i1) il

?.-+ l1, r R.

.():, f 
-l;

R.,r Ei (r ; r?

-> 
12+

-;, i,l
-;: I ;l

(r)

(b)

(.)

(d)

v, -1t v7, z "

'r, i' u,

L;:1 " [:'J '"
,, L:]

rl

;l
;']

:"j
-3i I
-6 1

il

correcr)
?a
o

! t.7
(")
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A basis for the eigenspace of A associated with the eigenvalue

_ 12
(A-17)v.o + 

| "

6

a

f 3 6 -21

L:;?l
.4 is
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75. Let A:

(u)

(b)

(.)

(d)

(")

(u) P:

(b) P:

(c) P:

(d) P:

(e) r-

4\1
16'\

:l:l
.\:1of

(correct)ttiltil)
{tt'l}

{til t:l}
{til}
ttiltil)

] 
tn-r.1)v,o ;r

l

l;' l]
[-111

[;' ;'

[;' ?
[;'l]

jl
1v, +v,

r r 3 -l
---.i1 I

--/{occ
[o 6 <)

v, + jVz -Yf :o =) lt-

- [', 1 1-t{z+v31u"l2),1 2 J'u
o' b4'''' ' |[-:-\, I i]l

[ :1". I i]

16. Let 
^ 
: l?l] r" is adiagonalizing matrix such that P-IAP: tl S]

then \, =l , ,\..3 g=
^"tl
,ca

;1;1 tr_sal: I1:l
S +tF1.: o >l u; : -1,,r

(A-),r)v,o o It,
correct)

\' ,,L1)
I t:l

, . t""1.] ,[-J:1, l-,']r-

Il
fl -ll."l-Ll
-frtqro:)?tzllc

v.Li/.J,[ 11"- 3r! v'

?.I I il



17. \f x: ., I ] 
'l 

"" + ", I 1 I "-'' is rhe solution of the initial value problem'Lrl 'L4l
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:' [:,i=',1)] "' l; ]
-l J : c, tCz - 

(i-)

-'-, '- (t +9Cr' -(?\
(r)-(rt I -ol =3Cr :) Cz = -3

x' :l: -;] x, x(o): 
t 
j, 

]

(a) rt
(b) 12

(c) 13

(d) 10

(u) e

(b)x: ",1!",).rl:::l
(c) x: ",1'i:].-l :;:"1
(d) x - ",1-r';' ). "lizl:,)
(e) x: ",1:";_,] ." | :;",1

''-j c1;8

5c c1 -Ce: S-(-) = ll

correct)

*l'" 18. Find a general solution of the system X' I a

! 1. L I solu[torl oI [Ire sys[eru ^ 
: 

L -a

(a) x _ 
",1 :";,l. rl ::;,)

\"J -1" :\:]
t.> I \.-fr-

:,),

'l:.' -,:,,1la->rl

,\

. tr=z [z
L-1

L

-j
tJi + {-L

v, [;lJ. L1]u. "4 tl,l
x,, L-il *'

(comect)

= -tr -q),.) t)'+ 6

= X'-:1 +z = (A-r)(\-z'1 --o
: )=\l )=Z

. A__r , 
L =, 1\:] ..-_ 1.. :

JV1 1ZV2:o

v, . - ?r!.

"" L::] . I 'j."] -5'[ ,l
(.' [ lJ "t

(- c,X,7<zlr-
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19. If !n(rz - l)cnr"-2

l<: n-)-

Page 10 of 16

oo

- )-"rrrn-' :0, then i4 :
vc27

f:n-l

fMASTERI

(a) 78

(b) 64

(c) ee

(d) 48

(e) 81

(u) o(i):

(b) o(r):

(c) o(t) -
(d) @(r):

(e) o(t):

) (r+";(t*) cv*.*
l(: o

a x- :o
" L+r

k_
DC .o

-T_
L=6

i [fx*.ycr+r) Cs.6. -cur,l
r:o

:.r (61t; clc+r) C6*, - crr-11

) 9t+t - (L+r)CL+z)
cyll. Cza

t=zs\ ::g - ).6, ).+ -> I-Czr
'zt

20. A possible fundamental matrix for the system x' : l3 3 ] " 
tt

26.17 '26'3 =lt

la-xl,lt;' .:r\ =(6-rr 
(r->) -r"

\ -'' I (correct)

.,\'-1) tlY-to
_- )i_c2 +t - ( -r(.1-t) ; s

I :) '\'\r A'v

I .,r., , L=, :l:l- I.."

SV1t2r1:a , Vl , -a

u, [-1"] o jsi t
X'= Il'] ".4" t y-z zr [-z :lrl[' -rJ- L'
-2Vl+ZV2:o .) V rztl-

v- [ l]r" ::l'2 \ l\
r 2l tL

'f,' l..')e

--]'-9

gL

F Y.\

I 2et 2eBt 1

| _s"' 2"" )
| -zet -egt 1

L tr' "t' l
I 4et 2eEt

| -ror' -3r"
I et _2egt 1

lr' sr8' l
| _et 6egt 1

I sr' ort'l

: \:l
{z
2-1

-'J

jrA), L I, IJ



27. Let a :i"or* be a power series solution 2l y" - x'a : Oabout z - 0. Then the

:o't coefficieril'satisfy \' ='2 L cu )'', 
1" ='7 ALz-'lcwxtL-z

{ il ,Z K>t - .-z-

223, Math 208, Final Exam Page 11 of 16

,.4
3'-:c 3 :..,

fMAsrER I

(r)

(b)

(.)

(d)

(.)

ck-2
c*+z: 

GJln&+0,

"k*r-#+.!T,k>r
cr+a:ffi,k>1

"o*r: ffi, *> z

Ck
cr'+z: 

Qe+r)(k+2)'

Llz
|.l z 1Z'- r

4

) (n'tz2{"t''t
n=6

k>0 2Cz +6Cl)c

..., d3',

{ 6'-

Ar [ -Rt: JeX,0l1l-
sin(2t) I
cos(z) l

7l
2cw(2t)
-2 sin(2t)

;l

/\ ( rcost"l I

= € 
Jl-,,",,.,

Ak I P 2cor(zt)'1

" J L -z s'^('r't I

rco {?ll - t'" t"f f I

L ,,",'*, w' t4 ) |

['lLIJ

k)2 * ^,t , . _(corect)
f rtt-,)cu. rt-t-Z c-7"*t =o

l( i,o

n ' ts+z

)a<-4
c a,.' _ ) cn_..* :o
nra '-

n= t-

.) [t,,*,tr"r'r ch+" 'r,^ll
nrl -------'-<-:.t

--.1 (n at) (vt+z) Crr rz " 
\-n -L

-/ _ Cl-z _ 1ft)..L:l Ln+z - (O+r1 tv\i-zy

22. Let

o,,, _l 2f 
^o, _lcos(2t) -sin(2t) I' \'/ - Lo l '' - l sin(2t) cos(2t) I 

'

A particular solution for the system X' - AX + r'(t) is

F ({) JL

(a) xo:

(b) x,:

(c) x, -
(d) xp -
(e) xo -

g 16(zt)1

C,ntrU I '

t(



4l<
3+.3
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23. If the general solution of the system +18 , { 1 . f
l-o -a olx':lt o rlx
Ir 6 1.]

isx:cr 
Ij] 

-." 
I 
jl] ",,*o 

[ ], ],hena* 
b+c:

(u) 3

(b) 2

(.) a

(d) 1

(") o

(a) -6
(b) 0

(.) 7

(d) -1
(") a

p,a J cor ia 7"n

.=) Qzl

-=t O'+b1Cz3

t^J s.')q^\,ecHl

) bcz , C=o

.-., S t-' !r

\,t.\ 24. The sum of the roots of the indicial equation at r : 0 for t2y" *7ryt - 7y : 0 's

jt?i+
\ -r?l ?3."

correct)

D0)-1 t l(9=-+

| .pal .+ , 1"' f l')'-a

r (r-') + fu 
{ +1u 'o

1(r-r) +af -+ ;o

r"+6{-}zo
1r-tl 1r+2) c()

:) Yz'lr -1
Su^ " \-a'-6

ei3rnri.1)rs5 , !r S, o
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25. The guaranteed radius of convergence of the power series solution of
r- €xa{z Y

S tt.z
(x2 +4)y" *4xy'+2y -g

a\s. #L about the ordinary point o - 0 is

(") 2

(b) *
(.) a

(d) \/,
(e) o

>l+q=" :\Y=t1l

d,aI ( ot !t;) ' lta L\ z $-""'t "F ')-

fMrsrER l
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+1
31..

26. A2x2matrix A ha.s a I t+zl I 
;sociated withtheeieenvaln eigenvector 

l- Z-" I 
associated with the eigenvalue,\ : 4i

of .4. Then the general solution of the system X' - AX is

(,) x _ 
" 1."'(nj).;rrnii(rr) ] 

* "
(b) x : 

" [ 

*'t"JJ,f;*tn') 
] 
*"

(") x: 
" [-*'f?",in',i**, ] 

*

(d) x : 
" [ "*!1li*i(at) ] 

+o

(") x - " l'*(tj],i;'i*, ] 
* 

", I

x, [ ';"] ""' -

(at^L + I 25rnqt

c (e,s trL - ' ''^ 
ut -)

L ' 
(as t'L

c 2 Gsqt +5'^ qt 
I

I 'J,qo 
)

-2 5rn Ll b

[ 2cos(4t) + sin(4t) I
| )ti"1at) ' 'l 

-(correct)

I cos(4t) + sin(4r) I
I sin(at) l

| 2cos(4t) + sin(4t) I
"'| 2sin(4r) l
| 2cos(4t)- sin(af) I
I s 'in1at; l
cos(4t) + 2sin(4t) l

-2 sin(4t) l

I 
'-r''l 

'".,Et 
*i 1"'ue\

LJ"* 

' lLi"'t * s'^ ul)l

)r Cr,J Q!'l 
)_

/,,1'(/) '

(,' l'fi) '

6.\. r X'c' X'*t''X-..
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27. The matrix

$'t | -1
!.r.r A:l o

L0

01'l
| _.41

1 -31

has a defective eigenvalue .\ : -1 of defect 2. Choosing ,, : ill *"f, tfr.t

(A+ I)sas- 0 and (A+ I)2asl 0, then the general solution 
"r 

rn" ,Ir?J X, : AX

(u) x: *cz

is

Vre (n-l)'. ' [i

(b) x: *cz

(.) x- *cz

(d)x- *cz

(.) x: *cz

I

o
z

I
v,, (A+T)'" t L t,

(,,v,ae = [i]u'
I,, (', L +u.)zv. [[ il..[ ;

X, , Q, t,+u.t *ur)zt ' ( I;J
J)r'"
5.lr

rtl -uLil" ..f/. 1

J-.lil),o = ["""'J
-Le

(correct)Ii]. ^l{i,Z,]).-

[;]. "l{iz,l),-

Ii]."V:l)-
Ij,]' 

."li])" '

Ii] 
. .l:i,l),-

It;l I;l
rlLil'Ii]

(",Ii]

(.,Ii]

(",1:]

(",Ii]

F til

X, ,,!,* <X,-* trX3



l-s -e'l I e2t 3e3t fA-1"
^: l, o .l ' 

ottl : 
lezt zeu )

If A(l) is a fundamental matrix for the system X' : AX., then e1t :
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28. Let

Page 16 of 16

Ab
A=

[MisrER I

ot l_\zTliz::r i:: _i::,1

@ lz::#:i, i:1:,#z:,1
, , I 2e2' - g"3t -3"2t + 3e3, I
\c) lzex -zee -3ex +2& l
, ,, I -zex ag"3t 

"2t - 3e3t I
\d) | -Zezt + 6est e2t - Zd, l

@) lz:,:::: z:;z:1

r I 3l
41'\=L, "l
g,,i' =#[, -i] -t-i :l

-\
I {('t

.2t'\ [ -' ]l

.;*lL r -'J

*.8_r. =+:)i\
*..'* 7d -'

(L

u

E

E-
zC

e
zL
e

zb
L2
+

L+-

=[:

=[:
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c MASTER VERSIONOl VERSIONO2 VERSION03 VERSIONO4
1 A D, E. E" A"
2 A A, A" B. A"
3 A E, A, C, B"
4 A C" A, C. A.
5 A C. E, D" B,
6 A B" E, c," D"
7 A B," c," E. B"
8 A D" E. A. B,"
I A B, A, B" E,
10 A E" B. E" B,
11 A C,. D"" E,, A,,
t2 A B," 8,, 8," 8,"

A D," c," E," D,,
14 A B., 4," c., B,"
15 A 8," B." E," B,.
16 A A,. A,, B,, C,"
77 A A." 8,, B,. E."
18 A D,, E," A," E,,
19 A D," c,. C., D,"
20 A D," A,. 8," D,"
2l A c"" 8., 8", 8,"
22 A E,. E,, D,. C,,

A E," A,. B," D,,
24 A E,, E," B,, D,.

A c"" 8"" c," A,"
,A A A,I E," B," A."
27 A E," E,, 8", C,"
28 A B,, c." A," B""


