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Instructions: on this portion of the exam, you may Nor use a carcurabe supported by work to receive full credit.

L. Find the eigenvalues and eigenvectors of the matrices below. Becharacteristic equation, and which eigenvarues and eigenvectors
a o =[; 

;] ( ^-")( -:s

r. Show allwork. Answers must

re to clearly indicate the

Cr\ ?)h-s = ( )

f s- _s--)
,  r < )  I - t  l - l
L "  4 )  L "  o  J

11 * /7 -e -) ?<r = -Xr_

?(t- = Ft-

=  - l

I I 
-(-r +D) -2, I I

L- zr- c - ro-2, I

A - = t I

J-^+ s-)
t  * - iJ ?rt -SKr-=c>

x r = 3 x .
Xu = 1*,-

It
F

[rl;

-5)

\L. =

b '=[-Zu -^rr] U">Crr- ) + to,/
'q

t ^ -

L-

1> l

-Zb r '  t

=

, O Y

2-

A.=A 1 = 4 f q

* (- lo-2,)11 > 6

Xr- = [z-

3- f;:1 . [r'] ;

r Y t l  - r e - - D



For each of the matrices above, f ind a simirarity transformation
eigenvalues can be diagonalized (i .e.,4 = pDp-L,where D is di
matrix with complex eigenvalues can be written as a scaled
A = PCP-L,where C = 

lt 11, ,"sure to ctearty indicate p
a .

5 l
T \

D r  Q =  [ :  
- (

U v r

b f =

D -

t l

T ) =

L

C =

trix P such that a matrix with real
), or a matrix p such that a

n matrix ( i .e.

well  as D or C. (12 points)

s
o

o-rl
- - r  

J

= Z



3 .
M ) < h

Suppose matrix A is a 7x9 matrix with 5 pivot columns.

d im  Co lA  =  2 dim Nut  A= +

dim Row A = lf Col A is a subspace of R'

Rank A = lf Nul A is a subspace of Rn,

4.

a .  u . v  (3  po in t s )

- b + V - l o + t o  =  O

b. l ld l l .  (3 points)

- >

c. A unit vector in the direction of v. (3 points)

Itvtt -- i4rt rzs\rt - .13? g =_
ttv l l

d. Are u and v orthogonal? Why or why not? (3 points)

P, 
C,,fryflilc?

the fol lowing. (12 points)

T r L S  ?

U O



5. Determine if  each s
a.

b . T

c . T

d . T

e . T

f . T

T

T

T

r each glatqment is True or False.
T (f ) Twoeigenvector

\ y '  t : - ^ ^ - - r  I  r

Two eigenvectors corresponding to
linearly dependent.

An nxn matrix can have more than ri

l f  A and B are row equivalent, then

The rank of a matrix is defined by the

A l inearly independent set in a su

The equilibrium vector for a stochast

A matrix is not invert ible i f  and only i f

The eigenvalues of a matrix are on its

The columns of an invertible nxn ma

lf B is an echelon form of a matrix A,
basis for Row A.

The nullspace of A is the same as the

The columns of the change-o

vectors of the vectors in C.

The elementary row operations of A

lf A is diagonalizable, then A is i

The complex eigenvalues of a discrete
the origin.

o
T

g.

h .

o
o
c
o
@

F

o
F

c
o

F

oo
o

I

J

m.

n .

o.

(2 points

//-d

lues. m is r*a+

i r  column spaces are the same.

imension of the null  space.

t-ctt-) Sfatg

w
ce H is a basis for H. fI^^ rF d.lzo *?drv-

is an eigenvalue of A. ).:  t  i  s

in diagonal. *E iF h^'d^q--a-o1-
()

.Jn n-.t .  $^- Dnfofli basis for Rl .

the pivot columns of B for a-
nst s

umn space of Ar. 6l rtT= v,q^r /

te matrix ,P are B-coordinate
C<-B

not change its eigenvalues.

. c.avt,.L kn-".e \t o

system all attract to

ll \ t\ a\"-tLb-> |



Name
Math 2568, Exam #3 - part 2, Spring 20L3

f nstructions: on this portion of the exam, you moy use a carcurator
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other justification for full redit.

ln a certain region, about t5% of a city's population moves to the
and about 6% of the suburban popuration moves into the city. In
in the city and S5o/o lived in the suburbs.

a. Give the stochastic matrix that describes how the
Give the initial state vector. (6 points)

b. What percentage of the population wil l  l ive in the city in

Eventually, what percentage of people wil l  l ive in the subu
and be sure to clearly interpret the vector in light of tiE

:> IE=

4 r,s sYo

Ll+

7t

s/t z Vl L{S%

perform elementary matrix
matrices from your calculator) or

surrounding suburbs each year,
2,45% of the population l ived

n tends to change each year.

L3? (4 points)

? Give the equil ibrium vector
(4 points)

V)



2 . Given the bases B={br, bz, bsi and C={cr, c2, ca} below, find the

u!". 
tt the B-coordinate vector for i is as shown, find the C

A  Q - t O  =' u u , _  -  l g  t L

f o e/z
L7 --,'lft

Lt-#
? =

LEB

?,1
r ( J

3 . For the stochastic rrrri* [:; T . rtrl, ,,no the steady state
1 . 2  . 2 s  , 4 s J

r s %
v
I *

loTgt,
26/o+
1E/Ets

lo?/aes
Lu/at
4u/azs

4 z
b

[xJ. = ?; ' Fu L"J.

P and
C<-B

(10 points)

[x]._'

for the system. (7 points)

Ii S

+
3 S

lol'/3
zt-/

qel



List at least S.properties of Invertible Matrices from the

Son /ar+4**t- ;'- ^ u>n7L6,

,Pr\e//^4w td.o{*-C&

,) A ,zt ami6.A-.U

2) rtr oo an+tfrla'Lt

Z) * /A4. nqr lq.r< a'^

/l\ AA,t A *o

5) n lvak

*r.= E,TJ ,o, = 
f ;J,,1 , Ks-- Llr'l r xq = 

l,:,,:
X,o h,st bofi, wIJ.t* poa..E-e l 

:(urJvla,v T1',r^1

8- if fa"poF,-(rt"n a.4/A( rrue&,fi/ tz1 savxa-

b) ro& - r'eat u*, l'o r'da*d,fi

4) 116r A -- Io \
5' consider the discrete dynamicar system given by the matrix r = f

a' Determine the behaviour of the origin for this system: is i l
saddle point? (10 points)

f  , 1 - ^  . s  - l  ,  , ,
I
L 

-.st  . , ,z--o J 
= ( 'q 'x l l  2-} .)  J '  Yzs = 7Y - l '

) r , :  l ' 6 r  t r J " q -  / z , g t , S l  i

A.t/r'ad'o-
b. Given the init iat condition of the poputation as xe = 

[i l ], ,,the system. Are the popurations stit arive when the idfi r*
r  =  l % 1  |  t  s  s l  r r . r s - l  _ _  _ _  [ -  r z ,  g  l/ . "  

L , ,  J ,Y '=  Vq ,J  r  x '=  f : r ; ;  j , n ,=  L -3s ,2  J ,

/f,o^ /fr. ,eal rc'-,(l pofr-I;F:o^ ilwuAd A*u

(-6hnla.u* >35-r Xo

MatrixTheorem. (g points)

) /',-* NJ A =

na-^-h fi : vt

.4 .5-l

.85 l r2) '
repeller, an attractor or a

,9  !  ,q  i , l  *  -q6-  L ' l

10 points of the trajectory for
is taken? (L0 points)

, *,*f,;-';l
x,, ,Lf+l ̂ =-- [:il:='l

. -1_ h ^+rr^of@a-t'*( to"



f  - r  z  I
L  7  - t -  J

: - X r  t 2 - F r  = o

X r = Z.'t-t-

Yt =- tz-.

property that [T]" is diagonal,

4-7^- Jo ;: c:

s) ("4 -?) t c>

: -  - S ,  l z b -

Define T: R2 -> R, by T(i) = Ai. Finda basis @.for R2 with
siven a = 

[1 !n] epoints)

f  ' ,  - - - l
l b  z -  I
|  =  t  I  S x , * ) r : - a . o
L  /  |  . )  

2 < l = _ * 1 z .

Y-  = X t - -

-)
vr

v?  . f l l

[qo = t; Ll

t? l t


