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Math 2568, Exam #3 — Part 1, Spring 2013

Instructions: On this portion of the exam, y

ou may NOT use a calculator. Show all work. Answers must
be supported by work to receive full credit.

1. Find the eigenvalues and eigenvectors of the m

atrices below. Be sure to clearly indicate the
characteristic equation,

and which eigenvalues and eigenvectors gp__tggg_thet:_(lz.p.om‘g_g)ﬁ
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2. For each of the matrices above, find a similarity transformation matrix P such that a matrix with real
eigenvalues can be diagonalized (i,e.A = PDP~1 whereDis diagonal), or a matrix P such that a
matrix with complex eigenvalues can be written as a scaled rotation matrix (i.e.

A=PCP™! whereC = [Z
a.

P- - 5? )
K = D=

_ab]). Be sure to clearly indicate P as well as D or C. (12 points)
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Suppose matrix A is a 7x9 matrix with 5 pivot columns. Determine the following. (12 points)

dim Col A = 5 dim Nul A = fi

dim Row A = 5 If Col Ais a subspace of R™, thenm=  ~7~

{,_.f

RankA= D If Nul A is a subspace of R", then n = | ;

1 -3
-3 -1
4. Given the vectors u = 5 and v = find the following.
5 2
a. u-v (3 points)

-5+23—10+10 = O

b. ld]l. (3 points)
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C. Aunit vector in the direction of v. (3 points)
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d. Areuand v orthogonal? Why or why not? (3 points)
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5. Determine if each sifem
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ent is True or False. (2 points each)
Two eigenvectors corresponding to the same eigenvalue are always
linearly dependent. It ,/ / 4, s Uit o2 / _.,f{_ ealsd

An nxn matrix can have more than n eigenvalues. s Mgl
If Aand B are row equivalent, then their column Spaces are the same. Moo SF“—C‘?—
The rank of a matrix is defined by the dimension of the null space. 9 .

A linearly independent set in a subspace H is a basis for H. ok also S’PM

The equilibrium vector for a stochastic matrix i always unique. 17 aa. ¢ B .
. . . . . . . ' = = I.:)';..n.-. 'I_xr!;?._
A matrix is not invertible if and only if 0 is an eigenvalue of A, A= (1S o :

The eigenvalues of a matrix are on its main diagonal. Gv\Qﬂ EG r\‘v\&/*%-—ﬂ-mr

. . ) m .
The columns of an invertible nxn matrix fop\a basis for R”.

%

If B is an echelon form of a matrix A, then the pivot columns of B for 3 |
Pmam————
basis for Row A. YoLws

The nullspace of A is the same as the column space of A”. Col AT= vod A

The columns of the change-of-coordinate matrix CPB are B-coordinate
il

vectors of the vectors in C.
The elementary row operations of A do not change its eigenvalues.
If A is diagonalizable, then A is invertible. Condd hove AN=O

The complex eigenvalues of a discrete dynamical system all attract to

the origin. “ Kt\&MﬂL(OL> |



Name
Math 2568, Exam #3 - Part 2, Spring 2013

Instructions: On this portion of the exam, you may use a calculator to perform elementary matrix
operations. Support your answers with work (reproduce the reduced matrices from your calculator) or

other justification for full credit.

1. Ina certain region, about 15% of a city’s population moves to the surrounding suburbs each year,
and about 6% of the suburban population moves into the city. In 2012, 45% of the population lived

in the city and 55% lived in the suburbs.
a. Give the stochastic matrix that describes how the population tends to change each year.

Give the initial state vector. (6 points)

Xi= | hssT 4)55%

c. Eventually, what percentage of people will live in the suburbs? Give the equilibrium vector
and be sure to clearly interpret the vector in light of the context. (4 points)
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2. Given the bases B={by, b,, b3} and C={cy, c,,

BPC . If the B-coordinate vector for x is as shown, find the C-coordinate vector for x . (10 points)
0 1 2 1 1 0
b=|1b=6 by=-1], ¢ =|-1 G5 ={-3 |,e={ =1
-2 -5 + 7 5 2
f |I
|
/]) _ P ~t ? _ O Ya
cep e BT T TY>
bo-nag
Y% Ya Vo
l2/3 - "/5 [ |
/6 2/?) D I_I'.:

.3 .35 .3
3. For the stochastic matrix |. 5 .4 .25
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cs} below, find the cha nge of basis matrices CP

}, find the steady state vector for the system. (7 points)
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4. List at least 8 properties of Invertlble Matrices from the Invertible Matrix Theorem. (8 points)
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5. Consider the discrete dynamical system given by the matrix 4 =[ '

' ]
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a. Determine the behaviour of the origin for this system: is it a repeller, an attractor or a
saddle point? (10 points)
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b.  Given the initial condition of the population as Xg = [ig} find 10 points of the trajectory for
the system. Are the populations still alive when the 10% sample is taken? (10 points)
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6. Define T: R? = R? by T(%) = AX. Find a basis @&¥or R2
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with the property that [T, is diagonal,
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