MAT 202, Final Exam, Part

, Fall 2016 Name KEY

Instructions: Show all worl‘(. You may not use a calculator on this portion of the exam. Give exact
answers (yes, that means fractions, square roots and exponentials, and not decimals). Reduce as much
as possible. Be sure to complete all parts of each question. Provide explanations where requested.
When you are finished with this portion of exam, get Part Il

a

1. Determ@ if each
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statement is True or False. (2 points each)

The scalar A is an eigenvalue of an n X n matrix A when there exists a
vector ¥ such that AX = AX.

17 - > 0, then the angle 8 between % and ¥ is acute.
A nilpotent matrix has at least one zero eigenvalue.

The fact that n X n matrix A has n distinct eigenvalues does not,

guarantee that A is diagonalizable. L £000 W -

The eigenvectors corresponding to distinct eigenvalues are orthogonal
for symmetric matrices.

If A is an n X n symmetric matrix, then A has real eigenvalues.

If one of the eigenvalues of 4 is 2, then one of the eigenvalues of A — 51
is —3. '

If the row-echelon form of the augmented matrix of a system of linear
equations containsthe row [1 0 0 0 0], then the original system

is inconsistent. [0 0 ado 1]

A square matrix is nonsingular when it can be written as the product of
elementary matrices.

If A and B are nonsingular n X n matrices and A is invertible, then
(ABA™1)? = AB?A7L.

The ij-cofactor of a square matrix A is defined by deleting the ith

column and jth row of the matrix. .« .
! ithome, i eallgman AT
If A is a square matrix of order n, then det(A) = —det(AT). OL'J‘-P( "‘_ M

In Cramer’s Rule, the denominator is the determinant of the matrix
formed by replacing the column corresponding to the variable being

solved for with the column representing the constants. mY\W

The di i Mg 4 isSix. .
he dimension of M3 3 is six l‘f‘b q




2. Find the eigenval
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The set of vectors HZ] ; [ 1 ” is linearly independent.
1110

The dimension of a vector space is equal to the number of vectors in
any basis for the space.

The dot product of two vectors % and ¥ is another vector represented

Uy
by 5= 2| irwm%mwﬂm
Uy Wy \"”00 notta

An orthonormal basis derived by the Gram-Schmidt orthonormalization
process does depend on the order of the vectors in the basis.

For polynomials, the differential operator D, is a linear transformation
from B, — P,_4.

The matrix of a linear transformation is defined by the effects of the
transformation on the basis vectors of the space.

ues and eigenvectors of A = [; il (8 points)
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3. For the matrix A ] with eigenvalues 4; = ~1,1, = 2 with corresponding eigenvectors
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. Find the similarity transformation that diﬁgonalizes A and find D. (6 points)
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4. Solve the linear system of ODEs given by ¥’ = [_12 ﬂ x. Wr!’te the solution in standard form,
and plot several sample trajectories. (8 points) '
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5. Find the equilibrium vector for the Markov chain given by the transition matrix P = [ gg gg]

(7 points)
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6. Given the vector u tlL and v = _21 , find the foIiowing::{(B points each)
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a. [l
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b. A unit vector in the direction of U
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d. Aretiand ¥
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7. ForW = span

2 2.4 -4 = X

orthogonal? If not, is the angle between the ffi;ectors acute or obtuse?
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8. Use any methodto find the determinant 01"[11 ? 02 l (8 points)
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9. Use properties of determinants and det(A) = 3,B = [:% ﬁl to find: (3 points each)
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10. Determine by ins
(3 points each)
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pection, if each set of vectors is linearly independent. Explain your reasoning.
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11. For the matrices|A = [_24 31],8 = [ 21 _81]'(: = {—3 41, D=1-3 0 4 ]
= - 1 6 4~ ~i4
Calculate the following matrices. If the operation is not defined, explain why not. (4 points each)
9 SET
3 ra | [z -3 | 7 .
-3l o0 4% 1 4 m('
1= =Y P 5
3x3 = "M rot matet
b. CA |
\ - ‘
‘ -23 ¢, (; _3‘1 = [-242 | (- - s
| 129044 | : \20 -13
e -4412] 3-6 % -3
3r2 %3, "




P
&

D-

MAT 202, Final Exam, Part Il, Fall 2016 Name K’E\(

Instructions: Show all wi

calculator problems, sho
(yes, that means fraction

the commands you used, and the resulting matrices. Give exact answers

c};k. You may use a calculator on this portion of the exam. To show work on
s, square roots and exponentials, and not decimals) unless specifically directed

to give a decimal answer. This will require some operations to be done by hand even if not specifically
directed to. Be sure to complete all parts of each question. Provide explanations where requested.

1. Find e forA =
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2. Solve the discre
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te dynamical system A = [15; _()Oi7 , X0 =4 [g] Find and plot 10 points along

the trajectory starting at the indicated point. What is the long-term behavior of the system
starting at any injtial condition? Write your solution in terms of the eigenvectors and eigenvalues.

(8 points)
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3. The table below shows the revenue (in billions of dollars) for the Acme Motors Corporation from
2005 to 2010. Graph the points. Select a polynomial model for the data and find a regression
equation of best fit (use the fewest variables needed to get a decent fit—if you’re leading
coefficients are nearly zero, you have too many variables). Use that equation to predict revenue
for 2016 (x = 16). Does your prediction make sense? (8 points)

Year 5 6 7 8 9 10
after

2000

Revenue 212 24.1 3753 25—.{{3 32.0 32.5
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4. Prove or disprove that if A is an eigenvalue of 4, it is also an eigenvalue of 4%. (5 points)

AR = A% |
A2 x= AP = A(AY) = xn(AR) = X X

foter: | R o seprnlec 385




3 -2 6 -1 15

5. Given the linear transformation defined by A = 4 3 -8 10 -14 determine if the

2 -3 4 -4 207
0 6 1 2 8

transformation is any of the following. Explain your reasoning in each case. (3 points each)
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One-to-one
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matrix to be:
One-to-one? Why or why not? (3 points)

a.

ic 49 X 43 matrix. Is it possible for the linear transformation defined by the

?ﬂa- Thars con loe U2 f);”vok wtuchh vandd lag

b. Onto? Why or why not? (3 points)
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If the matrix has 43 pivots, what is the dimension of the kernel and the range? (4 points)
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7. Set up and solve the loop circuit diagram below. Round your values for the currents to five
significant digits. (8 points)
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8. Encode the message WHAT WE THINK WE BECOME with the matrixA=[~3 -1 —1] using 0
5 2 1
as a space and the corresponding position (number) in the alphabet for letters. (8 points)
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9. Find the volume of the tetrahedron whose corner is defined Jy the vertices (3, —1,1),
(4,—-4,4),(1,1,1), (0,0,1). Sketch a graph of the shape. (4 points)
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a. The nullspace of 4 (3 points) m% 31

10. Consider the matrix A =

‘. Find a basis for:
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c. The row space of A (3 points)
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d. The rank of A (2 points)
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11. Find the change of basis matrix to transition from C to B for B = lls} ; lg‘ I ] [ ]
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12. Solve the system
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{ X1 + %, +3x3 =10 by any method. (7 points)
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