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[5] 1. Find the equation of the plane passing through the points (1,1,1), (1,-2,0), and (0,0,3).
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[5] 2. T is a linear transformation from R2 to R2 with matrix representation

T =

[
1 −1
1 1

]
(a) [1] If x = [1, 2]T what is T (x)?

(b) [3] For which vector y is T (y) = [1, 2]T ?

(c) [1] Describe the action of T geometrically.
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[5] 3. Find all solutions of

x1 + x2 + x3 = 0

x1 − 2x2 + x3 = 0.
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[5] 4. Find the determinant of

A =


1 2 3 4
5 0 6 7
0 4 1 2
3 0 8 9
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[5] 5. Find the inverse of  2 1 3
2 0 1
1 0 1
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[5] 6. Find the solution x(t) = [x1(t), x2(t)]
T to the differential equation system

dx1

dt
= x1 + 2x2

dx2

dt
= 2x1 + x2

with x1(0) = 1 and x2(0) = 2.
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[5] 7. Find the eigenvalues and eigenvectors of 0 −4 0
1 0 0
0 1 0
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[5] 8. Consider the system of equations for x = [x1, x2]
T :

x1 + 2x2 = 1

x1 − x2 = 5

2x1 + 3x2 = 1

(a) [1] Show that the system has no solutions.

(b) [3] Find the least squares solution.

(c) [1] Write the quadratic function in x1 and x2 that your solution in part (b) above
minimizes. You do not need to simplify your answer.
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[5] 9. Consider the transition matrix from a random walk given below:

P =

[
1/2 1/3
1/2 2/3

]
Let x

(n)
1 and x

(n)
2 be the probabilities of being in states 1 and 2 respectively after n steps of

the walk.

(a) [2] If you begin in state 1 (that is, x
(0)
1 = 1 and x

(0)
2 = 0) what is x

(3)
1 (that is, the chance

you will be in state 1 after 3 steps)?

(b) [2] Find the eigenvalues and eigenvectors of P.

(c) [1] If you begin in state 1 what is the chance that you will be in state 1 after many
steps? That is, what is

lim
n→∞

x
(n)
1 ?

Your work in part (b) will be very helpful to answer this question.
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[5] 10. Consider the circuit below where V1 = 12 V, V2 = 8 V, R1 = 6Ω, R2 = 3Ω and
R3 = 2Ω. Find the current i through the first voltage source as shown.
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[5] 11. The following MATLAB commands were typed in, followed by <enter>:

• A = [[1 2 2];[2 1 2];[2 2 1]];

• x = [1 1 1];

• y = [1 2 3];

What will be the result of the following MATLAB commands, followed by <enter>:

(a) [1] x.*y

(b) [1] x*y

(c) [1] x*y’

(d) [1] A*x’

(e) [1] A\x’

Recall that in MATLAB, the symbol <’> denotes transpose. Hint: one of the commands
above will lead to an error message. For this case, describe why an error occurs.
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[5] 12. Give answers to each of the following questions with a brief discussion of your
reasoning.

(a) If 2 and 3+i are eigenvalues of a 3 × 3 matrix, what are the possible values for other
eigenvalues?

(b) If an n× n matrix A is invertible, what is its rank?

(c) Give an example of a 4 by 4 matrix with determinant zero and no zero entries.

(d) If A and T are n× n matrices with T invertible and the determinant of A equal to 1,
what is the determinant of T−1AT?

(e) Are the vectors (1,2,3), (1,2,4), (2,7,1), and (0,0,1) linearly independent?

The End


