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1. The following are short answer questions.

(a)[3] Use the remainder theorem to find the remainder when the polynomial
P (x) = x3 − 3x2 + 5x− 3 is divided by x− 2i.

(b)[4] Find all values of k such that the set of vectors {(1, k, 2), (2, 1, 4), (k, 4, 6)}
is a linearly dependent set.

(c)[3] Find the value of cos(θ) where θ is the angle between the vectors
−→u = [1,−1, 3] and −→v = [3,−2,−3].

(d)[2] Given a linear transformation T such that T (̂ı) = (4,−5, 3), T (̂) = (1,−1, 2),
and T (k̂) = (−2, 1, 3), what is the value of T (4,−1, 1)?
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(e)[4] What does Descartes’ rule of signs imply about the polynomial
P (x) = 5x4 − 4x3 + 2x2 + 7x− 13?

(f)[2] Write the following in sigma (summation) notation (do not evaluate) :
1− 9 + 25− 49 + 81− 121 + 169− 225

(g)[3] Simplify the expression (2 + 5i) +

(
3− i
1− i

)
into Cartesian form.

(h)[3] Find the exponential form of z = 2 cos(π
3
)− 2i sin(2π

3
).
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(i)[3] Given
n∑
j=1

(5j − 3) =
n(5n− 1)

2
evaluate

10∑
i=5

(5i− 3).

(j)[3] Let T be the transformation from R3 to R3 defined by T (−→x ) = A−→x where

A =

3 −2 2
2 −5 10
1 −4 8

. Show that

−1
1
1

 is an eigenvector of T and find the

associated eigenvalue.

(k)[5] Given that two of the roots of P (x) = x4 − 4x3 + 6x2 − 4x − 15 are 3 and
1−2i, write P (x) as the product of real irreducible quadratic and real linear
terms.
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2.[10] Use mathematical induction to show that for all n ≥ 1 that

13 divides 33n − 1 .
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3.[10] Find, in exponential form, all solutions to z5 = −4 + 4i. The arguments should
be express in their principle value.



DATE: April 13, 2010
PAPER # 64
COURSE: MATH 1210
EXAMINATION: Classical and Linear Algebra

UNIVERSITY OF MANITOBA
FINAL EXAMINATION

PAGE: 6 of 12
TIME: 2 hours

EXAMINER: Garba/Mohammed

4.[8] Find an equation, in standard form, of the plane that passes through the line

x = 5 + 3t ; y = 1 + 3t ; z = −t ,

and the line
x = 4 + 3t ; y = 2 + 3t ; z = 1− t .
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5.[10] Show that the following vectors are linearly dependent by writing one as a linear
combination of the others.

−→u1 = [1, 3,−1] −→u2 = [2, 5, 1] −→u3 = [2, 3,−1] −→u4 = [1, 1,−1]
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6.[12] (a) Using the adjoint method, find the inverse of the matrixA =

 5 1 −2
3 −2 1
−1 4 −3

 .

(No other method will be accepted)

(b) Use the information from part a to find a solution to :
5x1 + x2 − 2x3 = 3
3x1 − 2x2 + x3 = 2
−x1 + 4x2 − 3x3 = −2

(No other method will be accepted)
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7.[6] Let T be the transformation from R3 to R3 that is defined by T (x̃) = Ax̃ where

A =

3 2 0
2 5 2
0 2 3

. Find all eigenvalues of T .

(DO NOT SOLVE FOR THE EIGENVECTORS)
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8.[9] Let T be the transformation from R3 to R3 that is defined by T (x̃) = Ax̃ where

A =

2 1 1
1 2 −1
2 −2 1

. T has eigenvalues λ = −1, 3 (One of the eigenvalues has

multiplicity 2). Find all eigenvectors associated with each eigenvalue of T .
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