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if you want, but be careful not to loosen the staple.

III. The value of each question is indicated in the left-hand margin beside the statement of
the question. The total value of all questions is 90 points.

IV. Answer all questions on the exam paper in the space provided beneath the question.
If you need more room, you may continue your work on the reverse side of the page,
but CLEARLY INDICATE that your work is continued.

V. Please do not call or e-mail your instructor to inquire about grades. They will be
available shortly after they have been marked.

VI. If the QR codes on your exam paper are deliberately defaced, your exam may not be
marked.
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1.[5] Write the following sum in sigma notation.

4

31
− 7

30
+

10

29
− 13

28
+ . . .+

34

21
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2.[8] Let k be a complex number and P (x) = 8x3 − 4kx2 + (2k + 6)x+ 3. Find all values of k
for which P (x) leaves remainder -1 when divided by Q(x) = 2x− k.
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3. Consider the points P (1,−3, 4) and Q(0, 2, 5) and the plane π with equation 2x+ y −
3z + 1 = 0.

(a)[4] Find the vector of length 3 in the direction opposite to the one of
−→
PQ.

(b)[4] Find an equation of the plane that passes through the point P and is parallel to the
plane π.

(c)[4] Find parametric equations of the line that passes through the point Q and is
perpendicular to the plane π.



UNIVERSITY OF MANITOBA
COURSE: MATH 1210

Final EXAMINATION
DATE & TIME: December 22, 2022, 1:30–3:30 PM

DURATION: 2 hours
EXAMINER: Moghaddam, Penner, Shepelska

BACK PAGE



UNIVERSITY OF MANITOBA
COURSE: MATH 1210
DATE & TIME: December 22, 2022, 1:30–3:30 PM
Final EXAMINATION
DURATION: 2 hours EXAMINER: Moghaddam, Penner, Shepelska

4. Consider the following homogeneous linear system:

3x +6y +z +8w = 0
4x +8y +z +11w = 0
2x +4y +z +5w = 0

(a)[2] Without doing any work to solve the system, how many solutions does this system
have? You must provide an adequate reason for your answer.

(b)[10] Find the basic solutions to the system.
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5.[6] Let a 6= 1 be a real number. Use Cramer’s rule to solve the following system for x only.
No marks will be given for any other method.

2ax −6y = 2
3y +(a− 1)z = −1

(a+ 1)x +(a− 1)z = −2
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6.[9] Let u1 = 〈1, 2, 0, 4〉, u2 = 〈0, 3, 1, 6〉, and u3 = 〈4, 5,−1, 10〉. Find value(s) of a for
which the vector v = 〈a,−4, 2, a− 3〉 can be written as a linear combination of u1, u2,
and u3.
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7. Let A =

 1 −1 0
−5 5 1
−3 4 0

 .

(a)[7] Find A−1 .

(b)[5] Use part (a) to find the solution of the linear system 3ATX =

 −6
0
3

 .
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8.[7] Consider the linear transformation T (〈x , y〉) = 〈x + y , x − y〉 and let u = 〈1 , −2〉 .
Find the vector v = 〈a , b〉 such that T (v − 2u) = −3T (u)− 2v .
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9. Let Aab =

 a2 a+ b −5
4 b 3
−5 −3a+ 2b −a2

 .

(a)[5] Find values of a and b for which this matrix is symmetric.

(b)[5] For a = b = 0 , find all eigenvalues of the matrix A00 =

 0 0 −5
4 0 3
−5 0 0

 .
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10.[9] Consider the matrix A =

 1 −1 0
−1 1 0
0 0 2

 . It is given that |A − λI| = −λ(λ − 2)2 .

You do not need to prove this step. Use it to find two eigenvectors of A which are
orthogonal.
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