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MULTIPLE CHOICE QUESTIONS

Questions 1-6 are worth 4 marks each. Write the letter corresponding to the
correct answer in the box below. You will get —1 (minus one) mark for an
incorrect answer, so you may want to leave the box blank if you are unsure.

QL | Q2 | Q3 | Q4 | Q5 | Q6
(d | @) | @) | (© | () | (d)

QL. Let u=(1,-2), and v = (3,1). Find |[2u+ v]||.

(a)34, (D)4, (¢) V50, (d)V34.

Q2. Which of the following is a parametric equation of the line passing through the points
P=(3,-2,1)and @ = (1,4,5) 7

(a) (z,y,2) = (1 —1t,4+3t,5+2t), (b) (z,y,2) = (2t,—61,—41),

(¢) (z,y,2) = (3+2t,—2—6t,1+4t), (d) (x,y,2) = 3s+1t,—2s+4t,s+5%).

1 -4 p+g
Q3. It isgiven that E = [ 0 p—2 0 is an elementary matrix. What are the
0 0 gqg+4

values of p and ¢ 7

(@) (p,q) = (3, =3), (b) (p,q) = (4, —4),
(¢) (p,q) = (3,—4), (d) There are no such values of p, g.

3 -1 4

Q4.LetA:{_1 9 1

A7

} . Which of the following vectors belongs to the nullspace of
((Z) (37 17 _2)7 (b) (17 3)7 (C) (97 77 _5)7 (d) <O7 87 2)

Q5. Which of the following subsets of R? is a subspace of R? ?

(@) {(z,y) : 22 =3y =T}, (b) {(z,y) : z+3y =0},
() {(z,y): x>0, 24+ 3y =0}, (d) {(3—t,2+5¢t):t€R}.



3

Q6. Consider the vector space Mso of 2 X 2 real matrices. Let W be its subspace of

matrices [ a b 1 such that
c d

a+c=0, b+d=0.
Which of the following is a basis of W 7

01 17 [ =1 —1] 11 0 0]
(a) -1 -1 1 1] (b) -1 —1}’{0 0
1 =11 [ =1 1] [ —1 0 0 —2]
(C>_—1 1] 1 -1 (d>_ 10}’{0 2

For questions 7 through 16, you must show your work in order to get credit.

Q7. The lines L; and Ly in 3-space corresponding to the following parametric equations
intersect each other. 8]

Liy: z=1+4s, y=1—s, z=—-1+3s,
Lo: =142t y=2-3t, z=4+t.

Find the general form of the equation of the unique plane containing L; and L.

Solution: The point of intersection of the two lines is (3, —1,5). The direction
numbers of the two lines are (1,—1,3) and (2,—3,1). The cross product of
the directions numbers, which is the normal to the desired plane, is (8,5, —1),
Hence the equation of the plane is 8 + 5y — 2z + d = 0, and, using the point of
intersection, the value of d is determined. The equation of the plane is then
8r+ 5y —z—14=0.

Q8. Let A be a 4 x 4 matrix such that det(A) = —2. Find det (adj (A)). 6]

Solution: We use the fact that A™! = madj (A) and take the determinant

of both sides. The equation then becomes

—% — det(A) = (—%) det(adj(4))
and so det(adj(A)) = —8.
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Q9. Find the area of the triangle formed by the following points in 3-space:

A=(2,-1,6), B=(3,1,5), C=(4,0,6).

Solution: ~AB = (1,2,—1), and AC = (2,1,0). The cross product of
these vectors is (1, —2,—3) and so the area is half the length of this vector:

WVI+4+9=1V14

Q10. Consider the vectors a = (1,5, —2) and u = (3, —2,2). Find the vector proj, u.

Solution: a-u=3—-10—4=—-11landa-a=1+25+4 = 30. Hence

) —11 11
proj,u = ——a = —

—(1,5,—-2
30 30( 75) )

Q11. Consider the vectors

Vi = (_2737 1)7 Vo = (37 17 _7)7 V3 = (1747 _6)

[6]

[7]

Determine whether the set of vectors S = {vy, vy, v3} is a basis of R?. (You must give

adequate justification for your answer.)

Solution:
-2 3 1
det| 3 1 -7 | =12—-214+12—-1-56+54=0
1 4 —6

and so {vy, Ve, v3} is linearly dependent and not a basis.

Q12. Consider the vectors

u=(1,-3,2), v=1(2,-4,0), w=(-3,5k—4)

8]

in R®. Find the values of k such that the volume of the parallelopiped formed by the

vectors u, v and w is 6.



Solution:
1 -3 2
det 2 -4 0 =2k —12
-3 5 k-4

and so |2k — 12| = 6. This reduces to k —6 = +3 and so k =9 or k = 3.

Q13. Let @ be the angle between the vectors u = (1, —3) and v = (4, —5). Find the value
of cos#. 6]

Solution: w-v =4+ 15 =19, |Ju|| = V10 and ||v|| = v41. Since u-v =

|lul|||v|| cos 8, it follows that cosf = \/%?/H‘

Q14. Consider the polynomials 8]
p(x) =22 -2 +5, q@)=2>+2+2, r()=32>-32+8.

in the vector space Py. Show that the set {p, q,r} is linearly dependent. If possible, write
q as a linear combination of p and r.

Solution: The equation q = r1p + ror becomes
2’ + 1z +2=r(22" — 2 +5) +ry(32> — 3z + 8).

Equating the coefficients gives the system of equations

2ri+3rs = 1
—r1—3ry, = 1
571+ 8ry = 2
which has a unique solution (r1,73) = (2,—1). This shows that {p,q,r} is

linearly dependent.

Q15. Consider the vectors 6]
w = (-3,1), uwu=1(2,1), v=(45).

It is given to you that S = {u;,uy} is a basis of R?. Find the co-ordinates of v with
respect to S.



Solution: ~ We solve (4,5) = v = rjuy + rouy = r1(—3,1) + r5(2,1). This
becomes

—3T1+27’2 = 4
5

ryt+ry =

which has a unique solution (ry,7) = (2, 2).

Q16. Let A be a matrix whose reduced row-echelon form (RREF) is: [14]
1 =1 0 5 0
0 0130
0O 0001
0O 0000

For parts (a), (b) and (c), complete the sentence by filling in the appropriate
number. (No explanation is necessary.)

(a) The dimension of the columnspace of Ais 3
(b) The dimension of the nullspace of A is 2 :

(¢) The dimension of the rowspace of AT is 3
(d) Find a basis for the rowspace of A.

’Solution: The first three rows of the matrix is a basis for the row space.

(e) Find a basis for the nullspace of A.

Solution: The reduced row echelon form implies that the solution to Ax =0
has free variables s and ¢ for columns 2 and 4. The general solution is then
(1, T2, 3,24, 25) = (s — bt,s,—3t,t,0) = s(1,1,0,0,0) + ¢t(—5,0,—3,1,0).
Hence a basis is {(1,1,0,0,0), (—=5,0,—3,1,0)}.




