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This examination has 10 problems.

Each problem is worth the same amount and each part of each problem is
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1. Consider the following system of linear equations:

9x+3y+z=0
3x+2y+z=4
6x+2y+z=1

a) Solve this system using the inverse of its coefficient matrix.

b) Use Gauss-Jordan elimination to solve the homogeneous system whose
coefficient matrix is the augmented matrix of the given system.

c) Solve the system whose coefficient matrix is the augmented matrix of the given
system and which has a particular solution (1, -1, -1, 1).

2. Consider the following system:

kx + y+kz=1
x+ y+ z=1
Q-kx+Q2-ky+z=1
kx + y + kz = k?

For what values of %; if any, the system has: (a) no solution, (b) a unique solution,
(c) infinitely many solutions.

3. Find all matrices A4 such that:

1

111, _ 1 .
a) [0 1 1]A—12 b) A and Ais

111 6 66
222|1=1222
333 333

100
010|=0BL-24)"1 ¢4
70 1

an elementary matrix.

) 1 1
sinx  cosx
4. a) Solve for x: . | =le* 1 e~
—cosx  sinx o

b) IfA = [)16 } ﬂ find the values of x such that det(44%) = det(AtA).

c) If Ais a3 x 3 matrix such that det(4) = 2 find det(adj(2adj(4™1))).



5. Given the points A(—3,0,—1) and B(—2,1,0).

a) Find the point Con the YZ-plane (i.e. the plane spanned by j and k) such the points 4, B
and Care collinear.

b) Find the distance between the origin and the line passing through the points 4and 5.

c) Determine whether the points 4and Bare on the same side of the plane 7x + y + z = 1.

6.a) Ifu = (0,1,1) and v = (p, 4, p) then find the parameter p such that the angle between

. T
vectors u and v is 3

b) Show that if u and v are vectors in R® such that u + v and u — v have the same length
then u and v are orthogonal.

c) If u, v and w are vectors in R® then prove the identity:

(6w) - (v xw) = —((ux 3w)) - (2v))

7. Given the lines £4: (x,v,z) =(1,3,0) +t(4,3,1), £,: (x,y,z) =(1,2,3) +t(8,6,2),
the plane P: 2x — y + 3z = 15 and the point A(1,0, 7).
a) Show that the lines £ and £, lie in the same plane and find the general equation of
this plane.
b) Find the distance between the line £; and the Y-axis.
c¢) Find the point Bon the plane P which is closest to the point A.

8.2) Let A = [(1) i .

Determine whether the vectors AT, A~ and A? are linearly independent in M,,, .
b) Let S ={(0,0,x,y) e R*|x <y }.
Determine whether Sis a vector space with standard addition and multiplication by
scalar of R*.
c) Let W be the solution space of the homogeneous system whose coefficient matrix is:
11k
1]
k11

Find the values of ksuch that W is: (i) the zero space, (ii) a line through the origin,
(iii) a plane through the origin.



9.LetS = {p(x) € P;| p(1) = p(2)}-
a) Show that S is a subspace of P,
b) Find a basis and the dimension of S.
c) Find the coordinates of the vector p(x) = 5x? — 15x + 7 relative to the basis found in

part (b).

10. Determine whether the following statement is true or false. Justify your answer with
a proof or a counterexample.
a) Theplanesx+y+2z=5and (x, y,z) =(1,2,3) +(1,1,2)s + (3,0,7 )t are
perpendicular.
b) If Ais a matrix such that A? is symmetric then A4 is symmetric.
c) If {u, v, w} is a basis of a vector space V then {u, u + v + w,u + 2v + 2w} is also
a basis of V.

ANSWERS:
1.a) (—1,2,3) b) {(t,—-2t,-3t,t)|[te R} ¢) {(1+¢—-1—-2t,—1-3t,1+¢t)|t ER}

2.2)k#F1  byk=-1 k=1
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3.a){—s 1—t|s,teR} 9L olo1ol.|g10l]o10
s t ; 01 001l ]g01)loo01

4.a)In(2) b)1 c)4

5.2) (0,3,2) b)\/% c) Yes

6.a) -1 b) Hint: Use properties of dot product. ¢) Hint: Use properties of scalar triple product.
1 1 4 37

7.2)5x —6y—2z+13=0 b)ﬁ C)(—;, = 7)

8.a)Yes. b)No. o (@Dk+landk+ -2 (ii)k=-2 (iiDk=1

9.a) Hint: Use the theorem. b) {x?2—3x,1} ¢) (5,7)

10.a) True b) False c) False



