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201-NYC-05S LINEAR ALGEBRA — SCIENCE
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1. (4+4+4 marks) Given the following matrices:A=|1 1 1 0|,b=|1],
1101 2

B =

2 0 1 1
1 1 1| andc=|0].
1

1 10

a) (4 marks) Use Gauss-Jordan elimination to solve the linear system AX = b.

b) (4 marks)Use the Cramer’s Rule to find the second unknown of the linear system BX = c.

¢) (4 marks) Use the adjoint formula to find B~1.
2. (3+3+3 marks) Consider the following system:

QC-kHNx+Q2—-k»Dy+ z=k
kx + y+kz=4
x + y+ z=k

For what values of %; if any, the system has:
a) (3 marks) no solution,

b) (3 marks) a unique solution,

¢) (3 marks) infinitely many solutions.

3. (4+4+4+4 marks)

a) (4 marks) Find the matrix 4 such that ((BA)C~1)™! = 7(CB~!) where Band Care any 4x4
invertible matrices.

1 0 0
01 0
5 01

1 2
12
2 4]andC—[0

-2 6
1 -1 ]

b) (4 marks) Given A = 1 3l

B =




Find det(X) if X satisfies the equation (X + BC)™! = A.
(¢) (4 marks)If Ais a 3x3 matrix such that det(4) = 2 find det((64)~1(342)T).
d) (4marks)1f A is a n X nmatrix such that det(4) = 9 and A3A" = 3A~'then find n.
4. (4+4 marks) Given the vectorsu = (1,2,3),v = (0,1, 1).
a) (4 marks) Find all unit vectors perpendicular to both zand v.
b) (4 marks) Find the orthogonal projection of u on u — 2v.
5. (4+5 marks)
a) (4 marks) Find the area of the triangle with vertices at the points P;(1,1,1), P,(2, 3, 2) and
P5(3,2,2).
b) (5 marks) Find the parameter p such that the points A(1,—1,0), B(2,0,1),C(1,p,3) and
D(2,2p, 5) lie in the same plane and find the general equation of this plane.
6. (4+4 marks)

a) (4 marks) Find general and parametric equations of the plane containing the points
A(3,0,0),B(0,1,0) and perpendicular to the plane x + 2y + 3z = 1.

b) (4 marks) Find the point Pon the plane x — y + z = —6 which is closest to the point A(1, 1,0).
7. (4+5 marks)
Given the lines £4: (x,y,z) =(t,1—t,1+t)and £,: (x,y,2) = (2 +5,1,5).

a) (4 marks) Show that the lines £, and £, are skew lines.

b) (5 marks) Find the distance between the lines £; and £,.

8. (4+4+4 marks)

a) (4 marks) Show that B={2x + 5,x%2 — 3x + 1,x? + x } is a basis of P,

b) (4 marks) Find the coordinates of the vector p(x)= —x? — 3x + 6 relative to the basis in part
(a).

¢) (4 marks) Find the dimension of the vector space W = span{(1, 2, 3), (0,—1,0), (1,3,3)}.

9. (4+4 marks) Let S = {AeM,,| tr(34) = 0}.

a) (4 marks) Show that Sis a subspace of M, ..
b) (4 marks) Find a basis for .



10. (3+3+3 marks) Determine whether the following statement is true or false. Justify your
answer with a proof or a counterexample.
a) (3 marks)If A% is a symmetric matrix then 4 is symmetric.
b) (3 marks)If A is a 5X5 matrix such that AT = —A then A is singular.
¢) (3 marks)If u,v and w are nonzero vectors from R3 such thatu-v=u-w=v-w=0
then {u, v, w } is a basis of R3.
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