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QUESTION ONE (30 MARKS)

a) If A=10i-4j + 6kandB = 2i+ j, find:

(i) the component of A along y - axis (1 mark)

(ii) themagnitude of 34-B (3 marks)
(iii)  a unit vector along A+2B (3 marks)
(iv)  show that the magnitude of unit vector in a) (iii) above is one (2 marks)

b) Given that @ and b can be expressed as unit vectors as shown
a=a,l+ayj+ a,k
b = byl +b,j+ b,k

Show that @.b = (a,by) + (ayby) + (azb,) (4 marks)
¢) What is the angle between { — 2jand i + | (3 marks)
d) Point P and Q are located at (0, 2, 4) and (-3, 1, 5) respectively, calculate
i.  The position vector P (1 mark)
ii.  The distance vector from P to Q (3 marks)
iii.  The distance between P and Q (2 marks)
iv. A vector parallel to PQ with magnitude 10. (4 marks)
1-25 7
e) Find if the matrix A defined as A = (5 3 —4) is symmetric (2marks)
7 -4 0
f) Show that the matrix H = G _1[) is an example of a Hermitian matrix (2marks)

QUESTION TWO (20 MARKS)

a) The following figure shows vector A in a two dimension Cartesian plane. If the plane is
rotated through angle 8 counterclockwise, express Ay, and A} in terms of A,,, A, and 6

(5 marks)
X-axis
x'-axis A
g Z' - AXis
== 7 - axis

b) Show that A, and A, show form invariance (5 marks)
¢) Showthat B.AxB=0 (4 marks)
d) Define orthogonal matrix (2 marks)

L ; 3 =1
e) Find if the matrix A = (_2 1 ) is orthogonal (2 marks)



QUESTION THREE (20 MARKS)

(a) Show whether the set of vectors defined as 4 = 27 + 2j — 2k, B=i- j+ kandC = 31 +

j + kare coplanar (4 marks)
(b) Given that u = x%i + y?j + zk, find
. V.on (2marks)
ik “¥xun (2 marks)
1 4 3 -3 3 109" 1
(¢) Given the matricesA = (2 0 1) ,B = (4 1 1) and C = (2 1 5) find the
v it | ) s o i |
Trace of (ABCQ). (6 marks)
(d) By considering matrices A and C in 3(c) above, find (AC)’! (6 marks)

QUESTION FOUR (20 MARKS)

a) Differentiate between Vf and V. fif fis a scalar (2 marks)

b) Consider a steady motion of a fluid of density p(x;, x,, x3) and the velocity field
given by V(x1, x5, x3) where V(1 Xz, %3) = Vi(x, %2, x3)€1 + Vo (xq, X5, X3)€;, +
V3 (1, X3, X3) €3 passing through a small parallelepiped ABCDEFGH of dimensions

dx,,dx;, dx3 as shown below
2 X3

| Vo
D,
A

X1  Steady flow of a fluid

Show that the mass loss per unit time per unit volume isV. (pV) (6 marks)
¢) In circular cylindrical coordinates the orbital angular momentum takes the formfor the
coordinate vector 7 = p + zandV = pp + pYP + 2. Given thatp = mV, find the
Orbital Angular Momentum ‘L’ in Cylindrical Coordinates (3 marks)
d) Now let us take the mass to be 3 kg, the lever arm as 1 m in the radial directionof the
xy-plane, and the velocity as 2 m/s in the z-direction. Estimate the value ofLin terms

of @direction (4 marks)
=33
¢) Find the determinant of the matrix A=|3 2 -1 (5 marks)
xS G
QUESTION FIVE (20 MARKS)
a) ()If x =pcosgand y = psing in polar coordinates form; write the Jacobian for
this (2 marks)
(ii) Express the Cartesian coordinate dxdy in polar form (2 marks)

b) Ifx =rsin@cosg,y =rsinfsing and z = r cosO in spherical coordinates form;
(i) . Write the Jacobian for this (3 marks)



(i)  Express the Cartesian coordinate dxdydz in spherical form

4 5+ 2i 6 + 3i
¢) Show that the matrix | 5 — 2{ 5 —1 — 2i | is hermitian
6—3i —-1+2i 6

(7 marks)

(6 marks)



