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QUESTION ONE (30 MARKS)
(a) IfA = 2i +j — 3k and B = 3i — 2j + 2k find

1) (3A—2B) —2(3B—2A) (2 marks)
2) (6A).(B) (3 marks)
3) 3Ax 2B (3 marks)
(b) What is the angle between { — 2k and f + 3 (4 marks)

(¢) Given thatu = 4x2i — y*j + zk, find
i. V.u (2 marks)
ii. Vxu (3 marks)
(d) Given that A = 3i — j + 2k and B = 2i + 2j — 3k, show that A.Ax B =0 (3 marks)
(e) Ifﬁ=i+2j‘—f€, §=f+§and(?:i—j showthatﬁx(ﬁx(?):—g—f

(5 marks)
(f) Find the gradient of a potential V(r), if V(r) = V(J/x2 +y? + 22 (5 marks)

QUESTION TWO (20 MARKS)
(a) A vector r is in the x-y Cartesian coordinate. If r has a fixed direction and the Cartesian

coordinate is rotated in the counter-clockwise direction about z axis through angle g, such
that we have ¥’ — ¥’ coordinate axes. By using a diagram show that:
x = xcos@+ ysin8

y'= —xsin8 4+ ycos8 (4marks)

Hence show that r is invariant under rotation (3marks)

(b) State Gauss’ theorem (2marks)
(¢) Prove Gauss’ theorem stated in 2(b) above (5marks)

B 1 D
(d) One description of spin 1 particles uses the matrices M, = \% (1 0 1), M, =
0 1 0

" 0 —-i 0O 1 0 O
. i 0 —il, and M, = (0 0 0 |Show that [Mx,My] =iM, (6 marks)
0o i O 0 0 =1

QUESTION THREE (20 MARKS)
(i) IfSCx, v, 2) = (x?+y*+2z%)7%2, find

(a) VS at the point (1, 2, 3) (4 marks)
(b) The magnitude of the gradient of S, | A | it (1, 2, 3) (2 marks)
(ii) Show that, V.V XV = 0, ifV = V,i + V,j + ;k (4 marks)
(iii) Show that the gradient of any scalar field ¢(r) is Irrotational (4 marks)

01 0
(iv) One description of spin 1 particles uses the matrices M, = % (1 0 1), M, =
01 0

. 0 —i O 1 0 0
=\t 0 —i)and M;={0 0 O Show that M? = MZ + Mj + MZ = 2]

N0 i 0 0 0 -1
Where [ is a unit matrix (6 marks)




QUESTION FOUR (20 MARKS)

(i) Giventhatx = pcos¢@ and y = psin ¢ for polar coordinate system. By using the
Jacobian, find the area element of a polar coordinate system (7marks)

(ii) Giventhatx = rsin@cos¢,y = rsin@sing, and z = r cos  for spherical coordinate
system. By using the Jacobian, find the area clement of a spherical coordinate system

(7marks)
(iii) By using the_Gauss elimination method, Solve 3x + 2y+z=112x+3y+z =13,

x+y+4z=12 (6marks)
QUESTION FIVE (20 MARKS)
(i) A force is described by
F =-i+j-6k
(a) Calculate the divergence of F (4 marks)
(b) calculate the curl of F (6 marks)

(ii) A particle moving in a circular orbit is given by a vectorr = ir cos wt + jr sin wt.
Evaluate r X 7, where r is the radius and w is the angular velocity and both are constants

(4 marks)

(iii)Prove that: A x (B x 5) +Bx(CxA)+Cx (/_f xB)=0 (6 marks)




