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QUESTION 1

(a) (i) Find the scale h;, ho, and hs in cylindrical and in spherical coordinates.

Hence find the volume element dV (in cylindrical and in spherical coordi-

nates. [9]
(ii) Show that the spherical coordinate system is orthogonal. [3]
(b) Let u(z,y, z) = zi—yj and v(z,y, z) = —u——T be vectors in space. Compute
(z® +9?%)2
the divergence and the curl of u and v. 8]
QUESTION 2

(a) Integrate f(z,y,z2) = 2z — 6y* + 2z over the line segment C joining the points
(2,2,2) and (3,3,3). [6]

(b) Find the work done in moving a particle in the counterclockwise direction once

2 2
around the ellipse % + _yg =1 if the force field is given by F = (3z — 4y)i +

(4z + 2y)j — 4y°k. 8]

~
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(c) Find the circulation of the fild F = (z — y)i + zj around the circle
P+yi=1 [6]



QUESTION 3

(a) Show that ydz + zdy + 4dz is exact, and evaluate the integral

(2,3,-1)
/ ydz + zdy + 4d=.
(

1,1,1)
[8]

(b) Find out which of the fields given below are conservative. For conservative

fields, find a potential function.
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() F = (y2")i+ (222)] + («’y2)k.

Py
)

(ii) F = (¢®siny)i + (e® cosy + sin 2)j + (y cos z)k. [12]
QUESTION 4

(a) By any method, find the integral of g(z,y, z) = zyz over the surface of the cube
cut from the first octant by the planesz =1, y =1, and z = 1. [10]

(b) Give a formula F = M(z,y)i + N(z,y)] for the vector field in the plane with
the properties that F' = 0 at the origin and that at any other point (a, ) in the
plane, F is tangent to the circle 2 + y? = a? + % and points in the clockwise

direction, with magnitude |F| = va? + b2. [10]
QUESTION 5

(a) By any method, find the outward flux of the field F = (622 + 2zy)i + (2y +

£22)j + (4z%y3)k across the boundary of the region cut from the first octant by
the cylinder z? + y% = 4 and the plane z = 3. [10]
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(b) Verify the divergence theorem for F = (2 — 2)i + z%y)] + z2%k over the region
bounded by z =0, z=1,y=0,y=1,2z=0,and z = 1. [10]



QUESTION 6

(a) Evaluate:

(1) I'(6.8), given that I'(1.8) = 0.9314, 2]

o0
(1) / z™e™® dz, where m and n are positive integers. 8]
0

(b) Show that

™

/ " sin®™1 g cost™ 1 g = =)
0

I'(
—————, wh .
2I‘(m+n)’w ere m,n >0 [10]

QUESTION 7

Let J,(z) be the Bessel function of the first kind of order n.

(a) Prove that
Jon(z)=(-1)"J, for n=1,2,3....

[6]
(b) Use recurrence relations to show that
2]6’(1') + Jo(l') — Jz(l‘) =0.
(8]
(c) Express Jy(az) in terms of Jy(az) and J(az). 6]
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