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QUESTION 1

(a) Consider a polar coordinate system (r,8). Derive formulas for the
(i) Velocity, |

(ii) Acceleration.

(b) Given r = €%, 6 = 4t in the polar coordinate system. Find the
(i) trajectory, |

(ii) radius of curvature of the trajectory.

(¢) (i) Define a sectorial velocity and

(ii) find it in polar coordinate system.

(d) Prove that a plane polar coordinate system is orthogonal.

[2,5,1,4,1,3,4]

QUESTION 2

(a) Consider curvilinear coordinates g, g, g3 in general case.

(i) Define Lame parameters H;. o ,

(ii) Show that
oz \? oy \> 8z \*
2 _ 2= A ==
o= (3qf) +(3q¢) +(6q¢) ‘

(b) Let & and €; be unit vectors corresponding to the coordinates ¢; and g; respec-
tively. _

(i) Find the angle between €; and the coordinate axes OX, OY, 0Z.

(ii) Find angle between €; and €;, and hence

(iil) Derive a condition of orthogonality of &; and ;.

(c) Consider a system of spherical coordinates.

(1) Find Lame parameters.

(ii) Show that the system is orthogonal. | [2,2,4,3,2,3,4]



QUESTION 3

(a) Consider a system of curvilinear orthogonal coordinates. Derive formulas for the
(i) Velocity,

(ii) Acceleraﬁon,

(b) Prove that grad f is perpendicular to the surface f = consi.

(c) Consider a function f(z,y,2) = z%yz + 4x2* and a point P(1, -2, —~1).

(i) Find the directional derivative of f at P in the direction of the vector A(2, -1, —1).
(ii) Compute the greatest rate of change of f at P.

(iii) Find the direction of the maximum rate of increase of f at P.

(d) Find the unit normal to the surface (z — 1) + ? + (2 + 2)*> = 9 at P(3,1,—4).

2,5,3,3,2,2,3]
QUESTION 4

(a) Prove the following formulae;
(i) V- (fA) = fV-A+Vf-4,
(i) V x (Vf) =0,

(iii)V - (V x 4) = 0,

(iv) (A-V)F = A.

(b) Give the definition of a

(i) regular arc,

(ii) regular curve,

(iii) Line integral of & over curve c.

(¢) The acceleration of a particle at any time ¢ > 0 is given by
@ = 12 cos 2t7 — 8sin 2t7 + 16tk.

The position vector and velocity are zero at ¢t = 0. Find at any time the
(i) Velocity, and the
(ii) position vector. [3,3,4,3,1,1,2,2]1]



QUESTION 5

(a) Evaluate the line integral for

U = 2% + yj along the parabola y = z? from the origin to the point (1,1):

(i) First by considering the parameter equation of the parabola z =t and y = t2.
(ii} Next by considering the parabola in rectangular form.

(b) Is U in (a) conservative? Explain.

(c) (i) State, and

(ii) prove the necessary and sufficient condition theorem that a line integral in a

simply connected region is independent of the path from point A to point B.

[4,4,3,2,7]

QUESTION 6

(a) Show that a

(i) necessary, and

(ii) sufficient condition that U = V¢ is rotU = 0. _

(b) Determine the constant a so that the vector A = (z+ 3y)§-il- (y—22)j+(z+a2)k
is solenoidal. -

(c) Consider a vector field

V= (z+2y+a2)i+(bz — 3y — 2)] + (4z + cy + 22)k.

(i) Find constants a, b, ¢, so that the field is irrotational.

(ii) Find a scalar potential of V.

[3:4,3,3,7]



QUESTION 7

(a) Evaluate [,(y — sinz)dz + cos zdy,

where c is the triangle with the vertices.at. O, A (12'-,0) ,B (

(1) Directly,

(ii) by using Green’s theorem in the plane.
(b) State

(i) Divergence theorem,

(ii) Stoke’s theorem.

(c) Prove that a necessary and sufficient condition that

for every closed curve c is that

identically.

.
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[4,4,3,3,6]



