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1. Answer any five questions: 2x5=10
(@) If ud = Vv, where u, v are scalar fields and d is a vector field, then show that
d.Vxd=0.

(b) Show that the vector field F = 2xyi + (x2 + 2yz)j + (y2 + 1)k isconservativeand find
the scalar potential.
(c) Find the total work done in moving aparticle in aforcefield givenby F = 3xy i — 5z +

10x k alongthecurve x=t*+1, y=2t*, z=t* fromt=1to t=2.
(d) If A(t) has aconstant magnitude and |%| # 0, then show that % is perpendicular to A.

(e) Use Stokes’ theorem to show that the line integral of F= —yi + xj around aclosed curve
in the XY-planeis twice the area enclosed by the curve.
(f) Provethat V2r™ = n(n + 1)r™" 2,

(9) Evaluatetheintegral I = f05 cost § (t - g) dt.
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2. Answer any three questions : 5x3=15

(a) (i)Statethe Taylor series for functions of one variable.

(ii) Obtain the expression for Laplace’s equations in spherical polar co-ordinates for
apoint in space described by the co-ordinates (r, 9, ¢).

(iii)What is the physical significance of V.5 = 0? 1+3+1=5

(b) (i)Provethat [ff (pV2y — YV2d)dv = [[ (Vi — V). ds.

(ii) A scaar fieldisdefined by ¢ = ¢p(x,y). If d¢ isaperfect differential then show
that
22¢ _ 0%¢
xdy  dydx’

3+2=5
(c) Evaluate the integral $[(xy — x?)dx + x?ydy] over the triangle bounded by the
linesy = 0,x = 1 andy = x and hence verify Green'stheorem in the plane. 5

(d) Solve by the method of separation of variables:

U L 59U _ — 4o*
36x+26y—0, where U(x,0) = 4e™*. 5

(e) Solvethedifferential equation:
xy?dx + (2 + x*y)dy =0
with the condition that, y (at x = 1) = 2. 5
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1. Answer any five questions: 2x5=10

@ If aforce F satisfiestherelation V x F = 0, then show that the force field is conservative.

(b) A circular disc of mass M and radius r is set rolling on a horizontal table. If w be the
angular velocity of the disc, show that itstotal energy iSZMrza)z.

(c) Consider arocket moving vertically upward against uniform gravity g, that €jects gas with
aconstant velocity v with respect to itself. Obtain the equation of motion of the rocket.

(d) By using Euler's equations, show that the rotational kinetic energy of a rigid body is
conserved when the applied torqueis zero.

(e) Derive gravitational field intensity due to a point mass M at a distance r from it, using
Gauss s theorem of Gravitation.

(f) Calculate the Poisson’sratio for silver, given Young's modulus for silver is 7.25 x 1010
N/m?and Bulk modulusis 11 x 101° N/m?,

(g) What is Reynold’s number? How is it used to determine whether the nature of flow of a
liquid is streamline or turbulent?
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2. Answer any three questions : 5x3=15

(@) Provethat thetotal energy of aparticle of mass m moving under acentral forceis given by
h2 [, (duy?
E =%lu +(%) l+V(T')
whereu = % h = angular momentum of the particle and V () is the potential energy at r.

5
(b) (i) The density of a sphere varies as the depth below the surface. Show that the gravitational
attraction is greatest at a depth equal to 1/3 of the radius.

(if) What do you understand by gravitational self-energy of a homogeneous sphere?
3+2=5

(©) (i) A reference frameis rotating with an angular velocity @ with respect to the laboratory frame.
Establish the transformation relation % = % + @ x. How does avector transform in such cases,
if itisparallel to the axis of rotation?

(i) Calculate the principa moments of inertia of a homogeneous cube of mass M and side a.
1+1+3=5

(d) (i) Establishthat shear is equivalent to elongation and contraction at right angles to each other.
(i1) A metal rod of length L and cross-section a suffersasmall longitudinal strain and is stretched
by I inlength. Show that the potential energy stored in the rod dueto thisstrainis (Yal?) /2L if
the Y oung’'s modulus of the material isY. 3+2=5

(e) (i) Write down the equation of continuity in case of fluid motion.

(i1) A capillary tube of radius a and length [ is fitted horizontally at the bottom of a cylindrical
flask of cross-section A. Initially, thereiswater in the flask up to aheight h;. Show that the

timeT = (8nl4/npga*) In % isrequired for the height to be reduced from h; to h,. Heren is
2
the coefficient of viscosity of water. 1+4=5



