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The figures in the margin indicate full marks.
1. Answer any five questions : 3x5

(a) For what value of p, the two vectors A = pf + Sf +3k and B=—2i + f— k will be perpendicular
to each other?

(b) Force F' = A cos (pf) + Bsin(gs). If ¢ and s are the time and distance respectively, find the

dimension of P and i.

(c) Find the volume of a sphere of radius ‘a’ using spherical coordinates (r, 6, ¢).
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(d) Write down the expressions for % and O in terms of i and J. Hence, show that A =

(Symbols have their usual meanings).

(e) Define reduced mass for a two-body problem. Show that it is less than any one of the masses.

(f) Write down the Kepler’s Laws. g

(g) What do you mean by Streamllne flow of an incompressible fluid?
] - -Eq ¥ ‘.‘1;1'
(h) What is Raynolds numbe Explam 1ts significance.

Answer any five questions, taking at least one questiogh‘l;r,ﬂmqqch.gmuppﬂugﬁg
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2. (a) Show that V¥ x (W;) 0, where ¢ = ¢(x, y, 2) is a scalar function.

(b) Find the divergence of the vector F = x(x— y)? +y(y- z)}' +z(z— x)l? at point (1, -2, 1).

(c) What do you mean by line integral of a vector? State Stoke’s theorem and write down its
mathematical form. 4+4+(1+3)

3. (a) Draw the graph of the function: (1 + ) ; where 0 < x < co.

1
(b) Expand — about the point x = 1 in Taylor’s series.
®

(c¢) Solve the differential equation — - == - 6y = e2*
dx dx
2 2
(d) Show that ai;; = g}—é;, where u = ¢* sin y. 24+3+4+3

1 . N =g L] ., .
4. (a) Show that 3 ﬂ)" 'dS =V, where 7 is the position vector and ¥ is the volume enclosed by the
s
closed surface S.

(b) (@ Draw a cylindrical coordinate system (p, 9, z). Indicate the range of each coordinates.
(i) Show that the unit vectors in cylindrical coordinate system are orthogonal

(iii) Write down the position vector of a particle in cylindrical coordinates. 3+{(2+2)+3+2}
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5. (a) Write down the Galilean transformation relations between two inertial frames S and S’ where S” is

moving along common x-x" axis with respect to S with constant velocity. Show that Newton’s
Second Law of motion is invariant under Galilean transformation.

(b) Find the velocity and position as a function of time for a particle initially having velocity v, along

the positive X axis at position x; and experiencing a linear retarding force F, = — kv, k being a
constant.
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(c) (1) What is conservative force? Give two examples. i LIBIG'\’ARY

(i) Show that the sum of kinetic and potential energies of a particle is constant in a conservative
 force ﬁeld (1+2)+3+[(2+1)+3]
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6. (a) Define centre of mass of:a system of partlcles A system of particles consists of a 3 gm. mass

&

located at (1, 0, —1),'a 5 gm. mass at (=2, 1, 3) and a 2 gm. mass at (3, — 1, 1). Find the position
of the centre of mass.

(b) Prove that the total kinetic energy of a system of particles is equal to the kinetic energy of translation
of centre of mass plus the kinetic energy of the motion about the centre of mass.

_3
(c¢) A particle is moving in a circular orbit of radius R under a central force Fi (R), where F(R) < R A :
Find the relation between time period (7) and R. (2+3)+4+3
7. (a) What are elastic and inelastic collisions?

(b) Two particles of identical mass n are moving towards each other along the same straight line with

velocities #; and u, respectively. Find the expressions of velocities v, and v, of the particles after
the elastic collision.

(c) Show that for a body moving under the central force, the motion is always confined in a plane.

(d) A particle moves along the x-axis under a potential V(x) = % k2 k> 0.

(i) Determine the point of equilibrium.

(i) Investigate the nature of equilibrium. 2+4+2+(2+2)

8. A particle of mass m moves in xy-plane so that its position vector is 7 = acos®#7 + bsin ostf;
where a, b and ® are positive constants and a > b.
(a) Show that the particle moves in an ellipse.
(b) Show that the force acting on the particle is always directed towards the origin.

(c) Find the torque and the angular momentum of the particle about the origin. 343+(3+3)
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9.

(a) Derive the equation of continuity in a streamline fluid motion.
(b) Establish Euler’s equation of steady incompressible fluid motion. How Pascal’s Law is deriveq
from Euler’s equation?

(c) The upper surface of a fluid is at a height /,
wall at a height 4, from the bottom. Find the velocity of efflux.

in an open container. There is a small hole at the side
3+(4+1)+4
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