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1. Answer the following questions: 1x5=5

(A) Coriolis force on a particle moving in a
rotating frame of reference is

(i) Parallel to the direction of angular
velocity of the frame

(ii) Parallel to the direction of velocity
of the particle

(Hi) Perpendicular to the direction of
velocity of the particle but parallel
to the direction of angular velocity
of the frame
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(iv) Perpendicular to both the direction
of velocity of the particle and the
direction of angular velocity of the
frame

9# ̂

(i) C^lf^ (R9R 1^*1^

(ii) C^9R (Tf*R

(iii)

C^'5R

(iv) (R9R ^

1^*1^

(B) If L is the angulsir momentum of a
particle of mass m moving under a
central force which one of the following
is the true expression of area! velocity
of the particle?

(i) dA/ dt = L/m

(ii) dA/dt = 2L/m

(iii) dA/dt = L/2/n

(iv) dAldt= L/Am
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"?l1w m

^#N5f c^lf^ L ̂  c^ ̂5^ %rf
C^51?[^#J|r?I CWP^

(i) dA/dt = L/m

(ii) dA/dt = 2L/m

(Hi) dA/dt = L/2m

(iv) dA/dt = L/4m

(C) If A is a vector field which one of the
following is the correct expression for
it to be an irrotational vector field?

(i) V^A = 0

jfiii) ; V, A = 0

(iv) VA = 0

"?if? A ^ c^Frcet

^-^'=fksrR

(i) V^A = 0

(ii) VxA = 0

(Hi) V.A = 0

(iv) VA = 0
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(D) If A is a vector and dS is an
elementaiy area vector making an angle
of 60° with the given vector, which one
of the following is the correct
representation of vector flux passing
through the area ?

(i)

(n)

dS

A||ds|^

(Hi)

(iv) 0

dS\-
'2

ds ^ A

60° C^«f ̂  ^t1%l

^TR^Si^ -SIH (?IM '

(flux) ?

(i)

(ii)

(Hi)

(iv) 0

dS

dS

dS

2

_1
2
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(E) If A is the amplitude of simple harmonic
oscillation which of the following is the
true relation between total energy E and
amplitude A"?

(i) EotA^

(^) EozA^

(Hi) EocA'^

(iv) Eoc A

c<i»Ha}| a ̂5|r ̂  f£j"sn^
21^

(V' EkA^

(ii) EozA^

(Hi) EocA~^

(iv) £ocA

2. Answer any five questions from the
following: 2x5=10

21^ ^ §

(A) If (p = 3x^y - is a scalar field find

at the point (1,2,1)
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^ = 3x^y - ^ CWF C^vfl '2?^ C5C5
(1,2,1) V^ I

(B) State the Gauss's divergence theorem.

(divergence) 1%^ I

(C) From the gradient operator v in
spherical polar coordinates obtain

divergence operator in spherical

poiar coordinates.

(D) Show that F = i^xy +z^)l-hx^j + Sxz^k
is an irrotational field.

(TT F = l^xy + z^)i+x'^j + 3xz^k

(E) Is Earth an inertial frame? Justify.

Ttc*(kn

(F) Give the expression for Coriolis
acceleration. If a particle falls vertically

• downward in Earth's gravitational field
what will be the direction of deflection
due to Coriolis force? 1+1=2
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#*1^ ^ ̂sn^i

<^R(.iJlPl^<1t«1 c^s|;^^ 911% ?

(G) Show that angular momentum is

cpnserved for a central force.

.  CT ^

(H) Calculate the reduced mass of a system

constituted by a star of mass 2x10^® kg
and a planet of mass 10^4 kg.

2x1030 ^ ̂ 1024

mass) ̂«PTf ̂ 5^ I

(I) Semimajor axis of Mars is 228x10® km

and that of Jupiter is 778x10® km.

Obtain the ratio of their orbital periods
while they move around the Sun.

■Sf^gSf Sf^ ^

228x10® /cm ^ 778x10® fon I ^
C5Tto 5j^ I
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(J) The displacement of a simple harmonic
oscillator as a function of time is given
by

y{t) = -^cos{400^^^^t + 50)

Obtain its amplitude and time period
of oscillation. 0.5+1.5=2

'R®! VSOIV!) R$lt I

. y{t) = ;j=cos (400V10 f + 50)
%rR ^ RRt I •

Answer any four questions from the
following: 5x4=20

5/?^ g

(A) The acceleration of a particle at any
time t is given by

d = (l2cos2t)i -{8sin2t)] + {l6t)k

If the velocity of the particle at t = 0 is
zero, obtain the velocity vector at
anytime t
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d = {12COS2t)i -{8sin2t)j + {l6t)k

•?iR t= 0'iwo ^

W t ̂  CvsW^t

(B) If gravitational potential energy is

written as V{r) = -k/r, where Ic is a

constant and r = ■yjx^ + show
that the negative gradient of V(r)
becomes equal to Newton's gravitational
force, F = kf/r^-

7^ 1^ *l1% V{r) = -k/r ^

k ^^1*^ r = -y/jc^ +y^ +
^ F = kf /r^ ^ - V V (r)

^  I

■  (C) The line element in Cartessian
coordinates is given by

dl^ = dx^ + dy^ + dz^ • Obtain the line
element in spherical polar
coordinates.
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^siwrdst

dl^ =dx^ +.dy'^ +dz'^

C^floT^fhr C5|^ (spherical polar
coordinates) ̂ ^|oic5l I

(D) Angular velocity of Earth is 2x10"'^
radian/sec and its radius is 6378 km.
Obtain the centrifugal acceleratipn of a

particle located at latitude p = 60°. If
the angular velocity of Earth is

expressed- as 3 = cocospj + oysinpk
and v.elocity of a particle falling

downward is t} = -vk obtain the

magnitude of Coriolis acceleration at

the latitude ^ = 60°. 2+3=5

2x lb"''

^ 6378 1%g1^g I 60° Wf^*f

(latitude) ̂  ^£)^ 1^5^

^  ̂ i ̂

C^9l^ 3 = cocospj + cosinpk ^5rR»

v£|'Sl? j) =
2R5jxf ̂  50° '
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(E) State work-energy theorem. A
conservative force is expressed as

F = ̂VC7> where U is the potential
energy. What is the total work done by
the force in moving a particle from point
A to point B ? Use work-energy theorem
to prove that total mechanical energy
in moving from A to B is conserved.

1+2+2=5

p - _V17

^ ̂ I A ^ B

<ioiu>lw 1%5rR <pi<i3 <pi^<i oTtf^ ?

^1

(F) Assume that two particles of mass
and rhg are undergoing inelastic
collision. If the velocities of

the particles before collision are Uj - u
and U2 = 0 and the two particles stick
together after collision, obtain an
expression for the velocity of the
composite after the collision. Show that
there is a loss of kinetic energy of the
system. 2+3=5
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l^'^ TRW ^ C^^t ̂

^ 1/3 = 01 #Nn ̂  ̂9|oTit?t
-Plgcj^ ̂  I

1%^? (7r 1^1^

(G) Obtain the moment of inertia of a

circular disc of radius J? and mass M

^sfRs i? ̂JfJTf^ Qltfff ^

1^«1% ̂ 1

(H) State Kepler's laws of pianetaiy motion.
Show that areal velocity of a planet in
an elliptical orbit remains constant only
when angular momentum is conserved.

3+2=5

S|^ C^'^loTl^ I (;^

5f^ C^3R5^t?f

^1
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Answer, any one question from the

following: IG

TO ̂  %it s

(A) (i) If {u,v) are two curvilinear

coordinates and (x, y, z) are the

Cartessian coordinates expressed

as x= x(u, v), y = y{u, v) and

z= z(u, v) show that the squared

differential arc length

dx^ + dy^ + dz^ can be written as

Edu^ + Fdv^ + 2Gdudv ■ Identify

the functions E, F, G. 5

(x, y,

(curvilinear coordinates) (u,

x= x(u, f), y = y{u,v)

z= z(u, v) ̂  £Rst*f "^1 Cfr$Q?t

CT dx^ + di/^ + <iz2 ̂

Edu^ + Fdv^ + 2Gdudv

^5^ I F ̂  G ^ I
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(ii) If ris the magnitude of the position

'1
vector r obtain ^ .  If electric

Krj

field is expressed as negative
gradient of potential energy

E = -VV> obtain the electric field

if the potential energy function
is given by V= -kxy, where k is a
constant. 2.5 + 2.5 = 5

^ ̂  ^ I ̂  V 1^^

1^ ^ C^ol^ i^'S.

£ = _vv ̂  ^^ -kxy

k

^ 1

(B) Derive the relation between Young's
modulus Y, modulus of rigidity y and

bulk modulus K.

Y, t] ̂

"Sim w I
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(C) Obtain gravitational potential outside, on
and inside of a spherical shell of mass M
and radius R. What is the value of the

Gravitational constant ? 9+1=10

(spherical

shell) "QMS ̂5rt^

■srRl^^rR?

(D) What are the assumptions made by
Poiseuille in deriving rate of flow of a
liquid through a narrow tube ? Derive
Poiseuille's equation for rate of flow of
a liquid. 3+7=10

"SltC'SfC^ £t^|^

WT ^ ̂
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