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SECTION "A"
120 Q.xl:20 marksl

Choose and tick the most appropriate answen
Symbols have their usual meanings unless stated and missing parameters can be assumed
suitably.

Which one of the following statements is CORRECT?
[a] The constraint involved in the motion of rigid body is nonholonomic.
[b] The walls of a gas container constitute a holonomic constraint.

[c] A mechanical system is rheonomous if its equations of constraints contain the time as an
explicit variable.

[d] The constraint involved on a bead sliding on a moving wire is scleronomous.

The Lagrangian for a system is,L = l*' -lW' , where x is a generalized coordinate, and"22
m and k are constants. The equation of motion for this system is
[a) mi+lcc=O lb] mi:*h=0
lcl mi*k*=O [d] mx*kr=0

2.

3. Principle of virtual work is:

1a1 f F(o.ai =0. rbr T(FI"IF,).4 
=o

rdr 
I(F1{F,).a4 

= q,trr T (FI'r F, ).aI = o .

A particle moves in a plane under the influence of a force, acting toward a centre of force,

whose magnitude is F =1-+ *4,where r is the distance of the particle to the centre of^ 12 rrc, ' rc,
force. The generalized potential that will result in such a force is

r"1 ,:1.5 rul u:|+f tcl u:1+{ rdt u:!+4

4.

5 Which one of the following statements is NOT CORRECT?
[a] Central force motion is always motion in a plane.
[b] The areas swept out by the radius vector drawn from the centre of the Sun to the centre of

the planet in equal intervals of time are equal.
[c] The planet moves around the sun in an elliptic orbit with the Sun at one of the foci of the

orbit.

[d] The square of the period of revolution of the planet is directly proportion to the square of
the semi-major axis of the elliptic orbit.
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10.

The Figure A-2 represents the orbit of a planet around a star, S, and the marks divide the orbit

into 14 equal time intervals, f = | , *h.r. T is the orbital period. If the only force acting on' 14 - r-----'
the planet is Newtonian gravitation, then true statements about the situation include which of
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Area A: area B

Figure A-2

[a] I only [b] II only [c] I and III only [d] I,[, and III

If a particle describes a circular orbit under the influence of an attractive central force directed
towards a point on the circle, then the force varies as the
[a] inverse-fourth power of the distance.

[b] inverse-fifth power of the distance.

[c] inverse-squile of the distance.

[d] fifth power of the distance.

The ratio of maximum and minimum speeds of Earth, taking the eccentricity of the Earth,s
orbit to be 0.023 is

la) 0.047 lbl 1.047 [c] 0.ee5 [d] 0.0167

I.
It
m.

ry.

The star S is at one focus of an elliptically
shaped orbit.

T2 = C a3 ,where a is the semi-major arcis

of the ellipse and C is a constant
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The coordinate system

through an angle of 300(t o ot_
tul lo Jtlz -V2

I

[o y2 ,ft lz

lcI

g' 
= O(l( is obtained by rotating the coordinate system C = Oryz

about the axisoz. The transformation matrix between c and c, is
10
o Jllz
0 -y2

Ji lz
rl2

0

-y2
Ji lz

0

The law of conservation of momentum applies to a collision between two bodies if
[a] they exert equal and opposite forces on each other.
[b] they exert forces on each other respectively proportional to their masses.
[c] they exert forces on each other respectively proportional to their velocities.
[d] their accelerations are proportional to their -urier.

A 'm' kg object movingV' m/s collides with and sticks to an'M'kg object initially at rest.
The kinetic energy lost by the system as a result of this collision.
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12. Which one is variant under Galilean transformations?
[a] Velocity.
[b] Newton's laws of motion.
[c] The law of conservation of momentum.
[d] The law of conservation of energy.

system is given by

,=#*#-mglcoso
where 0 and 0 ue defined as shown in the Figure A-2.
On the basis of Hamilton's equations of motion,
the generalized coordinate or momentum that is
a constant in time is

lal o [c] pt

l{0\J 1 6 2018

13. The number of degrees of freedom for the general motion of a rigid body in space is
lal I [b] 2 [c] 3 tdl 6

14. The Hamiltonian corresponding to the Lagran gian L = a*2 + by2 - locy iswfi.ff.ut, uff.$-w
H++ky w#.#.,*

15. A mass attached to the end of a massless rod of length L is free to swing below the plane of
support, as shown in Figure A-2.The Hamiltonian for this

g
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Figure A-2
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Fill thefollowing blanks with appropriate answers.

16. The Lagrangian for a mechanical system is where q isageneralized
coordinate and a and bare constants. The equation of motion forthis system is.............

17. The reduced mass of Hydrogen molecule is nearly equal to the mass of

18. The " .....:..-1.. is a phenomenon, related to the Earth's rotation that causesair and ocean currents to deflect to ihe right to their direction of motion in the northernhemisphere and to the left of their direction of motion in the southern hemisphere.

19. The moment of inertia tensor is symmetric and it has only .independent components.

L = aq2 +bqa

L={-{49
20. The Hamiltonian corresponding to the Lagrangian is .......
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SECTION "B"
[5 Q.x4:20 marks]

l. What are generalized coordinates and cyclic coordinates? Show that generalized momentum
conjugate to a cyclic coordinate is conserved.

OR
Set up the Lagrangian and obtain Lagrange's equation for a simple pendulum. Deduce the
formula for its time period.

2. State Kepler's laws of planetary motion. Prove that the radius vector sweeps out equal areas
in equal times.

3. What are Galilean Transformations? Show that the laws of conservation of momentum and
energy are invariant to Galilean transformations.

4. Explain briefly the centre-of-mass system. lf 1rand? are angles of scattering in the laboratory

systems and centre-of-mass system respectively, prove that

Suppose that the moments and products of inertia of a rigid body R with respect to an xyz
coordinate system intersecting at origin O are Io,Io,Iu,I,r,I,,,I* respectively. prove that
the moment of inertia of R about an axis making angles d,g,T with thex, yandzaxes
respectively is given by

5. What is the Hamiltonian function? Derive the canonical equations of Hamilton.

SECTION "C"
[5 Q.x7:35 marks]

6' Explain D'Alembert's principle. Derive Lagrange's equations of motion for a conservative
standard system.

^ sind
tartA, =' 

"o"o 
**'

m2

OR

7 Derive the differential equation of an orbit in
equation of an orbit of a particle under

polar coordinates under central force. If the
the action of the central force is given

by
p

1+ecosd

f(r)=-t' t

mp r-

I = Io cos' d + I, cosz 0 + 1,, cos' y

+ 2I ,y cos a cos p + 1,, cos cos/+ Ircospcosy

given by

where p and € are constant, then show that the corresponding force is



8. Obtain Euler's equations of motion for a rotating rigid body with a fixed point. From Euler,s
equations of motion for a rigid body, having no extemal torque about a fixed point, prove that

the terms have standard meaning.

OR

Define a rigid body. Derive an expression for the angular momenfum and the rotational
kinetic energy of a rigid body.

What is a collision? Explain briefly elastic and inelastic collision. A particle of mass rz,
suffers perfectly elastic collision with another particle of mass m, at rest in the laboratory
frame of reference- After scattering mt arrd m2 move at angles 0, and Lz\Mthrespect to the
original direction ofrq . Discuss the elastic collision between the two particles in the lab
system. Show that in the lab system the particles of the same mass will be at right angles to
each other after collision. 

OR
Show that the differential scattering cross-section for scattering of a -particles by an atomic
nucleus is given by

where the symbols have their usual meaning

write down the Hamiltonian for a simple pendulum and a compound pendulum.

Consider a Lagrangian of the form L I
(*2 -azx21 sr=-m

2
, where the particle of mass m

T
I

Ir0r'
I

Ir@r'
I

Irar2 =constant+- +-
2 2 2

moves in one direction.
(a) Find the canonical

constant of motion?
(b) Find the equations of motion.

and L = Iratti + Iratrj + I ra4t= constant where

Assume all constants are positive.
momentum and construct the Hamiltonian. Is this Hamiltonian a
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