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Solve all parts. All the parts carry equal marks

Part 1: [10 Marks]

Question 1: Consider a simple pendulum that oscillates with a small angle. Derive the equation of motion
using: [4+4 =8 Marks]

a) Lagrangian mechanics

b) Hamiltonian mechanics

mg cosd

mg

Question 2: In two-body central force problem, reduced mass is; [1 Mark]

m, —m
a. u= 1 2
m, +m,
mm
b, u=—=*
m, —m,
mm
C. ﬂ:l—z
m, +m,
m, +m
m,m,

Question 3: In an inertial reference frame, the homogeneity of space implies

that ......ooveii of a closed system is constant in time. [1 Mark]

Total energy E

I

Linear momentum P

o

Angular momentum L

o

Linear displacement r
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Part 2: [10Marks]

Question 1: Find the horizontal deflection caused by the Coriolis force acting on a free-falling particle

in the earth’s effective gravitational field from a height h(<<R) above its surface. [5 Marks]

Question 2: Derive the three-dimensional transformation matrix that rotates a framel (X1, X2, X3)

to a frame2 (x1’, X2’, X3°) around Xxz-axis by an angle 8. [5 Marks]

xg X9

Xt

X1

*3
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Part 3 [10 Marks]

Question 1: The Lagrangian is describing the motion of a particle of mass m as mentioned below:

1 .
L= Emd2 (62 + ¢2cos?8) + mgdcos6

Where d is constant. [2+1+2 = 5 Marks]

a) Find the momenta py and p,,

b) Find the Hamiltonian of the system

c) Write down the Hamilton’s Equations of motion.

Question 2: A particle of mass m starts at rest on top of a smooth fixed hemisphere of radius a.
[2+2+1=5 Marks]

a) Find the Lagrange equations for the particle.

b) Find the force of constraint 4.

c) Determine the angle 6, at which the particle leaves the hemisphere.
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Part 4: [LOMarks]

Question 1: A particle moves in a logarithmic spiral orbit has radius, r = ke*’, (where k is constant).

2

The Kinetic energy of the particle is; K.E = %,ul‘z +% where | = ur? 0 = cost.)

r2

and Potential energy of the particle is; U(r) = — [ F(r) .dr: [2+4+2 =8 Marks].

a) Find the Force law F(r) for a central force field.
b) Determine r(t) and 8¢z of the particle motion.
c) What is the total energy of the particle?

Question 2: If the force on a body is always towards a fixed point, it is called a: [1 Mark]

a. Newton's Force
b. Gravitational Force
c. Centrifugal Force

d. Central Force

Question 3: A planet's speed is maximum: [1 Mark]

a. when it is nearest the Sun
b. when it is farthest from the Sun
c. when it is beside the Sun

d. when it is middle the Sun
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