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Attempt this Paper on this Qustionheet a.

Attempt all questions.

\ SECTION-I (Multiple Choice Questions) (10 Marks)

1. Select and tick one answer from the given multiple choice (10)

(i) The degree of freedom of a double pendulum is

(a) 4
(b) 2
(¢) 3
(d) 1

(ii) Equation of conics r = % draws a hyperbola when

(a) e=1

(b) e>1

(c) e<1

(d) e=0
(iii) The geodisic on the surface of a sphere is a

(a) great circle

(b) straight line

(¢) helix

(d) ellipse
(iv) For a system of N particles the dimension of the phase space is
(a) 2N
(b) 3N
(c) 4N
A0 e P.T.O.
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(v) The Hamiltonian can be constructed from the Lagrangian using the formula:

(a) H = pig; — L.
(b) H =p;g; — L.
oL

c) H= —

(c) 54,
1
I
(vi) A usual expression for the conserved angular momentum in a central force prob
is:

(d) H =

(a) € = mr?a.
(b) £ = mr?6>.
(c) € = mr?8.
(d) € = mr?d’.

(vii) In the central force problem, conservation of angular momentum is equivaleni
saying

{a) the linear momentum is constant

(b) the total encrgy is constatnt

(c) the effective potential is constant

(d) the areal velocity is constant

(wviii) If the Lagrangian is cyclic in @ , then:
(a) mr2fis not conserved.
(b) mv28 is conserved.

(c) @ appears in the Lagrangian
(d) @ does not appear in the Lagrangian

(xi) If A and B are any two constants of motion, their Poisson bracket {A, B}

(a) is zero
(b) is invariant
(c) is a constant of motion

(d) is covariant
(x) Kepler’s third law of planetry motion states that

(a) T x< a®
(b) T? x a*
(c) T2 x a®

(@) 7% o< a
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SECTION-IT (20 Marks)

2. fLisa Lagrangian for a system of n degrees of freedom satisfying Lagrange equation
of motion, show by direct substitution that

d
f = r—— ain n;t‘
L L+th‘(q1, yGn; t)

satisfies the Lagrange equation of motion. (5)

. 3. Show that the transformation

P 2(1 + /qcos p)/gsinp
Q = In(1+ /gcosp)

i

is canonical.
(5)

4. The Lagrangian for two particles of masses m, and m; and coordinates x; and x;,interacting
via a potential V'(x;—xz2), is

1
L= §m1x"; + §m1x§ - V(X; -— Xz)

Rewrite the Lagrangian in terms of the center of mass coordinates
my X +— iz X3

R =

) + M2

and the relative coordinates x = x, — x;. Use Lagrange’s equation to show that the
center of mass and relative motion separate, the center of mass moving with ggnsgzz.ant
velocity and relative motion being like that of a particle of reduced mass p = :

my + My
in a potentail V(x).(3)

5. Consider.the Atwood machine as shown in Figure. Find the equation of motion. LB)

P.T.O.
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SECTION-IIT (30 Marks)

6. (a) State Kepler's Laws of planetary motion.

(b) Discuss the properties of motion in effective potential in a central force two-body
problem. (545)

. (a) A particle moves in an elliptical orbit in an inverse square law central force field.
If the ratio of the maximum angular velocity to the minimum angular velocity of the
particle in its orbit is n, then show that the eccentricity of the orbit is

vn—1
vn+ 1l
(b) Show that the path followed by a particle in sliding from one point to another

under the action of gravity in the absence of friction and in the shotest time is a
cycloid. (545)

€=

. (a) Show that, if a transformation from (g, p) to (Q, P) be canonical then the bilinear
form

Y (bpidg; - bgidpy),

is invariant under the canonical transformation.

(b) Consider two masses tied together on a frictionless inclined plane as shown in
Figure. Find the equations of motion.
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