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 ( All symbols have their usual meanings ) 
Answer Question No. 1 and any four from the rest. 

1. Answer any five questions :  2 × 5 = 10 
 a) If a generalized coordinate is absent in the Lagrangian, will it be also absent in the 

Hamiltonian ? Justify. 

 b) Show that the dynamical system for which )(2 2
2

2
121

••

+= rrrrT  and 
21

11
rr

V +=  can 

be expressed as one of Liouville's type. 
 c) Show from Lagrange's equations that the orbit of a particle in a central force field 

lies in a plane. 

 d) Show that the transformation pQ −= , 2pqP λ+=  ( a,λ constant ) is canonical. 

 e) If for a certain mechanical system pqqpH μ−= 22 , where μ  is a real constant, 
then show that pq  is a constant of motion. 

 f) Show that the quantity L
q

LqE
i

i −

∂

∂= ∑
•

•

1

 remains constant during the motion of a 

closed system. 
 g) Show that linear momentum is a constant of motion for infinitesimal spatial 

displacement. 
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Second Answer : 
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2. a) Deduce Lagrange's equation of motion for a conservative and unconnected 
holonomic system. 7 

 b) Prove the virial theorem. 3 

3. a) Solve the plane pendulum problem using the Hamilton's canonical equations. 5 

 b) If all the coordinates of a system are cyclic then prove that the coordinates may be 
found by integration. Also prove that if the system be scleronomic then the 
coordinates are linear function of time. 5 

4. Consider a mechanical system described by he generalized coordinates nqqq ,...,, 21 . 

Show that the kinetic energy can be formulated as 012 TTTT ++= , where 

jij

n

i

n

j
qqaT
••

∑∑
= =

= 1
1 1

2 2
1 , ∑

=

•

=
n

i
i qbT

1
11 ,  cT =0 , and the quantities ija ,  ib  and c  are to be 

determined by you. 10 

5. a) In a dynamical system with two degrees of freedom the K.E. and P.E. are given by 

  2
2

2
2

2

2
1

2
1

)(2
•

•

+
+

= qq
bqa

q
T , 2dqcV += ,  

  where a, b, c and d are constants. Show that the value of 2q  in terms of time is 

given by the equation of the form : 

  )()2)(( 0
2

22 tthkqkq −=+−  

  where h, k and 0t  are constants. 7 

 b) The Lagrangian of a system with two degrees of freedom is given by 

  
••••

++= yxxyyxL 2  

  obtain the corresponding Hamiltonian. 3 

6. Define angle variables. A particle of mass m moves in two dimensions ( x,  y ) having 

potential )(
2
1

2
1),( 2222

yxyx wwymwxmwyxV ≠+= . Obtain the action variables 

expressing the energy in terms of these and hence find the angle variables. 2 + 5 + 3 

7. a) Find the equation of the curve which makes the surface area of revolution generated 
by rotating the curve )( xyy =  around the x-axis. 5 

 b) A particle of unit mass is projected so that its total energy is h in a field of force 
whose potential is )(rφ  at a distance r from the origin. Show that the differential 
equation of the path is given by  

  ])([
d
d 4

2
22 rhrrrC φ

θ
−=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+  

  with C as constant. 5 
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First Answer : 
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Second Answer : 
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Third Answer : 
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ªFourth Answer : 
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