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CLASSICAL MECHANICS -TEST 5 
 

1. Whenever the Lagrangian for a system does not contain 𝒒𝒌 a coordinate explicity… 

a) 𝑞𝑘 is cyclic coordinate     b) 𝑝𝑘 is cyclic coordinate                      

c) 𝑝𝑘 the generalized momentum , is a constant of motion  d)   𝑞𝑘 is always zero 

 

2. The dimension of generalized momentum 

a) are always those of linear momentum  b) are always those of angular momentum 

c) may be those of linear momentum  d) may be those of angular  momentum 

 

3. The generalized momentum 𝒑𝒌 of a particle of mass m with velocity 𝒗𝒌 in an 

electromagnetic field is given by… 

a) 𝑝𝑘 = 𝑚𝑣𝑘     b) 𝑝𝑘 = 𝑚𝑣𝑘 + 𝑞𝐴𝑘   c) 𝑝𝑘 = 𝑚𝑣𝑘 − 𝑞𝐴𝑘    d) 𝑝𝑘 = 𝑞𝑣𝑘𝐴𝑘     

 

4. Choose the incorrect statements: 

a) The angular momentum is conserved for systems possess rotational symmetry. 

b) If the Lagrangian of the system is invariant under translation along a direction, the 

corresponding linear momentum is conserved. 

c) If the Lagrangian of the system is invariant under translation along a direction we cannot say 

anything about the corresponding linear momentum. 

d) For a conservative system, the Hamiltonian is equal to the sum of K.E and P.E. 

 

5. If the Lagrangian does not contain time explicity… 

a) The Hamiltonian is constant     b) The Hamiltonian cannot be constant  

c) The K.E is constant                     d) The P.E is constant. 

 

6. The product of generalized coordinate and its conjugate momentum has the dimensions 

of  

a) Force      b) energy       c) Linear momentum   d) angular momentum 

 

7. The Lagrangian of a particle of mass m moving in a plane is given by L=
𝟏

𝟐
𝒎(𝒗𝒙

𝟐 + 𝒗𝒚
𝟐) +

𝒂(𝒙𝒗𝒚 − 𝒚𝒗𝒙) where 𝒗𝒙 and 𝒗𝒚 are velocity components and a is a constant . The canonical 

momenta are given by… 

a) 𝑃𝑥 = 𝑚𝑣𝑥 𝑎𝑛𝑑 𝑃𝑦 = 𝑚𝑣𝑦    b) 𝑃𝑥 = 𝑚𝑣𝑥 + 𝑎𝑦 𝑎𝑛𝑑 𝑃𝑦 = 𝑚𝑣𝑦 + 𝑎𝑥 

c) 𝑃𝑥 = 𝑚𝑣𝑥 − 𝑎𝑦 𝑎𝑛𝑑 𝑃𝑦 = 𝑚𝑣𝑦 + 𝑎𝑥 d) 𝑃𝑥 = 𝑚𝑣𝑥 − 𝑎𝑦 𝑎𝑛𝑑 𝑃𝑦 = 𝑚𝑣𝑦 − 𝑎𝑥 

 

8. Hamilton canonical equation of motion for a conservative system are 

a)−
𝑑𝑞𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑃𝑖
𝑎𝑛𝑑 −

𝑑𝑃𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑞𝑖
   b) 

𝑑𝑃𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑃𝑖
𝑎𝑛𝑑

𝑑𝑃𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑞𝑖
  

c)− 
𝑑𝑞𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑃𝑖
𝑎𝑛𝑑

𝑑𝑃𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑞𝑖
    d) 

𝑑𝑞𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑃𝑖
𝑎𝑛𝑑 −

𝑑𝑃𝑖

𝑑𝑡
=

𝜕𝐻

𝜕𝑞𝑖
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9. The Lagrangian of a particle moving in a plane under the influence of a central potential 

is given by 𝑳 =
𝟏

𝟐
 𝒎 (�̇�𝟐 + 𝒓𝟐�̇�𝟐) − 𝑽(𝒓). the generalized momenta corresponding to r and 

𝜽 are given by 

a)m�̇� and mr2�̇�    b) m�̇� and mr�̇�  c)m �̇�2 and mr2�̇�    d) m �̇�2 and mr2�̇�2 

 

10. The Hamiltonian corresponding to the Lagrangian 𝑳 = 𝒂�̇�𝟐 + 𝒃�̇�𝟐 − 𝒌𝒙𝒚 𝒊𝒔 

a)  
𝑃𝑥

2

2𝑎
+

𝑃𝑦
2

2𝑏
+ 𝑘𝑥𝑦           b)  

𝑃𝑥
2

2𝑎
+

𝑃𝑦
2

2𝑏
− 𝑘𝑥𝑦 c) 

𝑃𝑥
2

4𝑎
+

𝑃𝑦
2

4𝑏
+ 𝑘𝑥𝑦         d)

𝑃𝑥
2+𝑃𝑦

2

4𝑎𝑏
+ 𝑘𝑥𝑦 

 

11. For a conservative system , Hamiltonian is   

𝑎) 𝐻 = 𝑇 + 𝑉   𝑏) 𝐻 = 𝑇 − 𝑉    𝑐) 𝐻 =  2𝑇 – 𝑉    𝑑) 𝐻 =  2𝑇 + 𝑉  

 

12. If a space is homogeneous in space, it follows 

a) conservation of mass.   b) Conservation of linear momentum  

c) Conservation of angular momentum  d) Conservation of energy 

 

13. If a space is isotropic in space, it follows 

a) conservation of mass     b) Conservation of linear momentum  

c) Conservation of angular momentum         d) Conservation of energy 

 

14. If the Lagrangian does not depend on time explicity, then the conserved quantity is  

a) Linear momentum     b) Generalized momentum                          

c) Angular momentum    d) Mechanical energy 

 

15. Hamiltonian is the function of  

A) Generalized coordinates and generalized velocities 

b) generalized coordinates and generalized momenta 

c) Generalized velocities and generalized momenta  d)constants 

 

16. For a conservative system the potential energy does not depend upon 

a)Force  b) generalized coordinate   c)generalized velocities   d) all 

 

17. In 𝜹 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏  

a) Time t fixed at end points only      b) Time t is fixed at all positions of path    

c) Time t varies at all positions of path including end points  

d) Time t is varied at end points only 

 

18. A physical system is invariant under rotation about a fixed axis. Then which of the 

following quantity is conserved: 

a) Total linear momentum   

b) Linear momentum along the axis of rotation    c) Total angular momentum                          

d) Angular momentum along the axis of rotation. 
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19. A system of particles contain n interacting particles and its equations of constraints are 

represented by 𝒍  equations, then the no. of generalized coordinates is  

 

𝑎) (𝑛 − 𝑙)               𝑏) 3𝑛    𝑐) (3𝑛 − 𝑙)            𝑑) 3(𝑛 − 𝑙)  

 

20. The Hamiltonian is defined as 

 

a) 𝐻 = ∑ 𝑃𝑘𝑘 �̇�𝑘 + 𝐿          b) 𝐻 = ∑ 𝑃𝑘𝑘 �̇�𝑘 − 𝐿 c) 𝐻 = ∑ 𝑞𝑘𝑘 �̇�𝑘 + 𝐿          d )  𝐻 = ∑ 𝑞𝑘𝑘 �̇�𝑘 − 𝐿 

 

21. The Lagrangian of a free particle in spherical polar coordinates is 
𝟏

𝟐
𝒎(�̇�𝟐 + 𝒓�̇�𝟐 +

𝒓𝟐�̇�𝟐𝒔𝒊𝒏𝟐𝜽)  the conserved quantity is 

 

a) 
𝜕𝐿

𝜕𝑟 ̇
         b) 

𝜕𝐿

𝜕𝜃 ̇
        c) 

𝜕𝐿

𝜕𝜙 ̇
      d) 

𝜕𝐿

𝜕𝜙 ̇
+ 𝑟𝜃 

 

22. For a particle moving in a central field 

a) KE is constant    b)PE is velocity dependent 

c)Motion is confined in a plane  d)Total energy is not conserved 

 

23. A particle is moving under the action of a generalized potential 𝑽(𝒒, �̇�)=
(𝟏+�̇�)

𝒒𝟐 , the 

magnitude of generalized force is  

 

𝐚)
𝟐(𝟏+�̇�)

𝒒𝟑      𝐛)
𝟐(𝟏−�̇�)

𝒒𝟑      𝐜)
𝟐

𝒒𝟑     d)
�̇�

𝑞3  

 

24. The Lagrangian of a system is given by 𝑳 =
𝟏

𝟐
�̇�𝟐 + 𝒒�̇� −

𝟏

𝟐
𝒒𝟐   it describes motion of a  

a) Harmonic oscillator  b) Damped Harmonic 

c)Anharmonic   d)system with un bounded motion 

 

25. If a particles moves outwards in a plane along a curved trajectory described by 𝐫 =

𝐚𝛉 , 𝛉 = 𝛚𝐭  where 𝐚 𝐚𝐧𝐝 𝛚 constants., then its 

a) KE is conserved    b)Angular momentum conserved 

c)Total momentum conserved  d)Radial Momentum conserved 

  

26. A particle is placed in a region with the potential 𝑽( 𝒙) =
𝟏

𝟐
 𝒌𝒙𝟐 −

𝝀

𝟑
 𝒙𝟑, where k, 𝝀 > 0 

then, 

(a) 𝑥 = 0 and 𝑥 =
𝑘

𝜆
 are points of stable equilibrium 

(b) 𝑥 = 0 is a point of stable equilibrium and 𝑥 =
𝑘

𝜆
 is a point of unstable equilibrium 

(c) 𝑥 = 0 and 𝑥 =
𝑘

𝜆
 are points of stable unequilibrium  

(d) There are no points of stable or unstable equilibrium 
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27. The Lagrangian for a simple pendulum is given by 𝑳 =
𝟏

𝟐
𝒎𝒍𝟐�̇�𝟐 − 𝒎𝒈𝒌(𝟏 − 𝐜𝐨𝐬 𝜽) 

Hamilton’s equations are then given by 

 

a) �̇�𝜃 = −𝑚𝑔𝑙 sin 𝜃 ; �̇� =
𝑝𝜃

𝑚𝑙2
  𝑏) �̇�𝜃 = 𝑚𝑔𝑙 sin 𝜃 ; �̇� =

𝑝𝜃

𝑚𝑙2
 

c) �̇�𝜃 = −𝑚�̈� ; �̇� =
𝑝𝜃

𝑚
   d) �̇�𝜃 = −

𝑔

𝑙
 𝜃  ; �̇� =

𝑝𝜃

𝑚𝑙
 

 

28. A particle is moving under the action of a generalized potential 𝑽(𝒒, �̇�)=
(𝟏+�̇�)

𝒒𝟐
, the 

magnitude of generalized force is  

 

𝐚)
𝟐(𝟏+�̇�)

𝒒𝟑     𝐛)
𝟐(𝟏−�̇�)

𝒒𝟑      𝐜)
𝟐

𝒒𝟑     𝐝)
�̇�

𝒒𝟑  

 

29. A particle of unit mass moves along the x-axis under the influence of a potential, 

𝑽(𝒙) = 𝒙 (𝒙 − 𝟐)𝟐. . The particle is found to be in stable equilibrium at the point 𝒙 = 𝟐 . 

The time period of oscillation of the particle is 

a) 
𝜋

2
  b) 𝜋  c) 

3𝜋

2
  d) 2𝜋 

 

30. A particle of mass m is attached to a fixed point O by a 

weightless inextensible string of length a . It is rotating 

under the gravity as shown in the figure. The Lagrangian of 

the particle is  𝑳(𝜽,𝝓) =
𝟏

𝟐
𝒎𝒂𝟐 (�̇�𝟐 + 𝒔𝒊𝒏𝟐𝜽 �̇�𝟐) − 𝒎𝒈𝒂 𝒄𝒐𝒔𝜽  

where 𝜽 and 𝝓  are the polar angles. The Hamiltonian of the 

particles is..  

 

a) 𝐻 =
1

2𝑚𝑎2  ( 𝑃𝜃
2 +

𝑃𝜙
2

sin2 𝜃 
) − 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

b) ) 𝐻 =
1

2𝑚𝑎2  ( 𝑃𝜃
2 +

𝑃𝜙
2

sin2 𝜃 
) + 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

c) ) 𝐻 =
1

2𝑚𝑎2  ( 𝑃𝜃
2 + 𝑃𝜙

2) − 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

d) 𝐻 =
1

2𝑚𝑎2  ( 𝑃𝜃
2 + 𝑃𝜙

2) + 𝑚𝑔𝑎𝑐𝑜𝑠𝜃 

 
 

31. A particle of mass m slides under the gravity without friction along the parabolic path 

𝒚 = 𝒂𝒙𝟐 , as shown in the figure. Here a is a constant. The 

Lagrangian for this particle is given by  

a) 𝐿 =
1

2
𝑚�̇�2 − 𝑚𝑔𝑎𝑥2 

𝑏)  𝐿 =
1

2
𝑚�̇�2 + 𝑚𝑔𝑎𝑥2     

c) 𝐿 =
1

2
𝑚(1 + 4𝑎2𝑥2)�̇�2 − 𝑚𝑔𝑎𝑥2 

d) 𝐿 =
1

2
𝑚(1 + 4𝑎2𝑥2)�̇�2 + 𝑚𝑔𝑎𝑥2 
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32. The Lagrangian of a system with one degree of freedom q is given by 𝑳 = 𝜶�̇�𝟐 + 𝜷𝒒𝟐 , 

where 𝜶 and 𝜷 are non-zero constants. If 𝑷𝒒 denotes the canonical momentum 

conjugate to q then which one of the following statements is CORRECT? 

(a) 𝑃𝑞 = 2 𝛽𝑞 and it is a conserved quantity. 

(b) 𝑃𝑞 = 2 𝛽𝑞 and it is not a conserved quantity. 

(c) 𝑃𝑞 = 2 𝛼�̇� and it is a conserved quantity. 

(d) 𝑃𝑞 = 2 𝛼�̇� and it is not a conserved quantity. 

 

33. Consider two small blocks, each of mass M, attached to two identical springs. One of the 

springs is attached to the wall, as shown in the figure. The spring constant of each spring 

is k . The masses slide along the surface and the friction is negligible. The frequency of 

one of the normal modes of the system is, 

 

a) √(
𝟑+√𝟐

𝟐
) √(

𝒌

𝑴
)    

b) √(
𝟑+√𝟑

𝟐
) √(

𝒌

𝑴
) 

c) √(
𝟑+√𝟓

𝟐
) √(

𝒌

𝑴
) 

d) √(
𝟑+√𝟔

𝟐
) √(

𝒌

𝑴
) 

 

 

34. The Hamiltonian for a system of two particles of 

masses 𝒎𝟏 and 𝒎𝟐 at 𝒓𝟏⃗⃗⃗⃗  and 𝒓𝟐 ⃗⃗⃗⃗  ⃗ having velocities 

𝒗𝟏⃗⃗⃗⃗  and �⃗⃗� 𝟐 is  given by 𝑯 =
𝟏

𝟐
 𝒎𝟏𝒗𝟏

𝟐 +
𝟏

𝟐
 𝒎𝟐𝒗𝟐

𝟐 +

𝑪

𝒓𝟏⃗⃗ ⃗⃗ −𝒓𝟐⃗⃗ ⃗⃗ 
 �̂� . (𝒓𝟏⃗⃗⃗⃗ × 𝒓𝟐⃗⃗⃗⃗ ) where C is constant. Which one of 

the following statements is correct? 

(a) The total energy and total momentum are conserved 

(b) Only the total energy is conserved 

(c) The total energy and the z - component of the total angular momentum are conserved 

(d) The total energy and total angular momentum are conserved 
 

35. The Lagrangian of a system is given by 𝑳 =
𝟏

𝟐
𝒎𝒍𝟐(�̇�𝟐 + �̇�𝟐𝒔𝒊𝒏𝟐𝜽) − 𝒎𝒈𝒍 𝒄𝒐𝒔 𝜽  where m,l 

and g are constants. Which of the following is conserved? 

A) �̇� 𝒔𝒊𝒏𝟐𝜽  B) �̇� 𝒔𝒊𝒏𝜽  C) 
�̇�

𝒔𝒊𝒏𝜽
    D) 

�̇�

𝒔𝒊𝒏𝟐𝜽
 

 

36. If the Lagrangian 𝑳𝟎 =
𝟏

𝟐
 𝒎 (

𝒅𝒒

𝒅𝒕
)
𝟐

−
𝟏

𝟐
 𝒎𝝎𝟐𝒒𝟐 is modified to 𝑳 = 𝑳𝟎 + 𝜶𝒒(

𝒅𝒒

𝒅𝒕
),   which one 

of the following is TRUE? 2017 

(a) Both the canonical momentum and equation of motion do not change 

(b) Canonical momentum changes, equation of motion does not change 

(c) Canonical momentum does not change, equation of motion changes 
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(d) Both the canonical momentum and equation of motion chang 

 

37. In the context of small oscillations, which one of the following does NOT apply to the 

normal coordinates? (2018)  

(a) Each normal coordinate has an eigen-frequency associated with it 

(b) The normal coordinates are orthogonal to one another 

(c) The normal coordinates are all independent 

(d) The potential energy of the system is a sum of squares of the normal coordinates with constant 

coefficients 

 

38. Consider the Hamiltonian 𝑯(𝒒, 𝒑) =
𝜶𝑷𝟐𝒒𝟒

𝟐
+

𝜷

𝒒𝟐 where 𝜶 and 𝜷 are parameters with 

appropriate dimensions, and q and p are the generalized coordinate and momentum, 

respectively. The corresponding Lagrangian 𝑳(𝒒, �̇�, 𝒕) is  

A. 
1

2𝛼

�̇�2

𝑞4 −
𝛽

𝑞2  B. 
1

2𝛼

�̇�2

𝑞4 +
𝛽

𝑞2  C) 
1

𝛼

�̇�2

𝑞4 +
𝛽

𝑞2  D) −
1

2𝛼

�̇�2

𝑞4 +
𝛽

𝑞2 

 

39. If a particle is moving along a sinusoidal curve, the number of degree of freedom of the 

particle is (2020) 

 

Ans. : 1 

40. Consider the Lagrangian 𝑳 = 𝒂(
𝒅𝒙

𝒅𝒕
)
𝟐

+ 𝒃(
𝒅𝒚

𝒅𝒕
)
𝟐

+ 𝒄𝒙𝒚 where a,b and c are constants. If 𝑷𝒙 

and 𝑷𝒚 are the momenta conjugate to the coordinates x and y respectively, then the 

Hamiltonian is (2020) 

 

a)  
𝑃𝑥

2

4𝑎
+

𝑃𝑦
2

4𝑏
− 𝑐𝑥𝑦          b)  

𝑃𝑥
2

2𝑎
+

𝑃𝑦
2

2𝑏
− 𝑐𝑥𝑦  c) 

𝑃𝑥
2

2𝑎
+

𝑃𝑦
2

2𝑏
+ 𝑐𝑥𝑦          d)

𝑃𝑥
2

𝑎
+

𝑃𝑦
2

𝑏
+ 𝑐𝑥𝑦 

 

41. Which one of the following matrices does NOT represent a proper rotation in a plane? 

(2020) 

𝑨(
−𝒔𝒊𝒏𝜽 𝒄𝒐𝒔𝜽
−𝒄𝒐𝒔𝜽 −𝒔𝒊𝒏𝜽

) 𝑩. (
𝒄𝒐𝒔𝜽 𝒔𝒊𝒏𝜽
−𝒔𝒊𝒏𝜽 𝒄𝒐𝒔𝜽

) 𝑪. (
𝒔𝒊𝒏𝜽 𝒄𝒐𝒔𝜽

−𝒄𝒐𝒔𝜽 𝒔𝒊𝒏𝜽
) 𝑫. (

−𝒔𝒊𝒏𝜽 𝒄𝒐𝒔𝜽
−𝒄𝒐𝒔𝜽 𝒔𝒊𝒏𝜽

) 
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