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B. Sc. IIIrd Year Physics Paper- XV 

Ch. 1 Classical Mechanics 

1. Mechanics of Particle:  Mechanics is the study of the motion of physical 

bodies. We have to study conservation laws for a particle in motion using 

Newtonian mechanics. The word “conservation” applies in the sense of 

constantness, when some characteristics of the motion of a system remain 

constant in time. There are conservation laws relating to energy, linear 

momentum, angular momentum, charge and various other quantities. 

i) Conservation of linear momentum: Linear momentum is the product of 

mass of particle m and velocity v.  

Linear momentum P = mv 

Let F be force acting on a particle of mass m, then according to Newton’s second 

law of motion, 

Force = rate of change of momentum 

� = ���� = �(��)��  

If the total force acting on particle is zero i.e. F=0 then ���� = 0 

∴ P = constant 

∴ P = mv =constant 

Thus in the absence of external force, the linear momentum of a particle is 

constant i.e. linear momentum is conserved. 

ii) Conservation of angular momentum: Angular momentum is the 

analogue of the linear momentum in case of rotational motion. It is the moment 

of linear momentum. 
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Consider a particle of mass m and linear 

momentum P at the position �⃗ relative to origin 

O as shown in figure. 

The angular momentum �⃗  of particle with respect 

to origin O is defined as,  

�⃗ = �⃗ × ��⃗  ------------------- (1) 

Let F be force acting on particle then moment of 

force or torque about the origin O is given by,  

� = �⃗ × ��⃗  -------------------- (2) 

Differentiate eqn(1) with respect to t ��� = ��� (�⃗ × ��⃗ ) 

= �⃗ × ���⃗�� + ��⃗�� × ��⃗  

But 
��⃗�� × ��⃗ = ��⃗ × ���⃗ = 0 

�
��� = �⃗ × ���⃗��  

But �⃗ = ���⃗��  

�
��� = �⃗ × �⃗ = � 

 

�� = ���  

If total torque acting on a particle is zero i.e. τ = 0, ��� = 0 

L = constant 

Thus in the absence of external torque, total angular momentum remains 

constant i.e. angular momentum is conserved. 
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iii) Conservation of Energy:  

Suppose, under the action of a force the particle moves from position 1 to 

position 2. 

Then work done by the particle is,  

��� = � �. ����     ------------------ (1) 

According to Newton’s second law of motion, 

� = ���� = �(��)�� = � ����  

��. �� = � ���� . ��  
= � ���� . ���� . �� = �. ���� . �. �� 

Where v = dr/dt is velocity of particle. 

��. �� = ��� �12 ��� �� 

From eqn (1) 

Work done by the particle is,  

��� = ! �. �� = ! ��� �12 ��� ���
�

�
�  

= �12 ��� �
� = 12 ���� − 12 ���� 

But 
�� ��� = # is kinetic energy of particle. 

W12= T2-T1  ------------------------- (2) 
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Where T1, T2 is kinetic energy of particle in positions 1 and position 2 

respectively. 

Thus the work done by force acting on particle appears change in kinetic energy 

i.e. ��� = � �. ���� = #� − #� = $ℎ&'() *' +*')�*$ )')�(,  

This is known as work energy theorem. 

If work done by the force in moving a particle from point 1 to point 2 is the 

same for any possible path between points, then force is conservative. 

If the forces are derivable from scalar potential energy function V i.e. F = -∇V 

Then total energy of particle is conserved. The work done is  

��� = ! �. ���
�  

= ! −�V. ���
� = ! − dVdr . ���

�  

= � −�� = �� − ����     ------------------------- (3) 

Which is change in potential energy when particle moves from point 1 to point 2.  

From eqn(2) and eqn (3) 

T2-T1 = V1-V2 

∴T1 +V1 = T2 +V2 = constant 

Thus sum of kinetic energy and potential energy of a particle remains constant 

in conservative force of field. This is law of conservation of energy. 

 

2. Mechanics of a system of particle:  
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When the mechanical system consists of two or more particles, then we must 

distinguish between external force and internal force.  

∴ Force on ith particle is, 

�0 = �0(1) + 2 �03   − − − − − (1)340  

 Where �0(1)
is external force acting on ith particle and Fij is internal force on ith 

particle due to jth particle. 

All the particles of system exert forces on one another hence internal force on ith 

particle must be sum of forces due to all other particles excluding the term j=i, 

Since by definition the ith particle on itself is zero. 

According to Newton’s second law of motion, 

�0 = �0&0 = ��0��  

= ��� (�0�0) = �0 ��0��  

= �0 ��� 5��0�� 6 = �0 ���0���  

Now, when sum is taken over all the particles of system, eqn(1) becomes 

�0 = ����� 2 �0�0 = 2 �0(1) + 2 �03  − − − − − (2)0,30  

On right hand side of eqn(2) first sum represents the total external force F(e). 

According to Newton’s third law of motion, any two particles of system exert 

equal and opposite force on each other i.e. Fij +Fji = 0 ---------  (3) 

∴eqn (2) becomes, 

����� 2 �0�0 = 2 �0(1)
0   − − − − − (4) 

Centre of mass:  
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We have to explain the concept of centre of mass of system of particles. Let R 

denotes position of centre of mass is defined as the average of radii vectors of 

particles weighted in proportion to their mass i.e. 

9 = ∑ �0�00∑ �0 = ∑ �0�00;  

Where M = Σmi is total mass of the system. 

∴eqn (4) becomes, 

; ��9��� = 2 �0(1) = �(1)
0  

��(1) = ; ��9��� = ;9<  
i) Conservation of linear momentum: 

We have position of centre of mass is 

9 = ∑ �0�00;  

Differentiate with respect to t 

; �9�� = ��� =2 �0�00 > 

= ��� ?���� + ���� ± − − − − �A�AB 
= �� ����� + �� ����� +  − − − − �A ��A��  

= ���� + ����+ − − − + �A�A 

;� = 2 �0�0
A

0C�  

But Σmivi = P is total linear momentum of particles of system. 

∴P = Mv ------------------- (5) 
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Differentiate eqn (2) with respect to t 

���� = ��� (;�) = ; �D�� = ; �EF��E  ---------- (6) 

We have 

�(1) = ; ��9��� = ���� =  ��� (;�) 

When F(e) = 0,  
�� = ;� = 2 �0�0

A
0C� = $G'H�&'� 

If total external force F(e) acting on the system of particle is zero, its total linear 

momentum is constant i.e. linear momentum is conserved. 

ii) Conservation of angular momentum: 

Let L1, L2, ------- LN be angular momentum of N particles of a system. 

Total angular momentum is 

 L = L1 + L2 + -----+ LN 

 = (r1×P1) + ((r2×P2) + ------ + (rN×PN) 

L = ∑ (�0 × �0A0C� )------------------------- (7) 

Differentiate with respect to t 

��� = ��� =2(0 �0 × �0)> = 2 ��0 × ��0�� + ��0�� × �0 0  

��� = 2 ��0 × ��0�� + �0 × ��0 0  

Where vi= dri / dt and Pi = mvi  

But �0 × ��0 = 0 

��� = 2 ��0 × ��0��  = 2?�0 × �0B00  

But  
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�0 = 2 �*()) + 2 �*I*,I  

��� = 2J�0 × �0(1)K + 2(0,30 �0 × �03) 

Second term denotes the sum of internal torques which vanishes if the interacting 

forces are Newtonian. 

��� = 2J�0 × �0 (1)K0 = �(1) 
If τ(e) =0 then dL/dt = 0 and   L = L1 + L2 + -----+ LN  = constant. 

Thus in the absence of external torque, total angular momentum of system of 

particles is constant. 

iii) Conservation of energy:  

Total amount of work done by the forces acting on particles of the system from 

position 1 to position 2 is  

��� = 2 ! �. �� = 2 ! �0(1)��0 + 2 2 ! �03��0 LLLLL(M)
�

�30
�

�
A

0C�
�

�
A

0C�  

According to Newton’s second law of motion 

�0 = �0 ��0��  

� ��� = 2 ! �0 . ��0 = 2 ! �0 ��0���
�0C�

�
�

A
0C� . ��0�� �� 

= 2 ! �0 ��0���
�0C� . �0�� = 2 ! ��� �12 �0��0 �

�0C� �� 

= 2 �12 �0��0 �
�

0C�  

But ∑ �� �0�0� = #0  is kinetic energy of system of particle. 
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��� = ?#B�� = #� − #�------------------------- (9) 

Thus the work done is equal to change in kinetic energy. 

We know that, if the external and internal forces both are conservative and 

derivable from scalar potential then 

�0(1) = −∇OVO     and   FOS = −∇OVOS  
∴ �0(1) = −∇OVO  = − Tı⃗ VWXVYX + ȷ⃗ VWXV[X + K��⃗ VWXV]X^  ------ (10) 

and 

FOS = −∇OVOS = − Tı⃗ VWX_VYX + ȷ⃗ VWX_V[X + K��⃗ VWX_V]X ^ --------- (11) 

If the internal forces are central in nature, the potential energy Vij will be function 

of scalar distance rij = |ri-rj| only. Then Vij = Vij (|ri-rj|) -------------- (12) 

So that `�03`a0 = `�03`�03 . `�03`a0 = ba0 − a3ca03 . `�03`�03    − − − − − (13) 

Since, �03 = �rO − rS� = J(xO − xS)� + (yO − yS)� + (zO − zS)�K� �h
 

Hence 
i�jkilj = (ljLlk)ljk  

Similarly  `�03`,0 = b,0 − ,3c,03 . `�03`�03  

and  `�03`m0 = bm0 − m3cm03 . `�03`�03  

∴ Eqn (11) becomes, 

�03 = − 1�03 . `�03`�03 Jba0 − a3cn⃗ + b,0 − ,3co⃗ + bm0 − m3cp��⃗ K 
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= −b�0 − �3c 1�03 . `�03`�03  

Similarly, 

 �30 = −∇3�03 = b�0 − �3c ��jk . iqjki�jk 

Thus the internal forces Fij and Fji between ith and jth particles are equal and 

opposite and vanish. 

Consider the last term of eqn(8) 

2 2 ! �03��0
�

�30 = 12 2 2 ! (�03��0 + �30��3)�
�30  

= 12 2 2 ! −(∇O�03��0 + ∇O�03��3)�
�30  

A factor ½ comes because of while summing the mutual potential energies, a 

pair of particles i, j appears a twice. 

2 2 ! �03��0
�

�30 = − 12 2 2 ! −∇OS�03��03
�

�30   − − − − − (14) 

Therefore eqn(8) becomes, 

��� = − 2 ! ∇�0��0 − 12 2 2 ! −∇OS�03��03
�

�30
�

�  

= − 2 ! ��0��0 ��0 − 12 2 2 ! ��03��03
�

�30
�

� ��03 

= − r2?�0B�� + 2 2J�03K��300 s = �� − ��    − − − − − (15) 

Where V is total potential energy of system is defined as  

� = 2 �0 + 120 2 2 �0330  
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From eqn (9) and eqn (15) 

T2-T1 = V1-V2 

∴T1 + V1 = T2 + V2 = constant 

This is law of conservation of energy. 

3. Constraints: 

The restrictions of motion of a system of particle along the specified path are 

called as constraints and the motion is said to be constrained motion.  

Here one coordinate is sufficient to describe the motion in contrast to the situation 

where the particle is free to move in space and three coordinates are needed to 

describe its motion. Thus imposing constraints on a mechanical system is to 

simplify the mathematical description. Constraints reduce the number of 

coordinates needed to specify the configuration of a system. When a 

particle(bead) is made to a slide on a wire constraint require that position of bead 

lie on wire. Condition imposed on the system by constraints can be written 

mathematically as a relation satisfied by the coordinates of particle at any time. 

Example 1). Let us consider the motion of a simple pendulum confined to move 

in vertical plane. We need only two coordinates i.e. Cartesian coordinates x and 

y or polar coordinates r and θ to locate the position of the bob in motion. However 

motion of bob is not free but takes place under a constraint that the distance l of 

the bob is to remain same at all time. This condition imposed by the constraint 

can be expressed in form of equation either between x and y or r and θ  such as, a� + ,� = u� or r = l 

Again, in polar coordinate equation looks simple. One coordinates either x and y 

in cartesian coordinates or θ in polar coordinate should sufficient to describe 

motion. 
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2). Suppose a particle moving in space requires three coordinates to determine its 

position at any instant. If we restrict its movement on the surface of sphere, there 

exists a relation between these coordinates. Again we shall see that spherical polar 

coordinates can be used with advantage as, 

a� + ,� + m� = &� or r = a  where a is radius of sphere. 

Types of Constraints: 

There are two types of constraints: 

i) Holonomic constraints 

ii) Non-Holonomic constraints 

i). Holonomic constraints: If we express the conditions of constraints as 

equations connecting the coordinates of particle having the form f( r1, r2, -----t ) 

= 0, then the constraints are said to be holonomic. i.e. holonomic constraints 

depends only on the coordinates and time. 

Ex. 1. The constraints of rigid body is defined as the one where distance between 

any two particle remains constant during the motion may be given by, (�0 − �3)� − v03� = 0 

Where Cij is distance between particles i and j which is at position ri and rj. 

2. A particle constrained to move on an inclined plane must have x and y 

components to satisfy condition,  ∅(a, ,, m, �) = , − a�&'x = 0 

Where x and y are measured from inclined plane. 

3. Suppose a particle is moving on rim of circle of radius a. Here we obtain 

the rim Y-Z plane where the centre of circle and origin coincide. In this, the 

constraints is that particle remains on rim. The constraints equation is  

a = 0 &'� ,� + m� = &�  
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ii). Non-Holonomic constraints: The constraints which cannot be expressed in 

the form of equations are non-holonomic constraints. 

If constraint is non-holonomic, the equation expressing the constraint cannot be 

used to eliminate the dependent coordinates. An example of non-holonomic 

constraint is that an object rolling on surface without slipping. The coordinates 

used to describe the system will generally involve the angular coordinates to 

specify the orientation of the body plus the set of coordinates describing the 

location of point of contact on the surface. 

Ex.1. The motion of particle placed on the surface of sphere under the action of 

gravitational force is bound by non-holonomic constraints and it can be expressed 

as an equality �� − &� ≥ 0. 
Equality sign holds until the particle rolls on sphere and when it leaves the sphere, 

we must have �� − &� > 0. 
2. Consider a disc rolling on horizontal XY plane 

constrained to move so that the plane of disc is 

always vertical. The coordinates used to describe 

the motion might be the x, y coordinates of the 

centre of disc, an angle of rotation φ about the axis 

of the disc and an angle θ between the axis of the 

disc and say X-axis as shown in Fig. As a result of 

the constraints the velocity of the centre of the disc 

v has a magnitude proportional to ∅{ , � = &∅{  
Where a is the radius of the disc, and its direction is perpendicular to the axis of 

the disc; 

  a{ = �H*'x and ,{ = −�$GHx 

Combining these conditions we have two differential equations of constraint 

Figure 1 Vertical disc rolling on 

horizontal plane. 
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�a − &H*'x�∅ = 0 

�, + &$GHx�∅ = 0 

This equation cannot be integrated without in fact solving the problem i.e. we 

cannot find an integrating factor f(x, y,θ,φ) that will turn either of the equations 

into perfect differentials. Hence the constraints cannot be reduced to equation 

form and are non-holonomic. 

Note: Constraints are further classified according to whether the equations of 

constraint contain the time explicit variable which is rheonomous or are not 

explicitly dependent on time which is scleronomous. A bead sliding on a rigid 

curved wire fixed in space is obviously subject to a scleronomous constraint; if 

the wire is moving in some prescribed fashion, the constraint is rheonomous. 

4. Virtual Work: 

A virtual displacement of a system refers to a change in the configuration of the 

system as the result of any arbitrary infinitesimal change of the coordinates δri, 

consistent with the forces and constraints imposed on the system at the given 

instant t. There is no actual displacement during which forces and constraints may 

change and hence this displacement is called as virtual displacement. It is an 

imaginary displacement. 

Work done by the force on particle when a virtual displacement is given to 

particle is called virtual work. 

In this, the system is subjected to an infinitesimal displacement consistent with 

forces and constraints imposed on system at the given instant t. 

Let δri be infinitesimal virtual displacement of ith particle. Suppose system is in 

equilibrium i.e. total force Fi on every particle is zero, then work done by this 

force in a small virtual displacement δri will also zero. 
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|�0 = �0 . |�0 = 0 

Similarly sum of virtual work for all particles must be zero i.e.  

|�0 = 2 �0 .0 |�0 = 0 − − − − − (1) 

  The total force be expressed as sum of applied force Fi
(a) and forces of constraints 

fi as   

�0 = �0(}) + ~0 
Therefore, eqn (1) becomes, 

2 �0 (}). |�0 + 2 ~0 .00 |�0 = 0 − − − − − −(2) 

 We restrict ourselves to systems for which the net virtual work of the forces of 

constraints is zero. We have seen that this condition holds true for rigid bodies 

and it is valid for a large number of other constraints. Thus, if particle is 

constrained to move on a surface, the force of constraint is perpendicular to the 

surface while the virtual displacement must be tangent to it and hence the virtual 

work vanishes. 

The condition for equilibrium of a system that the virtual work of the applied 

forces vanishes is,  

2 �0(}). |�00 = 0 − − − − − −(3) 

This equation is called as the principle of virtual work. 

5. D’Alembert’s Principle: 

According to Newton’s second law of motion, force acting on ith particle is 

�0 = ��j�� = �{         ------------------ (1) 
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To interpret the equilibrium of systems, D’Alembert adopted an idea of a reversed 

force. He explained that a system will remain in equilibrium under the action of 

force equal to actual force Fi plus a reversed effective force��{  . Thus 

 �0 + (−��) = 0{  

�0 − ��{ = 0 

The principle of virtual work takes the form  

2b�0 − ��{  c. |�00 = 0 

Again writing  
�0 = �0(}) + ~0 

2b�0(}) − ��{  c. |�00 + 2 ~0 .0 |�0 = 0 

Again we restrict with the systems for which virtual work of the forces of 

constraints is zero. Therefore,  

2b�0(}) − ��{  c. |�00 = 0 

Since force of constraints do not appear in equation and hence we drop superscript 

‘a’. Therefore above equation becomes,  

2b�0 − ��{  c. |�00 = 0 

This equation is called as D’Alembert principle. 

6. Lagrange’s Equation:  

Consider a system of N particles. The coordinate transformation equations are 
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�0 = �0(��, ��, − − − − ��, � ) -------------------- (1) 

Where q1, q2------- qn are generalised coordinates. 

Differentiate eqn(1) with respect to t 

��0�� = `�0`�� . `��`� + `�0`�� . `��`� + − − − − − `�0`� . ���� 

Velocity of ith particle is 

�0 = 2 `�0`�3 ��{ + `�0`�       − − − − − − − − − (2)3  

Where ��{  are generalised velocities 

The virtual displacement is given by  

|�0 = `�0`�� |�� + `�0`�� |�� + − − − − + `�0`�� |�� + `�0`� |� 

|�0 = 2 `�0`�3 |�30 + `�0`� |� 

But last term is zero since virtual displacement only coordinate displacement 

and not that of time i.e. 
i�ji� |� = 0 

                
|�0 = 2 `�0`�3 |�30  

According to D’Alembert’s principle,    

2b�0 − ��{  c. |�00 = 0 
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2b�0 − ��{  c. `�0`�3 |�30 = 0 

�2 �0 `�0`�3 |�3 − 2 ��{ `�0`�3 |�3 = 00,30,3   − − − − − − − − − − − (3) 

We define, 2 �0 `�0`�3 = �303  

 are called the components of generalised force associated with generalised 

coordinates qj. 

∴ eqn (3) becomes,  

  

2 �3 . |�3 − 2 ��{ `�0`�3 |�3 = 00,33   − − − − − − − − − − − (4) 

  

�2 ��{ `�0`�3 |�3 = 2 �0��<0,30,3  `�0`�3 |�3   
= 2 � ��� ��0��  { `�0`�3� − �0��  { ��� ( `�0`�3)�03 |�3 

�H*'$), ��� ��0��  { `�0`�3� = �0�� < `�0`�3 + �0��{  ��� � `�0`�3�� 

��0�� < `�0`�3 = ��� ��0��  { `�0`�3� − �0��  { ��� ( `�0`�3)� 

�2 ��{ `�0`�3 |�3 = 2 � ��� ��0�0 `�0`�3� − �0�0 ��� ( `�0`�3)�03 |�30,3 − − − (5) 

Further, ��� � `�0`�3� = `̀�3 5��0�� 6 = `�0`�3 
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Differentiate eqn(2) with respect to ��{  
�

`�0`��{ = `�0`�3  

∴ eqn (5) becomes 

�2 ��{ `�0`�3 |�3 = 2 � ��� ��0�0 `�0`��{ � − �0�0 `�0`�3�03 |�30,3  

= 2 = ��� � `̀��{  �2 12 �0�0�0 � − `̀�3  (2 12 �0�0�0 )�>3 |�3 

= 2 � ��� � `̀��{  (#) − `̀�3  (#)��3 |�3 

Where ∑ �� �0�0�0 = # is kinetic energy of system. 

By substituting these values in eqn (4), we have 

2 �3 . |�3 − 2 � ��� � `̀��{  (#) − `̀�3  (#)��3 |�3 = 03  

� � ��� � `#`��{ � − `#`�3 − �3� |�3 = 0 

Since the constraints are holonomic, qj are independent of each other and hence 

coefficient of δqj vanish i.e. 

� ��� � `#`��{ � − `#`�3� = �3  − − − − − −(6) 

Eqn (6) is general form of Lagrange’s equation. 
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Case I (For conservative system): 

For conservative system, forces are derivable from potential function V, 

��0 = −∇�0 = − `�`�0 
The generalised force can be expressed as  

�3 = 2 �0 `�0`�3 = − 2 ∇�0 `�0`�300  

�3 = − 2 `�`�00
`�0`�3 = − `�`�3 

The general form of Lagrange’s equation becomes 

� ��� � `#`��{ � − `#`�3� = �3  

� ��� � `#`��{ � − `#`�3� = − `�`�3 

� ��� � `#`��{ � − `#`�3 + `�`�3� = 0 

� ��� � `#`��{ � − `(# − �)`�3 � = 0 

� ��� �`(# − �)`��{ � − `(# − �)`�3 � = 0 

Since V is not function of ��{ . 
We define new function given by  

L= T-V called as Lagrangian for the conservative system. 
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∴ above equation becomes, 

� ��� � ``��{ � − ``�3� = 0 

This equation is known as Lagrange’s equation of motion for conservative 

system. 

Case II (For non-conservative system): If potentials are velocity dependent, 

called as generalised potential, then system is not conservative. Then we obtain 

generalised force as function U (qj, ��{  ) such that 

�3 = − `�`�3 + ��� �`�`��{ � 

Then Lagrange’s equation becomes, 

� ��� � `#`��{ � − `#`�3� = �3  

� ��� � `#`��{ � − `#`�3� = − `�`�3 + ��� �`�`��{ � 

��� � `#`��{ − `�`��{ � − `#`�3 + `�`�3 = 0 

��� �`(# − �)`��{ � − `(# − �)`�3 = 0 

If we take Lagrangian  L= T-U where U is generalised potential. 

Above equation becomes,  

� ��� � ``��{ � − ``�3� = 0 

This is Lagrange’s equation of motion. 
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7. Simple Applications of Lagrangian Formulation:- 

i) Simple Pendulum:  

Simple pendulum is a point mass suspended by a light, 

inextensible string from a rigid support.  

Suppose l is length of pendulum. 

θ  be angle through which the pendulum is displaced 

from its equilibrium position and it si chosen as 

generalised coordinates. 

Kinetic energy of pendulum is, 

# = 12 ��� 

��� � = u� = u. �x�� = ux{  
� p*')�*$ )')�(, # =  12 �u�x{ � 

In coming from position B to A, the mass has fallen freely through a vertical 

distance CA. 

∴ Potential energy is, 

� = �(. v� = �((�� − �v) 

But OA = l and OC = OB cosθ = lcosθ 

� = �( (u − u$GHx) = �(u(1 − $GHx) 

We know that, the Lagrangian is, L = T – V 

 = 12 �u�x{ � − �(u(1 − $GHx) − − − − − (1) 
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 Now Lagrangian equation of motion is,  

� ��� 5``x{6 − ``x = 0 − − − − − (2) 

Differentiate eqn(1) with respect to x{  and x, we get 

``x{ = 12 �u�. 2x{ = �u�x{  
And         

i�i� = 0 − �(u (0 + H*'x) = −�(uH*'x 

Putting these values in eqn (2), 

�
��� b�u�x{c + �(uH*'x = 0 

�u�x< + �(uH*'x = 0 

x< + (u H*'x = 0 − − − − − (3) 

This is required equation of motion for simple pendulum. 

If amplitude of motion is small then sinθ ≈ θ. 

�     x< + (u x = 0 

ii) Linear Harmonic Oscillator:  
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Let us consider the motion in direction of X-axis. The kinetic energy of harmonic 

oscillator is given by 

# = 12 ���   
��� � = �a�� = a{   �) velocity of particle 

�# = 12 �a{ � 

The potential energy of particle is, � = − � �. �a 

Where F = -kx is restoring forces acting on particle and k is force constant. 

� = − ! −+a. �a = +. a�2 + v 

Where C is constant of integration. If we choose horizontal plane passing through 

the position of equilibrium as reference level then v = 0 at x = 0. So that C = 0.  

� �G�)'�*&u )')�(, � =  +a�2  

We know that, the Lagrangian is, 

 = # − � = 12 �a{ � − +a�2      − − − − − (1) 

Now Lagrangian equation of motion is,  

� ��� 5``a{6 − ``a = 0 − − − − − (2) 

Differentiate eqn(1) with respect to a{  and a, we get 

``a{ = 12 �. 2a{ = �a{  



Dr. A. S. Padampalle, B. Sc. V Semester Physics-XV Ch.1 

 ``a = 0 − 12 +. 2a = −+a 

Putting these values in eqn (2), 

� ��� (�a{) + +a = 0  
 

��a< + +a = 0 − − − −(3) 

Eqn (3) is required equation of motion of one dimensional harmonic oscillator. 

iii) Atwood’s Machine:  

Atwood’s machine is holonomic conservative system.  

System consists of two masses m1 and m2 suspended 

over a frictionless pulley of radius a and connected by 

a flexible string of constant length l. 

Suppose x is variable particle distance from pulley to 

mass m1 then mass m2 is at distance l-x from pulley.  

There is only one independent coordinate x. The 

velocities of two masses are 

�� = �a�� = a{    &'� �� = �(u − a)�� = −a{  
Kinetic energy of the system is 

# = 12 ����� + 12 ����� 
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The potential energy of the system is  

 � = −��(a − ��((u − a) 

We know that, the Lagrangian is,  = # − � 

= 12 (�� + ��)a{ � + ��(a + ��((u − a)     − − − − − (1) 

Now Lagrangian equation of motion is,  

� ��� 5``a{6 − ``a = 0 − − − − − (2) 

Differentiate eqn(1) with respect to a{  and a, we get 

``a{ = 12 (�� + ��). 2a{ = (�� + ��)a{  
``a = ��( + ��((−1) = (�� − ��)( 

Putting these values in eqn (2), 

��� ?(�� + ��)a{ B − (�� − ��)( = 0 

(�� + ��)a< − (�� − ��)( = 0 

(�� + ��)a< = (�� − ��)( 

a< = (�� − ��)((�� + ��)   − − − − − (3) 

This is required equation of motion of Atwood’s machine.  
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Multiple Choice Question: 

1. The number of independent variable for a free particle in space are ______ 

  (a) one   (b) two   (c ) three   (d) zero 

Ans: c 

2. ___________ constraints are independent of time.  

(a) Holonomic    (b) Non-Holonomic  

(c) Scleronomous    (d) Rheonomous 

Ans: c 

 3. ___________ constraints are time dependent.  

(a) Holonomic     (b) Non-Holonomic  

(c ) Scleronomous     (d) Rheonomous  

Ans: d 

 4. The Lagrangian equations of motion are ___________ order differential 

equations.  

(a) first   (b) second   (c ) zero   (d) forth 

Ans: b 

5. If the total external force acting on the body is zero, which of the following 

physical quantity is conserved? 

(a) force     (b) linear momentum   

(c) angular momentum   (d) energy 

Ans: b 
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6. If the external torque acting on the body is zero, which of the following 

physical quantity is conserved? 

(a) force     (b) linear momentum   

(c) angular momentum   (d) energy 

Ans: c 

7. If work done by the force in moving a particle from point 1 to point 2 is the 

same for any possible path between points, then force is --------. 

(a) conservative    (b) non-conservative 

(c) Both (a) and (b)    (d) none of these 

Ans: a 

8. If the forces F are derivable from scalar potential energy function V then 

relation between force and potential energy is --- 

(a) F = -∇V   (b) F = ∇V  (c) V = -∇F   (d) V = ∇F 

Ans: a 

(9) Which of the following correct statement about constraints? 

(a) It is the restrictions of motion of a system of particle along the specified 

path. 

(b) It reduces the number of coordinates needed to specify the 

configuration of a system. 

(c) Condition imposed by it can be written mathematically as a relation 

satisfied by the coordinates of particle at any time.  
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(d) All of these 

Ans: d 

(10) The constraints which cannot be expressed in the form of equations are ---. 

(a) Holonomic     (b) Non-holonomic   

(c) generalised    (d) conservative 

Ans: b 

(11) The constraints which can be expressed in the form of equations are ---. 

(a) Holonomic     (b) Non-holonomic   

(c) generalised    (d) conservative 

Ans: a 

(12) The equation of the principle of virtual work is ----- 

(a) ∑ ¤¥(¦). §¨¥ = ©    (b) ∑b�0 − ��{  c. |�0 = 0 
(c) F = -∇V     (d) ∑b�0 + ��{  c. |�0 = 0 

Ans: a 

(13) The equation of the D’Alembert principle is ----- 

(a) ∑ �0(}). |�0 = 0    (b) ∑b¤¥ − ª«{  c. §¨¥ = © 
(c) F = -∇V     (d) ∑b�0 + ��{  c. |�0 = 0 

Ans: b 

(13) For non-conservative system, potential depends on ------- 

(a) position   (b) force   (c) momentum  (d) velocity 

Ans: d 
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(14) General Lagrange’s equation of motion is ------ 

(a) � ��� 5 i¬ik6 − i¬ik = �3   (b) � ��� 5 i¬i®{ 6 + i¬ik = �3   

(c) � ¯̄° 5 ±²±³{́ 6 − ±²±³µ = ¶µ   (d) �5 i¬i®{ 6 − ��� ( i¬ik) = �3 

Ans: c 

(15) Differential equation of motion for simple pendulum is ------ 

(a) ·< + ¹̧ º¥»· = ©   (b) x + ¼½ H*'x = 0   

(c) x< + ½¼ H*'x = 0     (d) x< + ¼½ $GHx = 0 

Ans: a 

(16) For simple pendulum, the  Lagrangian function L is written as ------- 

(a)  = �� �u�x{ � + �(u(1 − $GHx) (b) ¾ = ¿À Á¹À·{ À − Á¸¹(¿ − ÂÃº·)  

(c)  = �� �u�x − �(u(1 − $GHx) (d)  = �� �u�xÄ − �(u(1 − $GHx) 

Ans: b 

(17) Differential equation of motion of harmonic oscillator is -------- 

(a) �a{ + +a = 0   (b) �a< − +a = 0  

(c) �a + +a< = 0    (d) ÁÅ< + ÆÅ = © 

Ans: d 
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(18) For harmonic oscillator, the Lagrangian function L is written as---- 

(a)  = �� �a{ � + ÇlE
�      (b)  = �� �a< � − ÇlE

�    
(c) ¾ = ¿À ÁÅ{ À − ÆÅÀ

À       (d)  = �� �a� − Çl< E�    
Ans: c 

(19) Atwood’s machine is ---------- conservative system. 

(a) Holonomic     (b) Non-Holonomic  

(c ) Scleronomous     (d) Rheonomous  

Ans: a 

(20) Differential equation of motion of Atwood’s machine is ------- 

(a) a< = (ÈÉÊÈE)¼(ÈÉÊÈE)    (b) Å< = (Á¿LÁÀ)¸(Á¿ÊÁÀ)   

(c) a< = (ÈÉÊÈE)¼(ÈÉLÈE)     (d) a{ = (ÈÉLÈE)¼(ÈÉÊÈE)  

Ans: b 

 

 

 


