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UNIT – 1 

Fundamentals of Dynamics 

 

Q 1. State and Explain Newton's three laws of motion. 

Ans. Newton's Laws of motion 

First Law: A body must continue in the state of rest or of uniform 

motion along a straight line unless acted upon by an external 

unbalanced force. 

This law is also known as the law of inertia. 

 
Second Law: The rate of change of momentum is proportional to 

the impressed force and takes place in the directions of the force. 

 

 
If it does not remain constant, the second law does not hold good. 

This law gives us the definition of force. The force will be unity if it 

produces an acceleration of 1m/sec' in a mass of 1kg. This unit force is 1 

newton(N). This is S.I unit, in CGS units, the unit of force is dyne. 

1 newton = 105 dynes. 

Third Law: To every action, there is an equal and opposite reaction.  

if one object A exerts a force FA on a second object B, then B 

simultaneously exerts a force FB on A, and the two forces are equal in 

magnitude and opposite in direction: FA = −FB. 

The above three laws do not hold good in non-inertial frame of 

reference. 

 

Q  2 .  Exp la in  th e  i ne r t ia l  and  non iner t ia l  f ram es  o f  

r e f e renc e .  

Ans. An inertial frame of reference: It is a frame of reference in which 

bodies move with constant velocity only if there is no net force on it and 

obey Newton law of inertia and other laws of Newtonian mechanics. 



The non-inertial frame of references are the frames in which bodies 

are accelerating or rotating. Newton's laws of motion are not applicable 

and pseudo forces exist. 

Suppose the body has coordinates (x,y,z) at any instant. Since there 

is no net force on the body, according to Newton's laws of motion, 

 

 

All the symbols have their usual meanings. 

Thus, we can conclude, that all frames of reference moving with a 

constant velocity with reference to an inertial frame, are also inertial frames 

of reference. The inertial frames are non-accelerating and non-rotating. 

 

Q 3. What is a Galilean transformation? Which of the following 

are Gali lean Invariant: Length, Velocity, Acceleration and 

Linear momentum? Explain with reason 

Ans.  

 



 

 

 

 

 
 



 

Velocity: since motion is only along X-direction. The above shows 

velocity is variant under Galilean transformations. 

Acceleration: Acceleration is the rate of change of velocity.

Hence the acceleration is invariant in the Galilean transformations. 

Since movement is along X-axis only,  

Length: These are Galilean coordinate 

transformations. Length transformation: Let there be a 

rod of length L 

Then in frame S 

l'= x2-  x l  

When observed in frame S' at time t', the length appears to be l' 

According- to Galilean transformations. Hence 

length is invariant in Galilean transformations. 

  

Linear momentum: Linear momentum is the product of mass and velocity. Mass is 

unaltered in the Galilean transformations but velocity is a variant. Hence the 

product my will be a variant in the Galilean. transformations. 

 

Q.4 Explain the law of conservation of linear momentum? 

Ans. Law of conservation of linear momentum  

The product of mass and the velocity of a particle is defined as its linear 

momentum (represented as 'p'). So, 

 

P= mv 

In physics, the term conservation refers to something which doesn't 

change. This means that the variable in an equation which represents a 

conserved quantity is constant over time. It has the same value both before 

and after an event. If the subscripts iiii and ffff denote the initial and final 

momenta of objects in a system, then the principle of conservation of 

momentum says 

 

 

Conservation of momentum is actually a direct consequence of Newton's 
third law. Consider a collision between two objects, object A and object 
B. When the two objects collide, there is a force on A due to B—FAB —
but because of Newton's third law, there is an equal force in the opposite 
direction, on B due to A—FBA. 

https://www.khanacademy.org/science/physics/linear-momentum/momentum-tutorial/a/what-are-momentum-and-impulse
https://www.khanacademy.org/science/physics/linear-momentum/momentum-tutorial/a/science/physics/forces-newtons-laws/newtons-laws-of-motion/v/newton-s-third-law-of-motion
https://www.khanacademy.org/science/physics/linear-momentum/momentum-tutorial/a/science/physics/forces-newtons-laws/newtons-laws-of-motion/v/newton-s-third-law-of-motion


 

 
Hence, this relation proves the conservation of momentum. 

 
 

Q. 5 Explain the concept of impulse with suitable examples.  

Ans. Impulse:  



 
  

Instantaneous Impulse: There are many occasions when a force acts 

for such a short time that the effect is instantaneous, e.g., a bat striking a 

ball. In such cases, although the magnitude of the force and the time for 

which is acts may each be unknown the value of their product (i.e., impulse) 

can be known by measuring the initial and final momenta. Thus, we can 

write 

 



 
 

Q.6 Explain the motion of the centre of mass. Explain that in 

absence of an external force center of mass remains at rest or 

at constant velocity.  

Ans. The Co-ordinates of center of mass of a mass distribution is 

- 

 

So, the general co-ordinates of the center of mass are - 

 

to find the velocity of center of mass, differentiate it and we get - 



 

 

 

 

example - If a projectile explodes in the air in different parts, the path 

of the center of mass remains unchanged. This is because during 



explosion no external force (except gravity) acts on the center of mass. 

Then it follows the same parabolic path as it should be. 

 

Q. 7 Explain the position of center of mass for different bodies? 

Ans. For a uniform massive body the center of mass can be calculated 

by the given formulas - 

 
• For symmetric bodies like rectangle, square, circle, sphere etc., 

the center of mass is at its body center.  

• the centroid of a triangle is its center of mass.  

 

Q. 8. 

 



 

Q. 9. explain the motion of a variable mass rocket- 

Ans. 

 

 

 

 



 
 

Q10. What is the projectile motion? explain in detail- 

Ans. Projectile motion is a form of motion experienced by an object or 

particle (a projectile) that is thrown near the Earth's surface and moves 

along a curved path under the action of gravity only. 

 

https://en.wikipedia.org/wiki/Motion_(physics)
https://en.wikipedia.org/wiki/Projectile
https://en.wikipedia.org/wiki/Gravity


 

 

 



 

 

 
 

Q.11. Give the formulae for oblique projectile? 

Ans.  

 

 

 

 



 

UNIT – 2 

WORK and ENERGY 

 
Q. 1 What are the conservative and non-conservative forces? Explain the 

related terms like path independent, Kinetic and potential energy , work and 

power? 

Ans. Force can be divided into two broad classes- 

1. Conservative forces 

2. Non-conservative forces. 

The work done by a conservative force in displacing a particle form one point to 

another depends only on the position of the two given points and it is quite independent 

of the actual path taken between them. On the other hand, the work done by a non-

conservative force does depend upon the actual path taken. work done in a close path under a 

conservative force is zero. 

Energy  -  The ability to do work.  

Kinetic Energy  -  The energy of motion.  

Path independence  -  Property of conservative forces which states that the work done on any path 

between two given points is the same.  

Potential energy  -  The energy of configuration of a conservative system. For formulae, see 

Definition of potential energy, gravitational potential energy, and Definition of potential energy given a 

position-dependent force.  

Total mechanical energy  -  The sum of the kinetic and potential energy of a conservative system. 

See definition of total mechanical energy.  

Work  -  A force applied over a distance. For formulas, see work done by a constant force parallel to 

displacement and work done by any constant force, and work done by a position-dependent force.   

Power  -  Work done per unit time. For formulas, see Formula for average power, Definition of 

instantaneous power, and formula for instantaneous power.  

 

Q. 2 Discuss the concepts of potential energy. 

Ans. Potential Energy :  

The energy possessed by a body or system by virtue of its position or configuration is 

known as the potential energy. For example, a block attached to a compressed or elongated 

spring possesses some energy called elastic potential energy. This block has a capacity to do 

work. Similarly, a stone when released from a certain height also has energy in the form of 

gravitational potential energy.  

Regarding the potential energy it is important to note that it is defined for a 

conservative force field only. For non-conservative forces it has no meaning. The change in 

potential energy (dU) of a system corresponding to a conservative internal force is given by 

 

 



 

 

 

 

We generally choose the reference point at infinity and assume potential energy to be 

zero there, if we take ri= 00 (infinite) and U = 0- then we can write 

or potential energy of a body or system is the negative of work done by the conservative 

forces in bringing it from infinity to the present position.  

Regarding the potential energy it is worth noting that:  

1. Potential energy can be defined only for conservative forces and it should be considered 

to be a property of the entire system rather than assigning it to any specific particle. 

2. Potential energy depends on frame of reference.  

In a conservative force field, the potential energy of a particle is, in general, a function of 

space and, therefore, changes from point to point. A curve, showing variation of the potential 

energy of a participant its position in the field is spoken as a potential energy curve and 

supplies a great deal of information about the motion of the particle without having to solve 

any equations of motion. 

 

Q 3  Discuss the concept of electric potential as potential energy.  

Ans.The intensity E of an electric field at a point is defined as the force experienced by a 

unit positive charge when placed at that point in the field. It follows, therefore, that the force 

experienced by a charge Q placed at the point will be qE. 

Again, the potential (V) at a point in an electric field is defined as the amount of work done in 

moving a unit positive charge from 00 (where the potential is assumed to be zero) to that point. It 

is thus, in other words, the electrostatic potential energy of a unit positive charge placed at that 

point. So that, if potential energy of a charge of + q units be U at a point r in an electric field, we 

have 

V= U/q =  E.dr, 

whereE is the intesity of the field at the point. 

Hence, the potential difference between two points r, and r0 is 

given by V2 —V1 = 

E.dr  

where V, and Vc are the potentials at the two points respectively. This is obviously 

equal to the change in the electrostatic potential.  

 

Q 4  Explain the Law of conservation of mechanical energy.  

Ans. Law of Conservation of Mechanical Energy 

Mechanical energy, EME_MEME, start subscript, M, end subscript, is the sum of the potential energy 

and kinetic energy in a system. 

EM=EP+EK 

Only conservative forces like gravity and the spring force that have potential energy associated with 

them. Nonconservative forces like friction and drag do not. We can always get back the energy that 



we put into a system via a conservative force. Energy transferred by nonconservative forces however 

is difficult to recover. It often ends up as heat or some other form which is typically outside the 

system—in other words, lost to the environment. 

Consider a golfer on the moon—gravitational acceleration 1.625 m/s2 striking a golf ball. The ball 

leaves the club at an angle of 45 degree to the lunar surface traveling at 20 m/s both horizontally and 

vertically—total velocity 28.28 m/s. How high would the golf ball go? 

We begin by writing down the mechanical energy: 

 

 
 

 

 

 

 

 



Q. 5 

Ans.  

 

 



 

 

Q 6. What is Gravitational and electrostatic potential energy?  

Ans.  

 

Electric potential energy, or electrostatic potential energy, is a potential energy (measured in 

joules) that results from conservative Coulomb forces and is associated with the configuration of a 

particular set of point charges within a defined system.  

The electric potential energy of a system of point charges is defined as the work required assembling 

this system of charges by bringing them close together, as in the system from an infinite distance. 

The electrostatic potential energy, UE, of one point charge q at position r in the presence of an 

electric field E is defined as the negative of the work W done by the electrostatic force to bring 

it from the reference position rref
[note 1] to that position r 

https://en.wikipedia.org/wiki/Potential_energy
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Conservative_force
https://en.wikipedia.org/wiki/Coulomb_force
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Physical_system
https://en.wikipedia.org/wiki/Point_charge
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Work_(electrical)
https://en.wikipedia.org/wiki/Electrostatic_force
https://en.wikipedia.org/wiki/Electric_potential_energy#cite_note-1


 

 

 

Q. 7. The potential energy of a conservative system is given by U = ax2 - bx 

Where a and b are positive constants. Find the equilibrium position and discuss 

whether the equil ibrium is  stable,  

Ans. In a conservative field 

dU 

F dx 

dU 

F = (ax2 - bx) = b 2a x 

dx 

For equilibrium F = 0. 

Therefore, x = 2a is the stable equilibrium position. 

 

Q.8. Explain the concept of stable and unstable equilibrium? 

Ans.  

 

If we have a function which describes the system's potential energy, we can determine the system's 

equilibria using calculus. A system is in mechanical equilibrium at the critical points of the function 

describing the system's potential energy. We can locate these points using the fact that the derivative 

of the function is zero at these points. To determine whether or not the system is stable or unstable, 

we apply the second derivative test: 



 
Unstable equilibrium 

Second derivative < 0 

The potential energy is at a local maximum, which means that the system is in an unstable 

equilibrium state. If the system is displaced an arbitrarily small distance from the equilibrium 

state, the forces of the system cause it to move even farther away. 

 
Stable equilibrium 

Second derivative > 0 

The potential energy is at a local minimum. This is a stable equilibrium. The response to a 

small perturbation is forces that tend to restore the equilibrium. If more than one stable 

equilibrium state is possible for a system, any equilibria whose potential energy is higher than 

the absolute minimum represent metastable states. 

 
Neutral equilibrium 

Second derivative = 0 or does not exist 

The state is neutral to the lowest order and nearly remains in equilibrium if displaced a small 

amount. To investigate the precise stability of the system, higher order derivatives must be 

examined. The state is unstable if the lowest nonzero derivative is of odd order or has a 

negative value, stable if the lowest nonzero derivative is both of even order and has a positive 

value, and neutral if all higher order derivatives are zero. In a truly neutral state the energy 

does not vary and the state of equilibrium has a finite width. This is sometimes referred to as 

state that is marginally stable or in a state of indifference. 

When considering more than one dimension, it is possible to get different results in different 

directions, for example stability with respect to displacements in the x-direction but instability in the y-

direction, a case known as a saddle point. Generally, an equilibrium is only referred to as stable if it is 

stable in all directions 

 

 

 

https://en.wikipedia.org/wiki/File:Vratka_rovnovazna_poloha.svg
https://en.wikipedia.org/wiki/File:Stabilni_rovnovazna_poloha.svg
https://en.wikipedia.org/wiki/File:Volna_rovnovazna_poloha.svg


Q 9. Explain the concept of power and its mathematical relation with force and work? 

Ans. 

 
Q 10. 

 



 

 

 



 



 



 

UNIT-3 
COLLISION 

Q.1   What is collision explain its  various types? 

Ans.  A collision is an event in which two or more bodies exert forces on 
each other for a relatively short time leading to transferred momentum or 
energy from one object to another according to law of conservation .It is 
not necessary that particles striking against each other. Although the 
most common colloquial use of the word "collision" refers to incidents in 
which two or more objects strikes with great force, the scientific use of 
the word "collision” here in physics implies nothing about the magnitude 
of the force 

 

Two blocks of masses m1, and m2 are moving with velocities v1, and v2(<v1) 
along the same straight line in a smooth horizontal surface. A spring is 
attached to the block of mass m2 . Now, let us see what happens during the 
collision between two particles.  

 Figure (a) Block of mass ml is behind m2. Since, v1> v2 the blocks will 
collide after some time. 

Figure  (b) The spring is compressed. The spring force F (=kx) acts on the 
blocks in the directions   shown in figure. This force decreases the velocity 
of m1 and increases the velocity of m2. 

Figure (c)The spring will compress till velocity of both the blocks become 
equal. So,at maximum  compression (say xm velocities of both the blocks 
are equal (say v). 

 Figure (d) Spring force is still in the directions shown in figure, i.e., 
velocity of block m1 is further decreased and that of m2 is increased. 
The spring now starts relaxing. 
Figure (e) The two blocks are separated from one another. Velocity of block 

m2 becomes more than the velocity of block m1, i.e., v2' >v1 



 

 
Assuming spring to be perfectly elastic following two equations can be applied 
in the above 5 situation. 
 

 
 
 

Collision: Collision between two bodies may be classified in three 
ways: 

1. Elastic Collision. 

2. Inelastic collision. 

3. Head on collision. 

4. Oblique collision. 

 
1. Elastic Collision: When the two bodies regain their orginal shape 

and size after collision. This means that no fraction of mechanical energy 
remains stored as deformation potential energy in the bodies.In an elastic 
collision both linear momentum and knietic energy remain conserved. In 
reality, examples of perfectly elastic collisions are not part of our everyday 
experience. There are some examples of collisions in mechanics where the 
energy lost can be negligible. These collisions can be considered elastic, even 
though they are not perfectly elastic. Collisions of rigid billiard balls or the balls in 
a Newton's cradle are two such examples. 

2. Inelastic colision: The colliding bodies do not regain their orginal shape 
and size after the collision. A part of mechanical energy of the system 
goes to defromation potential energy. only linear momentum is conserved 
in this case. This is because some kinetic energy had been transferred to 
something else. Thermal energy, sound energy, and material deformation 
are likely culprits. The ballistic pendulum is a practical device in which an 
inelastic collision takes place. Until the advent of modern instrumentation, 
the ballistic pendulum was widely used to measure the speed of 
projectiles. 
3. Head on (direct) collsion : If the directions of the velocity of objects are 

along the line of action of impulse, acting at the instant of collision.  



4. Oblique (Indirect) collision : If before collsion, atleast one of the object 
was moving in a direction different from the line of action of impulses.  

 

Q. 2 Explain the head on elastic collision. 

Ans.  Consider the two balls of mass m1 and m, while 

moving collide each other elastically with velocities 

v1 and v2 in the directions shown in Fig (a). Their 

velocities become v1' and v2' after the colliding along 

the same line. By the law of conservation of linear 

momentum, we get 

 



 

 

Q. 3 Write a short note on head on inelastic collision. 
 
Ans.  We know that in an inelastic collision, the particles do-not regain their 
original shape and size completely after collision. Some fraction of 
mechanical energy is retained by the colliding particles in the form of 
deformation potential energy. Thus, the kinetic energy of the particles no 



longer remains -conserved. However, in the absence of external forces, law 
of conservation of linear momentum still holds 
Consider the velocities of two particles of mass ml and m, before collision be 
v1 and v2 in the directions shown in figure. Let v1' and v2' be their velocities 
after collision. The law of conservation of linear momentum gives 
 

The collision is said to be perfectly inelastic if both the particles stick together 
after collision and move with same velocity, say v' as shown in figure. In this 
case, Eq. (v) can be written as 

 
Q. 4 Summaries the Newton’s law of restitution. 
Ans. Newton's Law of Restitution state that When two objects are in direct 
(head on) impact, the speed with which they separate after impact is usually 
less than or equal to their speed of approach before impact. Experimental 
evidence suggests that the ratio of these relative speeds is, constant for two 
given set of objects. This property formulated by Newton, is known as the law 
of restitution and can be written in form 
 
 
 

 
 
 
The ratio e is called the coefficient of restitution and is constant for two 
particular objects. In general 0 ≤e ≤1 
If e = 0, collision is for completely inelastic, as both the objects stick together. 
So, their separation speed is zero or e = 0 from Eq. (vii). 
If e =1, collision is for elastic, as we can show from Eq. (iii) and (iv), that 
 
Let us now find the velocities of two particles after collision if they collide 



directly and the coefficient of restitution between them is given as e. Applying 

'conservation of linear momentum 
 
 
Q. 5 Explain the concept of oblique collision.  
Ans. Oblique Collision: When two object collides with 
one another then a pair of equal and opposite 
impulses act at the moment of impact. If just before 
impact at least one of the objects was moving in a 



direction different from the line of action of these impulses the collision is said 
to be oblique.  
 
In the above figure, two balls collide obliquely. During collision impulses act in 
the direction xx. Hence, we will call this direction as common normal direction 
and a direction perpendicular to it (i.e.,yy) as common tangent. Following four 
points are important regarding an oblique collision. 
 
A pair of equal and opposite impulses act along common normal direction. 
Hence, linear momentum of individual particles do change along common 
normal direction. If mass of the colliding particles remain constant during 
collision, then we can say that linear velocity of the individual particles 
change during collision in this direction. 
 
No component of impulse act along common tangent direction. Hence, linear 
momentum or linear velocity of individual particles (if mass is constant) 
remain unchanged along this direction. 
 
Net impulse on both the particles is zero during collision. Hence, net 
momentum of both the panicles remain conserved before and after collision 
in any direction. 
 
Definition of coefficient of restitution can be applied along common normal 
direction, i.e., along common normal direction we can apply 
Relative speed of separation = e (relative speed of approach) 
Here, e is the coefficient of restitution between the particles. 
 
Q. 6 Explain elastic collision in the centre-of-mass reference frame.  
Ans. Centre of mass frame of reference 
The system which is not experiencing any external force, is an inertial frame 
of reference. This frame of reference carries the centre of mass of an isolated 
system of particles. 
Let R be the position vector of centre of mass. In.this frame of reference R= o 
    
Since there R is zero dr/dt=0, this means that the velocity of centre of mass is 
also zero, i.e., v = 0 
   
Further, since R = 0, the liner momentum p=mv is also zero. 
Since there is no external force, this frameof reference moves with a constant 
velocity. This also implies that the centre of mass moves with a constant 
velocity. 
This frame of reference does not impose any restrictions on the angle of 
scattering in collisions. Further, if we use the centre of frame of reference, 
since the centre of mass is at rest, we need only three co-ordinates for 
solving a problem. 
 



Let the c.o.m. frame of reference move with a velocity v relative to laboratory 
frame of reference. The c.o.m. remains stationary in this frame of reference 

The centre of mass is stationary in this frame of reference. Therefore the net 
change of linear momentum should be zero. This implies that the momentum 
of two particles must be equal and in opposite direction. This means that v1' 
and v2’must be in opposite directions after colliding with each other. Further, 
these should be inclined at the same angle to the initial direction of motion of 
the particles. 
Since the momentum change must be zero. 
 



 
 
 

 
 
 
Q.7 What is impulse? Write a brief note. 
 Ans. Impulse of a force is defined as the product of force and the time for 

which it acts”. Therefore, large force acting for a short time to produce a finite 
change in momentum which is called impulse of this force and the force acted 
is called impulsive force or force of impulse. 
According to Newton’s second law of motion 
 

 
 
 



So, Impulse of a force = change in momentum. 
 
If the force acts for a small duration of time, the force is called impulsive 
force. 
 
As force is a variable quantity, thus impulse will be, 

 
 
 
 
 

The area under F - t curve gives the magnitude of impulse. 
Q.8 

Define coefficient of Coefficient of Restitution (e) 
Ans. Coefficient of Restitution (e) 
It is defined as the ratio between magnitudes of impulse during period of 
restitution to that during period of deformation. 
 
e = relative velocity after collision / relative velocity before collision 
 
  = v2 – v1/u1 – u2 
 
Thus, coefficient of restitution (of a collision), is also defined as the ratio 
between relative velocities of two bodies after collision to that before collision 
 
Case (i): For perfectly elastic collision, e = 1. Thus, v2 – v1 = u1 – u2. This 
signifies the relative velocities of two bodies before and after collision are 
same. 
Case (ii):-For inelastic collision, e<1. Thus  v2 – v1 < u1 – u2. This signifies, the 
value of e shall depend upon the extent of loss of kinetic energy during 
collision. 
 
Case (iii):- For perfectly inelastic collision, e = 0. Thus, v2 – v1 =0, or v2 = v1. 
This signifies the two bodies shall move together with same velocity. 
Therefore, there shall be no separation between them.  
 
On the basis of coefficient of restitution, collision is divided into three types. 
 
If e = 1, collision is called elastic if in this collision mechanical energy of the 
whole system is conserved. 
 
If 0 < e < 1, collision is called inelastic. 
If e = 0, collision is called completely inelastic. 



Q.9 A 70 g ball collides with another ball of mass 140 g. the initial 
velocity of the first ball is 9 ms-1 to the right while the second ball is at 
rest. If the collision were perfectly elastic what would be the velocity of 
the two balls after the collision? 
 
Solution: lets the mass and velocities of first and second ball’s are m1=70g , 
v1=9 ms-1 and m2=140g, v2=0 respectively . Let after collision velocities of two 
ball will v1

! and v2
!. 

 
Q.10. A 100 g stone ball is moving to the right with a velocity of 20 ms-1. 
It makes a head on collision with an 8 kg iron ball, initially at rest. 
Compute velocities of the balls after collision. 
Solution:  lets the mass and velocities of first and second ball’s are m1=100g, 
v1=20 ms-1 and m2=8g, v2=0 respectively. Let after collision velocities of two 
ball will v1

! and v2
!   

 

 
 Q.11.  A 10 kg mass traveling 2 m/s meets and collides elastically with a 
2 kg mass   traveling 4 m/s in the opposite direction. Find the final 
velocities of both objects. 



Solution:  lets the mass and velocities of first and second ball’s are 
mA=100g, vAi=20 ms-1 and mB=8g, vBi=0 espectively . Let after collision 
velocities of two ball will vAf

 and vBf
  

 

 



The second, smaller mass shoots off to the right (positive sign on the answer) 
at 6 m/s while the first, larger mass is stopped dead in space by the elastic 
collision. 


