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Forces of nature
 All matter consist of fundamental particles electrons, protons, neutrons etc. All the

universe is standing on the interaction between these fundamental particles. Four

types of interactions

 Gravitational force: Arises due to masses of the interacting particles and exists

between all pairs of fundamental particles.

Newton’s law of universal gravitation.

 Electromagnetic force: Force existing between charged particles

Coulombs law of electrostatics

 Nuclear force(strong force): Force holding nucleons together in nucleus (short

range force).

 Weak force: Responsible for beta decay of a nucleus(extremely short range)



Central force

 A central force acting on a particle is one that is always directed towards a fixed

point called centre of the force. If interaction between any two objects is represented

by a central force, then the force is directed along the line joining the centers of the

two objects. Thus a central force acting on a particle at a distance r from the force

center may be represented by

F(r) = F(r)r

 Inverse square forces : Any force whose magnitude is inversely proportional to the

square of the distance between the particles is called an inverse square force.



Conservative force : a force is said to be conservative if it’s curl is zero.

From vector analysis

Comparing we can say, If a force is conservative it can always be expressed as the

gradient of some scalar function U. the U function is called the potential energy due

to force.

. 



Centre of mass
 The center of mass is the point where all of the mass of the object is

concentrated. When an object is supported at its center of mass there is

no net torque acting on the body and it will remain in static equilibrium.

FOR TWO PARTICLES

 Relative to a fixed origin O the position of centre of mass of system is

 It means the center of mass of two

particles lies on the line joining the

two particles.



For n Particles
 Consider a system containing N

particles labeled 1, 2, . . . , N. The

masses of these particles are m1,

m2,. . . , mN and they are located at

distances rl,r2,. . . , rN from the

origin O



Tool for solving many body 
problem
 Reduction to one body problem

 A two body system can be easily solved by reducing it to one body 
problem, i.e. using centre of mass concept. Let     be the position vector 
of centre of mass of two particles. Then   

Then equation of motion of centre of mass

This shows that the acceleration of the centre of mass of the system of 
two particles is zero.

 As we integrate we get, 



(Concept of reduced mass)

Thus the centre of mass moves with a uniform velocity    which is initial 

velocity of the centre of mass.

Equation of motion of the relative position vector

Where µ is reduced mass, is defined as 

It means that reduction is equivalent to replacing the system of two particles by 

a particle of mass equal to the reduces mass under a force equal to their 

interaction force. 



Conservation laws

 Any conservation law is a statement of invariance of some physical property 

during all physical processes.

 Conservation of Linear Momentum. The rate of change of total linear 

momentum is equal to the total external applied force; thus, if the sum of all the 

externally applied forces is zero, the total linear momentum P of the system will be 

constant.

P = constant, if F = 0

then we get

MR = F

 It means the center of mass of a system of particles moves like a single particle 

of mass M (total mass of the system) acted on by a single force F that is equal to 

the sum of all the external forces acting on the system.



Differential equation of the 
orbit

Now we will determine r as a function of θ, which gives us the equation 

of the orbit of a particle of mass µ ,subjected to a central force. We 

use our radial equation 

by soving we get.

This is the differential equation for the orbit of particle of mass µ 

moving under central force.the solution of this eq. gives u and hence 

r as a function of θ.



Shape of the orbits
Now suppose the force acting on particle µ is attractive an inverse 

square. For such a force

Now in terms of u it becomes 

then we get the diff eq. as 

Solving this we get the solution for u and hence for r as

Where eccentricity ϵ  of conic is 

And semilatus rectum

The shape now depends on value of ϵ and hence on l and a as

For   >1, hyperbola

For    =1, parabola

For 0<   <1 ellipse

For    = 0, circle.



Turning points

These are the points at which total energy of the particle is

equal to its effective potential energy.

i.e.

also

therefore

thus at turning point radial velocity of particle is zero.

Turning points occur at



Eccentricity and energy

The eccentricity of the orbit is related to the energy as

Shape of trajectory depends upon ϵ and hence on the l and E. 
orbits can be classified interms of energy od the particle as

Hyperbola ifϵ>1, this requires that E>0

Parabola if ϵ = 1, this is possible if E = 0.

Ellipse if ϵ < 1, this requires that E < 0.

Circle if ϵ = 0, this is possible if  



Kepler’s laws of planetary 
motion
 Keplar discovered three empirical laws that accurately

described the motions of planets

1. Each planet moves in an elliptical orbit, with the sun ay one

focus f the ellipse.

2. A line from the sun to a given plnet sweeps out equal areas in

equal time intervals.

3. The periods of the planets are proportional to the 3/2 powers of

the major axis lenghts of their orbits.



Kepler’s First Law

A circular orbit is a special case of the general elliptical orbits.

Is a direct result of the inverse square nature of the gravitational force.

Elliptical (and circular) orbits are allowed for bound objects.

 A bound object repeatedly orbits the center.

 An unbound object would pass by and not return.

 These objects could have paths that are parabolas (e = 1) and 
hyperbolas (e > 1).



Kepler’s Second Law

Is a consequence of conservation of 
angular momentum for an isolated 
system.

Consider the planet as the system.

Model the Sun as massive enough 
compared to the planet’s mass that it 
is stationary.

The gravitational force exerted by 
the Sun on the planet is a central 
force.

The force produces no torque, so 
angular momentum is a constant.

P =  x  = M  x  = constantL r p r v
    



Kepler’s Second Law, cont.

Geometrically, in a time dt, the 

radius vector r sweeps out the area 

dA, which is half the area of the 

parallelogram .

Its displacement is given by

Mathematically, we can say

The radius vector from the Sun to 
any planet sweeps out equal areas in 
equal times.

The law applies to any central force, 
whether inverse-square or not.
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Kepler’s Third Law

Can be predicted from the inverse square law

Start by assuming a circular orbit.

The gravitational force supplies a centripetal force.

Ks is a constant
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Section  13.3



Kepler’s Third Law, cont.

This can be extended to an elliptical orbit.

Replace r with a.

 Remember a is the semi-major axis.

Ks is independent of the mass of the planet, and so is valid for any 
planet.

If an object is orbiting another object, the value of K will depend on the 
object being orbited.

For example, for the Moon around the Earth, KSun is replaced with Kearth.
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