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momentum is equal to the applied force that is what the second law says so these are the
two steps that we have at this point it is good to give some examples of forces because
they are needed by us so let us look a t these slides the simplest example and with which
all of you are thoroughly familiar i am sure you solved any number of problems is the
spring mass system the spring mass system for small displacements around the equilibrium
position is governed by hookes law f is equal to minus kx where x is the displacement
from the equilibrium position then you have the frictional force i am sure again in your
classroom and in these iit pal lectures you solved a large number of problems involving
friction you said that the frictional force is proportional to the coefficient of
friction multiplied by the reaction then you ask you know what is the minimum force
required to move an object so on and so forth the third force again with which you are
familiar or with which you will become very soon familiar is the concept of viscosity you
will do experiments involving stokes law so you drop a small let us say a metal pellet a
small metallic sphere into castor oil in spite of the earth's gravitational fie 1ld after
a while that pellet will move with the uniform velocity the terminal velocity because
that is due to viscous force all of you are familiar with the lorentz force so what is
lorentz force let me write that lorentz force lorentz force has two components the first
one is the force due to the electric field the second one is the force due to the
magnetic field combine them together this is called the lorentz force so this is electric
and this is magnetic so you will you have already solved these problems the charge
particle goes in a circular orbit in a magnetic field or you will solve it in the 12
standard in a uniform electric field it will suffer uniform acceleration so on and so
forth and then of course we have the gravitational force so i have listed essentially
four forces so what are the four forces that we have listed the spring mass system which
is macroscopic the frictional force which is again macroscopic viscosity which is
macroscopic the lorentz force which is electri c and magnetic and the gravitational force
so if you look at this slide you see that the last two the lorentz force and the
gravitation i have italicized the letters are slanted because they are of a different
nature compared to the first three forces the first three forces are not fundamental if i
want to understand spring mass frictional viscosity i have to introduce more elementary
forces whereas lorentz force is fundamental there is nothing more fundamental than
lorentz force gravitational force is fundamental and there is a consequence for example
whenever you have a frictional force or viscosity your total energy is not a conserved
quantity all of you know that kinetic energy and potential energy will be conserved let
us say you want to make such a statement they will not be obeyed by viscous forces or
frictional forces that does not mean energy itself is not conserved there are other
forces there are other objects which we are not taking into account if you take all that
into ac count then there will be a conservation of energy but gravitation and lorentz
force are in a different league they are fundamental so when we do that the total energy
or the total momentum or total angular momentum should be a conserved quantity so these
two are of a different nature of a different category compared to the first three or for
example if i go back when i look at the spring mass system for small displacements so let
me write them down here and that will make the concept very very clear so let me look at
spring mass system so if i write a force i will write minus kx but this is valid only for
small displacements so if i stretch this spring a little bit more it can pick up atom
like minus k prime x cube etcetera etcetera etcetera so in other words depending on what
kind of a displacement i give the force law keeps on changing so that is why it is not a
fundamental force in a similar manner if i look at viscosity or friction it can be
constant for small velocities that is wh at you assume when you solve the problem of a
block moving on the surf on a rough surface it can be proportional to velocity in fact at
very very large speeds it can be proportional to v squared for example if a jet plane is
going therefore again you see that the form of a frictional force or a viscous force or
of a spring mass system depends on what your displacement is it depends on what your
velocity is it keeps on changing but when you look at lorentz force or gravitational
force they are not going to depend on anything they are valid at all distances they are
valid at all velocities at all momenta that is the most important thing and that is the



reason why we say that spring mass system frictional force viscosity etcetera etcetera
they are all derived effective forces whereas lorent force and gravitation are
fundamental there are other fundamental forces now i move on to the formulation of the
third law the third law is a very important law for us because in the second law we only
look at the applied force and we made a distinction so let me write that down so this is
where you see the genius of newton in second law there is an asymmetry so i write f
applied is equal to dp by dt this is the agent cos and this is the effect so i say the
earth and this is a ball which is freely falling there is an asymmetry because earth is
causing the ball to move and i am interested in the motion of the ball because of the
earth's gravitational field i am not worried about whether this ball is acting on the
earth or not so newton's second law in some sense would be valid if your body a applied a
force on a body b but body b did not reciprocate such things happen in nature in real
life so there are lot of such interesting statements like a would like to be the friend
of b but we would not like to be the friend of a there need not be a symmetry of that
particular kind right these are relations a is related to b in a particular manner need
not imply b is related to a in the same m anner it could be a different thing but the
third law of newton established as a symmetry and this establishes the symmetry in a very
beautiful way so what does it say i have a body a and i have a body b now when i say that
a acts on b in a particular way and i am going to write it as f a cross b remember
velocity momentum acceleration force angular momentum they are all vectors so i will put
it in this direction now let us say that i do not look at b but i look at a and i ask
what might be the force acted upon by ab on ai can ask such a question and i will write f
oh i am sorry here it should be ah this is correct a acting on b here fb acting on a and
here it is fa acting on b so what am i saying the change of momentum of b is because of
the action of a the change of momentum of a is because of the action of b on a newton's
third law establishes a fundamental relation qualitatively newton's law tells us that if
a acts on bb should act on a it cannot be a one way interaction it cannot be a one way
deal it is not possible but over and above that it says that the force of a due to b is
equal to negative of force b to a ok this vector sign must be on the force not on the
particle i am sorry about that so they are negatives of each other this is very very
important they are equal in magnitude but they are in opposite direction so if you did
that there is a simple exercise that i would like to leave you with and what is that
exercise i do not want to work that out and that is if you go back to the slide for a
minute if you go back to this slide for a minute i have written an equation so please
look at that slide and what does that slide tell you it tells you that dpl by dp 2 equal
to @ ok there is a slight notation mismatch p 1 is the momentum of ap 2 is the momentum
of b the third law tells you that the total momentum is a conserved quantity so please
take this as an exercise work it out then if you are comfortable with that we have laid
down the foundations for discuss ing the universal





