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féa Judmi more condition because the total angular momentum is a comes out quantity you can
look at the total momentum of this three body system you can look at the total momentum
of the three body system so how many cons traints are we getting total energy three
components of total momentum three components of total angle or momentum you put all
these constraints you can try to solve for the equation for lesser number of coordinates
is that right so that is something that you can do with a very very great efficiency you
don't have to solve for all nine components r one has three components r two has three
components r three has three components you do not have to solve for them you can
eliminate a large number of variables by these constraints go to smaller number of
coordinates this in fact is the idea behind many many problems that you solve in
mechanics later therefore conservation of energy is an excellent bookkeeper because it
tells you what is not possible even if it cannot tell you whether something is possible
or not so this is one of the great advantages of this now as a second application what i
shall do is to look at a very very favorite and familiar problem for all of us and that
is escape velocity which is a stuff made of dreams of human civilization for ages human
beings not only wanted to fly high in the air like the birds dominici made many many
models in order to fly but human beings also imagine what it would be if you could
actually escape from the earth there are so many myths so the greek mythology has the
myth of ikarus i don't know how many of you know so ikarus was a very powerful king so he
made himself wings okay which could flap very hard okay those days people did not know
how far the atmosphere extended is that okay so and then he started flapping the wings
those artificial wings and it started going higher up and higher up he escaped away from
the earth i think he had an engineer or a designer who made the wings for him you had
told him don't go too far away from the earth don't go to near the sun but icarus was
very very ambitious so he kept on going near and nearer the sun so the heat of the sun
melted the wax and the wings collapsed and this guy came crushing down in our own country
we have the story of jatayu and sampati in ramadan ramayana they were brothers so the two
brothers started flying high up in the air and they escaped from the earth and when they
were reaching the sun the scorching heat of the sun started burning them the elder
brother who was like a father figure to his younger brother protected the younger brother
so the elder brother sampathi collapsed and he had lost the power of his wings but jata
you survived and he later on played a very important role in the story of rama and asu
people no so the big question that we want to ask is suppose i want to throw an object at
a certain height what should be the membrane velocity right because i want to send a
plane higher up and then it won't i want it to go in a circular orbit or i want to launch
a rocket or i want to send some other thing which will look for alien human beings maybe
in far away galaxies and stars so basically that is the idea behind escape velocity a nd
the principle of conservation of energy tells you very simple answer and let us see how
it works out so let us take the surface of the earth and then there is a body here and it
wants to escape away to infinity so here what is the total energy according to what we
have written the kinetic energy plus gravitational energy which is minus g mass of the
earth mass of the object divided by the radius of the earth that is what i have now what
is the minimum energy that i should supply this body so that it can reach here after that
you can supply excess energy what is the minimum energy that i can supply if it had
excess energy that means even at infinity it would have had more energy than being at
rest so the minimum energy that is required is that for escaping is that this is equal to
zero because we said that an object at rest at infinity will have zero energy so the bare
minimum energy that is required for the object to escape from the surface of the earth
will be given by half mi will put the notation escape is equal to minus gm by r so if we
substitute what are we going to get we are going to get psk square is nothing but 2 gme
by re which you see is a highly non start alien expression we think that if you want to
throw an elephant up you should have higher velocity rather than a for example a small
piece of ball that is not true the escape velocity is the same but the energies are
different for the same vs an elephant would have much more kinetic energy than the small
ball so this escape velocity is independent of the mass so my v escape is given by root
two gme by re it is more convenient to express this expression like in your text books in
terms of a quantity that you are all familiar with and that is g acceleration due to
gravity so how do we get that you write mg is equal to gmem by re squared so m cancels so



jma by re is re into g therefore v escape is equal to root 2 gre this is my escape
velocity you could also do it from the force expression but it would not be conceptually
straight forward you have the concept of energy and you are conserving it so here the
total energy was shared between the kinetic energy and the potential energy it is so
shared that the particle is at rest at infinity but at infinity the force is equal to
zero therefore the particle has escaped so strictly speaking we should write v escape is
root three gre plus some small epsilon some small velocity otherwise this velocity is
critical if it is nicely less than that it will come back if it is slightly greater than
that it will not come back that is something that we have to remember so therefore we
will add a small epsilon it is small increment greater than that it is like when you know
when an object is on a maxima it is an unstable equilibrium even the smallest
perturbation will do that that is what we said that is what we have so that is what we
have established this is your escape velocity and this was the great challenge because we
will see how large it is so there are some numbers so let us say g is something like 10
meters per second square and radius of the earth is 6400 kilometers which is like 6400
into 10 cubed meters so if you plug it in your v escape turns out to be something like
11.6 kilometers per second 11.6 kilometers per second is what you are going to get that
is your escape velocity so if you want to know how big a number this is please multiply
it by 3600 because that is what we are used to when we look at vehicles that move on the
earth are aeroplanes that move high up in the sky so we are speaking of 11.6 into 3600
kilometers per hour so that is close to something like 40 000 i don't know kilometers per
hour 36 into 11 36 10 is 360 plus 36 396 there is another six actually greater than forty
thousand kilometers per hour that is what we have whereas the fastest of the airplanes at
least the usual airplanes that we take move with the speed of about how much 700
kilometers per hour 800 kilometers per hour that is the kind o f speeds that they have
there are planes which move with the speed greater than that of speed up to 7 mark the
speed of sound in air is about 300 meters per second so it goes with a speed of 300
meters into 7 let us say 2100 meters per second that is only 2 kilometers or two point
three kilometers per hour these very very fast planes which create shock waves and all
that even that is very short compared to this 11.6 kilometers per second in fact one
speed that is comparable to this speed is the speed with which the earth is going around
the sun it is about 30 kilometers per second but then there is a different matter it is a
freely falling body in the field of the sun so this is not easy to achieve and that is
the reason why we had to wait for a long long time as far as technology is concerned in
order to attain these speeds and this is what we have this was not calculated under any
other any assumption because i simply equated the total initial energy with the total
filing energy but there are some corrections and what are these corrections these
corrections are whether i launch the rocket high up in the air perpendicular to the
surface or at an angle or at a tangent there are differences you may wonder why there
should be a difference because when i wrote this equation although i indicated the
distance in a direction perpendicular this rea doesn't care for in which direction i went
i could have written it this way this way or whatever in whichever direction you go to
infinity my total kinetic energy is always your potential energy is always dmm by re
irrespective of the direction therefore you must be wondering why i am showing different
directions it is small but not insignificant and that is because the earth oh that is how
it is rotates about its axis for simplicity let us not make a distinction between the
axis of rotation and the geometric north pole and the south pole whatever it is so let us
assume that it is rotating because of the rotation there is a cent rifugal force i should
be extraordinarily careful there is a strength centrifugal force in the frame fixed to
the earth and centrifugal forces radially outwards because it is radially outwards it is
acting in a direction opposite to the direction of the gravitation and therefore
depending on in which direction you shoot your body the escape velocity is going to
change if i shoot it perpendicularly upwards there will be the maximum decrease in the
escape velocity if i shoot it tangentially then there is no decrease at all we will
discuss that in the next class we have run out of time and i will conclude the lecture
this was not to be the last lecture on gravitation by giving applications to various
artificial satellites and india is one of the countries which is a leader you know in
satellite launching and it uses incredibly intelligent and sophisticated technology
probably will spend some time on that also until the time please revise have a good you





