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fdg g9 fd31 51 9d1 force is falling with the inverse square distance so let us say that you
have a very massive object earth and there is the proverbial apple which is falling so
apple is falling towards the earth and what is apple 3 meters 4 meters so that is the
height so let me write anot her figure so i have the earth and there is a tree and an
apple is falling so we are speaking of something like 10 meters let us say maximum i mean
we do not find an apple tree which is 10 meter tall but let us say somebody went on the
top of a building and dropped what is the thing that we find we find that this
acceleration is a constant it is independent of this height but newton says that it
should fall as the square of the distance therefore we have to reconcile the galilean law
which says that acceleration is a constant that is why you denote it by g acceleration
due to gravity with the inverse square distance and that is a very easy thing to do so
let me do that for you and then we will see what the other applications are so what are
we saying i am going to draw an extraordinarily exaggerated picture so my center of the
earth is here the radius is r and an object is falling radially inverse and this distance
is h so it even this figure is not to the scale therefore at any given time the total
distance is r plus h this is the total distance this appears to be very simple but
actually this is one of the most complicated concepts what is the complication in this
earth is an extended object it is not a massive object whereas in my formulation i always
showed the body and body to be point masses i was able to define a distance now let me
draw another picture if my earth is here and if my body is here which distance are we
supposed to calculate this distance this distance this distance this distance in fact
what we should do is we should look at the force coming from each of these massive small
unit units of mass and we should be able to find out and we do not have the where with
all to do that i don't know how to integrate basically and it might interest you to know
that even newton did not know how to do it newton invented differential calculus
archimedes invented integral calculus but newton did not know how to do this integration
of course it is very very tempt ing to say that when the earth is going around the sun
sun can be taken to be a point object but i cannot take the earth to be a point object
when a stone is falling from a hundred meter tall place i cannot do that so newton did
not publish his ears for almost 15 or 20 years because he wanted to prove that whenever
there is a spherical distribution of mass we can assume that all the mass is concentrated
at the center so what are we saying this is a very very important result it follows from
what is called as gauss's law which you will study in your 12 standard so let us say that
there is a spherical uniform spherical distribution uniform mass density of radius r now
if i look at an object which is sitting somewhere here okay and this distance is r the
question is what is the force on r the force on r is as if all the mass was concentrated
at the circle at the center of the sphere so the force is given by gmm by r square where
r is the distance from the centre and this is the total mass so what are we saying this m
is rho into total volume which is nothing but 4 by 3 pi r cubed rho you are given a
uniform mass density this volume is the mass of this object r small r is the distance
between this center of the sphere and m you have to prove this and newton did not know
how to prove this and being a very honest person with very high standards for himself he
did not publish the result until he gave a proof for this he gave an extraordinarily
beautiful geometric proof we will not worry about that it is too early for you at this
stage for us to give this proof so if you are going to make an assumption now we can
reconcile the falling body problem falling body so what is my force my force rather my
acceleration is nothing but minus g mass of the earth divided by i did not worry about
minus also r plus h whole square so this is what i have and what are we saying we are
saying that h is much much smaller than r because r is the radius of the earth and h is
the height above th e center so what is it that we have to do at this particular point
very simple we have to make a binomial expansion all of you are familiar with bilominal
expansion the zeroth order approximation that we can do is to say ignore h so zeroth
order approximation since h is much much less than r take h approximately equal to @ that
is not a nice statement to make take h by r approximately equal to © because it is a very
very small number then a is given by gm by r square which must be your acceleration due



to gravity so we have already reconciled to a certain extent how we are able to get a
constant acceleration and this is the number that is given to you to be what 10 meter per
second square 9.8 meter per second squared so on and so forth so if you know the mass you
can find out the gravitational constant if you know the gravitational constant you can
find the mass but then we can do better than that as i told you by making a binomial
expansion i would like to discuss that so probably sin ce that would take a little bit
more time and you people would like to revise whatever we have done so far let us stop at
this particular point and resume our studies with the law of falling body and then go on
to look at applications involving satellite motions artificial satellites escape velocity
so on and so forth bye you





