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faureign| it to you erastratinis was indeed a great mathematician and he was also he was not
an armchair mathematician he was a person who also did observations by travelling long
distances and he lived in the fourth century bc okay so i was speaking of aryabhatta in
the fourth century ad so we are now speaking of the fourth century bc so we are speaking
of a span of 800 years eight hundred years before arya mata made his statements
erastotinis already had found good methods of estimating the radius of the earth so let
me explain that to you so what you have is the surface of the earth and what you have to
do is to pick up a particular day in fact for us a good particular day should be
something like summer solstice or the winter stalls days he probably did not do that
because you know on that particular day the sunlight falls directly either on tropic of
cancer or tropic of capricorn 23.5 degrees either north or the south never mind about
that but the whole idea is that there were two points so that is what i have to worry
about this point corresponds to alexandria and this point corresponds to osl in fact this
was a well this was a well in asl and well contains water so that is what we have now the
distance between them is known and that was given to me i am reading straight away in
this 50 stadia so this distance is 50 stadia so the unit of distance is a stadium stadium
is a place where we go and sit in order to watch in india a distance was called a unit of
distance when people travel was called yojana in greek it was called as stadium the only
problem with the concept of stadium or yoga is they keep on changing with time the
measures keep on changing with time but the name persists so we have to be a little bit
careful now the point is i know the distance between them we will convert this stedia
into ordinary units in a while now i am going to draw another picture because i have
already used data so this is one point this is another point on that particular day this
is a highly exaggerated figure there is a well here the sun's rays were falling perfectly
normally it was making 90 degrees now obviously if i am going to look at this point it
should be sufficiently far away it makes a certain angle t hat is why you know the length
of the day and the length of the night keeps changing correct so if you go to the polls
you have 6 months of day and 6 months of night because of that particular reason because
the sun's rays become more and more tangential and after a point to stop reaching that in
this particular for example region that is what you have and we should know what the
angle is and this angle is about 7 degrees this angle is about 7 degrees and now i am
going to extrapolate this so let us say that this is my center of the earth so this is
what i have and this is what i have and this is 90 degrees and this is 7 degrees and this
is my radius of the earth so what should i do all of you have studied the formula s equal
to r theta when i speak of the distance i do not mean boring a tunnel and finding out
what the distance between these two points is it is a distance travered by these two
points when i move on the surface of the earth so i am really looking at yes it is the
total distance covered not the euclidean distance okay not the shortest distance now you
know theta because this was 7 degrees you know what this angle is i will leave that as an
exercise for you people so your r is essentially given by s by theta yes is a fairly
small quantity namely 50 steady i told you but theta is very very small because 7 degrees
is very very small and theta should be written in units of radians so 2 pi radians you
have to divide it by whatever the 2 pi is if you work out you should be able to estimate
the radius at this point i should point out to you people that erased otherness was a
either a lucky person or a very smart person because this argument works out only if both
of them are at the same longitude by hindsight if you move away to some other longitude
then you cannot estimate that but it turns out they are roughly at the same longitude go
to the globe and look at that and there are strongest was able to get that okay no it was
not 50 stadia i am very sorry it was 5000 stadia the distance was 5000 stadia and it
translates to 800 kilometers yes translates to 800 kilometers now if you plug in and if
you try to find out what the radius is you get did you get the radius or the
circumference you estimated the circumference multiplied it by 2 pi r you get 40 000
kilometers so circumference is equal to two pi r is equal to forty thousand kilometers is
what you are going to get i think the current radius of the earth i forgot to write that
down is about 6 400 kilometers so take 6 400 kilometers multiplied by 2 pi whatever so
that is 6 6 into 6 is 36 and there is another 4 into six twenty four thirty eight
thousand four hundred and there are some corrections because i simply used pi is equal to
six it is six point something and therefore you see it is remarkably very very close to
the current value so what we are able to do is to make use of known trigonometry whatever
you study by drawing triangles and circles okay in fact all of trigonometry was de
veloped in order to understand the heavenly motion okay and make of course trigonometry



was also required for sculpture for architecture for buildings for demarcating areas so
on and so forth but it was used primarily and developed primarily for astronomy and this
is one of the great great achievements of human ingenuity you may wonder how he measured
this to be 5000 stadiums stadia actually it is a very interesting thing he knew the
circumference of his wheel and he tried a small stick and he actually sat on a cart let
us call it a chariot so this chariot is being driven their horse and every time the wheel
of the chariot completes one circle that stick hits the ground so what does he do he
keeps on counting the number of time the stick hits the ground so you know how many
circles how many revolutions the wheel has completed and you know the circumference of
the wheel is to two pi into the radius of the wheel multiplied by the total number and
that gives you the total distance that is covered so this is how people actually devised
simple effective and ingenious methods in order to measure large things and these are the
things that we should imbibe it is not necessarily solving a problem in a smart way it is
not a question of you know i integrate by substitution or by integration by parts these
are not the only skills that those technical skills are also required so this is done and
we have a fairly good idea of what the radius of the earth is actually if you give me the
radius of the earth it should not be too difficult to estimate the mass of the earth also
if i know what should be the mean density but that is a different story altogether
however at this point we should remember that this involves a large number of assumptions
namely in fact when i look at other situations it will involve even larger number of
assumptions and that is whatever law of mathematics whatever results in mathematics i
have obtained from my daily observation they are also valid at large d istances so let me
make that statement so i draw a triangle and i measure the sum of the angles of a
triangle to be 180 degrees now that of course is a theorem because i am saying that two
parallel lines wont meet each other that is an axiom correct that is what i am assuming
in other words when i am using these quote unquote mathematical results for deriving
conclusions from physics how do i know that these results are correct i know them because
i found by observation it doesn't help a physicist to say oh no they are absolute results
because they are mathematical results unfortunately that is not correct because the
so-called axioms of mathematics have to be verified by observation there is no reason why
two parallel lines should not meet there is no reason why pythagoras theorem should hold
they are all equivalent to each other there is no reason why the sum of three angles of a
triangle must be 180 maybe it is greater than 180 maybe it is less than 180 this is
something to be verif ied but then this realization came much much later only sometime in
the 17th or the 18th century not even during the time of newton people assumed that there
can be no other properties of nature that are possible other than what euclid wrote in
his geometry for example that was the universal assumption and it turns out when we are
measuring distances between the earth and the sun the earth and the moon and even the
nearby stars these results are robust but if you go to far far distances those results
are not robust there are going to be corrections so the message that i am trying to tell
you is that physics is different from mathematics in the sense that the so called
fundamental exams of mathematics are themselves under constant verification in physical
laws we have to know what the correct mathematical principles are that we should use for
example we say romer measured the speed of light by looking at the eclipses of moons of
jupiter you know the distance you know the time taken actu ally there is a very very
major assumption that we make namely light travels with constant speed between its
emission and reaching the earth that is an assumption so the way physics works is that
you make an assumption you make a hypothesis you verify you get a conclusion and then you
make further prediction so on and so forth and you make a correction so please remember
throughout your course whatever you are doing in 11th 12th and beyond we are going to
take the viewpoint that physics is not applied mathematics laws of nature are not god
given although we call it universal and all that it is our modeling and everything
requires very very strenuous and a diligent verification to better and better accuracy
that is something that we have to do whether it is electromagnetic theory or gravitation
or strong or weak this is the spirit that we are going to take in order to continue our
studies so let me come back to the slides so please go back and work out the great result
of erasureness it is a great thing now what i want to do is to estimate the distance
between the moon and the earth i am not going to work out all the details because the fun
of it will be taken away as i told you people knew that moon itself the moon itself
should be a spherical object because we have the faces of the moon and the phases of the
moon are there because a part of the spherical surface gets reflected whatever is other



part is in the shadow region so we also know that we get the new moon when the moon is
completely on the opposite side of the earth so what are we saying to put it very crudely
you have the sun you have the earth here so the full moon is sorry the new moon is when
the moon is here this is the sun this is the earth and the full moon is when the moon is
here because that is what we have in fact the orbit of the moon is slightly inclined to
this plane otherwise every fuel moon we would have had an eclipse there is no escaping
that we would have had an eclipse because the moon w ould come between the earth and
descend there would have been a solar eclipse but such a thing does not happen anyway so
now what we can do is ask what happens at a half moon half moon is the eighth day what we
call as the ashtami right now the moon is a perfect semicircle so we have the full circle
on the full moon night absolutely no circle because there is a complete shadow on the new
moon so now you look at what happens when there is a half bone therefore the moon should
be here obviously so this part of the moon let me exaggerate that this part of the moon
is getting illuminated so i see this the other moon is not getting eliminated therefore i
only say half of it or whatever the sun's rays is coming no this estimate was done by
hipparchus so hipaaka said that this should be 90 degrees here and this is what i have so
all that i need to know is this angle if i know this angle very precisely i should be
able to estimate the moon earth distance is that ok or at least the ratio again i am not
going to work this out because it will take us far far away except that the very concept
of a half moon is a very tricky thing how do you know it is exactly half moon and you
know the whole thing is that in all these situations remember we are using a formula like
s equal to r theta we are going to approximate sin theta by theta and various small
errors in theta will give rise to very large errors in estimate of the distance we should
be careful about that but this was done and you can get a fairly esteem good estimate
between the distance between the earth and the moon so we have to worry about the earth
and star distances so probably what i should do at this particular time is to actually
stop because maybe instead of leaving these examples to you people in the next lecture i
will myself for quote how you get the angles on the half moon day and then i will
introduce the concept of a parallax which is extraordinarily important and they will show
how the distance between the e arth and the stars can also be measured in fact
measurement of parallax also brings into the four a very very important question and that
is a question which plagued all the ancient astronomers and that is whether the sun goes
around the earth or the earth goes around the sun with respect to the background stars
and we will take that in the next class so if you find time please read them up and come
so that you will be well prepared so let us stop now have a good you





