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Lecture-2
Vedas and Sulbasutras-Part 1
So you would have had a wonderful overview of Indian mathematics professor Srinivas. So
in this talk basically I will be covering mathematics in Vedas and sulvasutras. So this will be
run in two parts. Vedas as all of you know is the most ancient stricture that is available to us
today and sulvasutras form a part of what are known as kalpasutras which itself is a part of
Vedas. So what will be covering is basically the mathematical reference that can be found in

Vedas.

And the geometry arithmetical algebra etc. so which can be found in the class of text call
sulvasutra. The purpose of Vedas is obviously not to deal with mathematics., so it has to do
something with the relation of human and nature and appreciation of nature in the form of
divine been through humans etc. So this is primarily the content of Veda and in fact it has

been subsequently states one of the most ancient text called vedanga jyotisha.

Wherein the purpose of Veda has been very clearly defined as Veda (FL) is primarily so
propitiation of the divinity. So but you might have also heard perhaps in the overview by
professor Srinivas wherein mahaviracharya, so while defining the scope of mathematics he
says (FL) (()) (02:06) to (()) (02:14). So you will see mathematics in every aspect of life

whether it is world later Vedic or religion.

So any way so what you will be trying to do is trace out some references which can be found
in Vedas and then see what one can derived from those references with regard to the
knowledge of mathematics which was available in those ancient period. So this is primarily
the idea of catching up on the most ancient scripture, so vedic scripture and then will want to
sulvasutras.
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So in this lecture we will start with the references in Vedas and then we move on discuss what
are the sulvasutra text. So what do they deal with and what does the term sulvasutra mean and
one of the most important things so as I was mentioning veda (FL) where are you have any
how to perform sacrifices you had to create necessary platform (FL) and so and the
construction so that is involved in creating such platforms etc. is the primary content of the

text called Sulbasutras.

So the most important thing is to find out the coordinal directions. So that is one of the most
interesting experiment it can be done with a very very simple device called (FL) I will be
discussing that and this is a pre-requested for it. So for doing (FL) you have to create a such
(FL) cannot be constructed without knowing the exact directions. So that is what any cardinal

direction when will East, West, North, South.

So everything that after all by looking at sunrise I will be able to determine the direction but
that is not the case because of Uttarayan and dakshinayan those emotion. So we need to
conduct a very simple experiment. But this experiment is one of the most full proof
experiments. So we will be discussing all that. So then we also deal with the construction of

the geometrical objects square, circle.

You see when I say both (FL) so this may be pretty simple so of tral if I need to construct a
square I need to draw a line and then I can have a set square. I can have a T square and then I
I can determine what is the great deal about it. So that is not thing, they did not have T square

or set square but then (FL) has discuss the very interesting method by which all that you need



is a couple of nail and then a rope. So with that will be able to construct a perfect square. So

that is what will be discussing there.

And then will be moving onto what is today called Pythagorean theorem or Pythagoras
theorem. So we call it sulvasutra or sulba theorem and there are different versions of both
(FL) so will be discussing that and then will also see how the triplets having listed in the this
ancient text and then application of sulvasutra. So all that will be discussed in this lecture.

(Refer Slide Time: 05:22)

Before proceeding further so we will try to look into this Upanishad for which is a part of the
weather so finally 10 principle Upanishad and one of them is mundakopanishad, so where
does this mathematics all within this Vedic purpose of knowledge. So here we have a passage
mundakopanishad, so which price to classify the body of knowledge itself into two groups,

one is called (FL) deals with most fundamental question.

So who am I, so what is the purpose of my existence, what is my connection with this all that,
so this is the domain of para and apara to all the other things are put under para in fact even
the Vedas, so the propaganda set in Vedas all under (FL). So we have 4 vedas as it is liseted,
so Rigveda, yajurveda, Samaveda, athatveda. Then we have 6 vedanga Shiksha Kalpana

Naan irukka jyothisham.

It is under this jyothisham the mathematics also is plugged into, so ganitam is not listed, but
the development of mathematics as we have seen is so is primarily in trying to solve

problems in Astronomy and in fact has we will see later. So the connections between the



mathematical development and the application of astronomy will become quite evident when
will look into the later part of a course as to why they had to solve first order intermediate
equation and so on in the later part of the course.
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So this is how one is able to relate mathematics with the most ancient scripture. So this
jyothisham includes ganitham 2 weather has said I was mentioning that you find some
references here and there and references will be only in the form of primarily numbers. So
(FL) is primarily science of calculation calculating the number of days for calculating on
which day what happened you perform and how many number of days in which the sacrifices

to be done.

So there are various other things and how periodically how to be done and the numbers which
we find in the vedic literature are mostly related to the propitiation which is done towards a
certain particular date. For instance this manta which you can see here (FL) (()) (07:46) to (())
(07:53). So this basically list all the powers of 10 starting from 10 to the power of 2, to 10 to
the power of 12. So (FL) refers to 10 to the power of 2 to 10 to the power of 12. So (FL)
refers to 10 the power of 2 and towards the end of passage we find (FL) 10 to the power 12.

The list of all the words which refer to the power of 10 has been listed in this. Similarly in the
next one so we find (FL) (()) (08:18) to (()) (08:22). So we find all the off numbers listed here
and (FL) (()) (08:25) to (()) (08:28) the power multiples of 4. So these things are listed.
Further there is an interesting passage in Rigveda, so here the passage (FL) (()) (08:38) to (())
(08:43). So all the multiples of 10.



So I am just coating this in order to convey a certain message that these people have been
quite conversant with the decimal place value system. So in fact the one of the most
fundamental discoveries. So we will deal with that exclusively in a lecture later but then you

can see that so all the numbers which have been mentioned for instance look at this Mantra

(FL) (0)) (09:10) to (()) (09:15).

So this mantra (FL) (()) (09:17) to (()) (09:21), so nava refers to 9 and the rest 3, 3, 3, 9. So
the very interesting number, so if you like at so this basically some of 33, 303, 3003 and you
get this particular sum and just number you also very close to the period of 18 years, there
have been articles written wherein they try to trace the origin of this number and what is so

special about this number.

What is interesting here is to note that there (FL) evidence so by which will be able to see
that vedic text has been very very conversion with the decimal place value system and we
also have this mantra (FL) (()) (10:05) to (()) (10:10). So this shanthi mantra speaks of the
notion of infinity (FL) (()) (10:16) to (()) (10:22). So you take Poorna Poorna and what is
Poorna, so within very close to the notion of infinity.
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= One of the prime occupations of the vedic people seem to have
been performing sacrif for which altars of prescribed shapes
and sizes were needed.

» Recognizing that manuals would be greatly helpful in
constructing such altars, the vedic priests have composed a
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So now I move on to the sulbasutra texts. So I was mention in earlier the sulbasutra text gone
a part of what are know as kalpasutra. In fact kalpasutra includes (FL) (()) (10:41) to (())
(10:48) with certain virtual which are done for the society welfare. So (FL) so has to do with



the which was performed in the houseful. So certain text which will guide the performance of

these things. So all refer to by these things (FL).

Then we have dharmasutra, so dharmasutra have to do with the general code of contact it has
to be followed or the well being of the pi. So that is what is and the duties which have to be
done by the people and so on. So this is the subject matter of durmasutra and when come to
sulbasutra. Sulvasutras are takes which have been primarily composed to assit the sulvasara

in the construction of various sacrificial altar.

The first sutra is some of this sulvasutras (FL) is basically a collection of bricks etc. so (FL)
is putting together. So putting together to create a certain platform on which these rituals can
be performed.

(Refer Slide Time: 12:06)
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What does the term sulba mean, in fact sulbasutra is a compound word, sulba is one part and
sutra is another part. Sutra is yet type of writing. In fact this has been the most ancient form
of composing text. So if you look at sanskrit that is available to the most ancient ones have
been in the form of sutras. So we have this (FL) any sutras, you have Panini Sutra. So (FL) so

we have Patanjali yoga sutras.

So all of them so have been composed in the form of what is referred to as sutra style,
suppose the definition for sutras. So this sulbasutras is a compound word where in the sulba
as a meaning of measuring. Sulba meaning in fact the Sanskrit the most of the word are

derived from the roots and the root is sulba, sulbamanic. So mana is measuring. So



sulbamanae in fact this word can be derived by a different ways in fact what is called (FL)

karmadhipati Karnavati.

And so on. So (FL) if you do this so sulba, so this is how the word can be derive and it refers
to the act of sulab. (FL) sulba when you say you measure something and that entity is the
object of measurement and that is the (FL) when you say so karana is an instrument, so by
which you make measurement. So all of them are applicable when we refer to the content of

the sulbasutra text.

So and therefore this compound sulbasutra actually means a text which discusses the act of
measuring. So obviously the entity which is measure, the instrument which is used for
measurement. So all of them will be referred to into this sulvasutra text.

(Refer Slide Time: 14:16)

» So far seven different Sulbuesutr texts have been identified by
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So the sutra itself is a very very very likely composed text, so you will not find so
unnecessary words into the sutras. So that is the very definition of sutra (FL) (()) (14:27) to
(0) (14:33) and so on and the sulvasutra was obviously cannot be understood on their own so
without that the teacher or teacher plus commentator. So if teacher is not available we resort
to commentary which have been composed by later period on the sulvasutras for

understanding what does this sutra convey.

There are 7 sulbasultras, so which are available for us today. These are the text both
Baudhayana, apastamba, katyayana, manava, varudha, and vadhula. So of the, 4 are more

popular and more studies have gone into the first 4 and the later that have not been studied



that much. But anyway so according to scholar so baudhayana sulbasutra seems to be the

most earliest of sulbasutra which are available to us today.

So this is based on certain analysis have been done in in the reference to the style, reference
to completeness, reference to the party, who say the which is found in more text. So based on
this felt that baudhayana must be the most earliest sulbasutra and one also points to certain
sutras almost similar in later (FL) sutra so we will find the same sutra repeated with minor

changes.

So and it is more extensive also with baudhayana sulbasutra and therefore they feel that it is
the most ancient one. Baudhayana sulbasutra is made up of 3 chapter consisting of 520 sutra
and composition is something like this.

(Refer Slide Time: 16:16)
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So they have commentaries as they was mentioning so for baudhayana we have 2
commentaries one by Dvarakanatha, the other by Venkatesvara Diksita, the apastamba we
have 4 commentaries which are identified by Kapardisvamin, Karavindasvamin, Sundararaja,
and Gopala and this Katyayana sulbasutra we have one very interesting commentary by

Rama or Ramacandra.

So this Rama seems to have improved upon certain algorithms which have been stated in
Katyana sulbasutra which I will be touching up on in my next lecture. So we have also very
interesting commentary by Mahindra or this Katyana sulbasutra for wherein he has coated

several verses some various other things is also another interesting commentary.
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Now I will decide a couple of verses so which is found in the commentary or Mahindhara. So
wherein he defines what are the qualities that are expected of a Sulbakara. Sulbakara I mean
the one who access so the vedic trees in the construction of the ah (FL) ok. So where sacrifice
the perform. So he says (FL) (()) (17:25) to (()) (17:32) and so on. So (FL) means the one

who is versed in Arithmetic science of calculation.

And (FL) so one who is verse with mensuration and (FL) could be of sort of enquirer and we
also have the adjective (FL) certain enthusiasm, enthusiasm in learning other disciplines also.
So today we have ended up into a certain situation where in, So civil engineering there will
be some 20 disciplines. So we will know only true this even only read this so on so on. So in

the name of getting deep into something.

So overall understand is all gone, anyway so here he describes the one who should be
enthusiastic to know more and more things and so the point I want to drive through this
versus is that primarily, so he is not the person who should be considered as the nearly
geometry who is the only that kind of a thing, so this is quantities.

(Refer Slide Time: 18:34)
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And there are various topics which are discussed in sulbasutras to give you an idea as to what
could be the content of a sulbasutra text. I have listed few of them, for instance we have (FL)
say mana is measuring (FL) is measuring the length of the cord, so which means (FL) is a
certain technical term. So they will define those technical term, but in some various unit of

measurement are used.

So what are the units of measurements linear measurements, then (FL) 4 sided figure, so
construction of 4 sided figure square, rectangle and so on. Then (FL) here refers to square
root ok, so karani in fact karani have various conversation I will discuss that little bit later. So
the (FL) means how do we find the square root of a non square number ok. So this things are

discussed, there then (FL) so parinama is a transmission.

So if you have a geometrical of this particular shape you would like to transform that object
into some other object and this is a area of preserving confirmation. So a square of a certain
area should be transformed into a circle of the same area then obviously you need to know
the value of pi. So in some sense. So all that so some approximations for that and how do you

do geometrical.

So these are all discussed in this text, they are very interesting things and (FL) so vedi as [
told you is a sort of sacrificial ground (FL) so for different sacrifices if it comes at the altar in
different sizes and shapes and things are there are certain altar which have been constructed
in the form of bird, so there is some constrain which is impose so it should have only one 20

square meters, so I am just saying in some units so 120 square meters, 100 square meter.



We should construct alter in the form of bird, so which means a lot of calculation has to go
into has to go what kind of bricks you have to design and it has to be of certain height also.
So different layers have to be arranged in a particular way. So that the structural stability is
also taken care. So you have to just pile the bricks, so all that are discussed here and they also

discuss about the kind of material which has to go into preparation of this.

This is another interesting aspects which point in, sulbasutras regarding the construction
material and the process so which has to be done, to see that the bricks that you create are
solid enough and so on and so forth , Then how to manufacture bricks, so these are all the
contents of a typical sulbasutra text.

(Refer Slide Time: 21:36)
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» Besides presenting the details related to the construction of
altars—that generally possess a bilateral symmetry—the
Sulla-suiru texts also present different

= The motivation for presenting estimates of surds could be traced
to the attempts of vedic priests
» to solve the problem of “sguaring a circle™ and vice versa
= 1o construct a square whose area is n times the area of a
give square, and so on.

» The expressions for surds presented in the form
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can be understood in different ways. of which we will describe
the Geometrical construction

So not every text will discuss every aspect of it ok.
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» Finding the cardinal directions using surl
» Construction of perpendicular bisectors.

» Consftruction of rectilinear (square, trapezia, atc.) and
(circles, vedis, elc.) geometrical objects

» Enunciation of geometric principles and practical application of
them. We demonstrate it with
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applying these principles.
» Obtaining the value of surds by means of geometrical
construction
- of surds (in the form of a sequence of

rational numbears)

» Construction of altars (citis) of different sizes and shapes
(falcons, tortoise, chanot wheel, and so on).

The topics that would discuss here is roughly, so I will start with the determination of
cardinal direction. So this is called (FL) direction on enormous finding. So that I will do as
the first thing, then how to construct perpendicular bisector, suppose you have written in east
west line then you have to construct a perpendicular bisector to get the what are the methods

which are employed.

Then construction of figures like square trapezium, circle. So these are all very interesting
things as I told you they are just done with nail and a rope. So emancipation of certain
geometrical principles for instance the sulbasutra sulba theorem ok sulbasutra is the ancient
text which has the Pythagorean theorem, so in the most general form not only templates. So

this principle and how do we make use of these principles.

See with Pythagorean theorem which is called (FL) in Sanskrit, so this is so fundamental that
it plays a major role in trying to even transform a particular geometrical object into another in
shape and so on I will see little later then construction of citis. So these are the various topics
that we will discuss ok.

(Refer Slide Time: 23:09)
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So determining the east west line, as you can see in the diagram so here OX refers to the (FL)
a small stick which is well shaped and there is a tip at the corner ok. So it is sharpened at the
top end which is OX. So then you draw a circle around there and this sutra so basically tells
you that you have to create a certain horizontal plane, so that is what is referred to by the

word (FL) means a horizontal plane.

So (FL) instead of fixing horizontal plane shanku is the stick ok, so this is the device, so
nikaya is having place it well, then he says some (FL) so raju is rope okay the cord so with
which you will draw circle and all that you will do all measurements. (FL) means so you have
to choose a rope of appropriate dimension which can be measured with the Shank, so which

means the rope has to be at least twice the shanku then only you can measure with that.

So it is in that sense and that has a certain astronomical significant which will not discuss
now. So if a circle that you draw is too small then while doing a shadow measurements, so
the shadow need not even enter the circle here so what you will do it so you create a platform
you place the stick and then you see the shadow. So the shadow so the link keeps on

decreasing and at a certain point it will enter into the circle.

And then in the afternoon it will move out of the circle. So these two points to be primarily
mark and they are A and B in this figure, points A and B so so finally define the east west and
the east point ok. So once you draw a line A, B so A is marked in the forenoon as the shadow
enters into the circle and B is marked as the shadow exist from the circle. So this experiment

can be performed anywhere.



So the only thing that you have to ensure is a flat surface. In fact my friend professor Srinivas
so once he was mentioning that his friend so consulted somebody regarding vasthu, so then
the person came up and said your house is not properly oriented in the east west direction, he
was married once, so this fellow said what I do and so on, so then apparently he asked how

did that person who came for serving tell you that your house is not properly oriented.

Apparently he said he brought a small device where in the magnetic needle was there and
then. So he said that so this is not properly oriented. So this magnetic needle so how big size
it is when device can different magnetic your own card perhaps so can deflect the magnetic
needle and that will not give you the exact is which direction. So in fact the card of full proof

method is this method.

So it (FL) where in there are so many devices and this is not something, so this is so reliation,
so this is a very simple technique will be able to see and later when we saw that this is exactly
oriented. Any way the point I am trying to convey here is the very very experiment and full
proof experiment which can be done at any place on any given day. So which will give you
the exact east west direction.

(Refer Slide Time: 26:56)
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Ok, so this is a slide so which has been prepared based on certain work which is given in an
astronomical work called (FL) so with myself and profession Sriram was studying at some

point of time. So it is a very interesting of formula which is given here, so if you look at this



is the formula it is a lot of complicated (FL) complex formula which involved so lot of

trigonometric functions and the inverse of trigonometry function.

In the left hand side what you find is t, so t basically refers to the time and in the right hand
side what you find is pi and delta. So Pi refers to the latitude of place and delta the definition
of the sun. So what I am trying to say here is so with this simple device Shanku you will be
able to precisely tell what the time is provided you are able to see the where the sun is this

any distance of the sun which is he said here once it is known will be able to get the time.

So this device is the very very profound device so once the latitude, the latitude itself can we
of course found using this shanku at any given place, what is the latitude to the place, simple
experiment will tell you so this formula is primarily convey so to give you a certain idea as to
how even profound things can be done with this very simple device and this also tells you the
kind of sophistication there gone in.

(Refer Slide Time: 28:26)
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» Having obfained the east-west direction, the next problem is to
find out north-south, How to do that?

So as we was mentioning so one of the comment that was very clearly explain as to why you
need to conduct this experiment to determine east west. So this Mahidhara says (FL) (())
(28:36) to (()) (28:45) rising point. So if you look at these eastern part of the risen so the
rising part of the sun keep on 15 (FL) very very small amount every day and (FL) cannot be

known by simply looking at the eastern part of risen.



So finally he concludes (FL) (()) (29:09) to (()) (29:12) so it is difficult to simply determine
by looking at the sun. So therefore you need to conduct this experiment. So having done this
experiment so you have to find out the perpendicular direction that is the next problem.

(Refer Slide Time: 29:24)
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which the cord is tied. In (b}, we've doubled the cord AB. (c) represants
stretching AB on bath sides to get the north-south direction

So this is actually done in a couple of ways.
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= Two methods have been described for obtaining the
perpendicular bisector of a given straight line:

. (folding the cord)
» G (drawing fish-figure)

» How to draw a perpendicular bisector using the
cord-folding method is discussee by Kitviyvana, in the third
tm right at the beginning of his text.
» Having obtained psici, getting (the north-south line),
caorrectly is extremely important for the construction of
varnous altars aving bilateral symmetry

One is (FL) which is folding of the cord, see you have drawn a line now, you have determine
the east west, now you have to draw a perpendicular. So all that you have is nail and rope.
Nowadays what we do is primarily this latter method (FL) by drawing fish figure. So I will
show this one by one. See the first by cord folding is as simple as that suppose you have

determine point A and B.



All that this is you have to take care rope which is twice A B and then you have to mark the
centre of this it by folding it you will be able to mark the centre of this rope. So once you that
all that I need to do is you have to full. So tie at the end and then pull it on both the size. So
once | did not give you not others will give you. So this is this will give you this
perpendicular to the east west line.

(Refer Slide Time: 30:36)

= |n this method, as shown in the figure below, having obtained the
east-west direction by the shadow of the sas we mark two points
along the aast-wast line
= With those points as centres, and choosing an appropriate radius
are drawn

» The line passing through the intersection points of thesa two arc gives

the

So this is the first method. The other method is which is followed by even if you ask any
school student all that you will do is will take a campus and then you will draw a semicircle
and then put on other side draw the other circle. So this creates a figure, see so a figure like
this so this is like a fish and therefore it is called (FL) means fish. So by drawing fish figure
we will be able to get the perpendicular there.

(Refer Slide Time: 31:10)
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Now I come to a very instructing construction which has been discuss in baudhayana
sulbasutra for constructing a square. See (FL) so he says (FL) so whatever be the dimension
the side of the square ok, so he says you take a rope of that link (FL) so he says (FL) so in
this figure P and Q refers to the tip of the rope and P Q basically gives you the side of the

square. So what is to be done is so mark the midpoint of it and you have to fix it.

Fix a nail then draw a circle with a so you just in a next figure so O is the nail and you draw
circle. So having done this say all that we employee is a couple of nails and then rope that is
all in trying to do draw a square so he says (FL) means you (FL) at the centre fix the nail.
(FL) (()) (32:14) to (()) (32:20) to draw a circle. Then (FL) which will encounter refers to the

diameter of the circle.

(FL) refers to the diameter P Q is the diameter here, (FL) (()) (32:31) to (()) (32:38) see you
place a nail at t, you place a nail at Q then he says (FL) (()) (32:38) to (()) (32:48) so it is very
special you say in fact there is one of the word which one can find in the ancient literature. So
(FL) is normally sort of removing but pretty is a word when the suggest to go which is tying
ok (FL) tying latching.

(Refer Slide Time: 33:06)
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So then he says you tie it and then the same string is used and you have to draw a circle ok.
Similarly you tie it and then draw another circle ok. So (FL) (()) (33:20) to (()) (33:30)
wherever these 2 circle interface so which is E and F. So these are 2 points with them you
draw a line. Then you have to mark points R and S ok. (FL) (()) (33:44) to (()) (33:52) again

see we fix a nail here, we fix a nail here.



Then you say you fix 2 more nails here and then you call got the square how do you do. So
then starting from P you have to draw a circle, it was done then you draw a circle, then you
draw a circle, then you draw a circle (FL) (()) (34:05) to (()) (34:11) once this 4 circles are
drawn, so this doted circle. All that is done is where are those 2 circles interact intersect you
have to mark the point and you will get the square A, B, C, D.

(Refer Slide Time: 34:28)

= A clear enunciation of the so-called ‘Pythagorean’ theorem —
called in the later iterature — is
described in Bodhdyguna Sulvasitra (1.12) as follows
LG L e L ILE B T IR
TUTHA FEA: ATHG FAA
The rope comresponding to the | 1g of a rectangle
makes whatever is made by the |lateral and the vertical sides
i acdually
Terms their meaning
P GRE T2 - Rectangle (lit. longish 4-sided figqure)
EF LR | the diagonal rope
UTSHTAT the measure of the lateral side

the measure of the perpenaicuiar side

®The word aksnaya is archaic and hardly occurs in classical lilerature

Ge=aice i £ SR IGIGEAS

This is a very beautiful construction which has been discussed in bodhayana sulbasutra to
draw a square, whatever be the dimension ok as long as the long as biggest model. Then we
have this so called Pythagorean theorem discussed here and it is a split statement (FL) (())
(34:45) to (()) (34:54). This is the statement of Pythagorean theorem ok. So (FL) as I said

refers to a 4 sided figure ok.

(FL) () (35:06) to (()) (35:11) refers to a rectangle (FL) raju is rope or line (FL) is not to be
found in the classical literature, it can be found in the vedic literature and in fact there are
various instances in which the word (FL) has been used. So this have been defined by the
commentator of the sulbakara also in fact (FL) that today I incidentally saw in chandogya
Upanishad the word (FL) has been used.

(Refer Slide Time: 35:46)



And shankara in his commentary very beautifully define its (FL) (()) (35:51) to (()) (35:58) if
you want to say for instance if you draw a rectangle for this is a corner, corner (FL) means
this particular thing is what is referred to us (FL) refers to this (FL) (()) (36:20) to (()) (36:24)
so this can be taken as (FL) and this can be taken as (FL). So all that is said here is if you
think of drawing a square here and then drawing another square here if you draw a square and

this will give you the area of these two.

So (FL) (()) (36:45) to (()) (36:53) this is something which is very well known (FL). So
whatever be the area that is created by the 2 sides, so the hypotenuse also gives that. So this si
basically the Pythagorean theorem.

(Refer Slide Time: 37:09)

[Kitvavana version of Sulva theorem (with comm.)

= The Katvayana version of the theorem seems to be a redacted
form uTwhar appears in Dodhagana Sulvasuira,
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» Bul for swapping two words, there is only one difference; The
phrase ‘iti ksctrajnanam’ has been added = that this is the most

fundamental thearem in geometry to be known whose
knowledge cannot be dispensed with,

= Commenting on this Mahidhar observes:
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(FL) version as I was mentioning earlier the katyayana version is primarily the bodhayana
sutra as it is with the only thing added (FL) can be understood in a 2 different ways. So I
would say that this is the most fundamental theorem which is to be known in this plane or
geometry, it cannot be dispense with and impact the application or many many many food. So

even in very complex calculations like the period of eclipse etc.

So all that we use is primarily this is not a right angle triangle and so let see in fact the
comment (FL) (()) (37:48) to (()) (37:53) it is a very very clear explanation (FL) area so it
consider one side whatever be the area created by that side, whatever be the area created so
that particular thing creates the area. So (FL) so this what is the meaning of the sutra ok.

(Refer Slide Time: 38:11)
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» The presentation of the theorem in Wanava-sulvasutr differs
from Bodhayana Sulvaseir both in form and in style.
» Here it is given in the form of a verse as follows
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Terms their meaning
WaTH Wm’ﬂ"'l_""-ﬂ‘ the length multiplied by itsell
A= H&"W d - andindeed the breadth by itsalf
o= m the square root of the sum
that is hypolenuse
'1174'_": Ta? thosa varsed in the discipline say so

» LUsing modern notation the result may be expressed as:

This manava sulbasutra also states this theorem (FL) so it says (FL) (()) (38:20) to (())
(38:30). This is a very very clear statement. So ayama and vistara they refer to the length and
breadth of this rectangle. So (FL) we multiply ayama by ayama vistara by vistara. So which
means so if you consider one side of A find A square and vistara find B square (FL) means
adding them together.

(Refer Slide Time: 39:13)
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* |n the very next «ul following the statement of the theorem,
Bodhayana illustrates it with a few examples:
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What is interesting to note is the use of the
5 phrase
n2 :
. 13 FEAT TT R
172 »
. 252 [the general rule stated above] is
oy quite evident in these pairs.
372
154 '1;5-' _ 39;' s there a rationale bahind the choica of
M . BT p
» A few triplets listed in the includes:

(15.20.25) (16,12.20)

See vargamulam is square root of A square B square is C square that kind of a square root and
vargamulam is square root, so that gives you so this is what essentially lead is ayama
squaretvistara square, square root is karna. So soon after giving the theorem (FL) (()) (39:11)
to (()) (39:23) gives several triplets. So here is the sutra (FL) (()) (39:28) to (()) (39:32) so
one triplets is 3,4,5 ok then (FL) is 12 12, 12, 5, then (FL) 15, 8 so 17 square.

Then (FL) 7 and 24, so it is 25 square, (FL) 12, 35 is 37, (FL) so that it says, (FL) he says we
can go on constructing such picture, so uses a few triplet as examples of the theorem which
he stated in the most general form in the previous sutra (FL) sutra gives couple of other
triplets. So I am just listing them and from al the question as to why he chose only this triplet,

so many triplets which can be constructed.

So one can think of the (FL) that this sulbasutras, sulbakara, thought of a certain general
formula and plugging in certain values will be able to get those triplets. So that is what I
show you in the next couple of minutes.

(Refer Slide Time: 40:46)
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= Substituting n = m*, and a 1, we al once get
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= Heare, putting m = 3.5.7 immediately : 2.1 24,2
* Rewriting the above equation in the form
2my* + (m*
and substituting m =2, 4.6
= How about the other example of Bodbdyvana (15,36,39)7

For instance if we look at one of the relations which has been given in katyayana sulbasutra,
so this is a algebric relation na square so can we written in this particular form. So fine so
katyayana sulbasutra does not presented in this particular form, but in a certain context, so in
finding the value of root and you give a to find a certain description which can be written in

this particular form ok.

Datta (FL) (()) (41:20) to (()) (23:26) stating the study of Indian mathematics contribution of
India, so it is a very great scholar you have written a text called a since of sulba so wherein I
mean he has Pi to analyse as to what would be the rational in trying to present these examples
(FL) theorem was stated. So this if we make a substitution n=m square and we plug in a=1.

So then this transforms into this particular form.

So if you plug in the value m=3, 5. 7, so immediately you get these triplets, ok. So 3, 4, 5, 5,
12, 13, 7, 4, and 25. So if you rewrite this equation in this particular form, and then you
substitute the value 2, 4, 6, it immediately gives you 3 more triplets. So in this you can see
that so this 2 triplets along the same, but other are different ok. The other example which has
been given by baudhayana for instance 15, 26, 39.

(Refer Slide Time: 42:40)
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How did baudhayana get, so here the principle behind generating the rational triangle, so this
si another way of looking at it, so here there is a Verdi which is called saumuki-vedi and in
the saumuki-vedi what should be the length, what should be the it is not actually ah rectangle,
but it is quietly different kind of thing. So wherein it is a sort of trapezium kind of a thing. So

wherein so the length of the size and so on are specified.

In that context so we kind these suthras (FL) (()) (43:16) to (()) (43:46) in fact so this can eb
sort of written like this. (FL) multiplication ok. So you take 3 and then do this process, so
then you will get 12, 16 and 20. So if you take 4 and then do this process, then you will get
15, 20 and 25. Then he says (FL) (()) (44:07) to (()) (44:21) 15, 36 and 39. So this is the kind
of triplet.

As I was mentioning so this has been given by bodhayana also. Any way the principle that
seem to have employed here in arriving at this triplet one of this speculation is the that they
had used general formula and then substituted different that you see 2, 3, 4, 5, 6. SO you get
all these triplets that are found and given by bodhayana and later by other (FL) because you
get various in triplets.

(Refer Slide Time: 45:16)
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= In othés words

And all these measures can be taken to the measure of the various vedis so which they have
used for various sacrifices. So there is an interesting application of this sulva theorem. So I
will discuss one application now. So (FL) putting together which means you have 2 square of
different size and you want to create a square whose area will be the sum of these squares ok.

(FL) so it is geometrical construction.

All that you need to do is closely follow this figure, so A, B, C, D, is one square and C, G, H,
I is another square. So these are the 2 squares and now you want to construct a square whose
area is sum of these 2 squares (FL) (()) (46:06) to (()) (46:19) by the side of the smaller
square ok. (FL) the one which is larger in dimension, so (FL) all that he says is you have to

take the dimension C, G and then mark at in the larger square which is same as D, E ok.

(FL) here the term (FL) refers to a rectangle ok so it is not (FL) it is (FL), so (FL) so the
diagonal for this (FL) which is A, E, E, (FL) of this square which you want to construct as a
sum of the area of these 2 square (FL) will give the side, so basically what you will get is A,
A, H, E, so this is the square ok. So with this so I will conclude my lecture today and will

have the next part of Vedas and sulbasutra in the next lecture thank you.

Yes sir, yeah you see you told how to find out these correct correct yeah similarly to find out
the time yeah, there is a smallest yoga yeah could you tell me that we also only calculation
from the shadow using the shadow, yeah to find out the time, no no see what I said was this
formula is encoded in the form of a word that we have decoded in the form of modern

notation and that what it translates to is what I said.



This (FL) is a very very effective device to determine so many things. So in fact there is a
factor called (FL) there almost always feels fine and the device which forms the basis of this
chapter to conduct various experiments and determine various quantities of astronomical
where is the Shanku. They will place it and then so based on the shadow will be able to

determine the lattice of it.

In fact (FL) means 3 questions (FL) (()) (48:43) to (()) (48:50) you means you want to know
where you are, so where you are essentially is given by latitude and longitude and in fact
latitude is most important thing, latitude basically tells you how the time will fluctuate, see
how much duration of daylight will be available for you to do the gate way transaction. So

this slogas of course we can go back and then tell you.

But this is not a sloga where it is sloga is basically gives the description of the terms in the
formula. So what is the multiply by what, what is to be divided by 1.My question is by the
same argument that the shadow of the no one should fluctuate on day to day basis, see I will
tell you so namely it will sounded to you that way, but the point A this variation in the raising

point is due to change in declination of the sun.

The eclipse and equator are inclined, so above 23 degrees, so from the east point sun will
move to 23 degree towards the north return back and then south, so if you know the day on
which will be going to be exactly saying the east point and then it may so this will happen on
the (FL) LD, but suppose you have to do the construction on any given day at any given

place. So this will be the most reliable method.

The point is on a given day so the path traced by the sun will be almost parallel to the
equator, so leaving out the very minor change in the declination, so within a few hours in
which you take the shadow measurement, so the path will be so this is this path is apparent
path which is due to the rotation of the earth and therefore the path that is placed by the sun in
the background.

So will be more or less parallel to the equator, and therefore when say does not matter how
far it is moved from the equinoctial point where will be the rise, so there will be a

corresponding shift in this side also. So and therefore the points that you will get by this by



this will be. So the line that you get will be parallel to the east west line. So by connecting

these two points.

So but looking at that so if you say this is a rising point that rising point will be shifted from
the equinoctial point it is depending upon the declination, the declination will be 0 to the

exact these points, so that you know.



