Dr K S Krisnan:

Mr President and gentlemen, it is a great pleasure
to me and I feel a privilege to take part in the jubilee
celebration of this great college.About a year ago I haé occasion
to address a gathering of medical men in this pandal. I then chose
as my subject Virus(?), a subject of great interest to the medical
men and one to which physics has recently contributed ais® much.
But it being a very speciel occasion I think I must choose a
subject of more general interest. 1 shall speek about Geometry
" that underlies the physical universe.

There must be a general impression among RERXZRIREX

non-scientific men that what is generally called non-efclidian

geometry is eomething ##xxn very hypobole, something whic@?breated

hypermetrical mathematicians out of sheer love of logic; but
nothing can be fxxx farther from it. What is generally described as
non-euclidian g® is really a more natural geometry by which I mean
the geometry that lies at the basis of kX nature. What is more it
is simpler to understand than common geometry with which we are all
familiar. There is a wellknown saying agtributed to a great
mathematican that no mathematics is good mathematics unless you
can explein it to the first man in the street. I do not knonw
if much of the mathematics that we know can answer this stringegy/
test. But noneuclidian geometry which 1 referred to as the basis
of the physical universe does stand the test and that is why I
have chosen that as a subject for popular exposition before a
nonmathematic audience.

It is also connected with an age old problem. Is the

universe finite or infinite ? Bruno, the famous astronomer stood
-

-

for an infinite universe; on the otheé:hand &epler,an equally




5
distinguished Astronomer stood for finite universe and Galilio
had no opinion to offer and he said that evidence that was axaiaki
available was not sufficient to determine whether the universe is
fx finite or determined or infinite or undetermined. But today
owing to scientific work that has been carried on for the last
three centuries we think we know a little more about the
structure of the universe to depend upon for an answer.

Before I give the answer 1 shall start with our good old
euclid. For twenty thousand years the teaching of zmEExgEEEERLErX
geometry im every part of the civilized world has been dominated
by &uclid. It is certainly a great compliment to the great
mathematician that a text book written in the third century B.C.
should have been used continuously for twenty centuries. It is
however very doubtful how much of the geometry which Euclid gave
us is his own or how much is just a mEmpXiakimExzsmpix compilation
from earlier works that were known at his time. However that may
be, there is no doubt that the arithmetical arrangements of the
propositions as following from a set of axiomsa§: certainly due
to euclid and he will be remembered not so much for having
supplied the geometry which is?iiﬁéht in all colleges for twenty
centuries but more for certain postulates which are now called
euclidian postulates. As he went on developing his geometry
starting with a very simple self-evident axiom he couid prove
27 postulates and when he came to the 28th he got stuck up. He
obtained results which might be expressed in different ways. One
way of expressing it is to say that through a given point you can

draw only one straight line parallel to a given straight line and

no more. It looks very plausible. You are given a point and a

straightline. The postulateg says that from that point you can draw
only one straight line parallel to the given straight line. But

euclid in his intelligence and honesty reccgnised that it was not
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self-evident and he needed proof. Probably he tried to supply a
proof; he did not succeed but was honest enoughk to state it

as an axiom which is now very w=XXkrmmwm wellknown as euclidian
parallel postulate. For nearly 20 centuries after that almost all
great geometricians and also mathematicians iried to prove that
gurXidr euclidd's postulate was either right or.wrong. They did

not succeed in proving either the validity or falsity of that
postulate. It was really a very intriguing situation; mathematician
with highest calibre trying to prove what looks like a very

plausible postulate and nct succeeding either in proving it or

disproving it, and Tambridge (?) the great mathematicians

pronounced it as almost a scandal that problem of such a magnitude
should remain still unsolved. Bows (?) who is generally regarded
as one of the world's greatest mathematicians, the other two
being Aristotole and Newton, tried also Lo prove the postulate

and he spent, 1 think, about 15 years and finally convinced
himself that it%was impossible to prove either the truth or the
falsity of the proposition.That at any rate was not a satisfactory
conclusion. Why was it left very vague as a postulate which may be
true or false ? It was now realised that it was one of those
propositions about which it was impossible to say anything dEXINIX®
definitely, and with a boldness char%gteigzic to Gows (?) he pxmzx
proceeded to investigate the significance of that conclusion. For
twenty centuries after they assumed that euclid was right, that
there can be only one straight line that can be drawn through a
point parallel to a given straight line. Arithmetically there is

one thing left open to him, namely, to take the very alternative

assumption that euclid is definitely wrong and proceeded on a denia
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in that postulate. He was led to some extremely interesting
result. Meanwhile other mathematicians of  hom some were
his contemporaries had been at the problem without knowing that
Gows (?) had been at it for sometime,particularly a Russian
mathematician and later “eymond one of the German mathematicians
If euclid's postulate is wWrong you can have one or two alter-
natives given, either you may say there can be no straight line

that can be drawn through a point parallel to a civen straight
K & E

line or you can say there can be more than one straight lxmexsx

lines parallel to the given straight line. They tried these
alternatives ; they got a curious type of geometry. They got
results at variance with euclid's results. Take for example

the well krmmWRXEEX knomn proposition that the sung of the
three angles of a kxzimax triangle is equal to two right
angles. In that new geometry, - according to one alternative, -
the result was that the sum exceeded two right angles or w as
less than two right angles. I shail mention Jjust nbw-another
reéult.you take a circle; you know that the area of the

circle must be given by gi r2 where r is the radius. If you
have two circles, one a foot in diameter and the other two feet
in diameter you can definitely say that the area of one must be
four times the area of the first. If you havé a circle three ft.
in diameter you know its area must be nine times of the first

one. I shall now mention just one more :-
C B

e

You take a line AB at A and B. You draw perpendiculars
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A6 and BD of equal .ength, join the perpenditulars Cd. If you
deny the mmEXidix euclid's postulate you can definitely say
that the angles at C and D should beequal. But you can

not say anything further regarding the magnitude of these
angles. Euclid's postulate, if granted, wou.d lead us to the
conclusion that the angles should be egual to two right angles.
But if you deny euclid's postulate, then both the angles are
either acute or obtuse according to thé two alternative
assumptions that I have mentioned. You can now ask me,- it
looks a very strange geometry to think of three angles of a
triangle different from kwa two right angles. I shall put to
you this question. Suppose we have not learnt geometry at
schools from euclid, suppose we are suffering from what I they

call wabbling and wandering from earth to earth, Suppose we kkx

take three straight lines, say in the stellar region which are

very far removed, and suppose we find a straight line joining
tkem any two of them We will define the straight line as}the
least distance of passage. If you do that I can immediately
convince you the kind of geometry that would have developed, sg
the geometry of traingles would not have been the geometry o¥
euclid. I shall take two places for the sake of convenience on
the equator separated by a very large distance. At each oné

of the places you draw straight lines, north-south meridian

and east-west mExidiam direction across the equator. At a point
A you have two directions exactly north-south or exactly
east-west. : e
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The angle at A is only a right angle, similarly the angle at
B is also a right angle and Ac is the north-south direction of

Esxkkxsouth-north

the straight line and Bc is the g#=kxwzsk direction of B . They
meet at C. The sum of the three angles must be greater than
two right angles. So the conclusion which they draw from the
denial of euclid's postulate, namely, the three angles of a
traingle are not equal to two right angles is not such
an unacceptable theory after all. It is even more a natural
geometry which we sould have developed if we took any
three points on the surface of the equator and join them and
call the shortest distance or the shortest passage between any
two points a straight line. And you g® sum the three angle you
have then less than two right angles and even greater than that

I can just try to corelate with euclid's geometry in this way

that the geometry that would be obtained on the surfance of k=

a sphere,- and a sphere has no plane surface,you say it is a

curvature. Bu£ in order to appease those who have been brought
up “ith euclidian tradition we may grant that the geometry
xhiixz which we have developed will be geometry within
euclid's postulate provided you take his geometry on thekzxxfzx
surface of the sphere . If we can show that just xhexzasex
because curvature has space then we get the x¥m®c excess of the
sums of the three angles over two right angles, depends upon
the curvature of the space. We may k& go further and to
satisfy people who still insists on euclid's geometry, if they
ask us what do you mean by curvature . We may shelve the gxzzki
question by saying that I merely define surface as being the

curvature that we find on experiment for the sum that the
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angles of a traingle constructed on the surface exceeds two |
right angles, the excess will give you the measure of the
curvature. 1 am at liberty to take surface as just + a
liberty to draw a traingle on the surface. I may add
three angles of a traingle, if I find it excedds two
angles, i say it 1s the curvature and the excess will be
~ the measure of the curvature. If you so choose you
can explain it with reference to a solid. We know that in
any space of solid dimension, you take a sphere,- provided
the gmex geometry is the geometry of euclid,- then the

volume of the solid 1s the cube of its diameter. Supposing

you do find on experiment in some space- where you can make

measurements of volume you construct two spheres with one
million miles scale, because for the purpose of logic it &=z
does not matter how long the distance you take. You take two
spheres, one of them having a diamterz double that of the
other. If you do find that the second sphere has not

~wight times volume of the first sphere, has larger volume

or smaller volume then you can say that Lhe space has
curvature and the measure of Lhe curvature will be the
defects or excess of the angles according to the weiltkomowx
well knonwn cube law. Then you may ask: what do you mean

by the curvature’of the space ? 1 may answer it by a
counter question. After all in the general sense formerly

we used to regard space as something which has certain
intrinsic properties, some geometrical] structural prEERXRIK|
properties. We Imkmadx introduce matter into it as though we ¢

filling the flats in a modern house with people. lhe space if




is mot altered by putting materials in that. But Keymond
asked the question: "Are you quite sure that the matric
properties of a space will not alter if you put in matter
inside or you take out matter from inside ?". It can be
very well conceded shat the matric properties of the space
will change very slightly which may be neglected for our
purpose. Some people may like to have space well kmmmmgxxxx
BrEwrx known, determined and independent of matter Obviously
1t looks purely a question of sentiment for indiwidual taste.
For, today we have mechanism by which we do km& know
definitely that the proposition that matters in a space affectg
its metric properties is preferable. You must all have heard
of the famous experiment suggested by Einestein to find out
from the time of the total solar eclipse whether the light
of a star which happens to be very near the perpendicular will
bend or not bend. Experiments show that the light of the
star do bend. Anywhere in the solar universe any material
particle would be attracted by the sun due to the law of
gravitation Before I discuss the signifieance of this I may
mention that even before we had any idea &s to how the
curvature XEXkx can be produced in the sense I have mentioned,
people ®mx thought of curvature because sheer logic for the
denial of the euclid's postulate did require a curvature of
that type.

They look for some experimental observation which wou

would decide one way or the other. Many of you probably are

femtiinexvidk cxbabx CRCKBRBYR
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familiar with what is known as the paralax method of finding
the distance of stars. The earth is moving round the sun, so
there is no place which is contant in the earth and no star ca
be viewed from the same place all round the year. Supposing a
star is more or less stationery with reference to the solar
system. If you find,- in one part of the year when the earth

is at one end of its orbit,- that the star is making a
particular angle at a particularly selected part of the year
xoxekeRxXtxx and when it is on the other end of the orbit of
the earth,you are viewing it from a different place, it makes

a different angle. If you make XmXxX® observation from two mxkrsd
extreme positions in the orbit you will only get a small #
deviation in the angle and that angle will give you an idea

of the distance. It is called the paralax method. In that way
assuming that light travels in straight line in space where
there is no matter to disturb its path we can definitely find
the distance of the stars by paralax observations. I think it
was Poincoire, the great mathematician znd not Reymond the
politician stated: You look for paralax, if you do find that
any star ms in the sky gives you a negative paralax, that is to
say, you look at A and suppose by observation you find that it
is a little in the opposite direction, something is certainly
happening 'hich we do not anticipate by euclidian geometry%x .
And here is a clear case for catching the criminal. We know
definitely that the space of nature is not following euclid's
geometry but is following a geometry of non-euclidian type So
you find ffmmmx from the distance of the stars skmmkdx it should

not show any appreciable paralax at adl. Here again is a case

for catching the geometry of the earth as misbehaving, because




it will prove that it is not the geometry of euclidian type.

It was Poincoire who having been g brought up in

euclidian influence was bold enoughto experiment it which

goes against euclid.

a straight line propagation of light in absolute space even whei
we say there is a large gravitating matter like the sun and the
path of the light is different from the path we expected from
the old geometry. We still say it is not the fault of the light
but the space through which it travels. You may now ask me:
have you got any other basis by which you can decide whether
the geometry by which you can decide whether the geometry

is really the geometry of the x physical universe. There is

& unique basis. We know that what is called the milky way

1s just one of the curious islandz universe. If you will look
upnx up to the sky any night you will find a cloudy patch
extending from the horizon to the other end and most of the
stars that we can see are concentratéd in that space in that
direction. We generally talk about kex the impossibility of
counting thestars, they are so numerous. I do not know whether
you realise that the total number of stars that nakes eye at an;
time can see does not exceed two thousand orthree thousand. It
is Bot such a tremendous job or uncountable.In one hemisphere
there is altogether three billion stars bxxxxxxx bright enough
to be seen in the naked eye and then about five hundred have to
be eliminated becauseIXKExiigx they lie so close to the
universe that a mere particle in the universe will prevent

them Xx to be seen. But if you will look through a telescope

'you will find.them. So according to our present estimate there
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are about forty thousand billions (I am using billion in the
American way) in our galaxy oii;ikx milky way which look like

a lense. In millions of such galaxies each containing 20, 30

40 bullion stars, you may regard each one of them as a unit,

the unique test I mentioned for finding out thether the geometry
of space is of euclidian type or non euclidian is very simple .
You take a small telescope. There is a certain minimum of stars
which come within its view from an approximate distance of

ten million light’yards depending upon the aperture, count all
the neubulii which are included in the sphere of that particular
ra&ius. Tou take a bigger telescope, count the total number,
REkX®aXXI¥yx which naturally will be much larger. You take still
bigger télesco@e and count. Now we have so many spheres of various
dist;nce. If we find that we have reasons to believe from other
considerations that irrespective of the neubulii oXx in any
space since they are so numerous the total Meking that
assumption ye can Xxrx now find whether the total number.
included in the verious spheres is just proporitionate to the
volume, because we krE® know the distance. If it is found that
kh@xxarexx they are proportional to the cube of the distance then
we know we are operating with euclidian space. But if you find
that the number if not proporticnal to the cube but follows a
differeht law then you know that the geometry is not euclidian -
geometry. By observation 1 am not going to elaborate the
experiments it has been found that the number a@s no pro ortional
to the cube but deviates very considerably. So the euclidian

really does not apply practically to kh®x nature itself. That is

t h o )t a t h -t -t




is the geometry that underlies the work of hature herself.

I think T have given you some idea of the geometrial

function of the physical universe and I believe have been able to

convey to you something of the principle that underlies the

‘godern research e garding the construction of the universe.




