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INTRODUCTION
"The Great Architect of the Universe 

now begins to appear as a pure mathematician."!

Mathematics enjoys special esteem above all the 
other sciences for several reasons. Its laws are abso
lutely certain and indisputable. This priority would 
not be momentous if the laws of mathematics referred 
only to objects of one’s imagination. However, it is 
mathematics which affords the exact natural sciences a 
certain measure of seourity, to which without mathemat
ics they could not attain.

A fitting exemplification of this role of mathemat
ics can be seen in the mathematics of relativity, one 
aspect of which is treated in oiiis paper. The explana
tions of Rieraannian geometry and of the general theory 
of relativity given herein are by no means complete. 
However, it is hoped that they will provide the reader 
with a general insight into the relation between geometry 
and physics.

Werner Heisenberg’s statement regarding the law 
of mathematics adequately sums up this thesis:

The elemental particles of modern 
physics, like the regular bodies of Plato’s 
philosophy, are defined by the requirements

1. 12. T. Bell, Men of Mathematics (quote from J. H. 
Jeans), (New York: Simon and Schuster, 1957), p. xxi.

(1)
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of mathematical symmetry. They are not eternal and unchanging, and they can hardly, 
therefore, strictly be termed real.
Rather, they are simple expressions of 
fundamental mathematical constructions which one comes upon in striving to break down matter even further, and which provide 
the content for the underlying laws of nature. In the beginning, therefore, for modem science, was the form, the mathematical pattern, not the material thing.2

2. Robert W. Marks (ed.) Space, Time and the New 
Mathematics (New York: Bantam Books, 1964J, p. 125.

♦
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PART I 
Riemannian Geometry

nA geometer like Riemann might almost have foreseen the more important 
features of the actual world."3
Geometry was first studied because it was use

ful. Such studies date back to 3000 B. C. The word 
itself is derived from two Greek words meaning "earth” 
and "to measure". Geometrical conclusions were ar
rived at intuitively and then tested experimentally.

It was the ancient Greeks who first attempted a 
scientific approach to geometry. Greek interest in 
demonstrative geometry began with Thales of Miletus 
(600 B. C.), who has received tin ti*:.le of Father of 
Geometry because of the impetus he gave that made 
geometry the model for logical thought. By the time 
of Euclid (300 B. C.) the science of geometry had 
reached a well advanced stage, and from the ac
cumulated material Euclid compiled his Elements - con
sisting of definitions, postulates and common notions, 
and propositions. The most remarkable feature of this 
work lies in furnishing logical proofs in logical order.4

3. Q/d. clt. E. T. Bell, (quote from E. S. Edding- ton) p. 484.
4. E. H. Taylor and G. C. Bartoo, An Introduction 

to College Geometry (New York: The MacMillan Comuany (1949), p. 31.
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It is a landmark in scientific progress.
Since the Greeks, the first decided advance in 

geometry came about the beginning of the nineteenth 
century. But before considering this, one should 
have a better idea of the very essence of geometry.

Geometry treats of entities which are denoted 
by the words straight line, point, etcelira. These 
entities presuppose only the validity of the axioms, 
which, in purely axiomatic geometry, are to be taken 
in a purely formal sense and, which^ in practical 
geometry, are to be based upon intuition or experi
ence. In axiomatic geometry these axioms are free 
creations of the human mind, while ia practical 
geometry they have a deeper significance. All other 
propositions of geometry are logical inferences from 
the axioms. The matter of which geometry treats is 
first then defined by the axioms.

Not until the nineteenth century did man fully 
realize this axiomatic view of geometry. Before this 
time Euclidean geometry was considered to be the only 
logically consistent geometry possible. However one 
postulate, the fifth, in Euclid’s geometry perplexed 
men throughout the centuries, because of its complexity

(4)



and lack of self-evidence. The fifth postulate stated 
that: If a straight line falling on two straight lines 
makes the interior angles on the same side less than 
two right angles, the two straight lines if produced 
indefinitely, meet on that side on which the angles 
are less than the two right anglos.* This has been 
described as "perhaps the most famous single utterance 
in the history of science.”5 it is the starting point 
in the study of Non-Euclidean Geometry. ‘Tumerous and 
varied attempts made throughout many centuries to de
duce the fifth postulate as a consequence of the other 
Euclidean postulates and common .^uions, stated or im
plied, all ended unsuccessfully. Today it is known 
that the postulate cannot be so derived.

It so happened that independently and about the 
same time the discovery of a logically consistent geo
metry in which the fifth postulate was denied was made

 ̂ (5)

*There have been several substitutions for the fifth postulate. Tv/o are:
1. Playfairfs Axiom: Through a given point can be drawn only one parallel to a given line.
2. The sum of the angles of a triangle is always equal to two right angles.

5. Harold E. Wolfe, Introduction to Non-Euclldean Geometry. (New York: The Dryden Press, 1945), p. 4.
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by Gauss (1777-1855) in Germany, Bolyai (1802-1860) in 
Hungary, and Lobachevsky (1793-1852) in Russia. Each 
developed with satisfactory results a new geometry 
based on the assumption that the sum of the three angles 
of a triangle is less than 180°. This geometry retained 
all the other postulates and common notions of Euclid.

Shortly after this a new figure appeared- George F. 
Riemann (1826-1866). He studied under Gauss and became 
the outstanding student in the long teaching career 
of that great mathematician. In a dissertation delivered 
before the Philosophical Faculty at Gottingen in 1854, 
he stated that: " However uncertain we may be of the un
boundedness of space we need not as a consequence infer 
its infinitude. For if we assume independence of bodies 
from position and therefore ascribe to space constant
curvature, it must necessarily be finite provided this

6curvature has ever so small a positive value.”
Riemann thus suggested a geometry in which two straight
lines always intersect one another. This characteristic

■tktpostulate is incompatible not only with^ Euclidean pos
tulate which it replaces and with the one which asserts 
that straight lines are infinite, but with others also. 
Thus Riemann called attention to the true nature and

6. Ibid., p.7.
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significance of geometry - developing an axiomatic 
geometry the axioms of which were based upon real ob
jects of intuition and experience.

Since these first discoveries of non-Euclidean 
geometries, many other non-Euclidean geometries have 
been developed, but these will not be discussed herein.

The modern theory of Riemannian geometry, based 
upon Riemann's characteristic postulate, was developed 
from the elementary differential geometry of surfaces 
in Euclidean space by the process of abstraction. The 
problem of formulating a geometry without the frame
work of straight lines and their Euclidean network of 
axioms and theorems is not so strange as it may first 
appear.

Consider the problem of measuring the distances 
between points on any curved surface, say a hilly 
piece of land. Euclidean geometry is not strictly 
valid on hilly territory for there are no straight 
lines on such a surface. It holds only in small or 
infinibessimal regions, while in larger areas a more 
general doctrine of surface holds. Now, to find meas
urements systematically one would first cover the ter
ritory with a network of lines marked by poles, re
quiring that two families of lines intersect.



1

(a)

Take "x” as th© symbol for any member of one family 
and "y’* for any member of the other. Each point then 
can be characterized by a value of x and of y. This 
method of fixing the points of a curved surface was 
first applied by Gauss; x and y are, therefore,called 
Gaussian coordinates.7 The essential feature in
volved is that the numbers x and y do not denote meas
urable geometrical quantities, but are merely numbers, 

One would now proceed to measure out mesh for 
mesh. Consider one of the meshes, a parallelogram, 
whose sides correspond to two consecutive integers.

horizontal: t, coordinate 
vertical: y coordinate

7. Max Bora, Einstein’s Theory of Relativity. 
(New York: Dover Publications, Inc., 1962), p. 322.
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Lot HPn be any point within this mesh find "8" its 
distance from the comer point ”0”. Draw the paral
lels to the net lines through P, intersecting the net 
lines at "A" and "B". Let "C" be the foot of the 
perpindicular dropped from P onto its corresponding 
x coordinate* Denote the ratio OA/OM as the increase 
of the x coordinate from A to 0 and designate it as 
”/"• / then is the Gaussian coordinate of A# Simi
larly the Gaussian coordinate of B could be found and 
designated as ̂  * So the Gaussian coordinates of P 
relative to 0 are (£}\)• The true length of OA is 
a I , where "a" is a definite number to be determined 
by measurement.* Similarly OB is b>| • If P is moved 
about, its Gaussian coordinates change but the numbers 
"a" and "b", which give the ratio of the Gaussian co
ordinates to the true lengths, remain unchanged.

Next, express the distance OP = s with the help of 
the right triangle OPC and according to Pythagoras*
theorems _ z __2 __2

S '2- - Of> -  o c  + CP
Qc -  OA + -AC 

s 2- = - f  Z O A A O  + AC  - f  CP

(9)

*This number "a” will be further clarified in what is to follow.
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and in the right triangle APC
_  *  - ---- 2.
AS * /fc. + ^

J* _ 4̂ —  :3-y v = o7)^ / 2.0 #  ? s s
o s  - a- £
As  <= -  / '} (

fixed ratio to it, say aC-c ^Ad is the projection of AP-b^ and thus bears a

= 0„ / l *  $ h  /
In this equation g „ , g /Z, g3i are termed metrical co
efficients. The equation may be considered to be the 
generalized Pythagorean theorem for Gaussian coordinates 
in two dimensions.

To this point the metrioal coefficients have been 
derived only intuitively. In order to understand their 
true nature, consider how one would express the differ
ential of arc length in general curvilinear coordinates 
of two dimensions. Once again consider the mesh:

Let n r " represent the vector connecting the origin
with the point "P" whose curvilinear coordinates are



(x,y). Then the equation for "r" would be 
r r  = X f  y  

If the coordinates of the point "P" changed by the 
amounts "dx" and f'dy” respectively, say to the point 
"P* ”, then the differential veotor connecting P to P* 
could be expressed as follows:

jLr - cLc JLx f /£y
2*. <Jy

Then the square of the differential of arc length 
would be:

- d r  ' , she. t?i-> + 3- sic JLy - /  J ^ T
dx dx 3y

but ds2 in terms of the metrical coefficients is:
d.S^ - K d x  d y  + 2 %:uJ . y

Therefore, one can see that the metrical coefficients 
are defined as follows:

-IS dx

u * a-
dx

9**- «y 3y
Now it should be observed that these metrical coef
ficients have both magnitude and direction* Yet, they 
are more than vectors for they are a type of a product 
of two vectors. Such a product of two vectors is de 
fined to be a tensor of the second order. A vector is



(12)

a tensor of the first order. Furthermore, no generality 
is lost by assuming that these tensors are symmetric, 
that is, thati

(as shown previously) 
Tensors are classified as being covariant or contra- 
variant depending on their mode of transformation from 
one system of coordinates to another system of coordi
nates, These metrical coefficients transform by that 
method defined for covariant vectors. That is, if one 
set of Gaussian coordinates is given as a function of 
another set of Gaussian coordinates, for example,

* * * v* ( v , x K) (x*t,*,..:.;*)

then the transformation of the metrical coefficients isi

Recall that the metrical coefficients are functions of 
their respective Gaussian coordinates.

The metrical coefficients have different values 
from mesh to mesh which must be inserted in the map or 
given ^mathematical functions of x, y, the Gaussian 
coordinates of 0, If they are known for every mesh, 
then the true distance of an arbitrary point "P" 
within an arbitrary mesh from the origin can be calcu
lated provided the Gaussian coordinates x, y of 0 are 
given. The metric coefficients thus represent the



whole geometry on the aurfaoe.
Every real geometric fact on the surface must 

clearly be expressed by such formulae as remain unal
tered by a change of the Gaussian coordinates, that is, 
are invariant. This makes the geometry of surfaces a 
theory of invariants of a very general type. The only 
restriction for the coordinate net is that it must be 
continuously curved and cover the surface without gaps 
but so that no point is covered twice.

There are no straight lines on the curved surface, 
but there are straightest lines, that is, those which 
form the shortest connection betweon two points. These 
are called geodetic lines and can be found by the Py
thagorean theorem if the g „ tg /A ,g 2J, are known. For 
example, on a spherical surface, the "greatest" circles 
on the sphere are the shortest lines. These are real 
geometrio properties of the surface and are Invariant.

Another fundamental property of a surface is its 
curvature. The measure of curvature can be expressed 
in terms of g „ .g^ 9g£/ and is an Invariant of the 
surface, independent of the Gaussian net chosen.

Riemann extended this idea of magnitude to the 
idea of a multiply extended magnitude each capable of

(13)



different measure relations. In a space of N dimensions 
the infinitessimal distance ds between the adjacent 
points whose Gaussian coordinates in any system are x 
and x /'Vdx/<r (k - 1,2,.... .N) is given by the relation:

- £  fa ch LA*i

where the coefficients q+ j are functions of the coor
dinates x* (k * 1,£,.....N). This quadratic differ-

a
ential form is called/Riemannian metric; a space which 
is characterized by such a metric is called a Riemannian 
space; and geometry based upon a Riemannian metric is 
called Riemannian geometry.

In three dimensional Euclidean space this relation 
becomes x ̂  / x *  • In the four dimensional world

the invariant distance s between two neighborhood points 
whose relative Gaussian coordinates are { ^  ^  )
is represented by an expression of the form

S ' -  ’  ft. ?  * + f - a .  h 1 *  $13 /  / » *  'T  /  f h

/ S <r ~f

This then should provide one with a general idea of 
what Riemannian geometry is. For the greater part of a 
century multi-dimensional differential geometry was

(14)
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(15)

studied for its ovm intrinsic interest; but its 
Importance has been emphasized by its application 
to general theories of relativity.

'w '

*
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PART II
EINSTEIN'S GENERAL THEORY OF RELATIVITY

"The theory of relativity represents 
the greatest advance in our understanding of nature that philosophy has yet witnessed."8

The history of physics records many attempts to 
explain physical phenomena by geometric arguments, and 
the problem of space has entered the foundations of 
Newtonian mechanics from the beginning. The law of 
inertia which states that a material point which is 
not affected by any force must perform uniform motion 
is basic for discovering forces in nature, Everytime 
that a nonunifora motion ocours in nature one can be 
sure that forces are involved. But, it is evident 
that a uniform motion relative to one observer will 
not be uniform for a second observer who is himself 
in nonuniform motion with respect to the first. Which 
one of the observers has the right to claim that the 
lav/ of inertia is valid in his frame of reference?

The heliocentrio theory of Copernicus would lead 
to a reference system in which Newtonian mechanics is

8, A d’Abro, The Evolution of Scientific Thought (New Yorks Dover Pum'catlonsT TnT.,’’YV5V V pVTx, '



valid. But Newtonian mechanics endowed space with 
physical significance and introduced a distinguished 
coordinate system in which it is valid. Thus, abso
lute space was postulated by this theory of mechanics. 
Yet, no person whose mode of thought is logical can 
be satisfied with this condition of things. Why are 
certain reference frames given priority over other 
reference frames? What is the reason for this pre
ference? For quite some time this objection was ig
nored •

As mechanics developed, forces were distinguished 
as being aotual or apparent. Apparent forces, for 
example, centrifugal force and Coriolis force, oc
curred only because a wrong coordinate system was 
used; they were the penalty for thejuse of an incor- 

grect geometry. There is one criterion which dis
tinguishes apparent forces from aotual forces. Since 
apparent forces are all of inertial nature and since 
inertia is mass-proportional, apparent forces should 
always be mass-proportional. If one were to observe 
a universal effect on all bodies considered which was 
precisely proportional to their mass, one should then

9. Ronald Adler, Maurice Bazin, and Menahem 
Sohiffer, Introduction to General Relativity. (New York
McGraw - Hill Book Company, 1955), p. 3.



suspect that the coordinate system was wrong and that, 
by a proper choice of coordinates, this universal ef
fect could be transformed away. Obviously this is the 
case for inertial force, centrifugal force, and Corio- 
lis force. And there is another well-known universal 
force which affects every material point mass-propor- 
tionally, namely the force of gravity. One is not ac
customed to call gravity an apparent force; however, 
it is not difficult to show that it can indeed be trans
formed away by proper choice of a reference system.

Einstein’s box experiment readily denonstrates 
this possibility. Consider an observer in a closed 
box who feels that he and all apparatus in the box 
possess a downward acceleration. He cannot look out 
of the box, and he wishes to ascertain the reason for 
this acceleration by measurement inside. There are 
at least two possible interpretations: (1) There may 
be a heavy mass affixed to the bottom of the box, and 
the attraction by that mass on all matter in the box 
may be the reason for the downward acceleration; or 
(2) the box may be in accelerated upward motion due 
to a pull on a rope which is attached to the roof of 
the box. In mechanics there is no known effect which 
would allow one to distinguish between those two



alternatives* Thus, one can see the necessary equal
ity between the Gravitational mass and the inertial mass.

To extend this idea even further, consider a ray 
of light passing horizontally through this box* It 
would be curved downward in the shape of a parabola 
if the box were accelerating upward* Thus Einstein 
posited that light rays are curved by a gravitational 
field* This hypothesis was verified by aldington in 
1919 by measuring the deflection of light from a star 
by the sun*^°

The axiom of indistinguishability between gravity 
and inertia is called the principle of equivilence; 
and upon this axiom rest most of the fundamental con
cepts of the general theory of relativity.3*1 This im
portant law had hitherto been recorded in mechanics, 
but it had not been interpreted* A satisfactory expla
nation can be obtained only by recognition of the fol
lowing fact: The same quality of a body manifests itself 
according to circumstances as "inertia" or as "weight"*

10. Albert Einstein, Relativity . (translated by
Robert W. Lawson), (New York* Henry Holt and Company, 1920), n. 154.

* This will be demonstrated in Part III.



This fact enables one to investigate better the laws sat
isfied by the gravitational field itself and thus to 
formulate general laws of nature into equations which 
hold good for all systems of coordinates, that is, are 
covariant with respect to any substitution whatever. It 
is this generally covariant property of the equations 
representing the laws of nature that constitutes the 
basic postulate of the general theory of relativity.

Throughout this discussion there has been refer
ence made to the general theory of relativity. At this 
point there should be some clarification made as to the 
differences between the general and the special theories 
of relativity.

According to Newtonian mechanics, if a mass m is 
moving uniformly in a straight line with respect to a 
coordinate system K, then it will also be moving uniform
ly and in a straight line relative to a second coordinate 
system K*, provided that the latter is executing a uni
form transalatory motion with respect to K. Now this 
was found to be valid exoept in the oase where one of 
the coordinate systems was moving at a very great veloc
ity, approaching that of the speed of light. In such 
a oase it was found, for example, that moving rods are 
shortened and that moving clocks run slow. The exact 
alterations are defined by the Lorentz transformationsi



(21)

-

where the primed terms indicate the coordinates in the 
K T frame, the unprimed terms the coordinates in the K 
frame, and "vt? the velocity in the x direction of the 
K r frame relative to the K frame of reference. Thus, 
according to these transformations, time and space are 
inextricably interwoven. And, taking these transforma
tions into account, one can then say that: If, rela
tive to K, K* is a uniformly moving coordinate system 
devoid of rotation, then natural phenomena run their 
course with respect to Kf according to exactly the 
same general lav/s as with respect to K.

The general theory can thus be seen as, in a sense, 
an extension of the special theory, however much more 
comprehensive. For according to the general theory of 
relativity: Natural lav/s are expressed in such a way 
that they hold true with respect to any frame of ref
erence whatever - oven in the case where K and K* are 
moving in nonuniform motion relative to one another.

*The derivation of these Lorentz transformations can be found in Appendix I of the book Relativity by 
Albert Einstein (included in the bibliography}.

A
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It should be noted here that from the standpoint 
of method there is an interesting difference between the 
special and the general theory of relativity. The spe
cial theory consists in the coordination of certain 
known experimental results, chiefly electromagnetic.
The general theory on the other hand is a work of ra
tionalization which was in no way imposed by the facts 
of observation that were known at the time. Its crea
tion is due to the genius of Einstein. Only subse
quently was the general confirmed by the discovery of 
new facts.il

Einstein’s relativity theory thus arose in the 
early part of this century, from necessity, from seri
ous and deep contradictions in the old theory from 
which there seemed no escape* The strength of the new 
theory lies in the consistency and simplicity with 
which it solves all these difficulties, using only a 
few very convincing assumptions.12

11. Op. clt. , A. d’Abro, p. 462.
12. Op. clt. , Robert W. Marks (ed.), p. 127.

A
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PART III

Rlemannian Geometry as Applied to the General Theory of Relativity

"Had it not been for Riemann*s work and for the considerable extension it has conferred upon our understanding of space, Einstein’s general theory of relativity could never have arisen."13

The choice lying at the basis of the theory of gen
eral relativity is to treat gravitation on the same 
footing as the classical inertial forces. Since these 
latter forces were best understood by geometric con
siderations, it was natural to suspect that gravita
tion had a closer connection with geometry than had 
been realized before.

At this point the question arises as to what is 
the object of geometric concepts at all. From the 
previous consideration of geometry in the first part 
of this paper, it can be said that the objects of prac
tical geometry must be preconstructed forms of pure 
intuition which are the base of the judgments that one 
makes about real objects in empirical intuition. The

13. 0~P. clt,, A. d’Abro, p. xiv.



objects of the geometry which are actually applied to 
the world of things are thus these things themselves 
regarded from a derinite j>oint of view.

Without this interpretation of geometry as being 
in a certain sense a natural science, Einstein himself 
said that he would have been unable to formulate the 
theory of relativity.14 For without it the following 
reflection would have been impossible: In a system of 
reference moving in non-uniform motion relative to an 
inert system, the laws of disposition of rigid bodies do 
not correspond to the rules of Euclidean geometry on ac
count of the Lorentz contractions; thus, if non-inert 
systems are admitted, Euclidean geometry must be aban
doned. The decisive step in the transition to general 
covariant equations would certainly not have been taken 
if the above interpretation had not served as a step
ping stone.

By way of analogy, consider the axioms of classical 
mechanios from the point of view of a geometric inter
pretation. All fixed stars and galaxies of the universe 
determine a Euclidean geometry such that a free material 
point moves along a shortest line, that is, a geodesic

14. Albert Einstein, Sidelights on Relativity, rans. G. B. Jeffery and w".~ Parrett), (New York: E. P. utton and Company, Inc., 192£), p. 35.
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or straight line. Geometry becomes a physical reality.
Geometrizing the theory of gravitation, one would 

say that a heavy body modifies the geometry around it 
in such a way that the geodesics in this geometry are 
the curved trajectories of the attracted particles.
After finding the law by which the matter affects geom
etry, the actual calculation of motion would be reduced 
to the well studied mathematical problem of determining 
the geodesics of a given geometry.

In differential geometry this trajectory would in
deed be geodesic. It is well known that, prescribing 
a point in space and direction through this point, there 
exists exactly one geodesic passing through the point 
with the prescribed direction. On the other hand, two 
particles in a gravitational field fired from the same 
point in the same direction will move along the same 
trajectory only if their initial velocities are equal.
Now, geometry deals with the space variables and direc
tions, but velocity is a concept involving time. In 
the theory of special relativity Einstein has shown that 
space and time are inextricably connected and transform 
among each other under Lorentz transformations. A re
duction of gravitational theory to an appropriate

“  > (25)
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geometry could thus be carried out only in the four- 
dimensional space-time continuum of relativity theory.

It will be recalled that Riemann extended his 
idea of distance (magnitude) on a surface (a doubly 
extended manifold) to the idea of magnitude on a 
multiply-extended manifold, where:

N

-- I

V's/
This relation was seen to be invariant, that is, inde
pendent of the Gaussian coordinate system chosen. Now, 
applying this to the space-time continuum of four di
mensions one obtains:

where an event is designated by the four Gaussian co
ordinates ( x ,x ,x ,x )• Thus, according to the 
general principle of relativity, the laws of nature are 
represented by invariants for arbitrary transformations 
of the Gaussian coordinates, just as the geometric prop
erties of a surface are invariant for arbitrary trans
formations of the curvilinear coordinates. The frame
work in the theory of surfaces consisted of geodetic



lines. In just the same way geodetic lines are con
structed in the four-dimensional world, that is, such 
lines as form the shortest connection between two 
world points. And in this process the distance be
tween two neighboring points is to be measured by the 
invariant "s". The geodetic lines correspond exactly 
to those physical phenomena which are represented in 
ordinary geometry and mechanics by straight lines - 
namely, rays of light and motions of inertia. This 
then is the required formulation for the generalized 
law of inertia, which comprises the phenomena oi in
ertia and gravitation in one expression.

An exact formulation of the general principle of 
relativity can now be given: "All Gaussian coordinate 
systems are essentially equivalent for the formation 
of the general laws of nature."15

In the consideration of sufficiently great regions 
of space interesting results of the theory of relativity 
can be seen. The most interesting is the conception 
that this space-time system is closed upon itself, just 
as a sphere is closed upon itself in three-dimensional

15. Albert Einstein, The Foundation of the General Theory of Relativity. Ctrans. G. B. Jeffery and W. ParretjJ, 
(New York: Dover Publications, Inc., 1923), p. 117,



space. It %vould thus have no real limits and yet would 
not be infinite# Light could travel all around such a 
universe and come back to its source* If so, it would 
probably require at least a thousand million years to 
do it.16

As yet there are no actual means of testing this 
conclusion, but other equally startling conclusions of 
the theory of relativity have been tested and found 
true* The theory of relativity has thus been widely 
accepted, together with the conclusion that the uni
verse of space and time, whioh includes all matter, is 
finite and yet unbounded, owing to its peculiar geo
metrical structure.
------ -------------------- ----- --- „ ■ ■ , -------------

16* Clyde Fisher and Marian Lockwood. Astronomy. (New York: John Wiley and Sons, Inc., 1940), p. i&2*



CONCLUSION

" Number rules the universe* n

Relativity has brought about the fusion of two
realms of knowledge which had hitherto been developed
independently of each other - geometry and physios*
This fusion is illustrated by the fundamental role that
is played by the geometrical pj quantities in the laws
of meohanios, in that of gravitation, and in many other
physical phenomena* This synthesis may be described as:

18Pythagorus + Newton -— > Einstein 
One cannot help but realize that this step in man*s 
knowledge of nature is of an importance which it would 
be difficult to overestimate*

17

17* 0x>* oit*. Robert W* Marks (ed*)t p* xix. 
18* Op* clt*. A. d*Abro# p* 464*
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