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Intreduetion1.

It was Poincare who stated that of all the changes

which a material body can undergo, the simplest are the changes ofe position, Now position of a body is given in space, there is some

lapse of time as the body undergoes a change in its position and

whenever a body changes its position, we say that it is in motion,

Thus space, time and motion are intricately interrelated, The history
of Science records many painstaking efforts by Physicists, Mathemati-

ship, Binstein's deep analysis of this relationship is at the root of
cians and Philosophers at a correct understanding of this relation-

nis special theory of relativity of 1905 which opened up the way for t

the rapid development of Physics in the present century.
j

In what follows, we shall try to understand some of these

basic notions of this relationship between space, time and mot ion as

developed by Einstein.

Rest and Motion2,

I am placing this duster on the table, Now I put myself

this question 3 Is this duster at rest or is it in motion ? I see

analyse thisthat it is at rest, But let us think a little
jhotLon of rest, The duster is at rest because its distances from

the two edges ox and oy of the table do not change,
=2e



But what about the table ? Is it at rest ? The same reasoning
Can be applied again and one can say that the table is at rest
because its distances from the walls of the room and from the

floor of the room do not change, But what about the room 7?

The room is in the building built on solid earth, And what

about the earth ? Well, the earth is moving round the Sun

So what ! The earth is moving and with it the room is moving

@ and with the room the table and the duster are moving !! We

come back to our original question, Is the duster at rest ?

or is it. moving ? The analysis thet we have employed above

shows that it is not possible to give an unambiguous answer to
the above question, One can always give a conditional answer

like the following ?

If you are on the earth, the duster appears to be

at rest to you and if you are on the Sun, the duster appears

to be moving | Thus whether a body is at rest or in motion

depends on the observer, Motion or rest are relative terms

and a body may be at rest a seen by one observer, but it may

be in motion as seen by some other observer,

Principle of Relativity :3,

This relative (not absolute) character of motion

is known to thinkers, since the early days of history, Now

science essentially deals with observations of Nature and with

the laws governing natural phenomena, As motion has no absolute

character, motion of an observer should have no effect on his

observations of Nature, A phenomena of Nature should be degort= tr

bable in indentical terms by two observers A and B irrespective of the
Ai



motion that either of them may have relative to the other,

Conversely, the lack of absolute character of motion or rest
leads us to a oreiterion to judge whether a certain phenomenon is a

phenomenon of Nature or no, If the phenomenon can be deseribed by two

observers A and B in a form which does not depend on the relative
motion of the two observers then the phenomenon is a Natural phenomena

and its description will find a place in science, This critérion is
known aa the Principle of Relativity and is known since the early days

of science, But this criterion requires the testing of observations of

Nature and our instruments of observations become sharper and sharper
as the seience advances, Thus every maw new advance in science necessitat

a fresh application of this criterion,

We shall now see how such a necessity arose at the end of the

last century which led to a rethinking on thre ralationship between

apace, time and motion,

Proparation_of bight!4,

Sound and Light are the two messengers of Nature, Many

attempts have been made to wnderstend the mechanism of propagation of

light in all directions from its Newton's corpuscular theory

which postulated that light travels like bullets fired from a gun,

was disproved by experiments and by the middle of nineteenth century

Huigen's theory of wave propagation of light was well established,

According to this theory a source of light produces light waves which

move outvards from the source in a way similar to water waves propaga-

ting in still water,
This wave theory of light had the backing of experimental

evidence,
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But then the question arose that a wave is produced and

propsgated in some medium, in what medium are the light waves produced

and propagated ? This medium cannot be air or any material medium

because there is no sy¢h material medium in inste lar space and light
from distant atars does reach ws Whenever a scientist feels that some

object or agency must erist but he does not know what it can be, he

begins in his time-honoured way to formulate a problem t Suppose the

object or agency exists, Call it «x. Now let us find this x *, Physicists
assumed that there 15 an all pervading medium in the universe and light
propagates das waves in that medium. This medium was not called x but

the name efther was given to it, The problem was to find x Loe, to
think out and set up experiments to find properties of this postulated
ether

5. The Mighelson-Morlev Experiments

The vast interstellar space can be looked upon as an ocean

of ether. And in this vast ether-ocean the earth and other planets move

like fish in the sea. This comparision leads one to a number of question'
like the following ?

(1) The sea»water offers resistance to the motion of the fish
Does ether offer any resistance to the motion of planets ? (2) Motion of

fish and rapidly moving steam-ships produce temporory local disturbances
in the sea.Will the motion of planets through the ether ocean produce

HE

similar disturbances in ether ? It is obvious that the first step in

trying to answer these and several other such questions is to measure

the velocity of some 'fish' moving through the ether,ocean and what

other fish is easily assessible to us than our own Earth gliding through

ether

a Fw
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Michelson and Morley thought out an experiment to measure the

velocity of earth through ether, It is easy to understand the principles
underlying their evperiment, Assume that the earth moves in ether with
a velocity uy . A ray of light has velocity « in ather, What will be

its velocity as seen from the earth Of course this will depend on

the direction of light ray vis-a-vis the direction of earth's motion,
If we eall this velocity of light as seen from the earth as u, the

Simple, commonsense principle of relative velocities can be used to

find u. When the light ray is moving in the same direction as the

earth it is clear from figure 1

that UE coe
ez Wee or
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Similarly when the direetion
of Light ray 15 opposite to the direetion of earth's motion a

«w OU

pean sereference to g figure 2 show

that

The case when light ray moves
-2

in a direction perpendicular Fa
to the earth's motion is not that simple. One has to use Pythagoras

theorem to find v

Reference to figure 3, Show

that the

ut Wea

or

The simple methematies given above is sufficiety to under-

stand the principles behind the M,M,Experiment, In this experiment a ray
of light from a source 5 is sent in the direction of earth's motion
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throngh a distance f » 18 reflected by a mirror M, and returns to the

starting position 5, The time taken by this ray for its onward Journey

SM, will be (ev) and the time for ite return Journey M,3 will be

(c+V) , Thus the total time ty for to and fro journey in the

direction of earth's motion will be

1
+ 0 ye 1)

Another ray of light is sent from & in a direction perpendicular to

earth's motion, After traversing a distance L this ray is also refle~

cted by a mirror M, and retraces its path to reach the source 8,

My The time taken for to and fro

journey at right angles to the

earth's motion can be calevlated
to

v¢dy)
» c

(2)

It is seen from (1) and (2) that ty te . Aim of the M_M.

experiment was to measure this time-difference and thus get an

equation to determine V
A stone was floated in a pond of mereury. Two mutually

perpendicular arms, of length were fixed on the stone , The

floating stone was arranged in such a position that one of the fixed

arms will point in the direction of the earth's motion. The problem then

reduced to sending a beam of light along one arm and getting it back by
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reflection from M, at the same time sending another beam along the

other arm and getting it back and measuring the difference in the

t ime takes]By the two, Well it 48 easy to give such a prescription
but it is not se easy to carry it out Pirstly, in order to absurve

théeee light beams, the whole experiment must be performed in a dark

room, And again. the velocity of light is so large (3x 10" en/soe }

that in order to get a measurable time difference the length of

each arm would have to be enormously large (larger than the diameter

of the earth! P ), But then there is a simlifying circumstance. Light
853 proprgated in waves . In waves we have crests and trofghs,

Now if the times taken by

light to travel slong the two

arms are different, 1t is possiblea waypono.
ato arrange matters /that

grest of the firs beam reaches us the second beam presents its
to wus and so when the two beams mix to-gether they give zero oscill~
ation to ether The two beams to-gether will then lead to darkness !!
Michelson and Morley dicided to measure the time difference by such a

method of interference of the two beams of light,

They performed the experiment, What was the result of this

exrperiment ? They found that the two beams took the same time to

travel along the two pefpendicular arms i In terms of our formula

they found that

or

(3)
a

But how can equation (3) hold ?



6, The negative result .

The above equation (3) implies that
Which number ean be equal to its own square root 7 0 and 1 are two

such numbers, But in (3) comes in the denominator, so it
cannot be 0, Therefore it must be 1, Thus 1 « ve =l or

ar 2 0, The velocity of the earth is zero- The earth does not

all move in ether, Brt nature shovld not ghow any preference
te earth and so we expect that the velocity in ether of any planet
will be zero, This is really funny, A11 planets are at rest in
ether

Many attempts were made to explain this negative result
of M.M. experiment. We shall note & hereaze such attempt by

Lorentz. (He obtained a correct result in an incorrect way, )
He argued that light took the same time to travel along the two

LN
arms because though we took the length of the two arms to be equal

they were not really equal. The arm in the direction of earth's

motion had actually become a little shorter . Suppose that is bs

length was L then the equality of t, and ty, would give

able . pg9 & be hve).
ad VvG-48)

This last equation gives the length of the contracted arm, But

why should the arm in the direction of earth's motion contract in

length ? Well, because it 4s only on that ssSumption that one can

explain Michelson= Morley's experiment ,

It is clear that such assumptions and explanations are

not satisfying. It was Binstein who first realised that the reason:

for the negative result of this experiment were deep-rooted, They



were to be found in our faulty concepts of space, time and motion,

We had written down the following three simple relation
between c , u and V by looking at figure 1,2 and 3,

3 2 bs

ery-V ec sy tv >eV

They, fat least the first two of them) follow from ' common sense
Naw

notion of space, time and velocities, Einstein analysed these 'common

sense' notions and found that they were logically faulty and then he

set out to sear revise them,

Time ¢

We shall try te follow Einstein, The first step is to forget

7.

about all ' common sense ' notions about space, time and motion and

begin with a clean slate, One thing is certain. The basic concepts are

of thoge of space and time and the concept of motion or velocity is
frttved from these and so depends on them, Thus the concepts of dist ancy.
measurements and time-measurements should be first formulated in an

independent manner,
Ao use. hone tiem 2
Newtonion concept of time was that of a ' true even flowing

time ' the same for all observers, According to this concept to messurQ

time difference between any two events is similar to measuring space-
distance between any two places on a higheway. We have mile~stones

fixed on a highway.
14

a place A is at the mile-stone 6,7 and a place
B at 7.9 then the distance AB is .52 miles, Well, similary
according to Newton there is a highway of time along which time-stoney

are fired. he event \ happened at 1946.82 and an event y happened

at 1967 ,93, Ehen the time-interval between the two events is 11,11 years.

he

Einstein tells¢ us to forget about the above analysis and

try to think out a logical way of measuring this time interval. We

know that time is measured by clocks, If an event happens at A at
a 1



¢ ond another event happens at AL at the time ta,
then the tine interval at between the two events is t ty. This
Seems to be quite sound.

Now suppose the two events and Y happen at two different
places A and 5B. Then we must have a clock at A and a clock at B,
Suppose the two events are again at t at A and t, at B, Then
is the time~interval between the two events t, t ? Well, it will be

563 provided the two clocks keep thetsame time *, But how can one sRyusex

Qésume that the two clocks at different placas keep the same time ?

Well, one can take the clock at B (say) and move it to A and check by
one-self whether the two clocks keep the same time or not, But this
requires 'moving* one clock. Concept of motion is to be derived from the
concept of time measprenent - but we need ' motion' in order to define timg

4

at two different places This is something like moving in a cirele

One can think of several methods of comparing the time kept
by two clocks at different places but in all these methods one will
always have either to ' move' one of the clocks oe to 'move' msaarxea¢

an agent from one place to another. In order to define motion you need

to measure time-difference between events at different places and in
order to measure this time-difference, you need the concept of motion,

Binstein realised that the rm to the negative result of

Michelson = Morley experiment ley hidden in this vie lane circle, To
break this vicious circle Binstein suggested a very simple way out, In
order to mate the measurement of time-interval between two events at

two different places logically meaningu , we must preassume (1.¢, assume

in advance) a fundamental agent moving with a fundamental velocity,
All motion ont the motion of this fundamental agent (F,A.J is
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derived motion, Then one can use this F.A, for comparing clocks at
two different places and the method of measuring time becomes logi~
Cally consistant.

Using this additional concept of a FA. Binstein built up
a logically consistent Dynamics and found that the result of Michelson
Morley experiment leads one te conclude that this F.A, 1s light and

that its velocity « in ether is the fundamental velocity, In order to
see this more clearly we recall our figure 1, There we wrote down

é the following 3

at It is clear from figure 1 that
or uvBaeaep

Our argument was the ' co-mon sense ' arguement, But according to
Zinstein's analysis of the logic of these concepts we would get from the
same figure Vek

t+ Now this is no all 'clean
from figure 1{ When our aquation was ec =%+V we got u2 ¢ = )> very
gasily , Let us now solve Binstein's equation we

to find wu. If we do it, ( it is simple algebra!) we shall find that
w=e . Se here hies the funniness of the result % =o of MM.

experiment, The wnlogical Newtonion dynamics led to the result w= e-P
but the logical Binsteinian dynamics requires use , No wonder there
fore that the interpretation of Michelson « Morley experiment on the

logically faulty Newtonion dynamics will lead to the funny conelusion

t-ww [eo

= 0, = the planets are at rest

Concluding Remarks

The added sharpness of our instruments of observation as

8,

represented by the interferrometer technique of Michelson and Morley

=



necessiated one more attempt to revise our concepts of space, time and
motion, The deep probing by Einstein into the logieal consistency of
the them-prevalent ideas of time=-measurement revealed great
and thus he started on a course of reformulating these concepts, As a
result of this reformulation, amongst other things, he found that Lorentz
was right in saying that a moving rod gets shorter in the length in the
Airection of motion, Einstein proved from his logically consistent dy-
namics that

(1) lengths of objects are not absolute, but depend on the
motion of the observer measuring them .

(2) Time interval between two events also depend on the
motion of the observer measuring this interval,

He want much beyond this and deduced the new famous equation
but this does not come under the subject of the present

The advance in experimental techniques led to a probing into
the foundations of the theoretical structure, This in its turn gave rise
to a series of conclusions which need experimental verification . This
would naturelly lead to a further sharpening of our instruments of
observation and so the of seience moves on and on its speed
of growth developing in an exponential manner,


