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CHsPTE,R

F'AMILIAR E,XA}{PLE,,S OF' RELATIVl'IY

Does eaer) Statement /tarc a tr[e:ing?
Evidently not. Even il rcr choose perfectly sensible l,ords

and put them together accor,ling to all the rules of grammar
you may still get complete rrnsense. For instance the state-
ment "This rvater is trianr:lar" can hardly be given any
meaning. ,

Unfortunately, ho*'er-er. ::,rt all examples of nonsense are
so obvious and it often ha:pens that a statement appears
perfectly sensible at first sigh: but proves to be absurd on closer
exarnination.
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Riglzt and Left

On u'hich side of the road is the
the lelt ? It is impos-qible to ansrver

a.;-" ,

house-on the right or
this question directly.
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If 1'ou are rvalki*g from the bridge to the u'ood, the house

*ill be on the left-hand side, but if you go from the wood to'

,lre brid ge you finci the house on the right. Clearly to speak

;i the right- or left-hand side of the road, you must take into
:, .;ount the direction relative to which right or left is indicated.

,t does make sense to speak of the right bank of a river, but
.ly because the current determines the direction of the river.

,ikervise lve can only say that cars keep to the right because

the mol'ement of a car singles out one of the trvo possible

directions along the road.
We se e that the notions "Right" and "Left" ate relative:

They oniy acquire meaning after the direction relative to which
they are defined has been indicated.

Is it Do)' or Aright just now ?

The answer depends on n'here the question is being asked.

trVhen it is daytime in A{oscorv it is night in Vladivostok.
There is no contradiction in this. The simple fact is that duy
and night are relative notions and our question cannot be

ansl{-ered H'ithout indicating the point on the globe relative to
which the question is being asked.

.

tflto is bigger?

In the first drarr-ing on the opposite page, the shepherd i*
obvicusly bigger than the cou', it the second the cow is bigger

than the she pherd. Again there is no contradiction. The

reason is that the trvo dra*ings have been made by people

obseni.ng from different points: One of them stood closer to

the cou', the other closer to the shepherd. The picture is deter'
mined not by the actual sizes of the objects but by the angles'

under rvhich they are seen. Er.identl,v such angular dimension''*

of objects are relative. It makes no sense to speak of th:p

anguiar dimensions of'objects rvithout indicating the point in
space lronr ivhich they are observed. For instance, to sa\':
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tower is seen under an angle a{ +5" is to say precisely
itg. But the statement that the torver is seen under an

ae;$e of +S' from a point r 5 metr es away has a definite meaning ;

f.'ror this you can conclude that the tower is 15 metres high.
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- ffithe point of observation ii moved a small distance,
nsions also change onlr. hy a small amount.

% angular distances are often used in astronomy.

usually gives the angular distance betu'een stars,

under rvhich the distance betryeen the two
ed from the surface of the earth.

angular
That is

A star

i.e., the
stan is
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{
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We knorv that horvever much we move abuut on the E,arth

and rvhatever points on the globe rve choose to observc from,

we alwalrs see the stars in the sky at the same distances from

each other. This is because the stars are such unimaginably
Iarge distances a\vay from us thatr. in comparison, our move-

ments on the Earth are negligible and can safely be forgotten.
In this particular case we can therelore use angular distances

as absolute measures of distance .

If u,e make use of the E,arth's motion round the Sun it
becomes possible ' to obsen'e changes 

'in angular distances

between stars even although these changes are very small.

But if \t'e were to move our point of observation to some other
star such as Sirius, ail angular distances n'ould change so much
that stars far apart in our skv might then be close together,

and vice \rersa.

The Absolute proues ta be Relatiae

We often use the rvords up and don'n.
absolute or relative ? .

At dift-erent times in histon' the ansulers given to this question

have dift-ered. As long as peopie didn't knon' that the E,arth

is a sphere and thought that it r,vas flat like a pancake, thc
verticai u.as taken to be an absolute direction. ft rl'as talien

for grantecl that this vertical direction is the same at all points

.,.

Are these notions

IO



on the Earth's surface makinq i'- perfcctiy natural to speak cf
an absolute "rp" and an absoiute "do\l'n"

When it was proved that the Earth is a sphere the vertical

began to totter-in peoPle's minds

Indeed, if the Earth is a sphe re, the direction of

depends decisivel,v on n'here on the llarth's surface

is drawn . ,,

Different points on the Eanh u'il1 have diflerent verticals.

The notions up. and don'n nolr- Cease to have meaning unless

the point on the Earth's surlace to u'hich thev refer is defined.

Thus these notions change irom absolute to relative ones.

There is no unique t'ertical d:rection in the universe. There-

fore, given any direction in space) \{'e can find a point on the

Earth's surface at rvliich this direction is the vertical.

'rCommon Sen^te" tries to Protest

l{on'adays atl this seenr.s obr-ious and indisputabie to us.

But the record of history- shorvs that in the past it was

not so easy for mankind to understand the relativity of up

and dorvn. People have ihe tendency to ascribe absolute

meaning to notions as ione a-i their relative nature is not

evident from everydav esperience (as in the case of "right"
and "left") . *.'

R eme mber the ridiculous objection to

rvhich has come dort'n to us from the lliddle
people possiblv l alk about upside-dou'n ?

The flarv in the reasonins iiere is that of not recognising that,

since the Earth is a sphere. the r-ertical is reladve.

If you refuse to accept the principle of relativity for the

vertical direction and assulne. SaY, that the direction of the

verticai in Moscon' is absolute, )'ou are bound to admit that

the inhabitants of Nen' Zealand rr-alk upside-do\\'n. But if vou

do this you should remember that for Nerv Zealanders we are

the ones rvaiking upside-do\\Ti. This is no contradiction,

because the notion of the verrical is not absolute but relative.

the vertical
the vertical

a spherical Earth
Ages: How could

II



We should make a note of the fact that we only begin to
sense the real significance of the relativity of the vertical rvhen
1ve consider trvo sufficiently disiant parts of the Earth's surface,
such as Moscow and l{erv Zealand, If we are concerne d with
tn,o neighbouring spots such as two houses in Moscow, lve
can for practical purposei take all verticals to be parallel,
rvhich means taking the vertical direction there to be absolute.

only rvhen we are obliged to deal with regions of a size
comparable with the whole surface of the Earth do r,ve find that
trying to make'use of an absolute vertical leads to absurdities
and contradictions. ' :'' i' ' '

Our examples have shoirrr that many of the notions in
everyday use- are relative, rthich *.un, that they acquire
meaning only lvhen the conditions of observation are stated.
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CHAPTER 2

SPACE IS RELATIVE

The same Place or not?

We often say that this event and that happened at the same

place and. we are so used to saying this sort of thing that u'e

tend to ascribe absolute meaning to such a statement. In
truth it has t o tt.ut itg at all ! It is no better than saying "it
is norv five o'cIock", wit}rout indicating rvhether it is supposed

to be five o'clock in Mosccrn' or in Chicago.

To shon'that this is so, le t us imagine that tri'o lady passengers

travelling in the express lrom fu{oscolt. to Vladivostok have

agreed to meet e\rery day during the journey at the same place

in the train, in order to n'rite letters to their husbands. Their
husbands rvill hardly agree that their uives have been meeling

at one and the same place in space. On the contrary they rvili

f, i-l[ .r"
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have every reason to state that the places at rvhich their rvives

met from day to day were hundreds of kilornc[r t:s apart. They

received letters from Yaroslar'l and from Perm, from Sverdlovsk

and from Tyumen, from omsk and from Khabarovsk.'

So .the tlvo events-rvriting letters on the first and the second

duy of the j-ourney-occurred at one and the same place from

the point of view of the trar-elling ladies, 
.but 

tl.t: many hun-

dreds of kilometres apart from the point of"view of their
husbands. 

j! ;" '

lVho is right, the travellers or their husbands ? We have no

reason to give preference to either. Quite clearly the notion

"at the same place in space" has only relative meaning.

In the same way the statement that two stars in the sky

coincide has meaning:on,l]'.if n-e indicate that the observation

is made from the Earth. I\e can only speak of two events

coinciding in space if rt'e indicate some objects relative to
rvhich the position of the events is determined.

Thus the notion of position in space is again a relative one.

When \\.e spe ak Of the. posidon of an object in space, we alrt'ays

assume this to mean.its position reiative to other objects. \Ve

have to admit that it is meaningless to demand that the

ll,hereabouts of an ,object be fired r,vithout reference to other

objects.

Hou does a Aoi2 ntoae in Realitr?

It follon s from aii this that the notion of "displacement of

a bodv in space" is also relative. If u'e say that an object tt'as

displaced this means no more than that it changed its position

rclative to other objects.

If the tnove tneut of an objcct is observed liom diffcrcnt

laboratories n'hich are in nlotion relative to each other, the

moyenrent of the body 1-ill eppear quite different.

A stone is dropped frort: a flf ing plane. Relative to the

plane the stone falls in a streight line, relative to the earth it
clescribes a clrrve caliecl a pirabola.
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But how does the stone Iiiove in reality ?

This question has as little meaning as the question: " IJnde r
what angle does one see the moon in realrty?" Do you mea-n

the angle under u'hich it is seen from the Sun or from the

Earth ?

The geometric form oi u curve ,Cescribed by an object in
motion is of the same relatir-e nature as 

, 
the photograph of a

buiiding. Depending on rthether a house is photographed

from the front or the back different views are obtained. In

the same lvay) depending on ivhether rte observe the

of an object from one laborAtor\/ or lrom another,

dift-erent shapes of cun'e to describe its motion.

,.}
Are all Points of View equit'aitri .)

If in observing the motion r-if an object in space \ve wcre only

interested in studl.ing the shape of its trajectory (as the cur\re

along rvhich it moves is cailed), \\:e rvor-rld approach the

qucstion of ciroosing our place of observation u'ith an eye to

the convenience and simplicin' of the resulting picture.

A good photographer choosing a place for his exposure is

move ment
we obtain
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r:onc.ernecl, not only ttith thc beautv of the intended photo-

graph, but also rt'ith its composition' :' -'

Horvever, when lve study the displacement of objects in

space we are intereste d in rather more. We do noi want to

know just the trajectofo. We also rvant to be able to predict the

truj..tory along which the object will move in given conditions.

In other r+ords we lvant to know the lalvs governing motion,

the lau,s thatforce a body to move injust this way and no other.

Let us e*urnirr. the question of the relativity of motion from

this point of view; we sha1l see that not all 
.situations 

in space

are equivalent.
If you go to a photographer for a passport photograph you

naturally rvant him to take a photograph of your face, not of

the back of your head. This demand determines the point in

space from l,hich the photographer must take the picture. We

would sa' that'any other position does not satisfy the condition

imposed :

Rest is found ! '

The rnotion of obje cts is influenced by exte rnal actions. \\Ie

call these actions forces. B;' studying the result of these actions

tve find that a comple tely ne\\' approach to the question of

motion becomes Possible
Let us assume that n,e have available an object which is

not acteci on by any forces. trVe ma.Y position ourselves in

r6



difierent ways to cbserr.'e it and accordingly u'ill see it moving

in different, nl.ore or iess extraordinary wa)'s. But it is

impossible to denv that the most natural position for .the

obr.*.r,wiil be the one from rvhich the body appears to be

simply at rest.

In this w.1V we can give a completely ne-w definition of rest,

which does no.t depend on the displacemenl of $e object in

question reladye to other objecc' This is holv we do it: An

object on which no e-lternal lorces are acttng is in a state of rest'

The Laboratory at fust

How can rve bring this state of rest into being ? Wh.-i ,u:
we be sure that no forces u'hatsoever arc acting-on an obj:::?

Evidently tve should lemove the object as far as possible

:.1 ,from ali other objects that 
might act on it'

ti.t' 
- From such objects at rest'rr'e could at least in imagination

i$"orrrtruct a rvhole laboratonr" and rve could then speak of the
';!. prop.rties of motion obserr-ed from this laboratory, which rt'e

' 
call a laboratory at rest.

;#' If the properties of a motion observed from any other

laboratory differ from the properties of rnbtion in the laboratory

at rest, lve have every ight to assert that'the first laboratory is

moving.
'

Is the Train mouing?

Having established that in moving laboratories motion lakes

place according to other lau-s than in laboratories at rest, it
rvould seem that the concept of motion loses its reiative char-

acter. \\rhen hencelorth \\'e talk of motion \\re may simP1y

take this to mcan motion reiative to rest, ?nd cail such

motion absolute.

But rviil any displacement of a laboraton' lead us to
observe that the larvs of morion in it differ from those in a

IaboratorY at rest ?

lVe are sitting in a train running at constant speed along a

17
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straight track. trVe start

the railway catriage and

place in a train at rest.

observing the motion of objects in
comparing th:rn rvith what takes

Everyday experience tells us that in such a train moving
in a straight line and at uniform speed rve do not notice any

changes, zny diflerences, compared to the motions of objects

\

f;J

observed in a stationary train. Every-one knort's that if a ball
is thron.n up verticalif insiCe a railrvav carriage, the ball n'ili
fall back into one's hands and rvill not describe a curve similar
to the one dra\vn on page I9.
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Apart from the shakes and bumps that are inevitable in

practical running conditions, things take place tn a uniformiy
moving railrva;' carriage exactl\: as in a carriage at rest.

It is different if the carriage accelerates or pulis up. In the

former case \\.e erperience a jerk backrvards, in the latter
forrvards, in both u'e notice the difference compared to rest

most drstrnctiv./
If the railn,av carriage conlinues to move steadily but rvith';,

changing direitign u.e shall also sense it: At sharp right-hand
curves \ne: get-thro$'n to rhe left, at left-liand turns to the

right.

- I --.-

-\Z"ry

Generalizing these obsen-ations .]'e reach this conciusion:
As long as a laboratory- n1o\-es at uniform speed and in a

straight line reladve to a laboratory at rest, it is impossible to
discover in it anr. differences in the behaviour of objects com-

pared to the laboratory- at rest. But as soon as the speed of the
moving laboratorv changes in magnitude (acceleration or
deceleration) or in direction 

' 
curve ) this immediately shon's up

in the behaviour of objects in it.

Rest is lost for good

The unilorm straight line motion al a laboratory has a sur-
prising property. It does not inffuence the behaviour of objects

r9



rvithin it. This forces us to re-examine the notion of rest. It
turns out that the state of rest and the state cf uniform straight

line modon do not differ from each other in any way. A
laboratory moving uniformly in a straight line relative tr-t a

Laboratory atrest can itself be taken to be alaboratory at rest.

This means that there exist, not one absolute state of rest but

an 'innumerable multitude of different "rests". There exist

not one laboratory "at rest" but an innumerable multitude

of laboratories 'tat rest" all moving in straight lines and

uniformly at different speeds relative to one'another

Since rest has proved to be not absolute but relative, we

must airvays indicate relative to which of the innumerable

moving laboratories n'e obsen'e the motion'

We see that we have still not succe eded in making the

concept of motion an absolute one'

The question always remains,t "Relative to which state of

'rest' is the motion being observed ?"

So I\ e have arrived. at a most important lau' of nature,

which is usually 'called tlie principle Of the relativiry of

motion. :

It sa.t's: In all laboratories moving in straight lines and

uniformly rvith respect to each other the motion of objects

takes place according to the same larvs'

The Lau of Inertia

It foilor's from tire principie of relativ-ity of motion that an

object on nhich no external force acts can be not only in a

state of rest but also in a state of uniform straight line

motion. This' statement is knort'n in physics as the larv of

inertia.
Ho*'ever, in everyclay iife this iarv is so to speak obscured and

not direcrly in evidence. According to it, an object in a state

of uniform straight line molion should continue this motion

indefinitelr', unless external forces act on it' But we knorv

20



from observation that objeca to rvhich we do not apply forces

tend to come to rest.

,' The explanation is that all objects that we are able to observe

are subject to certain external forces, the forces of friction.
The condition required for the law of inertia to hold good does

not exist, namely the.total absence of external forces acting on

the body. But if we keep improving the conditions of the

experimefl! : and re ducing the frictional forces, 'we .,an get

closer and .closer to the ideal conditions necessary; In this

way we can prove that this larv is aiso valid for motions observed

in everyday life. :; ': '

The discovery of the relativity principle for motion is one

of the greatest of ail discoveries. The deveiopment of
physics n ould have be en quite impossible without it.
We ow-e the discovery to the genius of Galileo Galilei rvho

.took a brave stand against ''the teachings of Aristotle,
which dominated men's nrinds in his day and lrere supported
by the authoriry of the Catholic Church. Aristotle held

,that rnotion is only possibie *-hen forces act and immedi ately

ceases without tlem. B)- u nurnber of brilliant experiments
Galileo shou'ed t}at, on the contrary, it is the force of friction
that causes mol'ing object to stop and that in the absence of
this force a bodv once set in motion rvould continue to move

for ever.

Speeds too are relatite !

A result of the principle of relativity of motion is that there

is just as little meaning in talking of uniform straight line
motion of a bod-v rl'ith a certain speed, r^,'ithout indicating
relative to rvhat rest laboretor)' the spe'ed is measured, as to

speak of geographical longitude rvithout speci$'ing in advance

from rvhich meridian it is to be reckoned.

Speed too proves to be a relative notion. If n'e Cetermine

the speed of one anci the same body relative to different

i:::,2;.+
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laboratories at rest, rve shall obtain different results. But at
the same time any change of speed by accelerrtion or decelera-
tion or b1' a change of direction has an absolute me arring and.
does not depend. on what laboratory at rest is used for the
observation. .I2



CHAPTER

THE TRAGEDY OF LIGHT

Ligltt does not spread irutantaneoa-N.

We have convinced ourselves that the principle of relativity
holds for motion and that there exist an innumerable multi-
tude of laboratories "at rest". The larvs of motion for material
objects are the same for all these laboratories. Noiv one form
of motion appears at first sight to contradict the principle we
have just established. This is ihe molrement of light.

Light traveis rvith the enorrnous speed of 3oo,ooo kilo-
metres per second, but nevertheiess not instantaneously.

It is hard to imagine such an enormous speed, for the speeds
we meet in everyda,v life are alrvars immeasurably smaller.
For instance, even the speed reached bv a recent Soviet cosmic
rocket is only re kilometres per second. of ail the objects with
which n'e deal, the fastest mori'rs is the Earth in its revolution
around the Sun. But its speed is still only 3o kilometres per
second.

Can tlte Speed of Ligltt be altered.)

In itself the enormous speed of iight is nothing particularlv
surprising. The astonishinq thinq is that this speed has the
properfy,' of alu'ays being stricdr- constant.

The motion of any object can alrra's be artificially slowed
down or speeded up. Even a bul-let. Put a box of sand in the
path of a flying bullet. \\Ihen it penetrates the box it loses
part of its spe cd and continues on its 1\'av more slou,ly.

'1 .-)1J



For light, things are quite dilfe rent. While the spce d of a

bullet clepen,Cs on the kind of gun firing it, and on the properties

of the gunpowder, the speed of light is one and the same for

all sources of light.
Put a glass plate in the l\-ay of a ray of light. While the ray

is passing through the plate iA speed decreases, for the speed

of light in glass is less' than in empfy space. But when the ray

emerges from the p]ate, the light will again travel with a speed

of 3oo,ooo kilometres per second.

Quite unlike arry other motion the movement of tight in

empty space has , the important property that rit cannot be

clecelerated or accelerated. lVhatever changes a ray of light

inay suffer inside a piece of matter, it continues to move r'vith

,r.s original speed as soon as it emerges into empty space.

,r_

Light and Sound

In this respect t}e spreading of light is more similar to the

spreading of sound than- to the motion of ordinary objects'

Sound is a vibrating motion of the 
-iubstance in which it is

travelling. Its speed is therefore determined by the nature of

the substance and not b1' the properties of the instrument

causing the sound. Like the spbed of light, the speed of sound

cannot be diminished or increased, even by making the sound

pass through all kinds of material objects' '

If for instance u'e put a metal barrier across its path, sound

rvill change its speed. insiCe the barrier but will regain its initial

speed as soon as it returns into the original substance'

Take a be}l-jar. connect it to a pump and put an electric

bulb and an'eiectric bell inside it. Then start pumping out the

air. The sound ol the beli rvili get rveaker and rveaker until it

becomes quite inaudible *'hile the eiectric lamp goes on shining.

This erperiment short s dire ctly tliat sound can spre ad only

thr-ough a material medium, *'hile light can tra'el in vacuurn.

This is the essential diff-erence bet$'een them

OA
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The Principle of Relatiriry oj -lfotion seemr to be shaken

The enormous but stiil not infinite speed of light in empty
space comes into conflict n-ith the principle of relativity of
motion.

Imagine a train moving u-ith the enormous speed of z4o,ooo
kiiometres per second. Assume lr/e are at the front end of the
train and that a lamp is srritched on at the rear. Let us see

what will happen if 1\'e measure the time taken by the light to
pass from one end of the train to the other.

Seemingli' this time u'ill differ from the corresponding time
measured in a stationan* train. For relative to a train moving
with a speed of z'4o,ooo kiiometres in zi second the light should
have a speed (in the direction of the train's fonvard motion)
of only 3oo,ooo-24o,ooo-60,0oo kilometres per second. It
is as if the light tries to catch up with the front end of the first
carriage as it runs a\\'ay from it. ff u'e put a lamp at the he ad

of the train and measure ihe time taken by the light to get to
the last carriage, 1ve rvould expect the speed of light in the
opposite directiofr ',to the' train's motion to be z4o,ooo {
goo,ooo:g{o,ooo kilometres per,:second (the light and the
rear carriage move ton'ard,s each.other).

So we find that in the moring train light should spread with
different speeds in opposite directions, while in a stationary
train its speed should'be the same both rvays.

For a bullet things are quite different. lVhether we shoot
the builet in the direction of the train's motion or in the
opposite direction, its speed reiative to the walls of the carriage
wilt alwa\.s be the same, equal to its speed in a stationary
train. :

This is because the spee ci of the bullet depends on the speed

with rvhich the rifle moves. But, as we said before, the speed

of light does not change if the speed of the lamp changes.

Our arguments seem to short clearly that the behaviour of
light drastically contradicts t}re principle of relativity of'
motion. \\'hile a bullet has the same speed relative to the
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carriage rvalls in a train at rest and in a train in motion, it

rvould seem that in a train moving with a speccl of z4o,ooo

kilometres per second, light rvould move 5 times more slorvly

in one direction than in a' statio nary train and t'B times

faster in the other.

By studying the pt'opagation ol light we ought to be abie to

find the absolute tp..d ol the train.

H.r. i, a ray "f hope: }'{ight it be possible to use the

properties of iight to define the notion of absolute rest ?

t labora'tory in *hi.h light spreads in all directions equaiiy

at a spe ed of 3oo,ooo kilometres per second could be said to
1 , , T--be at absolute rest. In any

other laboratorY movlng 1n a

straight 
' line and uniformlY

relative to the first the sPeed of

light ought to be difrerent in

different directions. If this is

so,' nothing' ' remains of the

ielativity of motion, relativitY

ol ipeeds and relativitY of rest

established earlier.

"World Etlrcr"
Ilorv 'are we to make sense

of this state of affairs ? In the

past, use \vas made of the similarity i" the behaviour of sound

ancl of light and physicists introduced a special medium, cailed

the etfier in rvhich light \\'as supposed to spread in the same

\\,ay as sound spreads in air. It r'vas assumed'that in moving

rhrough the ether objccts avoided carr,vlng the e the r f ith them,

.;.rrt uJ a thin u,ire cage uroring through t'ater avoids carrying

the rvater rvith it.
If our tr.ain is at rest relative to the ether, light rvil1 spread

in all directions rvitir the same speed. A.'y motion of the

train relative to the ether rvill immediately shorv itself in

ffi,-z-
#7Y b b/'&z z--l z -2-'7-',_ffi
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the lact that ,the spced of light is different in difl-erent

directions.
Horvevel, gD introclucing an ether-a medium u'hose vibra-

tions appear as light fin'J ourselves facing a number of
perplexing questions. In the first place the hypotiresis itseif is

obviously artificial, for, \\'e can study the properties of air not

only by observing the u'av sc,urd travels in it but also by u
varie ty of other physical and chemical methods, rvhile the ether

succeeds in keepilg out of rnost physical happenings in a very

puzzhng way. The. densitr- and the pressure of air can be

measured by quite primitive e-rperiments. All attempts to find
out something about the den-.it1' or the pressure cf the ether

; j,

prove absolutely fruitless.

The resuit is a rather absuri situation. "

Undoubtedly any phenqmeion of nature can be "explained"

bV introducing a special flu:d u'ith the required properties.

But a true theory of phenomf:a is more than just the enumera-

tion of knorvn fiacts in learr.d language, preciselv because it
has man), m-ore consequen.es ithan follorv' directly from

the facts on which it \i'F founded. For instance the

notion of atoms came into science, broadly speaking, in con-

nection ntth questions of chenjstry but the concept of an atom

then made it possible to er-plain and predict an enormous

number of phenomena not reiated to chemistry.

As for the suggestion of an tther, u-e could justlv compare it
rvith the attempt b," u savage to erplain the u'ctrking of a
gramophone by saling that ihe m1'sterious. box contained a

special "spirit of the gramophone".
I{aturally "expiorrotiorrr" o:- this kind explain nothing at ali.

Eve n before tlre ether h'.is inr.'ented physicists had sad.

experiences of the same kini: The phenomenon of burning

Jvas "erplained" in its time br the properties of a special fluid

the "phlogiston", and heat phenomena by another fluiC the

"caloric". It is t-orth me ndoning that like the e the r both

these fluids tvere distinguished, b1' complete elusiveness.
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A dfficult Situation arises

The important thing is that if the principl e of relativity of
motion does not hold good for light, this must inevitably mean

that the principle is violated by all other objects

Ary material medium exerts a resistance agairut the motion
of objects. Therefore, the displacement of objects in the ether
shouid also be connected u,ith friction. The motion of any

object rvould be slorvecl dorrn and would end |n;state of rest.

In fact, however, the Earth (from geological knowledge) has

been revolving round the Sun for many thousands of millions
of years and there are no signs of its being slcrved down by
friction.

So in attempting to e xplain the curious behaviour of light in
a moving train by the presence of an ether, rve have re ached a

dead end. The notion ol an e ther does not remove the contra-
diction betwe en the violation 'of the principle of relativir.v by
light and its observance bv all other motions

Experiment must decide -

What is one to do rvith this rcontradiction ? Before Sving
consideration to this let,us note the follorving facts.

The contradiction'that ive found betrveen the behaviour
of light'and'the principle of relativity of motiori was reached

exciusively by argument.
It is true that our arguments were extremely conr,'incing.

But if u,e confined ourselves to argument alone \re would be

like certain ancient philosophers who attempted to discover

the lan's of nature u'ithin their o\vn heads. If you do this you

cannot avoid the danger that the n orld you construct, for all
its merits, u'iil prove to be estremell' unlike the real world.

The supreme arbiter of any physical theory is ali,vays the

experiment. Therefore, \\'e should not go on discussing horv

light should spread in a moving train but should turn instead

to experiments that shorv hon, in fact it does spread in these

conditions.
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In setting up such experiments, rve have the advantage that

we live on an object that.is definitely moving. In its revolution

round the Sun the Earth mor-es on anything but a straight iine

and therefore it cannot alrr'avs be stationary from the point

of vierv of any laboratory at rest.

Even !f we take our starfiog laboratory to be one relative to

which the Earth is at rest in Janu ary, it will certainly be in

motion in July because the direction of its motion round the

Sun changes . Tf, therefore, \\'e study the propagation of light

on the Earth we shall in fact be studyrng the propagation of

light in a ,moving laboraton- the speed of which is extremely

respectabie by our standard.-thirty kilometres per second.

(W. can forget about the rotation of the Earth around its axis

rvhich qnly leads to speed.s of around half a kilometre per

second.)

I{ow may we identt$' th. terrestrial globe with our moving

train which carried us into this dead end ? We assumed the

train to be moving in a straight line, and uniformly, but the

Earth moves in an orbit. Indeed, \1'e may. During the

minute fraction of a second -taken by light to pass through

our laboratory apparatus it is perfectly correct to assume

that the Earth moves uniformly in a straight line. The error

introd.uced in making this assumption is so insignificant as to

be undetectable
But since we may comPale the train and the Earth, it is

natural to expect light to behave on the Earth in the same

strange lvay as in our train: It should travel rvith different

speeds in different directioru'

., t

The Principle of Relatiuity triuniplu

In r BB i such an experiment rvas performed by Micheison,

one of the greatest experimenten of the last century. He made

very high precision measurements of the speed of light in dif-

ferent directions relative to the Earth. To detect the expected
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very small difference in speecls, lv{ichelson had to use extremely

refined experimental techniques and in this he showed tremen-

dous ingenuity. The accurac)' of the experiment *u: so great

that it ,"r-ouicl have been possible to detect even much smaller

differe nces in speeds than l\-ere expccted', 
-,

Since then Michelson's experiment has been rgpeSted several

times in the most varied conditions.- Its moll 
,""."pe 

cted

result tlti 'co,,fi'-ed every time' Tlt :vary light actuaily

travels 'i.n a moving laboratory proved to b9 quite different

from the manner rvhich our reasoning hu1 suggestedt In fact

Michelson'showed that on the moving larth,_tigl: spreads

with exactiy the same speed in all direclions. In this respect

the behaviour of light is the same as the behaviour of a bulle t-
it .1oes not depend on the motion of the laboratory and its

speed relative io the wails ol the laboratoY is the same in all

directions.
Thus lV{ichelson's experiment shorv-ed that, contrary to all our

arguments, the behaviour of light does,to, i11he least contra-

aict the principle 
'of relatt]irf' of moti"1. On the contrary,

there t fuU . agreement. 
. In othe r tt'ords, our argument on

page 15 has Proved to be in error

Tut of the Frling Pan into the Fire

Thus experiment has liberated us from the serious contra-

diction bet1,e en the lai,vs of light propagat-ion and the principle

of the relativity of motion. The contradiction has proved to

be onir-apparent and is evicientiy due to a flarv in our reasoning.

But u'here is this flarv ?

For near-l)- " 
quarter of a centurY from I BB r to l9o5 phy'sicists

throughotit the *,orld racked their brains trying to anst'er this

q,-,estion, btit all the explanations proposed led to more and

,r-ror. fresh contradictions betrr'een theory and erperiment.

If a source of souncl and an observer are moved in a thin

rvire cage) the observer n'ill feel a strong rvind' Il you meastire-
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the speed of sound relatir-e to the cage it u'ill be less in thc

di.rection of the motion than in the opposite direction. But,

.ifyou put the source of sound in a railway carrraqe and measure

the velocity of sound th.e re u ith doors and rtindows closed,

you rvill find that the speed of sound is the same in all
directions because the air is carried H'ith the train

Going over from sound to light, one might make the following
sr.ggestion to. explain the ,.i,rlt, of Michelson's experiment.

Suppose that in moving through space the Earth does not

leave the ether behind in passing through it, like the thin wire
cage does for-sound. Assume rather that the ether is carried
with the-Earth so that ether and Earth move as one whoie.

Then the result of }{ichelson's experiment beco*res quite easy

to understand.
Unfortunately, this assumption stands in sharp contradiction

to a large number of other experiments, for instance experiments

on the way sound travels through a pipe carrytng a flow of
water. If it \\-ere right to assume that the ether takes part in
the motion of material objects then a measurement of the speed

of light in the direction of the florv of rvater rvbuld give a speed

equal to the speed of light in rvater at. rest plus the speed of
the u,ater. Direct measure ment, hou'ever, gives a smaller vaiue

for this than that given bv such reasoning.

We have already mentioned the extremely s&'ange state of
affairs rvhe re by objects mor-ing through the ether do not

experience any noticeable friction. If thel' not only pass

through the ether, but e\-en carn- the ether along. friction must

most certainly' be significant:
Thus ail attempts to get around the contradicrion resulting

from the surprising resuli ol llichelson's erpe riment were

entirell',rr,rr.i.ssful.
Let us sum uP.

Michelson's erperiment confirms the principle ol relativity
of motion not oniv for ordinar.!- objects, but also for light, in
other u'ords for all natural phenomena.
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As u'e saw eariier, the principle ol the relativiry of motion
leads directly to the relativirl' of speeds: For different labora-
tories moving relative to one another, speeds must be different.
On the other hand the speed of light, 3oo,ooo kilometres per
second, proves to be the same in all laboratories- Therefore,
this speed is not relative but absolutel 3Z



TIME, PROVES TO BE RE,LATIVE

Is there infact a Contradicti-on?

At first sight it maY seem that

logical contradiction. The lact that

in all directions confirms

the principle of relativirY but

at the same time, the sPeed

of light itself is absolute.

But, remember the attitude

of medieval man to the fact

that the Earth is a sPhere :

'To him this seemed to be in
sharp contradiction to the

existence of a force of gravirl,
because all objects rvouid

apparently have to fali
"down" off the Earth. But

rve know that in fact there

is no logical contradiction at

all. The notions of up and dorl'n are simply not absolute but

relative.
We have exactly the same situation with the behaviour of

light.
It wouid be futile to look for a logical contradicion betrveen

the principle of the relativiry of motion and the absolute

nature of the speed of light. \Ve get this contradiction only

because rve have unwittingl.v introduced some further assump-

tions, as medieval man did rvhen he denied that the Earth

CHAPTER +

1ve are faced u'ith a purely
the speed of light is the same
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is round and assumecl up and dorr,n to be absolute . His

belief in anabsolute up and an absolute dt''u'n seems ridiculo.us

tous.Itarosebecauseinthosedaysexperimentalilossibilities
were very limited: People travellecl very little and only knew

, 
"r*^tt ''part of the Earth's surface' Evidently something

similar has happened to us; because of our limited experience

we seem to have taken sornething to be absolute which is

in fact relative.

What is this something ?

To discover our mistake rre

statements that can be checked

shall from now on relY onlY on

bv experiment.

We go on a Train Journelt

Let us imagine a train 5,+oo,ooo kilometres 1119 moving in

a straight iine with a uniform speed of z4o,ooo kilometres per

ttT:l'-e 
that at a cerrain instant a light is switched on in the

middle of the train. The first and last carfiages have auto-

maticdoorsthatopenaSsoonaslightfalisonthem.What
;;;;* o,t the train going to iee and what will people on

the platform see ? 
Kperimental facts in

A* agreed, we shail rel1- onlY on e' 
-

answering this question'

Peopie sitting in the middle of the train will see the follorving:

since 
".cordirr"g 

to Michelson's experiment light travels *'ith

the sam. ,p..d1n all directions relative to the tr1in, namel,v at

3oo)oookilometresperseconcl,thelightrviilreach,thefirstand
last carriages ,i*.rltuneouslr-, in nine seconds 

,(',7oo'ooo-:-

f oo,oool. Th."fore, both doors irill open together'

But $-hat rviil people on the platfornl see ? Relative to the

station, ligirt a]so^travels rr'it}r a speed ol3oo,ooo kilometres per

seconcl. B..l the rear carriage is nloving to*'ards the beam of

liglrt. Thcrefore, the tight rvill arrir,,e at the rear carriage in

2,7oo)ooo ' (3OO)ooo j- z4o'ooo) :5 seconds'

OAJ:I



As for the first carriage, the light must catch up rvith it and

therefore will reach it onlv after

, 2)7oo)ooo . (3oo ooto-24o'aoo) :45 seconds'

Thus it rvill appear to people on the piatform that the doors

on the train do not open simultaneously. The door at the

rear will open first and the door at the front only after +5-5-
40 seconds.*

Thus we see that tn'o completely similar events, the opening

of the front and back doors of the train, rvill be simultaneous

for people in the train, and forty seconds apart for people on

the platform.

Common Sense in Dbgrace

fs there a contradiction in this ? Surely the state of affairs

we have described is cornpletely absurd, like saying that the

length of a crocodile from tail to head is trvo metres and from

head to tail one metre ?

Let us try to get quite'cle ar wh)' our result seems so absurd

to us even though it agrees entirely nith experimental facts.

No matter horv much \\'e argue \ve shall not succeed in

finding a logical contradicrion in the conclusion that two

phenomena) tvhich happen at the same time for peopie in the

train, are separated b1' an interval of forty seconds for people

on the platform.
The o"ly thing \\'e can tell ourselr-es in'consolation is that

our deductions d.fy "comnlon sense"-

But remember hon' the "common Sense" of medieval man

resisted accepting the fact that the Earth revoh-es round the

Sun! All his daily experience did, uith the greatest assurance,

persuade medieval man that the Earth is at rest. and that the

Sun moves around it. And surely it n'as also common sense

that prompted that ridiculous proo{, mentioned above, which

* Later on these argumens are put forrr'ard sotnert'hat more precisell',

(see p. 54).
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was intended to show that the Earth could not possibly be

round.
The clash of "common sense" lvith actual facts is illustrated

amusingly by the well-knorvn anecdote of the rustic who sees

a giraffe at the zoo and exclaims "there can't be such a thing".
So-called commorr . serse

represents nothing but a

simple generalizatton of the
notions and habits. that have
grown up in our,daily Ltre.

It is a .definite level of
understanding refle cting a

particular level of expe ri-
ment.

The whole difficulty in
grasping and accepting the
fact that for people on the
platform two events will
appear non-simultaneous

j although they happen
simultarieousiy on the train
is like the difficuity of the

: rustic puzzled by the sight of
a giraffe. Like the rustic rvho
never saw such an animal, rve

have never moved rtith a speed of e4o,ooo kilometres per
second. There is nothing surprising in the fact that n'hen
physicists meet such fabulous velociti.es they observe things very
different lrom those \\re are'used to in daily life.

The unexpected result of illiche lson's experiment made
physicists face these ne\v facts and forced them, despite common
sense) to re -examine such seemingly obvious and familiar
notions as that of two events happening at the same

time.
Of course you could stick to your basis of "common sense"

36
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and deny the existence of the nerv events but, if you dici, you
rvould bz"beha''ring like the rustic in the story.

Time sffirs tltz same Fate as Spou

Science is not afraid of clashes with so-called common sense.

It is only afraid of disagreement between existing ideas and
new experimental facts and if such disagreement occurs science
relentlessly smashes the ideas it has previously built up and
raises our knowledge to a higher level.

We assumed before that nto simultaneous events are simul-
taneous in any laboraton'. Experiment has led us to another
conclusion. It has become clear that this is true only in the
event of the two laboratories being at rest relative to each other.
Ii horvever, t\4'o laboratories are in motion relative to one
another, events that are simultaneous in one of them must be
assumed to be non-simulta:reous in tle other. The notion of
simultaneous events becomes relative, it has a meaning only
if rve indicate the motion of the laboratory from which the
events are observed. l

Let us remember the erarnpie of the relatil"iry of angular
sizes discussed on page g. \Vhat rvas the siruadon there?
Assume that the angular distance behveen trvo stars observed
from the Earth furns out tc be zero because the two stars lie
on the same line of vision. In daily life we shall never be le d
to a contradiction rf rve assume that this statement is an absolute
one . But things become difi'erent if n'e leave the limits of the
Solar System and obsenre the same rn'o stars from sorne other
point in space. The angular distance rvill then turn out to
be different from zero.

To modern man it is obrious that fivo stars t-hich coincide
u'hen observed from the Ea.rth mal' not coincide if the obser-
vation is made from other points in space, but this would have
seemed absurd to a medieval man n ho pictured the sky as a
star-studded dorne.
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Assume you are aske d: Bur how is it in reaiity-fbrgetting
about laboratories-are the tu'o events simultarreous or aren't
they ? Unfortunately this question has no more sense than the
question: Do the two stars in re ality, forge tting about points
of observation, lie on the same line of vision or not ? The
crucial fact is that finding the trvo stars on the same .line is a
matter not only of their positions, but also of the point from
rvhich they are observed. In the same way the simultaneous
occurrence'of trvo events is a matter depending not only on
the events, but also on the laboratory in which the events
are observed.

Up until now rve have been dealing r.r'ith speeds which are
small compared to the speed of light and because of this it was
impossible to show that the notion of simultaneous events is a
relative concept. Only w-hen rve begin to study motions at
speeds comparable to the spe ed of light, are \r,e forced to
re-consider the concept of simultaneous eve nts.

In the same way people \vere obliged to reconsider the notions
of up and doH'n n'hen they began to travel over distances
comparable to the size of the Earth. Before then, of course,
the notion of a fl.at Earth could not produce any contradiction
u-ith experiment.

True, u'e stili have no means of moving with speeds ciose
to the speed of light so that n-e, in our orvn personal experience)
cannot observe the happenings just described, n'hich are so

paradorical from the point of r-iew of our o1d notions. But
thanks to modern expe rime ntal te chniques \\;e can demon-
strate these facts n'ith certaint)' in many physical phenomena.

Thus the fate that befell space has now or,ertaken time !

The u'ords "at one and the same time" have turned out to
be as meaningless as the u'ords "at one. and the same place".

If you u'ant to state the time interval betlveen trvo events

)ou must specify the laboraton'with respect to u,hich the
statement is made, just as is required in stating the distance in
space betiteen the tu'o events.
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Sciertce TriumPh.t

The discovery that time is relatir.'e brought about a profound

revolution in man's picture of nature. It represents one of

the greatest.,pictoties of the human mind over the distorted

notions /,\,e'have acquired ol:er the ages. It can be,compared

only lvith the revolution in human ideas brought about by

the discovery olthe fact that the F,arth is a sphere.

The discovery that time is relative lvas made in rgo5 by the

greatest physicist of the 2oth century, Albert Einstein (rBBo to

rg55). This discovery put the trventy-five-yez,r-o1d Einstein

among the Titans of human thought. trVe remember him as

the equal of Copernicus and \en'ton, those other pioneers of

new paths in science.

V. I. Lenin called Alberr Einstein one of the "greatest

transformers of our knorrledge ol nature".

The science of the reiatir-in- of time and of the consequences

fbllowing from it is usualir- called the Theory of Relativiry.

It should not be confused rrith the principle of the reiativity

gf motion.

Speed has a Limit

Before the second. l-orld \\-ar aeroplanes flert' rvith speeds

less than the speed of sound; nowada,vs one builds "super-

sonic" aircraft. Radio \\ra\-es travel lith the speed of light'

Could rve not try to create a sriper telegraphy in'rvhich signals

are transmitte d uith spe eds greater than the spee d of iight ?

This proves to be imPossible'

For if it rvere possible to transmit signals n'ith infinite speed

we would find a means of establishing uniquell' that trvo events

are simultaneous. \\'e could sav that trvo elrents are simul-

taneous il an infinitelv fast sigrral marking the first eyent

arrives simultaneouslv *'ith a signal rnarking the second' trn

this \t'ay the propeltv of occurring simultaneously n'ould

acquire an absolute character, independent of the motion of

any laboratory in rvhich the statement is made
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But since the absolute narure of time is denied by experiment
$/e conclude that the transfer of signals cannot be instan-
taneous. The speed at rvhich an action can be transmitted
from one point in space to another cannot be infinite,
which means that it cannot exceed a certain finite quantity
called the limiring speed.

This'limiting speed is the same as rhe speed of iight.
For, according to the principle of the relativiry of motion,

the lan's of nature must be the same in all laboratories that
move (uniformly and in a straight line) relative to each other.
The statement that no speed can exceed the given limit is
also a latv of nature and tlierefore the value of the limiting
speed must be exactly the same in different laboratories. As
rve knorv the speed of light has just this properry.

Thus the speed of tight is nor simply the speed of travel of a
certain natural phenomenon. It ptays tJre very important role
of a limiting spee d.

The discovery of the existence of a limiting speed in the
world is one of the greatest triumphs of human mind and of
the erperimental capabilities of man.

A physicist of the 'last century could not have made this
discovery nor could he have concluded that the existence of
this limiting,spe ed in the u-orld can be proved. What is
more) even if in his erperiments he had hit upon the existence
of a limiting speed in nature he could not have been sure that
this lvas a larv of nature and not a result of limitations of his
experime ntai me thods, u'hich might be altered rvith the
development of his technique. .

The principle of relatir.ir,"* shorvs that the existence of a
limiting speed is intrinsic in the very nature of things. To
expe ct rhat the progress of technology rvill enabie one to reach
speeds excee ding the speed of light is as ridiculous as thinking
that the absence on the Earth of points farther apart than
2o)ooo kilorne tres is not a larv of geography but a limitation of
our knorvledge and to hope that with the development of
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geography rve might succe ed in finding places farthe r 
^way

from each other.
, The speed of iight plavs such' an exceptional part in nature

just.because this speed is the limit for the movement of an1'thing

whatsoever. Light either outpace s any other phenomenon or

in the extreme case is equalied by it'
If the Sun $,ere to spiit in fivo and form a doubie star, the

motion of the F-atthrvould ce rtainly change'

A physicist of the last cenrury, not knowing of the existence

of a limiting speed in nature , lvould certainly assum e that a

change in the motion ol the Earth rvould take place instan-

taneously after the Sun had split. But light would require

eight minutes to arrive on the Earth from the broken Sun'

In realitr,', horvever, changes in the motion of the Earth rvould

also begin only eight minutes after the sun had split and until

that moment the E,arth u'ould move just as if the Sun had

remained intact. Quite generallY, anY event happening to the

Sun or on the Sun cannci have any effect on the Earth or on

its motion until these eight minutes have elapsed.

The finite speed with rr hich signais travei does not of course

rob us of the possibili4. of establishing that two events are

simultaneous. \\re simpl1- have to take into account the time

of delay of the signal, as L done quite commonly.

I{orvever, such a method for establishing that two events are

simuitaneous is norv completeiy compatibie with the relative

nature of this notion. For in order to calculate the delav time

we must divide the distance betrveen the places at rvhich the

events took place by the speed of trar.'el of the signal. And rve

have seen .when discussing &e question of sending le tters from

the N{oscorv-Vladivostok Erpress that even the position in

space is a compietely relatir.e notion !

Earlier and Later

Let us assume that in our train with its ffashing lights, rvhich

we shall call Einstein's train. the mechanism of the automatic
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doors goes wrong and the people in the train notice that the

forrvard door opens fifteen seconds before the rear door. The

people on the station plafform, on the other hand, rviil see the

rear door opening 4o-r5:25 seconds earlier. so something

that took place earlier for one laboratory may take place later

for the other.^";;;;;;;;;, 
strikes one immediately that such relativity in

the notions " earli6x" and "Later" must have limits. For

instance, we could hardly accept (from the point of vierv of any

laborato ry ruhatsoever) . that a child is born before his mother.

A sunspot appears. An astronomer observing the Sun

through his telescope sees the spot eight minutes later. Atty-

thing the astronomer does after this witl be absolutely later than

the appe arance of the spot-later from the point of view of any

laboratory from which both the sunspot and the astronomer

are observed. Conversell', everything that happened to the

astronomer at times earlier than eight minutes before the

appearance of the spot (to that a light signal recording this

happening might have reached the sun before the spot ap-

peared) happened absolutell' earlier.
But if the astronomer, shail \ve say) puts on his spectacles at

a moment between these tn-o limits the time relation betrveen

the appearance of the spot and his putting on his spectacles

is not absolute.

We may be moving relative to the astronomer and the

sunspot in such a way that \\'e see the astronomer putting on

his spectacies before the spot appears, after it appears, or at

the same time, according to the speed and direction of our

motion.
Thus the principle of relativitv shon's that there are three

types of time relation be tn'een events: The absolutely earlier,

the absolutely later, and the "neither earlier nor later" or, more

precisely, the earlier or later depending on rvhat laboratory the

el'ents are observed from.
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CHAPTER 5

CLOCKSAI\DRULE,RSPLAYTRICKS

l4e get on the Train again

Ahead of us is a verr' long railir'ay line rvith Einstein's train

movingalongit.Atadistanceof864,o00)000kilometresfrom
each other there are t$'o siaioru. At its speed of e4o'ooo

kilometres per second Einste;l's train needs an hour to cover

this distance.

There is a clock at

the trai n at the first
each of these stations' A passenger boards

station and before its departure sets his
€;$;:g*g:,'

,i:rt:]1!:.'rii: :

, .|:-t*.i'

-::irili?€'
' ::-:i.=1F

a,?,.'

:a:::?

;tation clock. On arriving at the second station'

henoticeswithastonishlnentrhathisrr'atchisslow.
Thelr,atchmakerhadassuredthepassengerthathiswatch

rvas in Perfect order'

What has bee n going on ?
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To sort this out, Iet us imagine that the passenger directs a

beam from a flashlight fixed to the floor of the carriage on to
the ceiling. There is a mirror on the ceiling from which the
beam of light is reflected back on to the flashiight. The path
of the ray of light, as seen by the passenger in the carriage, is
drawn in the upper half of the figure on page 45. This path
looks qul.te different for the observer on the plalfoim- While
the ray passes from the flashlight to the mirror, the mirror
moves because the train moves. While the ray' is returning
the flashlight covers the same distance again

lVe see that for the observ'er on the platform, the ray oflight
travelied. a gre.ater distance than for the observer in the train.
We know on the other hand. that the speed of light is an absolute

speed, the same both for trav-ellers on the train and for people
on the platform. This forces us to the conclusion that at the
station more time elapsed betrr'e en the departure and the return
of the ray of light than in the train I

It is simple to calculate the ratio of these times.
Let us assume that the obseryer on the platform established

that ten seconds elapsed berry-een the departure and the refurn
of the rar'. During these ten seconds the ray traversed 3oo,ooo
x ro-!,ooo,ooo kilometres. It follorvs that the sides AB and
BC of the isosceles triangle ABC are each r,5oo)ooo kilometres
long. The side .4C is obviouslv equal to the distance travelled
by the train in ten seconds, rvhich is e4o,oooX ro-2,4oo,ooo
kilometres.

Norv it is easy to determine the height of the carriage rvhich
is just the height BD of the triangle ABC.

Remember that in a right angled triangle the square of the
h1'potenuse (,48) is equal to the sum of the squares of the other
trvo sides (iD and B'l)). From the equation AB2-ADT+BDz
rve find that the heiglit of the carriage is BD -{AB2-ADz'-
/ -goo.ooo kilometres. Quite a size,

but not surprising in vierv cl the astronomic dimensions of
Einstein's train.
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The path travelied b-v the rav from the floor to the ceiling

and back, from the point ol rierr ol the passenger, is evidently

equal to twice this height, i..., to 2 x goorooo: t,Boo,ooo

kilometres. To travel this distance light needs l,Boo,ooo .

3Oorooo-6 seconds.

@@fw@240oss Km/sec

Clocks go slow systemntically

Thus, rvhile ten seconds elapsed at the station, only slx

second.s r+,ent by in the train. If according to station time the

train arrived an hour after its departure, the time elapsed

according to the passenger's u atch is only 6o X$-J6 minutes'

Thus in one hour the traveller's u-atch lost twenf-four minutes

compared to the station clock.

It is not diffficult to guess that the slou'ing dorvn of the watch

will increase as the speed of the rain grolvs.

For, the closer the speed of the train to the speed' of light,

the nearer the length of the side -{D, representing the path of

tire train, to the hypotenuse,{,8, representing the path traversed

by the ray of light during the same time. Correspondingly,

the ratio of the side BD to the ht'potenuse diminishes. But

this ratio is just the ratio of the times in the train and at the

station. As 1,e make the speed of the train approach the speed
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of light, we can make the time elapsing in the train during an
hour of station time get as smali as we likc. If the spee d of
tlre train is o.g9gg times the speed of light, only one minute
will elapse in the train in an hour of station time I

So any clock in motion rriil go slow compared to a clock at
rest. But doesn't this result contradict the principle of the
relativiry of motion which rras oui starting point ?

Doesn't this mean that the clock that goes faster than any
other is in a state of absolute rest ?

I.lo, because we compared the watch in the train r,nrith
the clocks at the stations in completely unequal conditions.
\Ve used not trvo but rhree timepieces ! The traveller
compared his lvatch ir-ith ilr'o different clocks ar diffe rent
stations. And, conr.erselr'. if there had been trr-o clocks
fixed at the front and the rear of the train, an observer at one
of the stations comparing the indications of the station clock
u'ith the readings ol the clockr seen through the *-indows of
the passing train n'ould discover that tlie station clock \\:as
running slorv systematicalit'.

*,
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For in this case-given urifonn straight line motion of the

train relative to the statioi-i-rle are entitled to consider the

train to be at rest and the station to be moving. The lan's of

nature must be the same in both cases'

Any observer at rest reiar:r-e to his own timepiece rvill see

that other clocks moving u-iir respect to him go fast, the faster

tn fact the greater their sPeti.
,This statement is quite simiar to that by each of two observers

standing near telegraph poies saying that his pole is seen under

a grealer angle than the other fellow's.

The Time Machine

Let us now assume that ijnstein's train moves not along a

trunk iine but on a circular raihvay and that after a certain

time it returns to its place c: departure' As rve have already

seen, the passenger in the :rain will discover that his n'atch

goes slow-, the slorver the fas:er the train moves. By increasing

the speed of Einstein's trai- on the circular railway, we can

reach a situation that trhile no more than an hour elapses for

the passenger many \-ears uill pass for the stationmaster.

Returning to his place of irparture after one day (according

to his o\vn watch !) on this circular raiirvay our passenger yill
find that all his friends and rtlations have long since died !

In contrast to the case ci ravel betw:een ttrro stations, in

rvhich the passenger checls ils u'atch by trvo different clocks,

here on the circular jo'urner- rre re adings of onlv trvo clocks and

not three are compared, n:nelv the ciock in the train and

the clock at the station fron i'hich the journey started.

Is this not in contradictitrn nith the principle of relativitr'?

Can we assume that the passenger is at rest and the station

takes a round trip u'ith the spee d of Einstein's train ? If 1'e

cor,rlcl, \\'e \vould reach the conclusion that the people at the

station rvould, see onl,v one d:r-pass rvhile the man on the train

Ivould erperience manv )'eal\. But this argument would be

incorrect, and this is lvhY.
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Earlier on we explained that only objects not acted on by any
forces can be considered to be at rest. True, there is not just
one but an innumerable manifold of "states o1' rcst'" and as

we saw, trvo bodies at rest may move uniformly and in a
straight line relative to each orher, But the watch in Einstein's
train moving on a circular raillay is most certainly acted on by
the centrifugal force, ' so tlrat rve must definitely. not assume
that it is at rest. In this case there is an absolute dift-erence
between the indication of the station clock, which is at rest,
and the u,atch in Einstein's train.

If tr,vo people with watches indicating the same time part
and meet again after a certain time, the longer time rvill be
indicated by the watch of the person who was at rest or who
moved uniformly and in a straight line, i..., by the rvatch
u'hich did not experience anl- forces.

A journey on a circular railu,ay with a speed close to the
speed of light, allorvs us in principle to make H. G. Wells,
"time machine" come true in .a limited sense: Disembarking
at our place of departure, 'ir e find that we have moved into the
future. True, with this time "machine we can only transport
ourselves into the future, but are unable to return to the past.
This is its great difference compared to Weils' machine.

It is futile even to hope that future developments of science
rvill allorv us to travei into the palt. Otherwise rve would
have to accept the possibili$ in principle of some quite absurd
situations. For, travelling into the past we could find ourselves
in the positi.on of being people whose parents have not yet
seen the light of day.

On the other hand a journev into the future invoives only
apparent contradictions

Jottrney ta a Siar

There are stars in the sk.v n'hose distance frorn us is such that
a ray of light from one of these stars reaches the Earth in, say,

forty years. Since rve knorv already that it is impossible to move
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\\'ith speeds greater than the speed of iight rve could conclude

that it ivould be impossible to get to such a star in less than
{orty years. But this deduction is rvrong, because it does not
take into account the change in iime connectedwith the motion.

Assume that we are fl1{ng towards the star in an Einstein
/

rocket with a speed o{ z4o,wo kilometres per second. To
someone on the Earth rr'e shall reach the star in 3oo,ooo x 40
-. 2$OroOO:5O years

But if we are flying in Einstein's rocket at the spee d assumed,

this time will be shortened in the ratio of I o : 6. Therefore

we shall reach the star not in 50 years but in * xSo-30 years.

By increasing the spe ed of the Einstein rocket and making it
approach the -speed of light) rve can shorten by as much as

we like the time needed by tle travellers to reach a star at that
distance. Theoreticalll', by flling sufficientiy fast, we could

re ach the star and return back to earth even in one minute !

On the Earth, horvever, eighry years will elapse, whatever

::&

lr

.i.t

j:

/;
:i:
€,
*
i!

wq do.

, {, may seem

iugihuman life,
p,g,ople, because

that this opens up the possibility of prolong-
even if onl1' from the point of view of other
a man ages according to his "own" time.
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Unfortunately, closer examination proves that the outlook is
very far {rom promising.

In the first place, the human organism is not adapted to
experiencing long spells of acceleration much higher than the
acceleration of gravity on the E arth. To reach a speed
approaching thc speecl of light, you u'ould therefor. ,r..,1 a
very long :time. Calculations shotv' that on a voyage lasting
six months rt'ith an acceleration equal to gravity you woulcl
gain only six n'eeks. If ;'ou make the voyage longer, your
gain in time vvill increase rapidly. ' By travellin g a year in a
rocket you would gain another year and a half and, a voyage
lasting t\vo years rvould gain }'ou twenty-eight i.u.r. If you
stay on a rocket for three years) more than 36o years will
elapse on the Earth !

The figures look encouragrng.
But things are not so good in the matter of energy consump-

tion. \\Iith a one-ton rocket, a most modest rveight, the energy
used up in flying at a speed of z6o,ooo kilometres per second
(the speed needed to "double_" time, so that for each year
of travel in the rocket, tu-o \:ears elapse on the Earth) is

25o,ooo,ooo,ooo,ooo kilowatt hours. This is the total amount
of energrr generated on the n-hole of the Earth during several
months.

But u'e have only rvorked out the energy of the rocket in
flight. \\te have not taken into account that n e must first
bring our fl,ving machine up to the speed of a6o,ooo kilometres
per second ! And at the end of the voyage the rocket must be
slorved don'n for safe landin_{. Horv much energrv is needed
for this ?

;n ! ! 
^ 

r r r r
-Lven ii'rve had a fuel that cor-rld produce an engine jet of

the greatest possible speed, the speed of light, the energy-

u'ould har-e to be zoo times the ainount calculated above. \AIe

r-ould have to spcncl as much encrgy as is produced bv all
rnankind dr-rring several decades. The speeds ol actual rocke t
jets are tens of thousands of tinrcs srnaller than the speccl ol
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light. This makes the enersv expenditure neecled for our

imaginary flight fantasticalif iarge.

Objects get shortened

So we see that time has come of[ the pedestal of an absolute

concept and has 9n1y a reiatir-e meaning, requiri:rg a precise

indication of the labo ratory in rvhich measurements are made .

Let us now turn to space. Even before \ve described.

Michelson's experiment \\'e agree d that space is relative, but in
spite of this u'e still ascribed absolute character to the dimensions

of olrjects. In other rrords rr'e assumed that dimensions are

attributes of an object and are independent of tvhat laboratory

is usecl for observation. But the theory of relativity forces us

to say goodbl,e to this r,ierv. Like the notion ol absolute tirne,

it is a mere prejudice rt'irich {re\r' up because \\'e have alrt'a}'s

had to do *'ith speeds negligiblr-small compared to the spe ed of
light.
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Imagine tJrat the Einstein train is
2 r+oo rooo kilometres long.

: :"-i.,+;-,j-:.,::

rapasslng a statron plattor_m
:1.:-;ll .

' 'i'':'' -

.:

Will the Dassengers in the Einstein train agree with this
statement ? According !o tie reading of the starion clock iihe
train will pass from one end of this platform to the other in
er4oo)ooo . 2{orooo- ro seconds. But the passenger's hurc
their olvn watches ziccording to *iti.h the motion of the train
from one end of the plarlorm to the other will take less tisre.

sec

As we know already, it rvili take 6 seconds. The passeng€rs

rvill have every right to conclude from this that the lengtli'.o{
the platform is not 2,4oo)ooo kilometres at all but z4o,ooo"X6
: r r44orooo kilometres.

We see that the length of the platform is greater from *he
point of view of a iaboratory at rest relative to it than fu* a

::

laboratory relative to rvirich it is moving. Ary moving object
rvi11beshortenedinthedirectionofitsmotion.

, Hou'ever, this shortening is by no means a sign of abso*i*te

motion: We only have to place ourselves in a laboratoryj;lt ::.

rest relalive to the object to make it becomc lon,ger again. In
?6
34,_ ,r",._.., 

.,,. .:it.:.,,,',: .....,. .. ::-;:
::;;iltt1 .;.-1:J..;,';:1u.
::tj"i.Jl;it:.. f.t 5 @:.
'^ ' i' * *-,:*;iist"'"1



.: e same
'rvhiie to
s6ortened
..:::-

way the passengers rr'ill

people on the Platform
(in the ratio 6:io)'

And this will be no oprical illusion.

shorv, up rvith any device rvith rvhich
len$ of an object.

-)J

find the platlorm shortened,

the Einstein train aPpears

!c\ :
oV

"o 
(t-

The same

u'e chose to

thing would
measure the

V
I fli:r)
-(t;



:a:i: :r.f :E::
: : -...,:.:.,4,

In connection u'ith this shortening of objects, \t:e must norv

introduce a correction to our discussion on Iragc 34 concernrng

the time at r,vhich the doors on the Einstein train open. W'hgn

r,ve calculated the instant at u'hich the doors opened, from the
.f.point of vierv of the observer on the station platform, we

assumed that the le ngth of the moving train rvould be the same

as for a train at rest. In fact the train lvas shorter for=the

people on the platform. Correspondingly from the poin,t of
view of the station clock the time interval betrveen the opeOing

of the doors rt'ill actuallr, be not forty seconds but only

$ x 40:24 seconds.

Of course this correction in no way inr,'alidates our previO:us

rcsulis.
The drarvings on the prei'ious page short' the Einstein train

and.t}restationp1atformaSSeenbyobserverSonthetraina#
on the platfornr. I

The drau,ing on the right shol's the platform longer thant e

train, rvhile on the left the train is longer than the platfon*i
Which of these pictures corresponds to reality ?

The question is as devoid of sense as the question on page B

about the shepherd and the co\tr.

Both the pictures are of one and the

"photographed" from different points of vierv.

same obj*et

t-

T/e:locities PIry Tricks 
:

\A/hat is the speed ol a passenger, relative to the railr*'a,lz

track, il ]re is rvalking tou'ards the front of the train at a speed

of five kilometr es per hour u'hile the train is moving at Gft.y

kiiometres per irour ? Surelr- the speed of the passenger

relative to the track is 5o;5-55 kilometres per hour. Th-e

reasoning used itere is based on the lau' of addition of speeds

and l'e c1o not cloubt the trtrtir of this lan-. For in an hour the

traitr n,ill cove r filtv kilometres and the man in tire train another

five kiiornetres. Tliis gives us the fifty-fir'e kilornetres we 1vg:f€

jusl talkine abotrt. .tt,"-
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But it is quite ciear that the e:'istence of a limiting speed in

the rvorld robs the larr of addition of speeds ol its universal

applicability to speeds large and small. For if the pass.::?.'

is mo"ing in the Einstein train ai a speed of say Ioo)ooo kilo-

metres pcr second, his speed relative to the ratlway track

cannot be equal to 24o.ooof too,oo o:34orooo kilometres per

second, because this n'ould be Iriore than the limiting speed of

tight and so would not exist in nature'

+ *.64r-
' =:84+-t:tk ffiffi
r \E'r\+ iq:
|i:i \ffi*'
l5Edh

.:.:4-?a.:

Thus the la1' for adding speeds aln'ays used in daily lif€

proves to be inaccurate. It hoids onll' for speeds that ate

str,fficierrtly small compared rr-ith the speed of light.

The reader f ill by no\\' be used to all sorts of paradoxes in

the theorl, of relatir,'it1- and rr'ill easily understand the reason

r+,hy the apparently obvious argument just used in adding

speecls is not r,alid. To appll it n'e had to add a distance

co-verecl in an hour br- the train along the track and one

cor,,erecl b,v the passqnser in tire train. The theon' of relatiyit]'

stron,s that t\;e cannot acld these distances. To do so would

be just as absurci as if u'e tried to determine the area of the field

shol,n in the pictr.rre on this page by multipli'ing the lengths

ef,the sides AB and,BC and iorge tting that the latter is distorted

b1r perspective. Also, if u'e u'ant to determine the speed o'f

€e-L-"-
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the passenger relativc to the station, lve must determine tli€ ,,uj.

path he has traversed in an hour according to station trm'o ;''

ivhile for measuring the speed of the passenger in the train rve

have used train time. We knorv already that tlie two ate by

no means the same. ' ; : i

All this leads to the resuil th4t speeds of rvhich at least
Ft. !

one is comparable tothe speed of light must be added differently
from the way r\:e usually do. This paradoxicai addition of

LI+ L2 + L3= 180'

speeds can be shorvn in experiment, for instance, by obssrri*g
how light traveis in mortng water (a question mentioaed

earlier). The fact that the speed with r+'hich light travels in
moving u,ater is not equal to the sum of the speeds of light
in rvater at rest and the speed of motion of the water, but

is less than the sum, is a direct consequence ol the theory o'f

relativitr'.
Speeds add together in a specially pecuiiar way in the case

tvhen one of them is equai to 3oo,ooo kilometres per s.ees'nd

exactlv. As rve knorv, this speed has the property of remai.Cring

unchanged lvhatever the rnotion of the laboratory in whi& rv-e

observe it. In other rvords, 'lthatever speed rve add 16 the;'$peed

56



orooo kilometres per second, \{'e get the

ooo kilometres Per second.

,|

same speeG,

,..,., ,& simple analogy illustrates the fact that the usual law,
.,

'rr
AX

add:ltion of sPeeds is not valid'

T.'t is well knorvn that in a piane triangle (see the dlawing CIf't .'.

th91eft)thepumoftheanglesr,zand3equa1strvorightanq$.

'nri imagine a triangJe drana on the surface of the Earttr (dbu_ ,.

-.fig*r. or, th. right).- Because the Earth is a sphere the iu1 6 
",,,,'.*fue'angles of such a triangle u'ill be greater than two rig&t ,

,",a4E.r. The difference becomes noticeable only if the size, -'fffitriangle is comparable to the dimensions of the Earth. '+;'f ii
.'ffirt as one:u" l:. the larrs of 

3rdinary 
planimetryin me@ ,-

,.*=__*}rg aieas of smali,regions on the Earth, so one can use @-.,;
sarrary law of addition of speeds if the spe eds in question ry ,-*

:l-

ri
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CHAPTE,R 6

WORK CHANGE,S MASS

Mass

Assume we have an object at rest and rvant to make it move

rvith a clefinite speed. to do this we must applv a force to
it. If then the motion is not opposed by extraneous forces,

such as friction, the object n-iIi be set in motion and rviii filove

rvith ever inire asing speed . It a sufficie ntly long inten'al of time

goes by, we can get th.e, speed- of the object up to the v,alue

rve u,ant. To do this u'e find lhat rvith a given force lve need

different lengths of time to'impirt the spee d to difl-erent obiects.

To get rid of friction iet us imagine that u'e ha,,-e in outer

space tu'o ba1ls of equal size. one of lead, the other of n'ood. Le t
us pr1]l each of these bails uith the same force up to the moments

wh.qn they attain a speed of sav ten kilometres per second.

, Cleariy to get this result n-e shall have to let the force act

on the lead bali'a longer time than on the wooden ball. 'To

characterize this state of affairs we say 1].u, the lead ball has

a greater mass than the ,tlooden ball. When a constant fu.rce

is applied, speed increases in proportion r,vith time, and there-

fore \\'e can use the ratio of the time required to reach a g,iven

speed from rest to the speed itself to measure mass. The mass

of an object is proportional to this ratio, the coefficient of
proportionalitl,,Cepencling on the forces producing the motion.

t\[ass irtcreases

One of the most important properties of anl' object is its
mass. 1\Ie are useci to :tssltnring that the mass of a body does

not change. In particular it cloes not dcpencl on speed.

This lollons frour our first statenlent that u'hen a conttant
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force acts the speed increa-.e-. in proportion with the time

during ivhich the force acts.

This statement isbased on t]:e usual larvof additionfor speeds.

But we have just proved ihat ths lan'is notvalid in all conditions.

What do we do to obtain the vaiue of the speed at the e nd

of the second second, u'hile th,e force agts ? , We add the speed

that the bod y had at the end of the first second to the spee d it
acquired during the second second according to the usual lalv

of addition for sPeeds.

But n.e .un piocee d in tL'-* 1\-a)' onl,v up to the point rvhen

the speeds acquired becorne comparable with the speed of

light. \\then this happens \\-e can no longer use the o1d rules'

Ii *. add the speeds accorCing to the theory of relativity n'e

,+:+,,,: 
'g.e t an answer that is airvar: a little smallei than rve $'ould

fl.0. l.::,- f^,.,'.,.1 f'n,re the old incrr'-:-ect larv of addition. This meansi.r*e.fo,rnd from the old incc-ect larv of addition. This means
IIaL V \-: r\-/ u

i 
:."''.:thut if the value of the speei :eached is high it rvill not increase

i ..',.i* proportion *'ith the tirne of the force's action, but more
- t' ''rro*ly. This is clear from the iact that flt. is a limiting speed.

":'' "' As the speed of an objec; approaches the speed of light,

under the action of a constan: force, it increases more and more
t;

slowly so that the limiting speed is never exceeded. '

Ar'lorrg as \\re could assu*te that the speed of an object

increases in proportion uith the tirne of action of a force,

mass could be assumed independent of speed. But when the

speed of an object becomes corlparable to the speed cf light

proportionalitl. beil-een tin:e and speed breaks down so that

L"5 begins to depend on spe e d. As the time of acceleration

can increase rvithout limit, 'but the speed cannot exceed the

timiting speed, \r.e see that the mass must increase rvith speed

and ,.u.h an infi,nite value 'rvhen the speed of the object

becomes equal to the speed cf light'

Calculation shou,s that in anr'motion the mass of the object

increases by as much as its length decreases. Thus the mass of

,,,,,::. the Einstein train moying at ?+o,ooo kilometres per second is
,a.' '

i .:r,...-,,19.€mes gre ater than the ma-qs of the train at rest'
;1 
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It is quite natural that in deaiing rvith ordinary speeds,

small cornpared to the speed of light, 1ve can neglect changes

in mass completely, just as ive neglect the dependence of the

size of the body on its speed or the dependence of the time
interval betwee n tn'o events on the speed rvith which the
person observing the events moves.

The dependence of mass on speed given by the theory of
relativity can be verified directly bv studying the motion of
fast electrons.

Under moclern experime ntal conditions electrons moiing
with a speed .near to the speed of light are not a rarity but a
daily occurrence. In special accelerators electrons can be

pushed up to speeds that dift-er from the speed of light 'bv less

than thirry kiiometres per second. : : ,

Thus modern physics is able to compare the mass'o'f an

electron moving at enormous speed rvith the mass of an electron
at rest. The results of erpeiments have completely confirmed

the dependence of mass on speed given by the princi'# of
relativin'.

Ifout much does a Gram of Light cost?

. The increase,in the mass of an object is closely connected

n,ith the nork performed on the object: It is proportional to
the u,ork required in order to set the object in motion. It is

not e ssential 'that the rvork is spent oniy on setting the b.e.dY

in motion. A.y tr,ork performed on a body, any increag€ of
the energy of the bodv, increases its mass. For instancer:,a hot

body has a greater mass than a cold one, a complessed spring

a greater rnass than a free spring. It is true that the coeffi'c'ient

of proportionality relating the change in mass to the change

in energ.v is minUte: To increase the mass of an object by one

gram one must give it an energ*y of z5,ooo,ooo kiiorvatt hours'

This is n,hy uncler ordinan' conditions the change of mass of
objects is extremelv insignificant and escapes even the most

accurate Ineasuretrteirts. For instance, il a ton of rvater is
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' heated lrom freezing to boiling, this leads to an increase of its
rRass of about five-millionths of a gram.

If you burn a ton of coal in a closed furnace the combustion

products after cooling rv-i11 have a mass only one three-thous-
andths o{ a gram less than that of the carbon and oxygen lrom
which they were formed. This missing mass was tak en away

by the heat generated in burning the coal. 
"

,However, modern physics also knorvs cases in rvhich the

change in the mass of objecu plays a significant part. This is
so when atomic nuclei collide and nerv nuclei are formed from
the colliding ones. Thus. for instance, if a nucleus of a lithium

' 
- 
atom collides with the nucleus of a hydrogen atom resulting in
the formation of frvo helium atoms the mass is changed by
one four-hundreth of il* original value . '

., We said already thai to increase the mass ol an object by

-,'o-e gram an energy of 25,ooo,ooo kilowatt hours must be put
:into it. Hence in the transmutation of one gram of a mixture
of lithium and hydrogen into helium an amount of energy

4oo times less than this is generated: 25,ooo)ooo . {oo-60,00o
:*iiowatt hours !

Let us now ans\r:er the foliorr-ing question: Of all sdbstances

occurring in nature, ithich is the most expensive (calculated by

weight) ? :

It is usually accepted that the dearest substance is radium,

one gram of rvhich, according to foreign literature, was quite

iecently priced at about {4.ooo
.. But let us determine the cost of light.

In electric bulbs onl)- one-tu'entieth part of the energy is

in the form ol visible iight. Therefore a gram of light corres-

ponds to an amount t1\-enn' drnes greater than z5,oocirooo

kilowatt hours or 5oo,ooo,ooo kilou'att hours. Assuming a

price of a little less than one farthittg per kilon'att hour, this

gives a total cost of {46o,000. Thus the gram of light is
at least tlventy times more erpe nsive than a gram of radium.
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SU}{I{ING UP

We have se en that rigorous and convincing experlments

force us to accept the truth of the theory ol relativity u'hich

reveals some of the amazir,.g properties of the rvorld around

us-properties that escaPe us in initial (or, to be more precise,

superf,cial) study'.

\\'e have seen rvhat deep radical changes are wrought by

the theory of relativity on the basic notions and ideas that maR

through the ages has formed and rvhich were based on experi-

ences u'itnessed in his dailr-life.
Does this not signify the complete collapse of familiar ideas ?

Does this not mean that the r-hole of the ph1'sics in existence

before the emergence of the principle of relativity should be

scrapoed and thrown arvav like an old boot that has seri"ed

its uselul time but is no\\: of no use to anybodv?
' >uid be futile to pursue scientificIf things \\:ere So, rt \\-(

investigation. \\Ie 1'ouid ne\-er be sure that in future a new

doctrine might not turn Llp completely overthrorving e\:ery-
'thing 

rhat had gone before.

But iet us imagine a passenger travelling, not in Einstein's

train but in an ordinary e\press train, rvho decided to introduce

correcrions for re1ativit1,, fearilg that othe6vise his rr'atch

rr,orlci be slon' compared to tire station clock' \\Ie rvould laugh

at such a passenger. For er-en apart from the fact that the

correction n'ould. amottnt to a microscopical part of a second,

thc influence on the verr- best of rvatches of a single jerk in

the nrotion of the train u'ould be nrany times greater'

The che lrical e ngince r rr'ho cloubts $'hether the quantitv of

\r,ater he is ireating up keeps a constant mass ccrtainly needs

his head exarnined.. But the ph1'sicist *'ho observes tlie collision

'--X 1.

..,
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mass in nuclear transmutations
petence.

shouid be sacked for incorn-

Engineers will plan and continue to plan their machines

using the larvs of classical phvsics, because the corrections for
the the ory of relativity have a much smaller influence on ttreir
engines tlian a single microbe settling on a flyrvheei. But a

physicist observing fast elecrons must certainly take into
account the change r,vith speed of the mass of the electrons.

Thus the theor,v of relatir-in- does not contradict, but only

deepens the ideas and concePr created in older science and it
determines the limits rvithin ruhich these older ideas can be

applied without ieading to incorrect results. I{one of the lar.vs

of nature discovereci bi' phr sici.ts before the birth of the theory

of relativity are discarded; onir- the limits of their application

are clearly marked out.
The relationship betn-een rhe physics that takes into account

the theory of ,eluiiuitv, rvhich is called relativistic physics, and

the older physics rvhich one calls classical, is comparable ts

that betrveen higher geodesr-. u'hich takes into account the

spherical shape of tire Earth and lon'er geodesy, u'hich neglects

the spherical shape. :

Higher gcodesy must start out from the relativity of the

concept of the vertical; relatir-istic physics must take into

account the relativity of the din-rensions of a bod,v and of tim,e

intervals betn'een trvo events. in contrast to classical physics

for whicir this relativity does not exist.

Just as higher geodesv is a development of lon'er geodesy

relativistic physics is a der-elopment and rvidening of classical

physics.

We can perform the transit-ion from the formulae olspherical

geometry--the geometry on dre surlace of a sphere-to the

lormulae of plani'metry-geometry on a plane, if rve assume

that the radius of the Earth is infiniteh. large. Th.en the Earth

is no longer takqri to be a sphere but an infinite plane, the "
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v.erilcal assumffi an aDsolure mea'run$, ang,the surrt.oftih6 atg'}e$,
of a triangle proves to be exactlt' trvo right angies

We can rnake a similar transition in relativistic physics b1r'
1a

assuming that the speed of light is infinitelv iarge, i..., that
light spre-,eds instantaneouslv

Indeed i{light spreads instantaneously then, as \\ie have seen,
the notion''of simultaneous events becomes absoiute. Time
intervals be tweep.Fvents and sizes of objects acquirc an ab-
solute meaning, 

.lvithout 
reference to the iaboratories from

which they are observed.

Therelore all classical -concepts can be preserved, providcd
oniy the speed of light is assumed to be infinite,

Holvever, any attempt to reconcile'the finite spccd of light
r,vith a retention of the old notions of space and timc puts us

in the str-rpid position of the person rvho knows that thi liartfi.
is a sphere but is certain that the vertical in his nativc r:ity is
the absolute verlical and rvho therefore is alraid of- tnrx:i.fi,g'

far from his home for fear of falling head over irecis into cnipty

space.
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