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Introduction

From early childhood onwards we grow accustomed to the sur-
rounding world as we perceive it through our five senses; in this
stage of mental development the fundamental notions of space,
time and motion are formed. Our mind soon becomes so accus-
tomed to these notions that later on we are inclined to believe that
our concept of the outside world based on them is the only possible
one, and any idea of changing them seems paradoxical to us. How-
ever, the development of exact physical methods of observation
and the profounder analysis of observed relations have brought
modern science to the definite conclusion that this ‘classical’
foundation fails completely when used for the detailed descrip-
tion of phenomena ordinarily inaccessible to our everyday obser-
vation, and that, for the correct and consistent description of our
new refined experience, some change in the fundamental concepts
of space, time, and motion is absolutely necessary.

The deviations between the common notions and those intro-
duced by modern physics are, however, negligibly small so far as
the experience of ordinary life is concerned. If, however, we
imagine other worlds, with the same physical laws as those of our
own world, but with different numerical values for the physical
constants determining the limits of applicability of the old con-
cepts, the new and correct concepts of space, time and motion, at
which modern science arrives only after very long and elaborate
investigations, would become a matter of common knowledge.
We may say that even a primitive savage in such a world would be
acquainted with the principles of relativity and quantum theory,
and would use them for his hunting purposes and everyday needs.

The hero of the present stories is transferred, in his dreams,
into several worlds of this type, where the phenomena, usually
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inaccessible to our ordinary senses, are so strongly exaggerated
that they could easily be observed as the events of ordinary life.
He was helped in his fantastic but scientifically correct dream by
an old professor of physics (whose daughter, Maud, he eventually
married) who explained to him in simple language the unusual
events which he observed in the world of relativity, cosmology,
quantum, atomic and nuclear structure, elementary particles, ete.

It is hoped that the unusual experiences of Mr Tompkins will
help the interested reader to form a clearer picture of the actual
physical world in which we are living.

xii

City Speed Limit

It was a bank holiday, and Mr Tompkins, the little clerk of a big
city bank, slept late and had a leisurely breakfast. Trying to plan
his day, he first thought about going to some afternoon movie
and, opening the morning paper, turned to the entertainment
page. But none of the films looked attractive to him. He detested
all this Hollywood stuff, with infinite romances between popular
stars.

K
WA gl

All this Hollywood stuff!

If only there were at least one film with some real adventure, with
something unusual and maybe even fantastic about it. But there
was none. Unexpectedly, his eye fell on a little notice in the
corner of the page. The local university was announcing a series
of lectures on the problems of modern physics, and this after-
noon’s lecture was to be about EINSTEIN’s Theory of Relativity.
Well, that might be something ! He had often heard the statement
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CITY SPEED LIMIT

that only a dozen people in the world really understood Einstein’s
theory. Maybe he could become the thirteenth! Surely he would
go to the lecture; it might be just what he needed.

He arrived at the big university auditorium after the lecture had
begun. The room was full of students, mostly young, listening
with keen attention to the tall, white-bearded man near the black-
board who was trying to explain to his audience the basic ideas of
the Theory of Relativity. But Mr Tompkins got only as far as
understanding that the whole point of iEinstein’s theory is that
there is a maximum velocity, the velocity of light, which cannot
be surpassed by any moving material body, and that this fact leads
to very strange and unusual consequences. The professor stated,
however, that as the velocity of light is 186,000 miles per second,
the relativity effects could hardly be observed for events of ordi-
nary life. But the nature of these unusual effects was really much
more difficult to understand, and it seemed to Mr Tompkins that
all this was contradictory to common sense. He was trying to
imagine the contraction of measuring rods and the odd behaviour
of clocks—effects which should be expected if they move with a
velocity close to that of light——when his head slowly dropped on
his shoulder.

When he opened his eyes again, he found himself sitting not
on a lecture room bench but on one of the benches installed by the

city for the convenience of passengers waiting forabus. It wasa .

beautiful old city with medieval college buildings lining the street.
He suspected that he must be dreaming but to his surprise there
was nothing unusual happening around him; even a policeman
standing on the opposite corner looked as policemen usually do.
The hands of the big clock on the tower down the street were
pointing to five o’clock and the streets were nearly empty.
A single cyclist was coming slowly down the street and, as he
approached, Mr Tompkins’s eyes opened wide with astonishment.
For the bicycle and the young man on it were unbelievably
shortened in the direction of the motion, as if seen through a

2

CITY SPEED LIMIT

cylindrical lens. The clock on the tower struck five, and the
cyclist, evidently in a hurry, stepped harder on the pedals.
Mr Tompkins did not notice that he gained much in speed, but, as
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Unbelievably shortened

the result of his effort, he shortened still more and went down the
street looking exactly like a picture cut out of cardboard. Then
Mr Tompkins felt very proud because he could understand what
was happening to the cyclist—it was simply the contraction of
moving bodies, about which he had just heard. * Evidently nature’s
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. CITY SPEED LIMIT
speed limit is lower here,” he concluded, ‘that is why the bobby on
the corner looks so lazy, he need not watch for speeders.” In fact,
a taxi moving along the street at the moment and making all the
noise in the world could not do much better than the cyclist, and
was just crawling along. Mr Tompkins decided to overtake the
cyclist, who looked a good sort of fellow, and ask him all about it.
Making sure that the policeman was looking the other way, he
borrowed somebody’s bicycle standing near the kerb and sped
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The city blocks became still shorter

down the street. He expected that he would be immediately
shortened, and was very happy aboutitas his increasing figure had
lately caused him some anxiety. To his great surprise, however
nothing happened to him or to his cycle. On the other hand, thé
picture around him completely changed. The streets grew shorter
the windows of the shops began to look like narrow slits, and tht;
policeman on the corner became the thinnest man he had ever
seen.

‘By Jove!” exclaimed Mr Tompkins excitedly, ‘T see the trick
now. This is where the word relasivizy comes in. Everything that
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moves relative to me looks shorter for me, whoever works the
pedals!” He was a good cyclist and was doing his best to overtake
the young man. But he found that it was not at all easy to get up
speed on this bicycle. Although he was working on the pedals as
hard as he possibly could, the increase in speed was almost negli-
gible. His legs already began to ache, but still he could not
manage to pass a lamp-post on the corner much faster than when
he had just started. It looked as if all his efforts to move faster
were leading to no result. He understood now very well why the
cyclist and the cab he had just met could not do any better, and he
remembered the words of the professor about the impossibility of
surpassing the limiting velocity of light. He noticed, however,
that the city blocks became still shorter and the cyclist riding
ahead of him did not now look so far away. He overtook the
cyclist at the second turning, and when they had been riding side
by side for a moment, was surprised to see the cyclist was actually
quite a normal, sporting-looking young man. Oh, that must be
because we do not move relative to each other,” he concluded;
and he addressed the young man.

‘Excuse me, sir!” he said, ‘ Don’t you find it inconvenient to live
in a city with such a slow speed limit?’

‘Speed limit?” returned the other in surprise, “we don’t have any
speed limit here. T can get anywhere as fast as I wish, or at least
I could if I had a motor-cycle instead of this nothing-to-be-done-
with old bike!’

‘But you were moving very slowly when you passed me a
moment ago,” said Mr Tompkins. ‘I noticed you particularly.’

‘Oh you did, did you?’ said the young man, evidently
offended. ‘I suppose you haven’t noticed that since you first
addressed me we have passed five blocks. Isn’t that fast enough
for you?’

‘But the streets became so short,” argued Mr Tompkins.

“What difference does it make anyway, whether we move faster
or whether the street becomes shorter? T have to go ten blocks to
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CITY SPEED LIMIT

get to the post office, and if I step harder on the pedals the blocks
become shorter and I get there quicker. In fact, here we are,’ said
the young man getting off his bike.

Mr Tompkins looked at the post office clock, which showed
half-past five. “Well!l” he remarked triumphantly, ‘it took you
halfan hour to go this ten blocks, anyhow—when I saw you first it
was exactly five!”

‘And did you norice this half hour?’ asked his companion.
Mr Tompkins had to agree that it had really seemed to him only a
few minutes. Moreover, looking at Kis wrist watch he saw it was
showing only five minutes past five. ‘Oh!” he said, ‘is the post
office clock fast?” *Of course it is, or your watch is too slow, just
because you have been going too fast. What’s the matter with you,
anyway? Did you fall down from the moon?’ and the young man
went into the post office.

After this conversation, Mr Tompkins realized how unfortunate
it was that the old professor was not at hand to explain all these
strange events to him. The young man was evidently a native, and
had been accustomed to this state of things even before he had
learned to walk. So Mr Tompkins was forced to explore this
strange world by himself. He put his watch right by the post
office clock, and to make sure that it went all right waited for ten
minutes. His watch did not lose. Continuing his journey down
the street he finally saw the railway station and decided to check
his watch again. To his surprise it was again quiteabitslow. ‘ Well,
this must be some relativity effect, t00,” concluded Mr Tompkins;
and decided 1o ask about it from somebody more intelligent than
the young cyclist.

The opportunity came very soon. A gentleman obviously in
his forties got out of the train and began to move towards the exit.
He was met by a very old lady, who, to Mr Tompkins’s great
surprise, addressed him as * dear Grandfather’. This was too much
for Mr Tompkins. Under the excuse of helping with the luggage,
he started a conversation.

CITY SPEED LIMIT

‘ Excuse me, if I am intruding into your family affairs,’ said he,
“but are you really the grandfather of this nice old lady? You see,
1 am a stranger here, and I never....” *Oh, I see,’ said the gentle-
man, smiling with his moustache. ‘I suppose you are taking me
for the Wandering Jew or something. But the thing is really quite
simple. My business requires me to travel quite a lot, and, as
1 spend most of my life in the train, I naturally grow old much
more slowly than my relatives living in the city. Iam so glad that
I came back in time to see my dear little grand-daughter still alive!
But excuse me, please, I have to attend to her in the taxi,” and he
hurried away leaving Mr Tompkins alone again with his prob-
lems. A couple of sandwiches from the station buffet somewhat
strengthened his mental ability, and he even went so far as to claim
that he had found the contradiction in the famous principle of
relativity.

“Yes, of course,” thought he, sipping his coffee, “if all were
relative, the traveller would appear to his relatives as a very old
man, and they would appear very old to him, although both sides
might in fact be fairly young. But what I am saying now is
definitely nonsense: One could not have relative grey hair!” So
he decided to make a last attempt to find out how things really
are, and turned to a solitary man in railway uniform sitting in the
buffet.

“Will you be so kind, sir,’ he began, ‘will you be good enough
to tell me who is responsible for the fact that the passengers in the
train grow old so much more slowly than the people staying at one
place?’

‘] am responsible for it,” said the man, very simply.

“Oh!” exclaimed Mr Tompkins. ‘So you have solved the prob-
lem of the Philosopher’s Stone of the ancient alchemists. You
should be quite a famous man in the medical world. Do you
occupy the chair of medicine here?’

“No,’ answered the man, being quite taken aback by this, ‘Tam
just a brakeman on this railway.’
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‘Brakeman! You mean a brakeman. . .,’ exclaimed Mr Tomp-
kins, losing all the ground under him. *You mean you—just put
the brakes on when the train comes to the station?’

“Yes, that’s what I do: and every time the train gets slowed
down, the passengers gain in their age relative to other people. Of
course,” he added modestly, ‘the engine driver who accelerates the
train also does his part in the job.’

‘But what has it to do with staying young?® asked Mr Tomp-
kins in great surprise.

"Well, I don’t know exactly,” said the brakeman, ‘but it is so.
When I asked a university professor travelling in my train once
how it comes about, he started a very long and incomprehensible,
speech about it, and finally said that it is something similar to
‘gravitation redshift—T think he called it—on the sun. Have you
heard anything about such things as redshifts?’

‘No-0,” said Mr Tompkins, a little doubtfully; and the brake-
man went away shaking his head.

Suddenly a heavy hand shook his shoulder, and Mr Tompkins
found himself sitting not in the station café but in the chair of the
auditorium in which he had been listening to the professor’s
lecture. The lights were dimmed and the room was empty. The
janitor who wakened him said: ‘We are closing up, Sir; if you
want to sleep, better go home.” Mr Tompkins got to his feet and
started toward the exit.

2.

The Professor’s Lecture on Relativity

which caused Mr Tompkins’s dream

Ladies and Gentlemen:
In a very primitive stage of development the human mind

formed definite notions of space and time as the frame in which
different events take place. These notions, without essential
changes, have been carried forward from generation to generation,
and, since the development of exact sciences, have been built into
the foundations of the mathematical description of the universe.
The great NEWTON perhaps gave the first clear-cut formulation
of the classical notions of space and time, writing in his Principia:

mtporn

‘ Absolute space, in its own nature, without relation to anything external,
remains always similar and immovable;” and * Absolute, true and mathema-
matical time, of itself, and from its own nature, flows equably without
relation to anything external.’ -

So strong was the belief in the absolute correctness of these
classical ideas about space and time that they have often been held
by philosophers as given a priori, and no scientist even thought
about the possibility of doubting them.

However, just at the start of the present century it became clear
that a number of results, obtained by most refined methods of
experimental physics, led to clear contradictions if interpreted in
the classical frame of space and time. This fact brought to one of
the greatest contemporary physicists, ALBERT EINSTEIN, the
revolutionary idea that there are hardly any reasons, except those
of tradition, for considering the classical notions concerning space
and time as absolutely true, and that they could and should be
changed to fit our new and more refined experience. In fact, since
the classical notions of space and time were formulated on the
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LECTURE ON RELATIVITY

basis of human experience in ordinary life, we need not be sur-
prised that the refined methods of observation of today, based on
highly developed experimental technique, indicate that these old
notions are too rough and inexact, and could have been used in
ordinary life and in the earlier stages of development of physics
only because their deviations from the correct notiong x}:fere
sufficiently small. Nor need we be surprised that the broadening of
the. field of exploration .of modern science should bring usg to
regions where these deviations become so very large that the
classical notions could not be used at all.

The most important experimental result which led to the
fundamental criticism of our dlassical notions was the discover of
rfze .facz: that the velocity of light in a vacuum represent;?;’zzwz?;:ﬁ er
limit for all possible physical velocities. Thiéwimp'grtan't ‘and fn—
expecfe’d conclusion resulted mainly from the experiments of the
A'mencan physicist, }}'VIGCZHF_I_‘__:S_O_N, who, at the end of last century,
tried to observe the effect of the motion of the earth on the veIocit};
of propagation of light and, to his great surprise and the surprise
of all the scientific world, found that no such eflect exists and that
the velocity of light in a vacuum comes out always exactly the
same independent of the system from which it is measured or the
motion of the source from which it is emitted. There is no need to
explain that such a result is extremely unusual and contradicts our
most fundamental concepts concerning motion. In fact, if some-
thing ‘is moving fast through space and you yourself mox’re 50 s to
meet it, the moving object will strike you with greater relative
velocity, equal to the sum of velocity of the object and the
observer. On the other hand, if you run away from it, it will hit

you from behind with smaller velocity, equal to the di}ference of
the two velocities.

Also, if you move, say in a car, to meet the sound propagating
th.rough the air, the velocity of the sound as measured in the car
will be larger by the amount of your driving speed, or it will be
correspondingly small if the sound is overtaking y(;u. We call it

j3e]

LECTURE ON RELATIVITY

the theorem of addition of velocities and it was always held to be

self-evident.
However, the most careful experiments have shown that, in the

case of light, it is no longer true, the velocity of light ifi & vacuum
Temaining always the same and equal to 300,000 km per second
(we usually denote it by the symbol ¢), independent of b
the observer himself is moving.

“Yes,” you will say, ‘but is it not possible to construct a super-
light velocity by adding several smaller velocities which can be
physically attaineds’

For example, we could consider a very fast-moving train, say,
with three quarters the velocity of light and a tramp running along
the roofs of the carriages also with three-quarters of the velocity of
light.

According to the theorem of addition the total velocity should
be one and a half times that of light, and the running tramp should
be able to overtake the beam of light from a signal lamp. The
truth, however, is that, since the constancy of the velocity of light
is an experimental fact, the resulting velocity in our case must be

smaller than we expect—it cannot surpass the critical value c; and
thus we come to the conclusion that, for smaller velocities also,
the classical theorem of addition must be wrong.

The mathematical treatment of the problem, into which I do not
want to enter here, leads to a very simple new formula for the
calculation of the resulting velocity of two superimposed motions.

If v, and v, are the two velocities to be added, the resulting

velocity comes out to be

V= ] . {(r)
T
-3
You see from this formula that if both original velocities were
small, T mean small as compared with the velocity of light, the
second term in the denominator of (1) can be neglected as com-
pared with unity and you have the classical theorem of addition of
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velocities. If, however, v, and v, are not small the result will be
always somewhat smaller than the arithmetical sum. For instance,
in the example of our tramp running along a train, v, = 3c and
vy = §¢, and our formula gives for the resulting velocity
V = %c, which is still smaller than the velocity of light.

In a particular case, when one of the original velocities is ¢,
formula (1) gives ¢ for the resulting velocity independent of what
the second velocity may be. Thus, by overlapping any number of
velocities, we can never surpass the velocity of light.

You might also be interested to know that this formula has
been proved experimentally and it was really found that the
resultant of two velocities is always somewhat smaller than their
arithmetical sum,

Recognizing the existence of the upper-limit velocity we can start
on the eriticism of the classical ideas of space and time, directing our
first blow against the notion of simultaneousness based upon them.

When you say, ‘The explosion in the mines near Capetown
happened at exactly the same moment as the ham and eggs were
being served in your London apartment,’” you think you know
what you mean. [ am going to show you, however, that you do
not, and that, strictly speaking, this statement has no exact mean-
ing. In fact, what method would you use to check whether two
events in two different places are simultaneous or not? You would
say that the clock at both places would show the same time; but
then the question arises how to set the distant clocks so that they

would show the same time simultaneously, and we are back at the
original question.

Since the independence of the velocity of light in a vacuum on
the motion of its source or the system in which it is measured is
one of the most exactly established experimental facts, the follow-
ing method of measuring the distances and setting the clock cor-
rectly on different observational stations should be recognized as
the most rational and, as you will agree after thinking more about
it, the only reasonable method.

I2
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A light signal is sent from the station 4, and as soon as it is
received at the station 2 it is returned back to 4. One-half of the
time, as read at station 4, between the sendir}g and ‘fhe return of
the signal, multiplied by the constant velocity of light, will be
defined as the distance between 4 and B. ‘

The clocks on stations .4 and B are said to be set correcily if at
the moment of arrival of the signal at B the local clock were
showing just the average of two times recordffd at .A at the
moments of sending and receiving the signal. Using this method

Two fong plarforms moving in opposite directions

between different observational stations established on a rigid
body we arrive finally at the desired frame of referen.ce, :flnd car;
answer questions concerning the simultaneousness or time interva
between two events in differen: places.

But will these results be recognized by observers on the other
systems? To answer this question, let us suppose that .su.ch frarfaes
of reference have been established on two different rigid bOdlE‘.S,
say on two long space rockets moving with a constant speed lﬁ
opposite directions, and let us now see how these two frames wi
check with one another. Suppose four observers are located on
the front- and the rear-ends of each rocket and want first of all to
set their clocks correctly. Each pair of observers can use on their

13
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rockets the modification of the above-mentioned method b
sending a light signal from the middle of the rocket (as measurezlr
by m‘easuring—stick) and setting zero point on their watches wh
the s1gnatl, coming from the middle of the rocket, arrives at eae;1
end of it. Thus, each pair of our observers flas establish Cd
-fzccorc.]mg to previous definition, the criterion of simultaneo o
in their own system and have set their watches correct] ’u;ness
their point of view, of course. y e
Now they decide to see whether the time readings on thei
rocket check with that on the other. For example, do tghe e hﬂr
of two observers on different rockets show the s,ame timwatch N
they are passing one another? This can be tested by the foi?o‘;rr' -
methc‘)d: In the geometrical middle of each rocket they install v
electrically charged conductors, in such a way thajt{v ;Sha tTlo
rocke.ts pass each other, a spark jumps between the c;ond ctors,
and light signals start simultaneously from the centre ";Ctor‘;?
p.latform towards its front and rear ends. By the time ﬂ;’ l?a;
signals, travelling with finite velocity, approach the obse S Igh t
rockets have changed their relative position and the obseI e 2.0
and 28 will be closer to the source of light than the ob o 1t
e observers 1.4
theIt C)1£s)scelrear tha; Wh-;n ;hefIight signal reaches the observer 2.4
ver 1.8 will be farthe i i i1l
take_ some additional time to re:c}l?ie}llllirrlnd.’ ;stlaift };;eSIgnathﬂfl"
:hi :-S:e? irli1 such a way as to show zero time,at the a‘:?al zf
: N
time.bna., the observer 2.4 will insist that it is behind the correct
In the sam
caion that he o oF 55, oy et o e e
oo 1 ‘ B, net the signal before him, is
ahead o time. Since, according to their definition of simultane
mess, their own watches are set correctly, the observers on 0;8"
A will agree that there is a difference between the watches rof? 1‘? t
observers on rocket B. We should not, however, forget thzt :‘_he
observers on rocket 5, for exactly the same reasor’ls, vfi;ll considei
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their own watches as set correctly but will claim that a difference
of setting exists between the watches on rocket A.

Since both rockets are quite equivalent, this quarrel between
the two groups of observers can be settled only by saying
that both groups are correct from their own point of view, but
that the question who is correct ‘absolutely’ has no physical
sense.

T am afraid T have made you quite tired by these long considera-
tions, but if you follow them carefully it will be clear to you that,
as soon as our method of space—time measurement is adopted, the
notion of absolute simultaneousness vanishes, and two events in dif-
ferent places considered as simultaneous from one system of reference
will be separated by a definite time interval from the point of view of
another system.

This proposition sounds at first extremely unusual, but does it
look unusual to you if I say that, having your dinner on a train,
you eat your soup and your dessert in the same point of the dining
car, but in widely separated points of the railway track? How-
ever, this statement about your dinner in the train can be formu-
lated by saying that rwo events happening ar different times at the
same point of one system of reference will be separated by a definite
space interval from the point of view of another system.

If you compare this ‘trivial’ proposition with the previous
‘ paradoxical’ one, you will see that they are absolutely symmetri-
cal and can be transformed into one another simply by exchanging

the words ‘time” and ‘space’.

O i R

Here is the whole point of Einstein’s view: whereas in classical '

physiés tifiie was considered a8 something quite independent of
space and motion ‘flowing equably without relation to anything
external’ (Newton), in the new physics space and time are closely
connected and represent just two different cross-sections of one
homogeneous ‘space~time continuum’, in which all observable
events take place. The splitting of this four-dimensional continuum
into three-dimensional space and one-dimensional time s purely

15
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arbitrary, and depends on the system from which the observations
are made.
leo events, separated in space by the distance /and in time by
the interval 7 as observed in one system, will be separated by an-
other distance /" and another timé interval ¢ as seen from anZther
system, so that, in a certain sense one can speak about the trans-
formation of space into time and vice versa. It is also not difficult
to see why the transformation of time into space, as in the exampl
of the dinner in a train, is quite a common notif;n for us Wherga:
tl.ie transformation of space into time, resulting in the rel;tivit of
simultaneousness, seems very unusual. The point is that ifywe
measure distances, say, in ‘centimetres’, the corresponding unit of
time should be not the conventional ‘second’ but a ‘ratiognal unit
o.f time’, represented by the interval of time necessary for a light
z;%zildt'o cover a distance of one centimetre, i.e. 0:000,000,000,03
The.refore, in the sphere of our ordinary experience the trans-
formation of space intervals into time intervals leads to results
p-ractically L'mobservable, which seems to support the classical
Z;}e;zg;l;;;&nme is something absolutely independent and un-
However, when investigating motions with very high velocities
as, .for example, the motion of electrons thrown out from radio’
active bodies or the motion of electrons inside an atom, where the:
distances covered in a certain interval of time are o} the same
order of magnitude as the time expressed in rational units, one
necessarily meets with both of the effects discussed above an’d the
thef)ry of relativity becomes of great importance. Even in the
region of comparatively small velocities, as, for example, the
motion of planets in our solar system, relativistic effectspcz:n be
observed owing to the extreme precision of astronomical measure-
ments; such observation of relativistic effects requires, however,
measurements of the changes of planetary motion amo:mtin to ’
fraction of an angular second per year. s
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As T have tried to explain to you, the criticism of the notions of
space and time leads to the conclusion that space intervals can be
partially converted into time intervals and the other way round;
which means that the numerical value of a given distance or period
of time will be different as measured from different moving
systemns.

A comparatively simple mathematical anal
into which I do not, however, want to enter in these lectures, leads
to a definite formula for the change of these values. It works out
that any object of length /, moving relative to the observer with
velocity v, will be shortened by an amount depending on its
velocity, and its measured length will be

T2
r-1fi-% @)

bserved from

ysis of this problem,

Analogously, any process taking time £ will be o
the relatively moving system as taking 2 longer time ¢, given by

, :
T = _:““_——:ﬁ
L

JI_? (3)

This is the famous ‘shortening of space” and ‘expanding of time’

in the theory of relativity.

Ordinarily, when v is very much less than ¢ the effects are very
small, but, for sufficiently large velocities, the lengths as observed
from a moving system may be made arbitrarily small and time
intervals arbitrarily long.

I do not want you to forget that both these effects are absolutely
symmetrical systems, and, whereas the passengers on a fast-
moving train will wonder why the people on the standing train are
so lean and move so slowly, the passengers on the standing train
will think the same about the people on the moving one.

Another important consequence of the existence of the maxi-
mum possible velocity pertains to the mass of moving bodies.
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Podyhdetem{mes the difficulty of setting it info motion or accelerat-
ing the motion already existing; the larger the mass, the more )

difficult it is to increase the velocity by a given amount

The fact that no body under any circurgstances can exceed the

\ welocity of light leads us di i
1 t;ance t); ; E 5 f:hrectly to the conclusion that its resis-
|/t urther acceleration or, in other words, its mass, must

I' A .
/ !;ilxght. NIa.ther?lat1cal analysis leads to a formula for this depen-
l; ence, which is analogous to the formulae (2) and (3). 1f m,is the
{/ mass for very small velocities, the mass 2 at the vel y

by

ocity v is given

g

s/I"‘;zz - @

and the resistance ro f i
urther acceleration b infini
ecomes infinit
approaches ¢, when

M o=

This effect of the relativistic change of mass can be easily ob
served experimentally on very fast-moving particles Y; .
exampl'e, the mass of electrons emitted by radioactixpfe bodie‘s ( '0;
a velocity of 99 9, of that of light) is several times larcer tha n
state of rest and the masses of electrons forming so~c§lled cc?sz:ia
rays arfd moving often with 99:989/, of the velocity of light ar:
1000 times larger. For such velocities the classical mechanics

becomes absolutely i ;
y inapplicable and we ) 4
the pure theory of celativity. enter into the domain of
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increase without limit when its velocity approaches the velocity of

My Tompkins takes a holiday

Mr Tompkins was very amused about his adventures in the
relativistic city, but was sorry that the professor had not been with
him to give any explanation of the strange things he had observed:
the mystery of how the railway brakeman had been able to pre-
vent the passéngers from getting old worried him especially.
Many a night he went to bed with the hope that he would see this
interesting city again, but the dreams were rare and mostly un-
pleasant; last time it was the manager of the bank who was firing
him for the uncertainty he introduced into the bank accounts. ..
so now he decided that he had betier take a holiday, and go for a
week somewhere to the sea. Thus he found himself sitting in a
compartment of a train and watching through the window the
grey roofs of the city suburb gradually giving place to the green
meadows of the countryside. He picked up a newspaper and tried
to interest himself in the Vietnam conflict. But it all seemed to be
so dull, and the railway carriage rocked him pleasantly. . ..
When he lowered the paper and looked out of the window
again the landscape had changed considerably. The telegraph
poles were so close to each other that they looked like a hedge,
and the trees had extremely narrow crowns and were like Italian
cypresses. Opposite to him sat his old friend the professor, look-
ing through the window with great interest. He had probably
got in while Mr Tompkins was busy with his newspaper.
“Wearein the land of relativity,’ said Mr Tompkins, ‘aren’t we?”
‘Oh!” exclaimed the professor, ‘you know so much already!
Where did you learn it from?’
* have already been here once, but did not have the pleasure of

your company then.’
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