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The Renaissance that came to replace the somber Medieval cen-
gciences. This

turies brought outstanding discoveries in natural
was the time when Nicolaus Copernicus (1473-1543) developed his
h was to produce a dramatic transformation in peo-

theory whic
ple's view of the world. First of all, this new concept eliminated

the impenetrable barrier between the terrestrial and the celestial.

Before, everything celestial was a symbol of perfection, of eternity,

and of ideals. Heavenly bodies were ideal, as was their uniform
This perfection was in opposition

motion along circular orbits.
tion.

with the rough terrestrial matter and its chaotic jirregular mo

Copernicus’ model showed the Earth to be an ordinary planet which

revolves, just as other planets, around the Sun.

Nicolaus Copernicus became a canon of a Catholic church in
Frauenberg [Frombork], a small town on the banks of the Vistula
in Poland, in 1510. In quiet solitude, he worked on his astron-
omy. In fact, he spent his free hours on other things as well. He
fee. A new monetary system was introduced

treated patients for no
He designed and constructed a

in Poland following his proposal.
hydraulic machine to supply water 10 households.

Copernicus was very careful about publishing his results; he
clearly recognized the contradiction with the church's teaching of
the singular position of the Earth and man in the Universe. His trea-
tise, On the Revolution of Celestial Sphetes, dedicated to Pope Paul
111 (this was agreed upon with the Holy See) was printedin 1 543, not
1long before Copernicus‘ death. In fact, Copernicus had formulated

his main conclusions long before the publication. He wrote in his

work ‘Smaller Commentary’, dated approxlmately 1515:

All the motions we observe as those of the Sun do not
belong to it but 10 the Sun and our sphere 10 gether with
which we revolve around the Sun, as any other planet does;
the Earth thus executes several motions. The apparent direct
and reverse motions of planets are not theirs but of the
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Earth. T i
e :&::‘f;fore, this one motion of the Earth is sufficient to
ge number of irregularities observed in the sky

Inourd i ite diffi
i hj;tl); it is quite difficult to imagine to what degree a m
1 ad an'
s ‘iahad zo be non-trivial to dare to claim at that timz
s not stationary. The poi
. : : point here lies not only i
- greement with ecclesiastical dogmas. Indeed Aristotlnly ot
s reigned in science, stati : ’ v
, stating that force i
- : : s constantly requi
o bn any motion (science did not yet know anytlrin } lz:rea
ion i g
o yt Ii;lertia). It was assumed, as a result, that if thge Ea?'t:
oy S,t bs ;vlould affect terrestrial phenomena: the air would
h : : : ou
Ry dmyl; : ; nd, thus creating hurricanes on the rotating Earth;
- ‘soul;)f; a tower would not fall to its foundation since’
y away from under it
This shows that C R
opernicus had to
e ] argue mostly agai
= oltlehan misunderstanding of motion which wa: rgam;t e
e : : ooted i
i Wr(:] of cel"lturles before him. There was another reason ::rlha
i g notions were so difficult to overcome. Namely, peo IY
knoWkdg:t ler observations or experiments were needed tc,)lf)bt:ie
about nature: it would b i i
: e sufficient t i
s o o think h
: in by logical inference for the truth to be established fit
sing a i i e
ey i stronomical observations, Copernicus had not onl
ew m .l
e c‘;de] of the Solar System but was in fact the ﬁzst to
e dogmas of Aristotelian physics. He understood th,
3 at

everything on the Earth movi
rth moving by inerti
would on the Earth at rest: ¥ INEEHRrIHBt hecur exactly a5 It

Why n i
swyan:;ttz;\]ses;gn utlt'l; appearance of the daily rotation to the
eality of it to the Earth? I
o ; ndeed, when a shi]
- 1:; l(;1:11@: water, everything outside the ship appealzs
g en as if moving in accordance with the motion
it p, while they and everything with them on board
appear to be non-moving. T
et g. The same can
oubtedly take place on the moving Earth and one may
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conclude that the whole Universe i8 rotating. What should
we say then about the clouds and everything else which
somehow hovers, descends or ascends in the air? Only that

not only the dry land moves (0 gether with the water spaces
part of the air

connected to it but also with a considerable
and everything which is in some way connected with the

Earth...
... For this reason, the air contiguous to the Earth and all
provided it

things hovering in it must appear as quiet to us,
i not driven now in one direction and then in another, as

often happens, by winds or by any other external force.

rizes the relativity of motion and

This passage clearly characte
tia, whose final formulation was

the properties of motion by iner
given by Galileo a century later.

It is quite likely that any person who first learns the laws of
anics in childhood or youth, has to make a considerable con-

mech
scious effortto digest the notion that an object dropped from some
ne's feet exactly

height in a moving windowless carriage falls to 0
as it does in a stationary one. In our time, with its frequent travel
by train, car or airplane, one gets used to this from childhood. I dis-

tinctly remember, nevertheless, my amazement at the age of tenin
pe. 1 watched a

a truck that was running fast in the Kherson step
ball falling from my hand, again and again, exactly to a point on
the floor right below, even though the speed of the truck was huge
- by the standards of my childhood. 1 imagined that the floor of the
truck would rush away from under the ball. 1t was not easy to com-
prehend that the ball released from my hand continued to move by
inertia along with the truck and retained the same velocity that it
had in my fist, the velocity of my body and of the truck, beforel let

it go.
At the beginning, Copernicus’ teaching did not

worry for the Catholic Church. The impact was p
d to On the Revolution of Celestial Spheres,

cause any special
artly cushioned

by the unsigned forewor
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written by an anon
ymous theologian. I i
only aimed at offeri . It claimed that the auth
ng a method of math i or
observed : ematical calculation of
demmﬁnepz);itxons of heavenly bodies and in no way attempt dt -
o5 may be w: actual motion of these bodies. It said: ‘His hsl/)pae)thto
() . . =
et ng, may even be improbable, as long as th )
ulations that fit our observations.’ s they lead to
However, at the beginni :
! eginning of the 17th
theory began ) century when Copernicus’
" th;/ Chi;htot;pread in Europe as actual rejection of tth: niagrc;1 ss
, the treatise was placed i N
Writings’ ; ed into the ‘Index
I 1n;;7,1.°; where it stayed for more than two centurie B
n this period, Galile o % 5.
' o Galilei (1564-1
understandi 642) developed a
" foundalt[?g of pfhysics, and formulated the first truly substz?xft"V
ions of the science of tim i x
; e, which :
developed in the work of Isaac Newton were later beautifully
Galileo made a ' ’
the reader undo bgrEﬂt many important discoveries in science that
e b ubtedly knows about. However, the most import
s his novel approach to l rtant
natural scie i ;
to study natu nces, his belief th
- alind ;Zone has first of all to set up carefully ‘ihought-c)at
3 hypm}; ‘ e .world around us can only be understood by t N
Here h esis in experiments, by ‘asking questions of NY o
e parted ; of Nature'.
e R :a;'s sharply with Aristotle, who assumed that the
believed that sun E;Stood by purely logical reasoning. Galileo als
perficial observations i ?
; not accom i
ouihkanalyms of data can lead to wrong COnc]uSiDEanled by thor-
aken to i S
B o fttlt:lerl,:.thls was the beginning of the modern method of
- e. Einstein said that ‘the science relating the th
5 mp riment was actually born in Galileo's work’ i
alileo's di foe : e
e that slslclogenes in physics were based on numerous experi
e had conducted. Especially i ert
; . Especially import .
theE discovery of inertia and inertial mf::ticmp R R s
vervda . &
i liadYCst'ervanons on the motion of bodies for man
nvinced people that unless the motion is sust;/i;ez-
ed,
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for example by pushing a rolling ball, the body will stop. Aristotle
e observations in the following form: A moving

body will cease to move if the force pushing it ceases to act on
the body.! We know now that the rolling ball stops not because no

force keeps pushing it but because itis slowed down by the force of

friction connected with surface roughness and air resistance. 1f the

dually smoother and flatter and air is removed,

surface is made gra
the ball will roll farther and farther. In the limit, it may not stop at

all. This was Galileo's conclusion: ‘... horizontal motion is eternal
since if it is uniform, then nothing weakens it, or slows it down, or

destroys.’

The law of motion by inertia discovered by
of the principle of mechanical relativity. This principle states, for
ship is at rest or sails at

summarized thes

Galileo is the basis

example, that regardless of whether a
a uniform speed on smooth sea, all processes in a cabin proceed
identically. One can walk, one can drop objects, flies can fly freely
throughout the air, and the motion of the ship has nothing to do
with this. Here are the words of galviati, one of the protagonists in
Galileo's book Dialogue Concerning the Two Chief World Systems -

Ptolemaic and Copernicart.

Lock yourself with a friend in the stateroom under the deck
of a large ship, having brought with you flies, butterflies and
other small flying animals. Take with you a large fish tank
with fish swimming in it. Suspend a bottle from which water
drips, drop by drop, into a wide vessel underneath. As long
as your ship does not mMove, watch carefully how the insects
fly through the room at the same velacities in all directions.
Fish swim randomly, without preference to any direction.
Drops fall into the vessel under the bottle. If you throw
anything to your friend, your effort will be the same no
matter in what direction you threw it, provided the
distances are identical. If you jump pushing with two feet at

the same time, you cover the same distance in any direction.

18
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gg::ii ;:i:;‘;;iuiliy observed all this (even though you never
order the crew t‘;:l:tdtli:: se;l?::tilr:’xgkfithis AT
otion at an

;l;a; rtll;:e hz:ugress OF the ship is uniform and :oi:i.iﬁ::dso
i yogl; ’:’vou will nof discover any changes in the

e o I:'rc'cere watching and will be unable to identify by
e JumpEdes.ses w.hether the ship is moving or not.
s m‘;ay(cnlu will cover the same distance as before
e rds the bow will not be shorter than that ‘
ety wrn. e?ren tho}lgh the ship was moving under
T ere in the air, and in the latter case in the
will not need toc;;.e':cll :1;:;?; D'éiec‘ tfo ot Monte g
et effort if your friend is

e T b e i B G e
e A out deviating towar:
wmets;;r(l), I:a:?;ltg(:rugh the shiP moves forward several f:zt
i olugh the air. Fish continue swimming in‘
e eAeE RS e S s
o - . ce it. Finally, flies an
an;t:;flli:;zi f;jly;:;lghin all directions without preferenile.
=5 s . them clustering at the stern, as if gettin

ep up with the progress of the ship from which ’

they were separated, b
, being sus
considerable time. RS

T
latiohin: v;;)lztcll:rf;:l:ly .expressive description is one of the first formu-
- ngt c1lple of rel‘ativity of motion. Note that Galileo's
jgs: = o cl)ix; y collections of gems of human thought but
. eglit :rary wo'rk. Schoolchildren in Italy study them

e rars.f henta.ge of their country.
o it;x;eru.nents -mside the stateroom can determine
e ovmg. or is at rest. I have said already that in
A c.':_u', tFam.and air travel, we became used to this
e ey LIt is Tnsmxctwely clear to us that a statement ‘the

is meaningless unless we specify that it is at rest with
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respect to another object. The cup may not be moving with respect
to us in a flying plane but may move together with us at a high
speed with respect to the Earth. We can saunter leisurely through
the aisle of an airplane while traveling at a great speed relative
to the Earth. As for any motion, the rest state of a body and its
velocity are relative; these terms are all meaningful only when we
indicate the ‘laboratory’ with respect o which these notions are

being used.
This discovery by Galileo Galilei - namely, that everything pro-
ceeds identically, regardless of the uniform motion of the ‘labora-

tory' in which the observations are made -wasa scientific argument

against the belief that the Earth is at restin the Universe. Following
Copernicus, Galileo stated: ‘Letus choose for the foundation of our

cognition the concept that whatever be the motion of the Earth, the

inhabitants of the Earth do not notice it as long as the judgments

are based on things terrestrial.’
Galileo firmly pelieved that Copernicus’ teaching was true and

became its passionate propagandist. Galileo's discoveries in

physics and astronomy made him the most famous gcientist in

Furope. At an early stage, the Catholic Church made cautious

attempts to cajole Galileo to change to the point of view that Coper-

nicus' model was only a hypothesis convenient for calculations (as

Osiander claimed in his foreword to Copernicus’ treatise). Cardinal
Bellormino wrote t0 Father Facarini, who sided with the Copernican

picture of the world:

it seems to me that you and Seignior Galileo would make
a wise and careful move if You chose to be gatisfied with
suppositione statements and not insist on absolute ones;
Copernicus’ words, and as 1 always believed, his thoughts
agreed with this position. Indeed, when one claims that all
the phenomena observed are saved better when assuming
the Earth to be moving and the Sun to be at rest than by
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ostul i
?Ormu laﬂl{l:g epicycles and epicenters, this claim is very well
e and not 1:"raught with any pitfalls; and this is all
rathe ics needs; if, however, someone begins to talk of
mtatinn as actua%ly being at the center of the world, onl °
g iar(;und itself but not journeying from east' to x:e t
he Earth as placed on the thi -
. . e third heavenly sph
i, ltlfii;lg the th.!rd closest to the Sun) and moving :t 11131 1Ere
thm; revglwrlg around the Sun, this is a very dangeEc::: .
, and not only because it irri
= 10t itates all philosoph
Fa_etc;:ogy scientists, but also because it harms thel:;'kflrs Fe
i .
, since it implies that the Holy Scriptures are 1yin’;

the I‘Eality CaUSEd Ga i €0 s h.“ y ‘;a
111 i . 1‘ i

Profi
regut;_;:orslc:f theology should not claim the right to
e with their decrees such i
i professions that do
wie Ller Iheir authority, because you cannot impose onmt =
s ral scientist an opinion about natural phenomen:

i it
mn};:g;h the new outlook not to sow confusion in the
- prfople but enlighten them; not to destroy science
ik give it a sound foundation. Our opponents, howe

. : 1 ve
e prlylfitll:;'lg that they cannot disprove a lie and a heres:/'
ines make themselv i .
- e es a shield out of their
eligious ardor and dish
s : shonor the Holy
endp ufres by u51.ng them as a tool for pursuing their own
own. .ir.ltetlal prtetscrlhe to astronomy professors to use their
ect to seek protection agai i
g : gainst their own
dec:r\;.auons and conclusions, as if these were mere
1mpo];:s Sl::{)r; and sophisms, would be a demand more than
e to meet; it would be
: the same a i
ke b s ordering the
it tott:J see what they see, not to understand whit is "
RSeae em, and draw from their studies the conclusions
ust the opposite of what is obvious for them
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contem-
Ginzburg added that these words sound as if written by a

ary.
po:t gleft for me to emphasize that -
oratory’ is unnoticeable to people and objects gt
instance, if a car accelerates abruptly, or m B

- mS1 it very distinctly. Only uniform motion along a strals i
:\;ej:mlticeable. Such motion of a qaboratory' or a b?dlslfs;;clzf an:g
i ia, without any forces acting, OT when all the D e
F‘ert 3 ' forces, and those forcing a body off the rec:u inea

-r eststing Dtl };alance one another out; such motion 18 kl.lm:\’n as
i d the “laboratories’ as ‘ipertial laboratories.

inertial motion an g
- "laboratory’ found in nature can only be m. :
i oximation. A ship going

of appr

i a greater or smaller degree : ‘ o

MHEE E; and down on gentle waves is obviously not ;n o

. . el
?hg i H boratory'. This rocking of the ship is detectable. HO

e : ons and the smoother the turns, the closer

al :
e smaller the accelera ; e
ttlllm “laboratory’ is to an inertial one. The Earth's surfactam:e -
s
approximate inertial laboratory. We know, for in: ;
- n around its axis.

i tio .
it undergoes a circular mo e i
: Specially designed experiments can and do detec

at least heard of, the Foucault pen-
rejld:; n;;t 22:1:1’:3;3: :'h(:;w object (ball) suspend‘ed ini:tl :fjgs
cotnged i o 109 08 W0t EELTC
i ich i
ot t:fe ;1: r]l;:xrlzxf(l)l;ether with the building, per.form? i;s
F;l'-le S‘;ffact:tion and we discover that the direction of swing ; :l (;3
i dl;ally changes with respect to the walls of the ‘u )
B o riments were first set up many years after Galileo Z
i{ilg. S‘ll;hl ;}';Iieby the French scientist G. Foucault, who suspende
time, i

nthéon.
one in the dome of the Pa e Lowledge was clear-

not all movement of the ‘lab-
inside it, far from it.
p turn,
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mas, with very profound difficulties that nature always erects for

humans in search of truth, and finally, with social conflicts involv-

ing the interests of numerous groups of people,

Some time after the notorious trial in 1633 which made Galileo
‘Inquisition’s captive’, he published Discussions and Mathematical
Proofs Concerning Two New Sciences.... In this book which pre-
sented the foundations of dynamics he wrote: ‘This treatise only
opens the door to these two new sciences so rich in applications;
they will in the future be expanded immeasurably by inquiring
minds... one of the sciences concerns an eternal subject, one of
a paramount significance in nature.’

A year after Galileo died, another genius was born: Isaac Newton
(1642-1727). His work completed the creation of classical physics
and also of the first physical theory of time (in the sense acceptable
to us).

In contrast to the lives of philosophers of antiquity, we know
Newton's life rather well. At first glance, it was strikingly meager
in events. Beginning his story of Isaac Newton, Boris Kuznetsov
remarked: ‘There was no family, no voyages, there were no major
changes in his way of life, almost no friends, almost non-existent
social activity. To a superficial view, this list is in stark contrast
with an unbelievable intensity of the creative path of this thinker,
with true tragedies in the cognitive process. Actually, the two sides
are in profound harmony.’

Newton was born in the village of Woolsthorpe in Lincolnshire,
England, in the family of a yeoman farmer. His father died sev-
eral months before the son was born. The boy attended the King’s
School in the small town of Grantham not far from Woolsthorpe
and entered Cambridge University at the age of nineteen. Even
at this age he was punctilious, inclined to systematization and
order. He began as a poor student of Trinity College, one of the
most famous in England, graduated in three years and soon devel-
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oped into 8 thinker of exceptional genius. In 1669 he became the

Lucasian professor of Mathematics. The Henry Lucas Chair of Math-

ablished in 1663 on the donation of Henry Lucas

ematics was est
and still remains one of the most famous and respected chairs of

theoretical physics in the world.

within the very short period of 1665-1667, while staying in his
native Woolsthorpe, Newton formulated the basic physical ideas
that gave a new impetus to the progress of physics; he published

them much later.
During this period, a plague epidemnic was raging in England.

Newton left Cambridge, where he had just obtained his BA degree,
moved back 0 Woolsthorpe and there spent about eighteen

months. He was working hard, trying 10 jmprove the precision

of glass polishing, designing physical instruments and conduct-

ing chemical experiments. At the same time, he was thinking with
great intensity about the main problems of physics, astronomy
and mathematics. The results of his work werée truly fantastic and

1ation. Still staying in the village, he for-

deserve being called a reve
mulated the fundamental 1aws of physics and created the theory

of gravitation. According to this theory, the weight which forces a
body to fall down onto the ground is identical to the force which
sustains cosmic bodies in their orbits; the magnitude of this force

decreases in proportion 10 the inverse square of distance.

Nearing the end of his life, he recalled that he had poticed an

apple falling off a branch, which set him thinking about the causes

behind the fall of bodies towards the ground. The answer seemed
f a hody. But what is the

to be well known to anyone: the weight 0
weight? Newton concluded that the weight is the force of attraction
to the Earth. The same force must extend further away from the

Earth, holding the Moon on its orbit and not allowing it to fly away

by inertia into cosmic space.

Newton published the exact formulation of the universal 1a¥ of
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gravitation much later, in his f
il 2 amous treatise Philoso,
ke (I;:] e;al’:!tatgixanca (1687), often referred to ;hzioffm_
i tho;.lgh hton was always very slow in publishin l:s
it h: It:.ras definitely not indifferent to priiri N
B e esitate? It is likely that the main l‘easoty
B e e i attitude to gaining knowledge, his con )
iy a result can be recognized as the establisct‘::c:
If we can briefly describe hi itude
B - is attitude in this respe
e wm:tlal t;;t:cl giiz l1;1 the knowledge of natuie,C :r;ttoc :I;i:
- : ! supported by experime
e requirzmzz(;;ﬂ:;:tby'loglc and mathematics. Thesrelt:i: iiaa:illd
As many other greatsicc;;:; et;mslfor - y
i eus; e theory of gravitation had i
< attractiz?z(:;v Giovanni Borelli concluded that ?:elsz l::e'
P o e s een all bodies in the Universe; also, he co?ls
I il ] lrevolve around the Sun, its attracrtion bald
o gal fforces that were discovered by Huygen ,
. t‘()[‘r:el'yfo Newt.on, Robert Hooke, came to the co ;
. Squarod z:lt'tracnon between bodies is inversely n
T ed distance separating the bodies. We belipm‘
e was Isaac Newton who created the theorsv;
We do give the highest re
e gard to the vision of other r
e Qie :les eN;;:’::m as the true discoverer. Wh:?se;;ccrt‘f::
- ° ° £°v¢ : tphr(mf of his constructs. From abstract
e — e step .to mathematical calculations
o and to the interpretation of astronomicai
That w. inni
e :s iliilb;glnmng of the new physics.
scuss how Newton first formulated the most
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of this book. 1 wish to remark at this juncture that the discovery
ry important not only for

of the law of universal gravitation was ve

the development of celestial mechanics {(describing the forces that

control the motion of all celestial bodies in the Universe) but also

for understanding what sort of phenomenon time is. In fact, this

became clear aftera considerable period of time - about three hun-

dred years later, in this century, when it was proved that gravitation
n return to the

affects the rate of flow of time. However, let us agai

17th century-.
While staying in Woolsthorpe in 1665-1667, Isaac Newton was
oblems of gravitation; he also worked in

not only occupied by the pr
mechanics, optics and mathematics, jn which he made fundamental

discoveries.
In the post-Woolsthorpe period, until the 1680s, he was mostly

interested in optics and also in chemical experiments. In the mid-

1680s he wrote and published the main accomplishment of his life:

the famous Principia. This treatise summarized the fruits of think-
Its of the subsequent

ing in his woolsthorpe period and the resu

development of the ideas conceived at that time.

About two decades separated the time of obtaining the main
e of their publication! 1 have mentioned already

results and the tim
that Newton was never in a hurry t© publish, always striving for the

clusions and to their logical impec

maximum accuracy of all con
cability. The following events happened 0 provide a stimulus to

writing the Principia.
Some time at the beginning of the 1680s, three well-known sci-

don café and were eagerly discussing

entists got together in a Lon
Sun: Edmund

the problems of the motion of planets around the
Halley, Robert Hooke and Christopher Wren. By that time it was
already known that, as established by Kepler's 1aws, the planets
follow elliptical orbits. The problem that attracted the three sci-
entists was whether it is possible to prove, under the assumption
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that the Sun's gravitational
the squared di pultdecreases fiverss '
elliptical. The;!sf:lailzlcflct)(t) :;E planet, that the orbits mszi?r?;::; lgo
O ow the solution of this problem. Wr :
40 shillings - to the S:t up a symibolc prize - a ook at a pric of
iGambridgain 153p4 Ff;m coming up with the solution. On a vig
Bl o i NEwt,o alley described to Newton their café di S
B itsometied ndremarked that he had known the soluti 5-
—— n:szt }‘:I?fter this Halley succeeded in conviz:
was how the Principia w te a book presenting the proof. This
B 515 i xperse, A5 as born, edited and published by Halle
ton's secretary - in(.:i g we kno‘j” from the reminiscences of New)i
B of cocation of tll:tally_, his namesake - Newton's life in th
- e Principia was exceptionally intense He
almost never entertai ' EEVFI-‘ rode a horse, never played sklt;l )
o opend no‘a visitors, slept at most five hours a des.
o tasi little time taking meals as possible, He ‘: Vs
were 50 boring that : lectures took very little of his time si;lc N
I recall now how Istirl:;egs did not attend them. Rilugy
B oW of do pressed by stories declaring wi
_— mu;st ;?;:fsuccess‘in any field of activity if :LT;::;:
since that time, I have zl(.:apamty E'lf the person for hard work. Eve
numerous confirmatio md} y believed in this maxim, have foun;
B retinde my Smgs of it in the experience of my friends, and
o ole. T :nts and colleagues that everyone neells t
o erton .(or work well is to work hard’ - I believe thjo
After the publicatio anmhe‘r B oy o
B change. He kl; of Prm.cipia, Newton's way of life began
en;e but other fields weitazzrl;ii iﬂ.tensely and fruitfully in sci-
political . ming important. His soci
anecduteT;::t:;Z serlo'usly occupied him. The m;rlzlfvigz;ai "
made a single spe WLGTI s life is that, as a Member of Parlimnepread
ech, requesting to close a window which c::r,:;

27



SCIENCE OF TIME 15 BORN

a draught. The message seems to be that Newton was completely
absorbed by his research and neglected all other facets of life. This
is not very likely. I am inclined to think that he was quite serious
about the non-scientific side of life.

Until the end of his life (he lived to be 84) Newton changed very
little. He was rather short, somewhat stocky, usually withdrawn and
reserved; his appearance was quite ordinary, very much that of a
typical Englishman. True, he was far from easy to get along with.

Another side to Newton's personality must be mentioned. He was
very religious. In my country - the former Soviet Union - it was a
rule to tacitly turil ablind eye to this fact, especially in books for the
young, or at least mention itin passing, as something unimportant.
Presumnably, exposing it seemed to harm the ‘atheistic propaganda',
even though suppressing or distorting some traits of the person-
ality of a great man seems to me a far greater evil that cannot he
justified by any swell-meant’ intentions.

Yes, Isaac Newton believed in God. This was not unusual for his
time. For long decades of unlimited supremacy of communist ide-
ology, this did seem strange both to myself and to most of my peers
in the USSR. The systerm treated religious belief as not only inad-
visable and a social risk but, according to the official standpoint,
indicated a certain flaw of the intellect.

A reader in the West may regard this attitude to religion in the
former USSR as more than peculiar. This was definitely not the
strangest thing we find in the history of my country in this cen-
tury. The attitude to religion is just another example of deliberate,
merciless and unqualified warping of souls in the soul-numbing
holshevik epoch. A Western reader will definitely see nothing sur-
prising in Newton's religious beliefs. 1 know a number of outstand-
ing physicists in the West who are also believers; however, this is
a topic for a discussion elsewhere. 1 only wish to mention in this
context Einstein's point of view, whose attitude appears to be fairly
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low from the observation of the motion of the bodies that surround
us on the Earth, from observing the motion of giant heavenly bod-
fes and from numerous physical experiments. It is because New-
tonian physics generalized the entire experience of science with
the motion of objects, and because this accumulated experience is
mastered by us when we read school textbooks, that we tend to
regard the Newtonian concepts of space and time as ‘innate’ to us.

One should not forget that any experiment is limited in scale,
duration etc. In Newton's time, as well as much later, all exper-
iments and all observations involved bodies which, judging by
today’s knowledge, move rather slowly. Gravitational fields known
in Newton’s time must be characterized from our standpoint as
weak; finally, the energy of processes known then must also be
classified as low in comparison with those that physics deals with
in our time. In this framework, everything that Newton said about
space and time holds and the motion of matter indeed leaves time
and space unaffected. We shall see, however, that this ‘indifference’
of space and time to what happens inside them takes place only
while the above constraints are satisfied.

However, this is a subject for later discussions. For the moment,
I wish to stress that Newton's theory gave no reason for raising a
question about any special properties or structure of time, Time is a
uniform ‘river’ without beginning or end, without ‘source’ or ‘sink’,
and all events are ‘carried’ by the river's flow. Time had no other
properties but the property of always being of the same duration.
The ‘absolute time' is identical throughout the Universe.

In Newton's picture of the world, the meaning of the words ‘now’,
‘before’ and ‘after’ is quite clear for any events in the Universe,
whether these events occurred at the same point in space or were
separated by hundreds of millions of kilometers. If everything is
clocked using the same absolute time, then everyone understands,
say, the phrase ‘A supernova has exploded at this moment in a

31



SCIENCE OF TIME 15 BORN

a axy the 11 n, l m conste 1 tion E\ien. tll()u h th] alﬂxy 15
g

his
i imately reaches us, t
i after when it ultima !
s e jmagining that the explosion

understanding does not stop us fror:llt R b e e
: ' at this mome
did take place ‘now, @

it i t is common
’ lute coincidence in time and the time tha _
e cording to the Newto

i C
for the entire Universe aré posslbliz1 becax;s; :.:m e other
jgnals which trave :
ian theory there are signa avelt : -
r?lan Tythat is. they propagate at infinite velocity. Gra o
g ; gnals. If the mutual positions of gravitating

uch si
g forces between these masses change

masses change, gravitatmnal

T . A PP s
1 ]

i his situation,
to ‘be informed’ of this event at any great dlstanlie. In ; gravuaﬁ{mal
Even thoug
' ' is impeccably clear.
the notion of ‘now 18

T W

i 1d be regarded as, sO
i o measure, this cou
e el Such technical obstacles cannot

ur technical problem. : acles canio.
tc(:xrjf;a:;eopossibﬂity of instantlyfdeti::;imng - in principle - t
mas'ses o Sm’:;:iizzzzwmljii;eﬂ: :1arity and simplici‘ty of New-
Ems@n wasf the world, and called Newton's time the happy
o p“:t““; y jence’. He wrote that for Newton, Nature was as an
e i hsi he re.ad without effort. The concepts that Newtort
e fa his data seem to follow naturally from huma:ll e:gaf:
o derful experiments that Newton described In
e el nged in careful order as precious toys..
e did have a slight ‘cloud’ which obvi-
that no mechanical exper-
tion or at rest in this

numerous details and ar
In fact, this sunny picture :
ously troubled Newton. The point was

iment could detect whether a body is in MmO

in a cabin
that all processes i
deed, we remember
emply space. Ini

32

SCIENCE OF TIME 15 BORN

of a ship occur identically whether the ship is stationary or mov-

ing. Isn't it really strange that absolute space is there but a linear

motion with respect to it can not be measured? This is a flagrant

‘ugly’, or un-aesthetic facet of the theory.

As our story unfolds, it will be clear that attempts to chase away
this ‘ugly’ cloud finally led to fundamental discoveries in physics a
few centuries later.

It should be mentioned that Newton's views on space and time
were not the only ones held in Newton's time. Of special interest
are the beliefs of the famous German philosopher Gottfried Wil-
helm von Leibnitz, Newton's contemporary. Leibnitz worked not

only in philosophy but also in physics, mathematics, history, nat-
ural law, historical jurisprudence, theology and diplomacy. The
unparalleled scope of his interest was at the same time a cause
of a certain patchiness of his scientific results. He discovered new
approaches, he pioneered novel ideas but rarely pursued these
paths thoroughly, bringing them to logical and detailed comple-
tion. He tried to integrate most different beliefs of his time and
resolve all disputes and contradictions. Leibnitz dreamed about a
peaceful accord of science and religion, catholicism and protes-
tantism; he tried to make science international and even to work
out a universal world language, On his initiative, the Academy of
Science in Berlin was founded in 1700, of which he became the first
president. He worked much to help found academies in Vienna and
Dresden; he met the Russian tsar, Peter the Great, with whom he
discussed the way to plant the seeds of scientific research in Russia
and the measures needed to organize the St Petersburg Academy
of Science.

This great scientist rejected Newton's absolute space. He main-
tained that the space is merely a manifestation of an order in the
existence of objects and phenomena, that nature has no absolute
space free of physical bodies. Leibnitz concluded that space was
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relative. In the same vein, he rejected absolute time which would
flow irrespective of physical properties; he taught that the world is
described by a sequence of phenomena following one after another
and this is what people call time.
Once, during a joint work with German colleagues at the Cen-
iral Astrophysics Institute in Potsdam, I had a long talk with the
deputy director of the Institute, Professor D. Libscher; we discussed
the general properties of time in the light of the discovery of black
holes and their fantastic characteristics. Professor D. Libscher drew
my attention to the surprising closeness between some predictions
of Leibnitz, made three centuries ago, and our current understand-
ing of time. It seemed especially impressive that Leibnitz insisted
that there is simply no such thing as the absolute time introduced
by Newton. Leibnitz developed a sort of theory on the relativity of
time, space and motion, As a result, Libscher and 1 wrote an arti-
cle about time in black holes for the Russian journal Nature (no. 4,
1085) and 1 refer those who are interested in a more systematic
presentation to this publication.
Having formulated these intriguing arguments, however, Leib-
nitz went no further; at the time, he was unable to construct a con-
crete physical theory based on his philosophical thesis. In contrast,
Newton's understanding stemmed froma stringent physical theory
that he had developed. This theory was the foundation of mechan-
ics, and mechanics was the scientific platform for the industrial
revolution to come. Newton's point of view has prevailed.
Newton's physics withstood the test of time. Physics as we know
it today has pushed the limits to which the Universe can be scru-
tinized much further than was possible in his time. Qur image of
gpace and time has become much more profound and multifaceted.
However, as we have mentioned already, the science of today does
not sweep aside anything that Newton accomplished. The prop-
erties of space and time and the Jaws of physical motion that he
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