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THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

PREFACE

We are in the year 2020, and it is just over 100 years ago that the theory of relativity was discovered by Albert
Einstein. True revolution, his thesis, for those who read it, will never be forgotten, but it is now time to temper
the volcano and the eruption of concepts which then sprang up. The new object of my work, which I present to you
here, is the result of a long reflection that I started a long time ago. It is with this heavy secret that I have lived
all my life, and T am happy to offer you a new, more moderate version, again, to you Humanity ...

You will notice that I overuse the colour red, in my work, it's always a question of personal revolt, to attack your
retina :)

The author:
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ETHER

This concept has been around for a long time, but I'm going to show it to you in a new light. I cannot describe
the absolute model of space, time and matter to you, but I will try fo show you my hypothesis, without pointing the

finger at it :()

The Matrix, or the Aether, would be a bearing substance which would allow the existence of observable concept,
such as the stars, the planets, thus the matter. Without it, the laws of Physics, as defined in this book, would not
exist. The Matrix itself has its origins in the coexistence of the stars and the black hole:

Black hole and a star system










THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

ONCE UPON THE TIME: THE MATTER

This, in the case of the teleportation of matter, where the Ether would transmit the properties of neutrons and
protons, thanks to the inertia of particles and electromagnetic energy. A surprising fact about this hypothetical
phenomenon, is that the matter which is exposed to light energy, would be disintegrated and reintegrated
periodically, and this at high frequencies. The exact frequency of this operation remains unknown to me, and would
be, possibly, directly linked to the speed of light in the medium, which would be linked to the spatial location
relative to our star, the Sun, therefore, to the Matrix .

* In this frame of reference, the speed of light is not constant. Because of this, the precise position of the
stars would still not be known :(

* The quasi particle that I named Ray "K", or Ray Cat, would reverse the Ether-Real property of matter :)
* The oscillatory separation of light energy makes it possible to obtain this quasi-particle.
+ Light, could therefore be represented by two quasi particles which follow one another in space, where the

distance between them is less than the distance which separates the couples, this in our angle of the
Matrix, therefore of the Sun, our star and the black hole of our galaxy, let's call him Robert Leduc :)

9




786.] The quantity 7, in Art. 793, which expresses the velocity
of propagation of electromagnetic disturbances in a non-conducting

. . : 1
medium is, by equation (9), equal to ——
& Ku

If the medinm is air, and if we adopt the electrostatic

- 1 - '
of measurement, K =1 and p = —» so that 7= #, or the velocity

P
of propagation is numerically equal to the number of electrostatic
units of electricity in one electromagnetic unit. If we adopt the

and u =1, so that the equation

On the theory that light is an electromagnetic disturbance, pro-
pagated in the same medium through which other electromagnetic
actions are transmitted, # must be the velocity of light, a quantity
the value of which has been estimated by several methods. On the
other hand, » is the number of electrostatic units of electricity in one
electromagnetic unit, and the methods of determining this quantity
have been described in the last chapter., They are quite inde-
pendent of the methods of finding the velocity of light. Hence the
agreement or disagreement of the values of 7 and of » furnishes a
test of the electromagnetic theory of light.
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THE CAT'S RAY

To successfully separate the light, we should use a medium change, which I think can only happen in a translucent
solid. But, it would be possible to obtain the same result with a gaseous stellar object, however, the directional
field would probably be random. And with the proper oscillation frequency, connected to the angle, be able o get
two constituents. I remind the reader that ordinary light has a frequency of the order of Gigahertz, but that
electromagnetic waves can theoretically be between zero and a very large number.

Perhaps the limitation of the Human brain, from the point of view of conceptualization, limited fto three
dimensions, prevents me from fully understanding the problem. If, for example, the bearing substance that is the
Matrix, is fixed in space-time, and that the propagation of light is only a wave inside its properties, which would
not be related to the three-dimensional space, but only o a kind of energy conceptualization. In this case, we are
allowed to set the separation distance of these components in a fixed space-time.

et 12 et
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QUESTIONS ?

The questions are difficult to answer, because the truth does not exist in other places than in the Human mind,
and is always subject to an interpretation based on our personal beliefs. But having said that, let's now consider

some of mine:

*  Why are galaxies two-dimensional? The matter that we rub shoulders with cannot exist as it is in these
interstices, because the angle is too small. We were talking about dark matter a while ago ... Everyone wants
to know, so there is a need to send an experience there :) I admit it's a bit far for now :) I could try some
explanations, but why? For me nothing can be left to chance :) :):)

16
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*  Why is the sky not entirely white due to the light emitted from the stars? From my point of view, I don't
understand why, because if we take a small portion of the sky, with a star in the middle, there should be
another star right next fo it, because of the density and the volume of the universe. And why, this adjacent
star which emits radially, does not add its own light to the first on the eye or the telescope which looks at
it? An extremist possibility would be that we see the results of point sources that have passed through
Young's slits, without us seeing them directly. Because, I do not believe that I see halos of light, when I
look at stars. In addition, telescopes cannot oscillate over such a long distance, especially in space, so if we
do not apply a solid circle on point sources captured by optics, something is wrong. Let's not go so far as the
3-D network of Cats which would be the result of some optical process, but questions emerge, to be seen in
the next edition ...
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*  What can explain the fact that we have seen the stars from almost infinity? And why, our best thinker has
hypothesized that we are at the centre of the Universe (This reminds me of the theory of the earth at the
center of the solar system). Could it be because we cannot reach the end of our Universe by
electromagnetic interactions, and that our dear thinkers must protect the Holy Grail from their theories ...
Theories that want us to be in a spherical Universe at the fixed limit, according o Einstein's initial thought,
as described in his thesis. And that we are in a slightly ellipsoidal Universe would make all the currently
accepted theories and knowledge about space-time obsolete. If there was indeed a propagation of matter,
this propagation (explosion: Big-Bang), thanks to the random distribution should depend on unknown factors,
but probably spherical. However, if it is indeed a propagation due to the creation of matter by the process
presented in this book, the three-dimensional representation could be very different. The laws governing
this representation are unknown o me, but over time should tend toward a three-axis expansion. However,
unlike the great thinkers, I will not make this error, I do not know, we could be, in the limit, in one of the
many toroidal Universes that here :)
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If the different substances that are the four states, have this process as their origin, what can produce the
first strain of these? I don't believe in the Big Bang, as described in the current scientific literature: no Quarks
soup or anything like that exploding. Let us forget this first strain a little, and we can easily conceptualize, based
on practical data, that the Universe is expanding, by the propagation of an extraordinary quantity of matter. Buft,
for me, it is not due to an explosion, but indeed to a propagation of matter related to this concept :)

It is clear that this is only a hypothesis, from your narrator, but, as far as current theory is concerned, it is
even worse. In addition, the theory is based on incorrect equations and inadequate concepts, I will in the future
elaborate further ... But, based on these new facts, it is now possible to reposition and recalibrate the distances
and angles, where this find these substances, which are the stars and other stellar objects made of matter and
antimatter, real or etheric ... But will we accept such an atrocity?

The same goes for Big Crunch. In the event of a mass collapse, which cannot be demonstrated, will we be able to
escape from our Universe? Is there a more fundamental Matrix that will be discovered in the future? The
questions are numerous, and the quantity of concepts to develop and explain, makes me dizzy and is beyond my
individual reach. Anyway, I will continue fo think about it, while developing practical experiences, to let us imagine
the whole that always eludes us! Together, unprovable, in the human spirit of today, at the very least, without
experiences whose cost would exceed the imagination ...

20
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ETHER ELECTRONS

One aspect of reality, which has affected me a lot during my life, is the use of Ether for the transmission of
electrons. Ether-electron being involved in the mechanism of Human thought. All thanks to Helium-3, an isotope of
natural Helium with a single neutron, as follows:

* For me, there are at least two possible reactions to destabilize an atom. The one that applies in the case of
a radioactive atom isolated in a vacuum :) And the one caused by an external energy source on any atom. It
is not a fact, but the stable aluminum found on the Moon, can be transmuted into Helium-3, in time, by
something other than the traditional neutrons, protons, photons of high energy...

« It is possible to extract this isotope from the Earth's atmosphere and its subsoil.

* The use of conventional methods, such as contact-less magnetic centrifugation, may not be enough to meet
global demand. There just isn't enough of this spice in the air for everyone. The use of an additional
operation such as freezing the substrate, could provide us with a little more. We could use methods such as
gas diffusion or the cyclotron. The disintegration of heavier atoms or the confinement of alpha radiation
(ejection of residual He-3 to another atomic reaction). Or the natural transmutation of a plasma exposed to
an oscillating magnetic field (hypothesis only).

* This helium isotope must be used, during an application aiming to produce a beam which, like a laser, would
propagate in a straight line without diverging, all at equilibrium temperature Thermodynamic ether of atom
in question.

* A chemical bond with a partner is also required to accomplish this feat. This is because the free electron is
going to have to place itself, most of the time, at the "geometric" opposite of its partner maintaining the
link in question.

* At the position of the thermodynamic Aether equilibrium, tfo generate an operation on the Aether, it
suffices to apply a punctual and repeated heat source. In this way, the trajectory of the axis of the two
electrons will be in surplus or in deficits, and will be available on this frajectory, a reverse operation with
the same considerations, "Inertia".

* Finally, if you want, a matter-antimatter separation operation (angular lateral oscillation, for example), to
obtain a non-temporally annihilated result, on the Human brain, among others ...

El 23 F
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This image is meant to be a modelled representation of the ideal concept designed by myself, which is practically
impossible to achieve. Helium is very difficult to domesticate, o work at equilibrium tfemperature, everything would
be extremely expensive ... See below, for a democratization of the process, at the cost of lower efficiency ...
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My interest in the colonization of other planets, forces me fo analyze, in more depth, the Matrix and its
components. By indirect reasoning, I conclude that the distance between planets and stars could be of primary
importance, "the density". Perhaps the speed of light can be influenced by the density, as shown above. Therefore,
the capacity of the brain of the Human being, to reflect correctly. So a density generator (or angle), a simple
fusion reactor, could be necessary for the colonization of other planets ...

2| 26 2
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HUMAN BIOLOGY

OHSU (Tractography)

The origin of the lower capacity of thought of the Human being, lies in the bilateral symmetry of the
body.

From the bilateral symmetry of the brain itself comes the absolute necessity of the hemispheres to
communicate with each other.

Because of the anatomy of the brain, it comes to my mind that the central systems are at the seat of
what is called "advanced" thought, but which is not (in humans).

An "evolved" thought includes the electrochemical network of the neuron system as well as the individual
capacity of said neurons to interact with the ether resonance of the central seat of the brain of the
Human individual.

The science of Human biology teaches us that cells are made up, among other things, of complex
molecules assembled from amino acids, some of which could, using their resonant cycles, produce a
sufficiently quantifiable operation on the matrix, must to the inertial load of the electronic displacement.
The study of the genetic code of the Human being, by its nature which, among other things, includes the
original recipe of the amplifying system of the ether waves, which must be protein and which certainly
acts as a cascade of electro-chemical potential foward other parallel systems related these fo the
networking nature of the neural system, could certainly point us to the protein (s) in question.

Due to their almost random positioning, the individual receivers as well as those of the central system,
transmit and receive in all directions.

VIII. A disconnection of the two hemispheres, aiming to remain alone in the head, would therefore lead to an

almost total inability of the brain to act as seat of the central system (which could be beneficial from a
global point of view).

28
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THE INDIVIDUAL PERTUBARTION SHIELD

Wikipedia:

1. The axon, or nerve fiber, is the extension of the neuron which conducts the electrical signal from the cell
body to the synaptic areas. Along the axon, this signal consists of action potentials. The other extensions of
the neuron are the dendrites which carry the signal from the synapses to the cell body. Neurons most often
have a single axon and several dendrites. However, the termination of the axon is very branched - we speak
of terminal arborization - which allows it to contact several other neurons with the same information.

2. In some species, including vertebrates, the axons may be surrounded by a myelin sheath. This is
synthesized by Schwann cells in the peripheral nervous system and by oligodendrocytes in the central
nervous system. The myelin sheath improves the electrical properties of the axon and allows a higher signal
conduction speed (up to 120 m / s).

So, it is understood that the neurons do not reset at the speed of 120 m / s, and that if I stimulate a neuron, it
cannot be useful until the next "cycle". Therefore, I allow myself to affirm that the random stimulation at high
frequencies of the neurons of the Corpus callosum, will involve the cessation of the capacity to maintain a link with
the generalized etheric waves.

However, the brain would be non-functional during this cut-off period. I allow myself to pursue this reasoning in
greater depth in the next edition.

This day has arrived, currently, I no longer believe that the brain would be deactivated by this shield. The only
way to shut down the brain is through a so-called excessive level of radiation, when the so-called normal brain cells
are affected, outside of the parallel network system. Therefore, without this natural synchronism, it is not
possible to reach normal cells other than those which in themselves have this function, therefore inter alia the
nerve cells of the corpus callosum. Therefore, so-called light radiation, would have no side effect other than
cutting of f interactions with the generalized network.

Secondly, the physical form that this protective helmet could take is rather simple to implement. The beams will
not have to be mobile, nor very precise except to target the corpus callosum ...

The production of such beams will be discussed a little later, with the oscillo-suzanne and the Helium
incorporated in the C-60.

El 33 F
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Rest assured, this item will be used for peaceful purposes :)

El 34 F
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HIS VERY HIGH FINAL HIGHNESS "LA SENTINEL VIGOUREUSE"

36
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NANOTECHNOLOGICAL DETECTORS

When an ether-electron beam hits a phenylalanine molecule, a little thermal energy is produced. With the power
of a helium weapon attack, a small amount of this very common amino acid (table of St-Hubert BBQ: sugar without
sugar), in a small capsule, would be enough to deftermine the position of origin of such an attack, thanks fo a
network of oscillating transistors. With the help of an electronic choke, a network like this, will draw a straight
line, toward the origin of the ray.

We can admire one of these models, below. It does not need to be spherical, but has been illustrated in this way
by myself, for the sake of simplicity of graphic modelling. We could already rule on the dimensions of this one:
10,000 amino acid molecules, which would give 10,000,000 angstrom?, for an area of 222,286 angstrom?, for 12
transistors. There is no upper limit, but let's consider the smallest size possible. In the case of an atmospheric
deployment, 365 billion billion billion detectors at 1000 km altitude, would give us a good detection rate. But for
that, we would need a technology of the "Cat Ray" type. A process, resulting from material immortality (See my
book on biology), would be prohibitive, for encapsulation, at least ...

In practical, these attacks are aimed at people or strategic objects, therefore, a localized deployment (a few
walls and ceiling), would do the trick very well. Regardless, vigorous testing should be in place to calibrate and
obtain reliable units of measurement.

g 38 &
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TRAVEL IS IMPOSSIBLE

The title of this chapter is ironic. Because, everyone knows, In practical, displacement is possible! However, this
statement is still correct. It is hard to believe, but the matter made of small leaps move in it, and the dimension of
these leaps is related to the Matrix. The Matrix can be distorted under the action of gravitons. Therefore, the
time required o make a move can be altered by energy interference.

Between two points of the matrix, we can consider that matter becomes ether, like two worlds which would be
intimately linked. At each point in space, the proportion of these two worlds can vary, with a function related to
the angle formed by the star and the black hole.

In fact, this is why the galaxy is almost planar.

El 40 F
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EDA DEFORMABLE SPACE

If we consider the transport system by magnetic tube. The EVA CHAT, does a 180° rotation in several stages,
give a better conservation of energy, than a simple rebound? When a magnet falls on another, it bounces, if we put
other system of magnets juxtaposed to the first, we will create a wave in these, the limit is not the friction of the
air. If, we decrease the size of these magnet systems, as small as possible, will we observe something else? If at
each mesh of the matrix, we could withdraw a quantum of energy by a change of direction, a rotation of 180°, in
several stages would mean, more interactions with the Ether. Because based on my theory, nothing is perfectly
round, it's N-gonal, up to the dimensional limit of the matrix. Could this fact be linked to the wave theory of light?

If we launch an inertial distortion in space, to arrive at a static position, inside the matrix, we could perhaps
obtain a chain reaction which would not be resolved by time, because the speed of dissipation of the matrix would
not have time to operate a stabilization, and droppings, a matrix detonation could appear ... But, all this is only
theoretical, what magnitude and ...

42
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THE GREAT CAT PHYSICIAN WHO SLEEPS
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GRAVITONS

This image is intended as a concept that could perhaps produce beams of gravitons. A system capable of
producing gravitons would be an important asset in our search for the truth, certainly in a theoretical framework.

Warning! Like all the experience in this book, you must beware of the results ...
This concept is based on the same assumptions as the previous experiments, the energy of a lap will be added to

that of the previous lap. Unfortunately, like all the experiments in this book, I don't have the capacity to execute
them myself, because the rotation speed may be prohibitive :)
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ANTI-GRAVITY CLOCK

This clock should not waste fime on its fwin, as defined in previous experiments, if it is built and launched
correctly.

Next, a brief reasoning on time itself, I am almost certain, that it cannot be variable according to other
concepts. Time is only a unit of measurement, and used as such, it can only be constant from one unit of
measurement to the next, the second, if and only if, itself is defined correctly in the matrix space where the
radiation used to measure it took place. All this, so as not to end up in a femporal anarchy, in a system where there
are no longer any units of measurement. Because at the end of the day it's just a matter of perspective, the old
system could stay in place indefinitely, until we clearly exceeded the speed of light :)
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Mini Chat: Suzanne the rose, Final Princess of the known and eternal Universe, and further ...
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MADE IN THIBODEAU-CATS
OBJECTIVE

I. Get spices:
*  Helium-3 (2nd spice)
«  Tritium (3rd spice): I bring to your attention that the half-life of Tritium is 12 years. US $ 30,000 per
gram, I believe this value will increase :)
* Translucent crystal (4th spice): shouldn't be a problem, $ 0.01 per gram :)
IT. Get asolvent i(
ITI. Mixing and centrifugation: We need the smallest possible layer, it could be prohibitive in time :)
IV. Build an oscillator, with a split crystal: The deviation does not need to be huge, but at the right
frequency :(
V. Operate the reaction in the centre of the device, with the Chat department.
VI. Burn the gas, and hope for a value close t0 9.8 m / sA2 :()

Simple recipe :), but possibly very dangerous :( :() :)

It is possible that by the creation of anti matter, this object is destroyed by itself, in the presence of
light, therefore I consider to divide the whole into two shells, which would be more voluminous, only if the matter
of the vessel has tendency to disappear :( :():)
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THE TILT-SUZANNE-CHAT

But, let us first consider the absolute necessity of some experiments: For electrons, neutrons and protons. The
smaller the machine, the less dangerous it will be :) Let's forget the efficiency of the curvature a bit, and think of
spatial linearity. Can a flux of matter with 4 states of linear neutrons, create a destabilization on a nucleus of
matter? The same for protons and electrons? Is a linear flow of antimatter going to dig info matter by causing
energy to arise? These amounts have been obtained in regular science through several years of experimentation.
Over a hundred years, and we have trouble measuring standard radiation correctly :( It would be a shame to dig
tunnels in our scientists!

A regular capacitor will do the trick, with modulations at the appropriate speed. The thickness of the spice layer
should be as thin as possible to allow measurements. The separating oscillation must be consistent with the
oscillation of the oscillo-suzanne-1 frequency. An atom should not produce more than one ether radiation per field
oscillation.

So, in the case of a neutron beam, the target which would be a solution of Na-OH, would probably transmute to
modify the acidity level of said solution. With a color indicator or a more sophisticated means, we could attempt a
quantification of the "flux". The Sodium will be increased, subsequently the fission of the nucleus will transform it
into Magnesium-24, which has a half-life of 15 hours. All this taking into account the concept of the "K" ray, which
in our matrix space, gives us real matter. Many problems which will lead us, using Barn's surface, to a good
approximation of the "flux" of neutrons in question.
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THE OSCILLO-SUZANNE-CHAT SERIES:

o LO%i/d%t+Ri/dM+1/Ciz=w*Acos(w™1)

e Q=Ji*ot

e 0=Q/ surface

e E=0/(@2%€); e€=1(air)

- F=E*q; q=16E-19¢C

* F=m*a: m=16E-27 kg. m= 9.1 E-31kg (électron: 1750X)
s t=3*1/f

e s=ff a*dt=%*a*t?

« 3 * kernel de He-3 < s < kernel de He-3 :):):)
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TRANSPORT OF CATS

This is a Buckminsterfullerene, a few atoms of He-3 could be put inside for a period of 340 hours, because over time,
outside of an atmosphere of He, they decompose, but enough time , to put it in a glue, which will solidify, to keep
everything much longer. This process has several advantages:

* Inert substances

* Easily soluble in toluene

*  Toluene will also dissolve the glue

* The toluene will evaporate to leave a solid frozen in time
* Analmost good distribution of Helium-3

* Onavery thin layer :)

Helium can form intercalation compounds with fullerites, in particular Buckminsterfullerene €60 and C70. In the solid C60, there are
spaces between the balls of the C60, of tetrahedral or octahedral shape. Helium can diffuse into solid fullerite even at atmospheric
pressure. Helium enters the network in two stages. The first quick step takes a few days and expands the network by 0.16% (2.2 hours) by
filling the largest octahedral sites. The second stage takes thousands of hours to absorb more helium and expands the network twice as
much (0.32%) by filling the tetrahedral sites. However, the solid C60 G€¢ 3He is not stable and loses helium on a time scale of 340 hours
when it is not under a helium atmosphere. When the fullerite interposed with helium is cooled, its orientation phase transition is 10K higher
than that of the pure C60 solid. The discontinuous change in actual volume at this point is smaller, but there are more rapid changes near
the transition temperature, perhaps due to the variation in the occupancy of voids by helium. Yagotintsev, K.A ., Strzhemechny, M.A .
Stetsenko, Yu.E .; Legchenkova, I.V .; Prokhvatilov, A.I.
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QUANTIFICATION OF CAT FLOW

If, one does not open an infinite energy channel, fowards the target, the G€ceflowd€< of matter with four
states, should be connected to the numbers of oscillations of the Oscillo-Suzanne-Chat. With, a layer density f®
atom / mA? for He-3, a surface of D- mA?2, a thickness of 4”0 m, and a frequency of 4% Hertz, we could obtain a
theoretical outgoing &€cefluxd€amatiA re of fourfold material states, unit / (mA2 * s).

a"'=a:z*I®/a"0*b-
gold

T© = 1100 units / proposed thickness of 100 E-6 m * proposed surface of 1 E-3 mA?

Unfortunately, the theoretical LASER will not be reached. There will be a deviation in the order of the ratio of
the orbital energy and the electric field that we will apply :(

However, we will only get electrons or neutrons, most likely ...
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MECHANICS OF SPICE DROPS

The nature of the drops of cement that will contain the spice should follow these data:

Solvent e e
mg/mL mg/mL

carbondisuide | 8 | 9875
-—

chlorobenzene

_ 3 985

bromoform

——
-
om0z |

Insufficient to determine the precise nature of the cement in question, these data nevertheless indicate some clues. The
more Fullerene there is in solution, the better. Also, it is necessary that the drop can evaporate by itself. But, a value of 51
mg / ml, is there something to evaporate? 1.18 g / cmA* at 162.62 g / mole, gives 7.26E-3 mole / ml, and for the C60: 720.66 g
/ mole at 1.72 g / cmA* (solid), gives 2.39E-3 mole / ml, a final ratio of 1/3. This is too much, will consider a smaller amount of
C-60. Look at this beautiful drop drawing :)
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PLAYING WITH NEUTRINO

By a beta decay those reactions interact with neutrino by a Boson exchange.

The Pm-Nd reaction is self sustain for a serious long time, if kept under low energy exposure. My best dreams,
allowed me to expect a possible modulation of the flux, with the help of electric fields, between a capacitor, as per
example. In the worst case scenario, an oriented modulation base on geometric orientation fo the target.

The H-He reaction is not self sustain, but the trace of tritium, everywhere, allowed me to imagine an
amplification chain of chemical reaction that can be eradicate by the reception of the anti electron neutrino
receive by the first reaction. Would suffice a concentrator of H?, like for plutonium in cotton protein... And a
energy reserve like in Ranvier nodes, with Ca-Na pumps. So a modulation can occur(being transpose :) )... Level of
tritium is varying in different material, too :() Its, this time difficult to predict how precise the detector will be
with 1E-(+10) ratio.

Those two reactions let me think o many device:
+ Telescopes
+ Communications devices

e Others...
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PRACTICAL CONCEPTS: PSYCHOLOGICAL WAR

Every being could be destroyed, only the mad will survived: How a society could survived ?

* Physicals activation:

o Physical pain

o Mutilations

o Nerves stapling

o Neurotransmitters and control proteins
* Neurological patterns:

o Love

o Fear

o Haste

The questioning about the most profitable use of the available weapons, won't be achieved here, because it's
about the good selection of the physicals activation and neurological patterns, in the correct situation relative to
the subject, the fucked ass, that will gives us the optimal use of energy :() :(:)







THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

ARMAGEDDON

Following some reasoning and experimentation, you may discover that exposure to the Aether-Electron can, if
the flux is large enough, put beings who possess this so-called advanced mechanism of selection of neural groups, in
danger of death.

The principle is that all cells with this mechanism can be "triggered" following the reception of such radiation.
That's when the cerebellum, the brain organ that controls heart rate, could be turned off. Unfortunately, this
action would translate into an inability of the Human body to survive for more than a few minutes, that's clear.

The tool to get there would be, a sphere, to scatter the radiation everywhere on Earth. It is not absolutely
necessary to use such a geometric shape, but this is the easiest thing to operate :)

The number of C-60s which would contain Helium-3 atoms, which could be put on this sphere would be all the
more impressive as the sphere itself would be large; ()

The main principle being that the electric field of the spherical condenser would limit the thickness of the spice
layer to "only" a few centimeters;) So a lot of Ether-electron ...
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THE CAT-PLUS HOLDING LIFE ATLUS

To keep alive despite this fact, it would suffice to put in place a few tools ...

- El 64 F -
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THE BIDULE DETECTOR of ARMAGEDDON

Inanobjective of constant evolution, it comes o my mind fo be able to locate the widgets of Armageddon which
could be put into operation on our planet. It is clear that without a certain emission of energy, it is not possible to
deftect them by a network of detector with phenylalanine. But, by creating a vacuum of energy, inside a 3-D
network of detectors, it would be possible to draw a line towards the origin. So, with multiple networks, we would
have an exact location :)

But, what can imply by a vacuum: A ray of ether-electron, seeks are opposing to be annihilated, and once he
found it, it can not be propagated any more, therefore creates a vacuum, in a point, on a complete surface, created
by the origin ...

In a hallucinatory context, we could deploy a fleet of ADMIRABLE EA ETERNAL PRINCESSES GALACTIC
SUPREME 6 (see the Canadian post industrial army, the book edition RED CATS).

El 66 F










THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

69




THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

POSSIBLE QUARKS SEPARATION EXPERIMENT

PROPERTIES RELEASE

FIRST CRITERIA

Temperature close to absolute zero:

SECOND CRITERIA

Pressure close to vacuum:

PARTICLES REORGANIZATION

ELECTRICAL FIELD

MAGNETIC FIELD

GRAVITY FIELD
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3D ROTATING SHIELD EA PRINCESS SUPREME GODESS KITTENS
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m— FUNDAMENTAL

B 72 B




THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

ONCE UPON THE TIME AN OSCILLATOR

I'm expecting to build for this device, an extremely fast oscillator, with the ultimate capacity of 10E21 Hz.

With an mother wave of a lot less frequency, to hold the finest wave achievable with an Einstein device by an
electromagnetic wave in the order of the gamma ray.

- El 73 F -
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THE ENEMY

How to destroyed an hypothetical enemy,

ARRAY OF DEATHSPOT ATTACK

By implementing an attack on everything except where there are some citizen, any secret bunker should be
destroyed. The problem of the power of the flux of Aether beam will be resolve by translating the minimal power
to kill a group of person in an dot, in a certain manner, around the globe. So let's say a cubic cm of C-60 with
Helium-3 inside per sub dot, that will kill one head, cross enough width to forbidden a person to translate his head
out of the beam in a dot. With at least three initial location of those beam dot, around the planet at a certain
distance from each other:

If the diameter of the ray is sufficiently small, the other persons, located over the surface, won't die :) An
alliance of nations will kill a lot more rapidly, than a single one :()

g Z
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LOCALIZE ATTACK ON KNOWN POSITION

With the help of the 3D camera of the little monkeys, of course it's easier, you only have to target the known
location with a multi array of beam !

- El 75 F -
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IMPROVED BUNKER POSITION: SPICES CITY
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THE CLOWNS SUBPLANEET

T rarely think, but let's look at some facts that contribute to my mental instability. Who invented the Quarks?
Is it a diabolical conspiracy, as I have seen so much in my life, or is it a coincidence that so much to demonstrate
our scientific inferiority.

In the case of colonization of our galaxy, it is of great importance to be able to cope with dangerous radiation
which could penetrate an inhabited vessel. But the energy which extrapolated from the existence of your sub
particles should not be taken into account, in the calculation, as is currently the case in detectors.

A conspiracy: Wikipedia

A conspiracy theory is an explanation of an event or situation that invokes an unwarranted conspiracy, usually an illegal or
harmful act committed by the government or other powerful actors. Conspiracy theories often produce hypotheses that
contradict the prevailing understanding of history or simple facts. The term is often derogatory.

According to political scientist Michael Barkun, conspiracy theories are based on the idea that the universe is governed by
design and embody three principles: nothing happens by accident, nothing is as it seems and everything is connected. Another
common feature is that conspiracy theories evolve to incorporate all the existing evidence against them, so that they become,
as Barkun writes, a falsifiable closed system, and therefore "a matter of faith rather than evidence" .
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But, if this state of affairs was induced by the ignorance of a group of people, who are trying to manipulate the
truth, as described by Plato and Socrates (two pederasts). All to solve a problem that occupies them, such as a
mouse trap, to catch good thinkers who will certainly find clues to their problem.

Chance: Wikipedia

Chance is the lack of structure or predictability in events. A random sequence of events, symbols or steps has no
order and does not follow an intelligible pattern or combination. Random individual events are by definition
unpredictable, but in many cases the frequency of different results over a large number of events (or "trials") is
predictable. For example, when rolling two dice, the result of a particular roll is unpredictable, but a sum of 7 will
be multiplied by two. 4. From this perspective, randomness is a measure of the uncertainty of the outcome rather
than chance. to the concepts of chance, probability and entropy of information.

Yes ? I'm still there. Chance with an etymology which recalls the danger, this is why I will not extrapolate on the
stinking species of which we are part.

The truth: my own definition

What a person considers the best thing, so as not to get caught in the next conspiracy.

In conclusion, for the moment there are no Quarks, gluons, involved in these phenomena, only protons, neutrons

and electrons, real or not, anti or not, as described by your narrator who is not very humble, and this, until the
next conspiracy, which will not be a coincidence, in our best of worlds.
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THE ETHER / REAL RATIO

The refractive index of a material, in my opinion, could be variable in two ways:

I. On the other hand, its matrix density, therefore related to the distance from the Sun, our star.
IT. By hand, the speed of light inside it, so the angle with the black hole.

According fo Maxwell, it was not clear at the time whether Ether existed or not. But, according to his work, the
ratio of the speed of propagation of the magnetic field versus the electric field, could vary. This fact could explain
the deflection of light in a solid. You could read the book of Maxwell Tome II, at the conclusion, there is a
reference to an Italian mathematician, Enrico Betti, who mentioned that light could be connected to two successive
components :) Maxwell Tome IT

Surprisingly, perhaps it will be possible to take measurements on the black hole, by comparing these values
a€<a€<over time.
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MAXWELL'S LIFE CONCLUSION

436 ACTION AT REMOTE. [864.

... by Clausius, in which the propagation is like that of light. There is, on the contrary, the greatest possible difference between the transmission of
potential, according fo Neumann, and the propagation of light. A luminous body sends forth light in all directions, the intensity of which depends on the
luminous body alone, and not on the presence of the body which is enlightened by it. An electric particle, on the other hand, sends forth a potential, with the
value of which depends not only on it: the emitting particle, but on the receiving particle, and on the distance r between the particles at the instant of
emission. In the case of light the intensity diminishes as the light is propagated further from the luminous body the emitted potential flows to the body on
which it acts without the slightest alteration of its original value. The light received by the illuminated body is in general only a fraction of that which falls on
it; the potential as received by the attracted body is identical with, or equal to, the potential which arrives at it. Besides this, the velocity of transmission of
the potential is not, like that of light, constant relative fo the Aether or to space, but rather like that of a projectile, constant relative to the velocity of the
emitting particle at the instant of emission. It appears, therefore, that in order to understand the theory of Neumann, we must form a very different
representation of the process of the transmission of potential from that to which we have been accustomed in considering the propagation of light. Whether
it can ever be accepted as the & ceconstruirbar Vorstellungg€ls of the process of transmission, which appeared necessary to Gauss, I cannot say, but I have
not myself been able to construct a consistent mental representation of Neumann s theory. Professor Betti *, of Pisa, has treated the subject in a different
way. He supposes the closed circuits in which the electric currents flow to consist of elements each of which is polarized periodically, that is, at equidistant
intervals of time. These polarized elements act on one another as if they were little magnets whose axes are in the direction of the tangent to the circuits.
The periodic time of this polarization is the same in all electric circuits. Betti supposes the action of one polarized element on an- * Nuovo Cimento, xxvii
(1868).

866.] A MEDIUM NECESSARY. 437

other at a distance to take place, not instantaneously, but after a time proportional to the distance between the elements. In this way he obtains
expressions for the action of one electric circuit on another, which coincides with those which are known to be true. Clausius, however, has, in this case also,
criticized some parts of the mathematical calculations into which we shall not here enter. 865.] There appears to be, in the minds of these eminent men, some
prejudice, or a priori objection, against the hypothesis of a medium in which the phenomena of radiation of light and heat, and the electric actions at a
distance take place . It is true that at one time those who speculated as to the causes of physical phenomena, were in the habit of accounting for each kind of
action at a distance by means of a special ethereal fluid, whose function and property it was to produce these actions . They filled all space three and four
times over with Aether of different kinds, the properties of which were invented merely fo save appearances, so that more rational enquirers were willing
rather to accept not only Newton's definite law of attraction at a distance, but even the dogma of Cotes "*, that action at a distance is one of the primary
properties of matter, and that no explanation can be more intelligible than this fact. Hence the undulatory theory of light has met with much opposition,
directed not against its failure to explain the phenomena, but against its assumption of the existence of a medium in which light is propagated. 866.] We have
seen that the mathematical expressions for electrodynamics action led, in the mind of Gauss, fo the conviction that a theory of the propagation of electric
action in time would be found to be the very key-stone of electrodynamics. Now we are unable o conceive of propagation in time, except either as the flight
of a material substance th rough space, or as the propagation of a condition of motion or stress in a medium already existing in space. In the theory of
Neumann, the mathematical conception called Potential, which we are unable to conceive as a material substance, is supposed to be projected from one particle
to another, in a manner which is quite independent of a medium, and which, as Neumann has himself pointed out, is extremely different from that of the
propagation of light. In the theories of Riemann and Betti it would appear that the action is supposed to be propagated in a manner somewhat more similar to
that of light. But in all of these theories the question naturally occurs: If

* Preface to Newton's Principia, 2nd edition.

438 ACTION AT REMOTE. [866.

something is transmitted from one particle to another at a distance, what is its condition after it has left the one particle and before it has reached the
other? If this something is the potential energy of the two particles, as in Neumann s theory, how are we to conceive this energy as existing in a point of
space, coinciding neither with the one particle nor with the other? In fact, whenever energy is transmitted from one body to another in time, there must be a
medium or substance in which the energy exists after it leaves one body and before it reaches the other, for energy, as Torricelli * remarked, is a
quintessence of so subtle a hature that it cannot be contained in any vessel except the inmost substance of material things. Hence all these theories lead to
the conception of a medium in which the propagation takes place, and if we admit this medium as an hypothesis, I think it ought to occupy a prominent place in
our investigations, and that we should to endeavor to construct a mental representation of all the details of its action, and this has been my constant aim in
this treatise.

* Lezioni Accademiche (Firenze, 1715), p. 25.

- & 83 F




THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

SUPREME DUCK BABY COUPLE
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GALACTIC PUMP TYPE EA VERONIC PRINCESSES

The flatness of our galaxy puzzles me ... What can generate a mass with geometric properties like this?

The galaxy does not revolve around the black hole, but around its own center of mass. So, to correct the fact
that an agglomeration of matter by collision, should give a system in rotation, such as an ellipsoid, we must use
matter "invisible" to the telescope. This invisible material should therefore oscillate between two components of
the ellipsoid, is not well illustrated in the drawing. This mass should therefore be small proportionally in point
density, otherwise there would be stars, so visible matter ...

Or there are visible stars which are not visible from Earth, due to the transmission properties of the matrix
which would be linked to the angle between the perpendicular of the black hole and the tangent formed by the
juxtaposition of the star. .. But in my opinion, this is not the case. Perhaps the pumping effect is damped by
something, and that over time, billions of years, the accelerated mass is found on the galactic disc mostly in its
center :) Relative angular displacement of the vector of gravity as a function of centripetal force :()

This magic hypothesis would explain the points and the geometric density of the spiral galaxy, without using
ultra-magnificent and hypothetical properties of black holes ...
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The maximum speed as well as the time required to pass from the invisible o the main plane of rotation of the
galaxy would be of the order of: radius = 7.1 E20 m, if the mass of the galaxy is 2 E42 kg (see below ): d=05*a*
tA?,and F=6*ml*m2 / rA® ==> 6,674 E-11* 199 E30* 2 E42 / 3.6 E40=7.38 E21N==>a=F /m= 3.7 E-9

With such an acceleration, the time required for a star located half a radius from the disk to reach the plane of
rotation would be 13.9 Million years and its speed 0.05 m / s. This is not an exact representation of reality,
because if you think about it, the matter in question should adopt a spiral movement, on both sides of the disc,
while reducing the radius of said movement as a function of time ...
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THE CONSTANT THIBODEAU-CHAT

Following recent reasoning, I begin a process about the quantification of the energy contained in the radiation of
electron Aether (or particles, as you want!). As it was the case, in the search for "Quantum" of energy, in the light,
we are faced with many problems.

Quantum (Wikipedia):

In physics, a quantum (plural: quanta) is the minimum quantity of any physical entity (physical property) involved in an interaction. The
basic notion that a physical property can be "quantified" is called the "quantification assumption”. This means that the magnitude of the
physical property can only take discrete values G€<@€<made up of integer multiples of a quantum.

For example, a photon is a single quantum of light (or any other form of electromagnetic radiation), and can be called a "quantum of light"
or a particle of light. Likewise, the energy of an electron linked inside an atom is quantified and can only exist in certain discrete values.
(Indeed, atoms and matter in general are stable, because electrons can only exist at distinct energy levels within an atom.) Quantification is
one of the foundations of much more physics broad of quantum mechanics. The quantification of energy and its influence on the interaction
between energy and matter (quantum electrodynamics) are part of the fundamental framework for understanding and describing nature.

Etymology and discovery (Wikipedia):

The word quantum comes from the Latin quantus, which means “how big". "Quanta", acronym for "quanta of electric" (electrons), is used in
a 1902 article on the photoelectric effect by Philipp Lenard, who attributes to Hermann von Helmholtz the word used in the field of
electricity. However, the word quantum in general was well known before 1900. It was often used by doctors, as in the term quantum satis.
Helmholtz and Julius von Mayer were both doctors and physicists. Helmholtz used the word quantum in reference to heat in his article on
Mayer's work, and the word quantum can be found in the formulation of the first law of thermodynamics by Mayer in his letter of July 24,
1841.

In 1901 Max Planck used the terms quanta to refer to "the quanta of matter and electricity”, gas and heat. In 1905, in response to
Planck's work and Lenard's experimental work (who explained his results using the term quantum of electricity), Albert Einstein suggested
that radiation existed in packets localized in the space he called "quanta of light" ("Lichtquanta").

The concept of quantifying radiation was discovered in 1900 by Max Planck, who was trying to understand the emission of radiation from
heated objects, called black body radiation. Assuming that energy can only be absorbed or released in tiny, differential and discrete packets
(which he called "packets" or "elements of energy"), Planck explained that some objects change color when they were heated. On December
14, 1900, Planck reported his discoveries to the German Physical Society and introduced the idea of G€<@€«quantification for the first time
as part of his research into the radiation of the black body. Following his experiments, Planck deduced the numerical value of h, called
Planck's constant, and reported more precise values G€<«G€<«for the unit of electric charge and the number of Avogadro - Loschmidt, the
number of real molecules in a mole , at the German Physical Society. Once his theory has been validated, Planck is awarded the Nobel Prize in
Physics for his discovery in 1918.
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In fact, light does not interact much with Electron Aether, as we can achieve in life :) But, if a photon strikes an
electron, in its etheric phase, it will instantly react with its medium (in our matrix localization).

If someone finds a way to stop these electrons, I will immediately give them a "piastre". But, meanwhile, we could
study this phenomenon more carefully this way:

I Benzene, with its oscillating cycle, interacts with Ether

II. This action is non-conservative, in energy

III. The energy contained in a volume of Benzene varies according to the distance from our star, the
Sun

IV. This self-sustaining heat reaction, must be analyzed according to a budget in $

V. On Earth, we could send a LASER in a volume of Benzene, for analysis

VI. By varying the position of the LASER on the faces of the cube, obtain a measurement

VII. By using the CAT model

VIII. To arrive at a Thibodeau-Chat constant, with the heat differential produced
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This is the experiment by itself, with the LASER beam centered in the middle of the cube, thereafter, it is
enough to modify the position of the beam fowards a corner, and this in a few steps, to draw a curve of the
temperature in function of time, for each position. The derivative function of the curve, will give the power, the
product of the temperature difference with the thermal capacity and the Avogadro number, the energy included.
The ratio of theoretical energy emitted by 100% of collisions, will give a quantum of electron Aether, if we obtain
a percentage of emission also ...

I found some tips, on the internet, this experiment could be carried out within the limit of a budget of 500 USD,
with a LASER of 500 mW, and a thermometer of a smaller measurement of 0.0001 A° K, the accuracy is more or
less important :)

T hope these values G€<a€«will be detectable, within the range of these specifications :()

Also, we could come to the conclusion, that the Sun, our star, and the energy contained in it, does not obey the
following relation: E = mcA2. For example, 1000 kg of benzene * 3600 s / h * 24 h / day * 365 day * 6.022E23
atom / mol / 0.078 g / mol = 2.43E35 reactions at 100% efficiency, multiplied by 1E-3 Joules / potential neuronal
(minimum energy to trigger a neuron) divided by 1E6 reactions / triggered neurons ==> 2.43E26 kg of Sun per year.
Mass of the Sun: 1.99E30 kg, at less than an efficiency rate of the order of 1 /1,000,000, we have a problem or
the black hole keeps us from it;)

92




THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

This is my last list of tests, on the subject, a cube made of glass or crystal with this cylindrical space in the
middle, so that the LASER will be able to cross, without touching benzene or phenylalanine, among others ...
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INFINITE CATTLE-TURTLE ENERGY

Once again, using my overflowing imagination, I conceptualized a new type of reactor that will, I hope, have more
than a one in ten chance of working :)

REAL

ETIHER

The principle is as follows: At the right gas density, the atoms will oscillate as illustrated above, and oscillating
from reality to ether, will periodically push on the others, thus creating more heat (heat = internal oscillation of
the gas). The energy thus created will come from the star-black-hole interaction and not from the fusion reactor.
If the ether-real ratio comes from the density and not from the angle, we could vary the real-ether ratio with the
fusion reactor. Otherwise, we could use the current Earth ratio. It would take little to create an almost unlimited
source, but can be self-destructive, as I believe it, we can observe it in the solar ejections which would be caused
by this phenomenon inside the Sun, our star. .
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DETECTION DES ANOMALIES IN'I"ER MATRICES DE DIMMENSIONS
DIFFERENTES

Notre conception de la Physique est liée a la matrice de propagation des ondes électromagnétique et son
interprétation dans notre cerveau. Cependant, les diverse matrices de notre Univers ne sont pas toutes identiques.
Comment expliquer des phénomenes qui a premiere vue sont incohérent avec la Physique. En analysant la matrice de
transfere entre la matrice électromagnétique et la matrice du phénomeéne analysé. La conception spatiale pouvant
tre localisé sur la dimmension 1n-3n-5n d'une matrice possedant au moins 5 dimmensions. Une convolution n-D,
pouvant donnée un espace vectoriel localisé sur un point précis de |'interface entre deux matrices différentes. Je
veux dire qu'il n'y aurait pas une lois constante dans les n-Dimmensions entre deux matrices et qu'il faille des
approximation locale, pour un transfer situé dans |'espace souche a une location précise. (1,5,3,8,9) = 1/2mv?, mais
a(2,8,25,9)=m?/v, par example, trés simpliste :)

Donc, dans le cas qui nous interesse, la lumiére resterait droite, mais serait percu par delta matriciel, comme
étant courbe dans les n-Dimmensions spatiales. Somme matriciel de A, B, C = 0.2*A + 0.7*B + 0.1 * C, ot C est une
force gravitationnelle, la matrice Gravitationnelle(1-D, par example) disparait en puissance inversement a sa
distance de la source.

Dans cette conception interressante, tout serait propagation intra matricielle :) :) :)
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PHASE-1: CONVOLUTION N-D

Prennons comme exemple, une transmition de données. Les "0" et "1" qui consitue la transmition, peuvent étre
w_n

regroupé en une base “n" qui constituerait un ensemble de symboles. Si, par exemple il faille un algoritme de
correction automatique de détection d'érreure(possible structure se propagant dans |'appareil... :) ).

Donc, une convolution de dimensions équivalentes aux nombres de repliments de la structure linéaire des données
initiales a transmettre. Les erreurs apparaitraient par translation de la convolution additive, car cette somme
serait constante dans la transmition n-D, par I'insertion de valeures tampons. Il ne suffirait qu'une matrice de
résolution de systémes d'équations linéaires, dans une convolution additive non-linéaire, qui donnerait une solution a
n-1 équations pour n varaibles...

Un peu lond a coder, mais trés rapide a décoder de |'autre coté. Tout dépendant des divers parametres, et
surtout de la quantité de données. Mais, ce n'est pas |'objectif que nous nous donnerons igi :)

Revenons a nos moutons.

Nous avons adéquatement instantié des équations avant et aprés Newton pour décrire le monde ot nous vivons.
Equations algébriques, je crois que la complexité de la situation ne permette plus de procéder ainsi. Peut-tre, des
séries magiques, issues de matrices n-D, pourraient servir de base au regroupement fonctionel de nombres décrit
par certains concepts a exprimer.

J'ai découvert, par example, que les nombres premiers pouvaient avantageusement &tre exprimé comme
n'appartenant pas a la série dimensionelle des indices descritifs des dimmensions d'un sous-espace vectoriel
constitué de dimmensions a longueur variable non identique. Nous pourions définir de hombreuses séries magiques
ou magnifiques qui par appariements pourraient décrire des sous-ensembles de nombres fonctionelement réunis
depuis la complexité d'une convolution n-D sur la réalité.

Créant ainsi, une branche des mathématiques se voulant |'expression de fonctions primordiales de la matrice
véritable.
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THE RE-CREATION OF THE UNIVERSE

What a fun chapter name :)

This opportunity that is given to me and to you should not be lost. We the human race need fo grow
within the true limits of science. I shared my experience ... it's up to you to share too!

The refraction of light, can possibly create new matter, using the inertial oscillation of existing
matter, in an extraordinary process which needs to be extracted from the darkness of the Universe, but
certainly that of the Human spirit. We are probably not alone in this infinite space. As described, with
my incredible sense of humor in my other work: The Galactic Conquest and Post Modern Armaments, we
will need to be prepared for this new level of consciousness. The laws of nature, another of my books,
cannot be transgressed, and we will have to fight for our survival, and hope, with a little evolution, in our
nature at least, to succeed to the best of our ability.

Source unknown :)
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SHAME ON ALL

The cause: Lorentz, with the following fraudulent reasoning:

Speed (units of ¢) Lorentz factor _ Reciprocal

0,866
0,9

0,99
0,999
0,99995

If I have a speed of more than 300,000 km / s, my atoms too!
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CHRONOLOGY OF EVENTS

We are in October 2019, and I was born in June 1977. This may seem a pretentious vision, but I will try to tell
you this story. First of all, I almost always lived in the Montreal region, a city in the province of Quebec, in Canada.
My parents were not wealthy, but of the middle class, which means that I lacked nothing during my childhood.
What really represents a competitive advantage, on the terrestrial average, one could say ...

The first moment of my life when I believe I was put in contact with ethers, was after my operation for
repeated ear infections in one ear. I think I felt something akin to what I later felt like targeting my head with
ether-electron rays. I believe that this isolated event took place around the year 1980, on the ramp of highway
132 near the Longueuil Metro. But it's just a flash, this could be the result of many things.

I really did realize that someone else was in my head only in elementary school, at Gentilly school, during a music
lesson where I played some flute. I think they even managed to make me play some wrong notes, which revolted me
to the extreme. So these weapons probably existed around the year 1984, and this is not a reference to the work
of George Orwell ...

I think I gradually had my first complete hypothesis during elementary school. It consisted, I remember very
well, in disintegrating the Sun to cut the medium of transmission of electron ethers. Subsequently, at the start of
secondary school, I hypothesized that a Tokamak could prevent some from falling tfo the ground by fthis
phenomenon. I think it was around this time that I stopped conceptualizing my theories by verbalizing them in my
head, in order to hide them from others. Because I believed, at the time as well as today, that I was getting ahead
of the conception of these phenomena, a fact which cannot be demonstrated beyond any doubt, that is certain ...

It was during a trip to Virginia, USA, that I believe I had my first proof of the existence of the second and
third spices, i.e. Helium-3 as well as Tritium, used as defined in the origin of the mater. I have not been shown the
use of the fourth and last spice, that which materializes the Real Ether. It was after my visit to the space museum
in Washington, where I became aware of the real functioning of the brain, at the sight of the imposing protective
device of the lunar rock that I witnhessed this phenomenon.

I woke up later towards the end of the reign of George W. Bush, in the middle of World War IIT in my head.
There are certain facts in this space, but I will come back to this in another edition, perhaps ...
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AMERICA
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When I was living on the Maronniers street in Montreal, T was about 12 years old, the image of the ultimate
stupid appeared to me: Adolf Hitler Jr. Was it a fact or an hallucination ?
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using System;
using System.Collections.Generic;
using System.Threading.Tasks;

using System.Drawing;
using System.IO;

namespace Algo_1_CHAT

public partial class Forml : Form

{

Bitmap I = new Bitmap (1024, 1024);

public Formi()

InitializeComponent();

private void buttonl_Click(object sender, EventArgs e)

{
List<string> data = new List<string>();
for (int o = 15; o < 35; o++)
Collection<Collection<Collection<bool>>> sphere = Create_Sphere(o);
int part = o;
//int rayon = int.Parse(textBox1.Text);
long cntrl = 0;
{
{
for (int k = @; k < sphere[i][j].Count; k++)
tt[i] += Get_moyenne_distance(1, sphere, i, j, R);
cntri++;
}
}
}
1;
double ttf = 6;
for (int 1 = @; 1 < part+1; i++)
ttf += tt[i];
double distance_moyenne = (ttf / cntrl);
textBox5.Text = ((distance_moyenne - part / 2.6f) / (part / 2.6f)).ToString();
}
}

private double Get_moyenne_distance(double step, Collection<Collection<Collection<bool>>> sphere, int x, int y, int z)
double cntr = 0;
for (int 1 = @; 1 < sphere.Count; i++)
for (int j = @; j < sphere[i].Count; j++)
{
if (sphere[i][j][k] == true)

float distance = (float)Math.Sqrt(Math.Pow(x - i, 2) + Math.Pow((y - j), 2) + Math.Pow(z - k, 2));

cntr += distance;

o 109 =]




THE SPLICE OF A UNIQUE CONCEPTION OF PHYSICS

}

return cntr / cntr2;
private Collection<Collection<Collection<bool>>> Create_Sphere(int parts)

//double step = 2 * rayon / parts;

for (int 1 = (int)(-parts / 2.6f); i <= (int)(parts / 2.0f); i++)

Collection<Collection<bool>> tmp2 = new Collection<Collection<bool>>();
for (int j = (int)(-parts / 2.6f); j <= (int)(parts / 2.0f); j++)

Collection<bool> tmp = new Collection<bool>();
for (int k = (int)(-parts / 2.6f); k <= (int)(parts / 2.0f); k++)

bool test = false;
float distance = (float)Math.Sqrt(Math.Pow(i, 2) + Math.Pow(j, 2) + Math.Pow(k, 2));

if (distance <= parts / 2.0f)

int iy = (int)((i1 + parts / 2.6f) / (Math.Sqrt(i + parts / 2.0f)));
{

tmpt++;
tmpy = iy;

I.SetPixel((j + 9 + (int)(i + parts / 2.0f) * 25), 512 + k, Color.Red);
}

tmp.Add(test);

tmp2.Add(tmp);

}
panell.Refresh();

return sphere;

}
private void panell_Paint(object sender, PaintEventArgs e)

e.Graphics.DrawImage(I, new Point(@, 0));

}

ANNEXE II
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BIOGRAPHICAL NOTE

LBERT EINSTEIN is the son of German-
Jewish parents, He was bom in 1879 in
the town of Ulm. Winemberg, Germany.

His schooldays were spent in Munich, where he
attended the Gyvmurasicen until his sixteenth year
Adier leaving school w Munich, he accompanied his
parents 1o Milan, whence be proceeded to Switzer-
Bandd six months later to continue his studies.

rom 1896 1o 1900 Alben Einstein studied
mathematics and physics at the Technical High
School in Zurich, as he imended becoming
secondary  school  (Gymnrasinm)  teacher.

some time afierwards he was a private wior,
and having meanwhile become naturalised, he

ob

ccupied till 1909,
The main ideas involved in the most important
of Einstein's theories date back 1o this period,
Amongst these may be mentioned: e Special
Theory of Relativity, Inertia of Energy, 1
the Brownian Movemens, and the (_?mmurm Law
of the Emission and Absorption of Light (1905).
These were followed some vears Imter by the
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your schooldays maost of you who read this

the
e of
which you were chased about for uncounted
hours by conscientious teachers, By reason of
your past experience, you would certainly re
every one with disdain who should pronounce
even the most out-of-the-way proposition of this
science to be unirue, But perhaps this feeling of
proud certainty would leave you immediately if
some one were 10 ask you: “What, then, do you
mean by the assertion that these propositions ane
true?” Let us proceed 1o give this question o
little consideration.
Geometry sets out from centain conceptions such
“plane.” “poini, “straight line,” with

Theary of the Specific Heat of Solid Bodies, and the
fundamental idea of the Gemeral Theary of Relativity.,
During the interval 1909 to 1911 he occupicd
the post of Professor Evraerdinarivs ot the
University of Zurich, afterwards being appointed
10 the University of Prague, Bohemia, where he
ained as Professor Ovdfmarins until 1912
In the later year Professor Einstein accepted
similar chair he Polviechnikum, Zurich, and
continued his activities there until 1914, when
hc received @ call 1 the Prussiaon Academy of
nce, Berin, as suecessor to Van't Hoff
Professor  Einstein is able to devote himself
freely o his studies ot the Berlin Academy
it was here that he succeeded in completin
work on the General Theory of Relarivity (1915
17). Professor Einstein also lectures on various
special branches of physics at the University of
Bedin, and, in addition, he is Director of the
Institute  for Physical Research of the Kaiser
Wilhielnr Gesellschaft,

Professor Einstein has been twice married.
His first wife, whom he murried at Beme in 1903,
was a fellow-student from Serbia. There were
two sons of this marmage, both of whom are liv-
ing in Zurich, the elder being sixteen years of age.
Recemly Professor Einstein marned a widowed
cousin, with whom he is now living in Berlin.
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which we are able to associate more or less defi-
nite ideas, and from cerain simple propositions
(axioms) which, in virtue of these ideas, we are
inclined 10 pt as “true,” Then, on the basis
of a logical process, the justification of which we

feel ourselves compelled to admit, all remaining
propositions ane shown to follow i
i.e. they are proven, A propesi n cormect
rue) when it has been derived in the recog
nised manner from the axioms, The question of
the “truth” of the individual geometrical propo-
sitions is thus reduced to one of the “tuth”™ of
the axioms. Now it has long been known that
the last question is not only unanswerable by the
methods of geometry, but that it is in itself en-
tirely m(]mul meaning. \\ cannot ask whether
it is true that only on it line goes through
o points, We
ometry deals with things ¢
to each of which is ascribed the propenty of being
uniguely determined by two points situated on i,
The concept “true” does not tally with the
assertions of pure geometry, because by the word
“true” we are eventually in the habit of desig-
nating s the cormespondence with a “real
object; geometry, however, is nol concerned with
the relation of the ideas involved in it to objects
of experience, but only with the logical connection
of these ideas among themselves.
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N presenting this translation 1o the English-
I reading public, it is hardly necessary for me

to enlarge on the Avthor’s prefutory remarks,
excepl o draw attention 10 those add Imnm 1o the
book which do not appear in the ori

At my request, Professor Einstein kllh.ll\ sup-
plied me with a portrait of himself, by one of
Cierm = most celebrated amists. Appendix 111,
on “The Experimental Confirmation of the Gen-
eral Theory of Relativity,” has been written
specially for this translation. Apart from thes
valuable additions 1o the book, I have included
a biographical note on the Author, and, at the
end of the book, Index and a list of English
references (o the subject. This list. which is
more suggestive than exhoustive, is intended as
a guide to those readers who wish 1o pursue the
subject farther.

I desire 1o tender my best thanks o my col-
leagues Professor 5. R. Milner, I) S¢., and Mr.
W. E Cunis, AR.CS “R.
friecnd Dr. Anhur Holmes, A R.CSc.,
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It is not difficult to understand why, in spite of

this, we feel const
geometry “true.” Geometri
o mose of bess exact obje

the i y. The practic

for ex: 1..\|.I{-. of seeing in a “distance” two marked
positions on a practically rigid body is something
which is lodged deeply in our habit of thought,
We are accustomed further to regard three points
as being sitwated on a straight line, if their ap-
parent pesitions can be made to coincide for ob-

servation with one eye, under suitable choice of

our place of observation.
If, m pursuance of our h.ulmuf llmu"hr W now
the itions of geometr

by the single pmp.mnmu that two |\mn|s. on i
id hody always correspond to the

same distance (line-imerval), independently of

any changes in position o which we may subject
the body, the propositions of Euclidean geometry
then resolve themselves into propositions on the

of the Imperial Colle; o their Kindness in
reading through the manuscript, for helpful
criticism, and for numerous suggestions. 1 owe
an expression of thanks also 1o Messrs. Methuen
for their ready counsel and advice, and for the
care they have bestowed on the work during the
course of its publication,
ROBERT W. LAWSON
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Geometry which has been  supplemented in
this way is then to be treated as a branch of
. We can now legitimately ask as 1o the
of geometrical propositions interpr
in this way, since we are justified in askin
these propositions are satisfied for those real things
we have associated with the geometrical ideas. In
less exact terms we can express this by saying
that by the “wruth” of a geometrical proposition
in this sense we understand its validity for a con-
struction with ruler and compasses.

Of course the conviction of the “ruth” of geo-
metrical propositions in this sense is founded
exclusively on rather incomplete experience. For
the presemt we shall assume the “truth™ of the
geometrical propositions, then at s er stage
(in the general theory of relaivity) we shall see
that this “truth™ is limited, and we shall consider
the extent of its limitation,
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N the basis of the physical interpretation of
O distance which has been indicated, we are
also in @ position to establish the distance
between two poum on a rigid bady by means of
MEASUrements. r this purpase we require o
“distance” (rod 5) which is 1o be used once and
for all, and which we employ as a standard measune.
If, now, A and B are two points on a
we can construet the ling joining them according
to the miles of geomeiry; then, starting from A,
we can mark off the distance § time after time
umil we r B. The number of these operations
required is the numerical measure of the distance

AR, This is the basis of all measuremem of

length.

Every description of the scene of an event or of
the position of an object in space is based on the
specification of the point on a rigid body (body of

«) with which that event or object coin-

1
IN CLASSICAL M ANICS

HE purpose of mechanics is 1o describe how
badies change their position in space with
time.” 1 should load my conscience with

grave sins against the sacred spirit of lucidity
were | o formulate the aims of mechanics in this
. without serious reflection and detiled ex-
planations. Let us proceed to disclose these sins.
It is not clear what is 10 be understood here by
“position” and “space.” [ stand at the window
of a rail cariage which is travellin {
and dmp a stone on the embankment, without
throwing it. Then, disregarding the influence of
the air resistance, I see the stone descend in a
straight line, A pedestrian who observes the mis-
deed from the foorpath notices that the sione
falls 10 carth in a parabolic curve. | now ask:
Do the “posi wersed by the stone lie
reality”™ on a struight line or on a parabe
Moreover, what is meant here by motion “in
spa From the considerations of the previous
section the answer is self-evident. In the first
pace, we entirely shun the v

THE GALILEIAN SYSTEM
which the state of motion is such that the law of
inertia holds relative to it is called a “Galileian
system of co-ondinates.”” The laws of the me-
chanics of Galilei-Newton can be regarded as valid
only for a Galileian system of co-ordinates,

& AL THEORY OF RELA

cides. This applies not only to scientific descrip-

tion, but also to everyday life. If 1 analyse the

pl.uu. specification “Trafalgar Square, London,” '
the following result, The earnh is the
to which the specification of place

refers Square, London” is a well

defined point, to which a name has been assi

and with which the event coincides in space.

This primitive method of place specification
deals only with places on the surface of ngid bodies,
and is dependent on the existence of points on
this surface which are distinguishable from each
other. But we can free ourselves from both of

these limitations without altering the nature of

our specification of position. If, for instanc

cloud is hovering over Trafalgar Square, then we
can determine its position relative 1o the surface
of the earth by erecting a pole perpendicularly on
the Square, so that it reaches the cloud. The
ength of the pole measured with the standard

measuring-rod, combined with the specification of

the position of the fool of the pole, supplies us
with a complete place specification. On the basis

10 SPECIAL THEORY OF R

of which, we must honesily acknowledge, we can-
not form the slightest conception, and we replace
it by "nm('u-n relative 1o a pracl Iy id body
[ reference.” The positions relative 1o the body
of reference (railway carriage or embankment)
y been defined in detail in the preced
section, If instead of "body of reference”
we insert “system of co-ordinates,” which is g
useful idea for mathematical description, w
in a position w say: The stone tmverses o straight
line relative 1o a system of co-ordinates rigidly
“hed to the carriage, but relative to Lem
of co-ordinates rigidly aached 1w the
{embankment) it describes a paraboli. With the
aid of this example it is clearly seen that there is
no such thing as an unlqnml;mi\ existing tra-
Jectory (lin, “path-cury . but enly j
relative to a particular bady of referen
b order 1o have a complere description of the
motion, we must specify how the body alters its
position with time: fe, for every point on the
trajectory it must be stated a1 what time the
body s sitwated there. These dua must be
supplemented by such a definition of time that,
in virue of this definition. these time-values can
be regarded essentially as magnitudes (results of
measurements) capable of observation, If we
take our stand on the ground of classical

A
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N order 1o atain the greatest possible clear
I ness, let us retun o our example of the rail-

way carriage supposed 1o be travelling
uniformly. We call its motion a uniform transla-
tion (“uniform” because it is of constant velocity
and direction, “translation” because although
the carriage changes its position re e (o the
LI“"‘GII\'\I\LI’“ yel it does not rotate in so doin
Let us imag n flying through the air in
such a manner that its motion, as observed from
the embankment, is uniform and in a straight line,
If we were 1o observe the flying raven from ihe
moving railway carriage, we should find that the
motion of the raven would be one of difl
ity and direction, bot that it would still be uni-
form and in a straight line. Expressed in an
abstract manner we may If a moss m is
moving uniformly in a straight line with respect
to a co-ordinate system £, then it will also be
moving uniformly and in a straight line relative
to a second co-ondinate system K, provided that
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of this illustration, we see the manner
in which a refinement of the conception of position
has been developed.

(e} We imagine the rigid body, 10 which the
pace fication is referred, 1! 1 in
such a manner that the object whose position we
require is reached by the completed rigid body,

(B} In locating the position of the object, we
make use of & number (here the lengih of the pole

1 with the i gerod) instead of
designated points of reference.

e We speak of the height of the cloud even
when the pole which reaches the cloud has not
been erceted. By means of optical observitions
of the cloud from different positions on the

around, and taking into account the propertics of

the propagation of light, we determine the length
of the pole we should have required in order 1o
reach the clowd,

From this consideration we see that it will be
wdvantageous if, in the description of position, it
should be possible by means of numerical measures

o make ourselves independent of the existence of

marked positions (possessing names) on the rigid
body of reference. In the physics of measurement
this is attained by the application of the Cartesian
system of co-ordi

This consists of (hmr pane surfaces perpendicu-
lar to cach other and rigidly attached to a rigi

CE AND TIME 1

chanics, we can satisfy this requirement for our
illustration in the following manner, We imagine
two clocks of identical construction; the n at
the rail carfiage window is holding one of
them, and the man on the footpath the other.

ich of the observ ermines the position on
his own reference-body occupied by the stone at
each tick of the clock he is holding in his hand,
In this connection we have not taken account of
the inaccuracy involved by the finiteness of the
velocity of propagation of light, With this and
with a second difficulty prevailing here we shall
have to deal in detail later,

THE PRINCIFLE OF R

the latter is executin uniform  translatory
motion with respect 1o K. In accordance with the
discussion comained in the preceding section, it
follows that:

If Kisac(
every other co-ordinate system K’ is a €
one, when, in relation to £, it is in a condition of
uniform motion of translation. Relative o £
the mechanical laws of Galilei-Newton hold good
exactly as they do with respect 1o K.

We advance a step
when we express the tenet thus: I relative w0
K. K" is a uniformly moving co-ordinate system
devoid of rotation, then natural phenomena run
their course with respect to K’ according 1o
exactly the same general laws as with respect 1o

K. This statement is called the principle of

relativity {in the restricied sense).

As long as one was convinced that all naral
phenomena were capable of representation with
the help of classical mechanics, there was no need
1o doubt the validity of this principle of relativit
But in view of the more recent development of
electrodynamics and optics it became more and
more evident that cla 1 mechanics affords an
insufficient foundation for the physical description
of all natwral phenomena. At this juncture the
question of the validity of the principle of relativity
became ripe for discussion, and it did not appear
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Referred 1o a system of co-ordinates, the

which can be dropped from the scene of the event
w those three plane surfaces. The lengths of
these three |k|;\mlu\.ul ars can be determined by
o series of I with rigid i
rods performed acconding 1o the rules and methods
luid down by Encl

In practice, the surfaces. \\ludl constitute
the system of co-ordi s are generally not
available: furthermore, the magnitudes of the co-
ordinates are not actually determined by con-
stnections with rigid rods, but by indirect means.
If the results of physics and astronomy are to

intain their clearness, the physical meaning of

tions of position must always be sought
ccordance with the above considerations,

We thus obiain the following resuli: Eve
description of events in space involves the use of

rigid body 10 which such events have 1o be
referred. The resulting relationship takes for

anted that the laws of Evclidean geometry hold
for “distances,” the “distance™ being represented
physically by means of the convention of two
marks on a rigid body.

THE (AN 8 M OF
CO-ORDI [
is well known, the fundamental law of the
mechanics of Galilei-Newton, which is
known as the faw of inertia, can be stated
thus: A body removed suffic v far from other
bodies continues in a state of rest or of uniform
mtion in a straight line. This law not only says

also indicates the re

co-ordinates, permissible in mecl

be used in mechanical description. The visi
fixed stars are badies for which the law of ineni

rigidly .1||‘u.hul 1 the

this system, every fixed star dcwrﬂ\u-..

immense radios in the course of an astronomic
day. a result which is opposed to the statement of
the law of inertia. So that if we adhere to this law
wie must refer these motions only o systems of co-
ordinates relative 1o which the fixed stars do not
move in a circle. A system of co-ordinates of
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impossible that the answer to this guestion mi
be in the negative,
Nevenheless, there are two general facts which
much in favour of the
the principle of relativ en
though classical mechanics does not supply us
of the i

since it -.llppll&"-‘ us with the

heavenly bodies with a delic:

short of wonderful. The principle of relativity
must therefore apply with great accuracy in the
domain of mecharics. But that a principle of
uch broad generality should hold with such
exaciness in one domain of phenome anad vet
should be invalid for another, is a priori not very
probable.

We now proceed to the second argument, to
which, morcover, we shall retumn later, If the
principle of relativity (in the restricted sense)
does ned hold, |Inn llx Galil co-ordi
syslems i\ K K"

for the description of natural phenomena. In
this case we should be constrained to believe that
natural laws are capable of bein

particularly simple manner, and of course only on
condition that, from among
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co-ordinate svstems, we should have chosen one
(K5 of a particular state of motion as our body of
reference. We should then be justified (because
of iis merits for the description of naturl ph
nomena) in calling this system “absolutely
rest,” and all other Galileian systems K “in mo.
tion.” If, for instance, our embankment were the
system Ko then our railway carriage would
system K, relative o which less simple laws would
hold than with respect o Bl Iln-. \I||||||||-.hu!
simplicity would be due to the f;

K would be in nmlinn (ie. "n:;l!l\ ) w |:h

o Ko

been formulated with reference to K.

tude and direction of the velocit;

would necessari

for instance, tha

pipe placed with its axis parallel to the direction of
travel would be different from that emitted if the
axis of the pipe were placed perpendicular 1o this
direction. Now in virtue of its motion in an orbit
round the sun carth is comparable with a rail
way carriage travelling with a velocity of about
30 kilometres per second. If the principle of
relativity were not valid we should thenefore expect
that the direction of motion of the

moment would enter into the laws of nature

also that physical systems in their beh:
would be dependent on the orientation in spa

THE APPARE

{ERE is hardly a simpler law in physics
than that according o which light is propa-
gated in empry space. Every child at school

knows, or believes he knows., that this propagation

takes place in straight lines with a velocity
300000 kmufsee. At all events we know with
great exaciness that this velocity is the same for
all colours, because if this were not the case, the
minimum of emission would not be observed
simulianeously for different eolours during the
eclipse of a fixed star by its dark neighbour, By
means of similar considerations based on obsery
tions of double stars, the Duich astronomer De

Sitter was also able 1o show tha the velocity of

propagation of light cannot depend on the velocity
of motion of the body emining the light. The
assumption that this velocity of propagation is
dependent on the direction “in space™ is in itself
improbahle.

In short, let us assume that the simple law of

the constancy of the vebocity of light ¢ (in vacuum)

Vi
ON THE IDEA OF TIME IN PHYSICS

IGHTNING has struck the rails on our ral-
L way embankment at two places A and B

far distant from cach other. 1 muke the
sdditional assertion that these two  lighining
Mashes occurred simultaneously. I now [ ask
you whether there is sense in this statement, you
will answer my question with a decided “Yes.
But if I now approach you with the request io
explain to me the sense of the statement more
precisely, you find after some consideration that
the answer to this question is mot =0 casy as it
appears at first sigh,

After some time perhaps the following answer
would occur 1o you: “The significance of the
statement is clear in itsell and needs no funher
explanation: of course it would reguine some con-
sideration if | were 10 be commissioned 1o detes
mine by observations whether in the actual ca
the two events ok place simultimeously or now”
1 cannot be satisfied with this answer for the follow-
i ing that as a result of ingenious

tions an able meteorologist were (o dis-
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¢t to the earth. For owing to the altera-
tion in direction of the velocity of rotation  of the
th in the course of a year. the carth cannot be
at rest relative 1o the hypothetical system K.
throughout the whole year. However, the most
careful observations have never revealed such
nisotropic properties in terrestrial physical spa
e, o physical non-equivalence of different direc
tions, This is a very powerful argument in favour
of the principle of relativity.
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is justifiably believed by the child at school. Who
would imagine that this simple law has plunged
the conscientiously thoughtful physicist into the
greatest imellectual difficultie: 1 us consider
how these difficulties aris

OF course we must refer the process of the

i {and indeed every other

process) 10 a rigid reference-body {co-ordinate
system). As such a system let us again choose
our embankment, We shall imagine the air above
it 1o have been removed. 1F a ray of light be sent
along the embankment, we see from the above
that the tip of the ray will be transminted with
the velocity ¢ relative to the embankment. Now
let us suppose that our railway carriage i i
travelling along the milway lines with the velocity
v, and that iis direction is the same as that of the

wy of light, but its velocity of course much less.
Let us inquire about the velocity of propagation
of the 2lative 10 the cam It is
obvious that we can here apply the consideration
of the previous section, since the ray of light plays
the part of the man walking along relatively 10
the carriage. The velocity W of the man relative
to the embankment is here replaced by the velocity

of light relative to the em . w is the
ru|\||n:n| velocity of 1

ze, and we have

ATIVITY

ways strike the

mltaneously, then we should be

1.|md with the task of testing wheiher or not this
theore! result is in accordance with the realil
We encounter the same difficulty w |lh i

in which the 7
ous” plays a part. The concept does not exist

for the physicist until he has the possibility of

discovering whether or not it is fulfilled in an
aetual case, We thus require a definition of
imul ¥ such that this definition supplies us
with the methed by means of which, in the present
case, he can decide by experiment whether or not
buoth the hining  strokes oceurred  simultane-
ously, As long as this requirement is not sati

1 allow myself to be deceived as a phys

of course the same applies if T am not

when I imagine that 1 am able 1o attach a meaning
o the statement of simulianeity. (1 would ask
the reader ot 1o proceed farther umil he is fully
convinced on this point.)

After thinking the ter aver for some lime
you then offer the following suggestion with which
o test si . By measuring aleng the

15, the connecting line AF should be measured
up and an observer placed o the mid-point M
of the distance AB. This observer should be
supplied with an arrangement (e.g. (Wo mirmors
inclined at 90°) which allows him visually to ob-

Vi
'Iltl-'“ OF THE \]'II]II l]\ OF
o6 > .

"LOY
CAL MECHAN

T us suppose our old friend the railway
camiage 1o be travelling along the rails with

a constant velocity wl that o man
traverses the length of the L.lITI\_ im the direction
of travel with a veloc . How quickly, or, in
other words, with what \‘.I\ui\ W does the man
advance relative to the embankment during the
process? The only possible answer seems o
result from the following consideration: If the
man were to stand still for a second, he would
advance relative 1o the embankment through a
distance v equal numerically to the velocity of the
carriage. As a consequence of his walking. how-
ever, e traverses an additional distance w relative
o the corriage. and hence also relative 1o the
embankment, in this second, the distance w being
numerically equal 1o the velocity with which he is
king. Thus in 1ol he covers the distance

v+ w relative to the embankment in the
second considered. We shall see later this
result, which expresses the theorem of the addi-

THE PROPAGATION OF LIGHT

The velocity of propagation of a ray of i
relative to the e thus comes out sma
than ¢

But this result comes into conflict with the
principle of relati set fi in 5 n V. For,
like 3 | law of nature, the law of
the transmission of light i vecwo must, acconding
to the principle of relativity, be the same for the
railwaty carriage as reference-body as when the
rails are the body of reference. But, from our
above consideration, this would appear to be im-
possible. If every ight is propagated rela-
tiv b vith the velocity o, then
for this reason it would appear that another law
of propagation of light must necessarily hold with
respect 1o the carr a result contradictory to
the principle of

In view of this dllmnm there appears to be
nothing else for it o undon either the
principle of relativity or the simple v of the
propagation of light in vacwe, Those of you wha
have carefully followed the preceding discussion
are almost sure 1o expect that we should retain
the principle of relativity, which appeals so con-
vincingly to the intellect because it is so natural
and simple. The law of the propagation of light
in vaene would then have to be replaced by a
more complicated law conformable 1o the principle
of melativity. The development of theoretical

IN PHYS

serve both places A and B at the same time. If
the observer perceives the two flashes of lighining

at the same time, then they are simuliancous.
1 am very pleased with this suggestion, but for
ard the ma E setled,
because | feel constrained 1o raise the following
jection: “Your definition would certainly be

right, if 1 only knew that the light by means of

which the observer at M perceives the lightning
Mashes travels along the length A — M with the
same velocity as along the length B — M.
But an examination of this supposition would only
be possible if we already had at our disposal the
means of measuring time. It would thus appear
as though we were moving here in a logical circle.”
Afier furiher considerstion ¥ou cast a muwnh.al
disdainful glance at me — and
you declare: “T maintain my |>|\-\ ious definition
nevertheless, becawse in reality it assumes ab-
solutely nothing about light. There is only one
demand to be made of the definition of simulta-
neity, namely, that in every real case it must
supply us with an empirical decision as o whether
or not the conception that has to be defined is
fulfilled. That my definition satisfies this demand
is indisputable, That light reguires the same
time to iraverse the path A — M as for the
path B — M is in reality neither a suppesitic
wr e Fperthesis abowt the physical nature of light,
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tion of velocities emploved in classical mechanics,
cannot be maintained; in other words, the law
that we e just written down does not hold in
reality. For the time being, however, we shall
SSUME i1S COMecingss,
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physics shows, however, that we cannot pm\ur
this course. The epoch-making theoretical

igations of H. A. Lorentz on the Llcum\d)-
namical and optical phenomena connected with
moving bexdies show that experience in this domain
Feads conclusively 1o a theory of electiromagnetic
phenomena, of which the law of the constancy of
the velocity of light in vacuo is a necessary conse-
quence, Prominent theoretical physicists were
therefore more inclined 1o reject the principle of
relativity, in spite of the fact that no empirical
data had been found which were contradictory 1o
this principle.

At this juncture the theory of relativity entered
the anena. As a result of an analysis of the physical
conceptions of time and space, it became evident
that in reality there is not the least incomparibility
Benween the principle of relativity and the law of
propagation of light,
holdir y
theory could be arrived |h|~ lhclm has |lc n
called the special theary of relariviry 1o distinguish
it from the extended theory, with which we shall
deal later. In the following s we shall present
the fundamental ideas of the special theory of
relativity,
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but a stipudarion which 1 can make of my own
freewill in order to amive at a definiiion of

T
give an exacl i v vents, but
0 as many events as we care to choose, and in
dependently of the positions of the scenes of (hr
events with respect 1o the body of reference '
(here the railway embankmem). We are thus led
also 10 a definition of “time” in physics. For
this purpose we suppose that clocks of identic
construction are placed a the poims A, B and C
of the milway line (co-ordinate system). and that
they are set in such a manner that the positions
of their pointers are simultancously (in the above
sense) the same. Under these conditions we
understand by the “time” of an event the reading
(position of the hands) of that one of these clocks
which is in the immedi
the event, In this manner a time-value is asso-
ciated with every event which is essentially capable
of abservation

This stipulation oo




2’
hypothesis, the validity of which will hardly be
doubted without empirical evidence 1o the con-
trary. It has been assumed that all these clocks
go ai the same rate i they are of identical construe-
tion, Stated mere exactly: When two cle
@ rest in different places of a reference

in such a n
position of the pointers of the one clock is sim-
taneons {in the above sense) with the sane position
of the pointers of the other clock. then identical
“settings” are always simulianeous {in the sense
of the above definition).
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ment in each second of time. But, according 1o
the foregoing considerations, the time required by
a particular occurrence with respect to the can
must not be considered equal to the duration of
the same occurrence as judged from the embank-
ment {as reference-body). Hence it cannot be
contended that the man in walking travels the
distance w relative 10 the milway line in a time
which is equal 10 one second as judged from the
embankment.

Moreover, the considerations of Section V1 are
based on yet a second assumplion, which, in the

strict consideration, appears 1o be

arbitrary, although it was always tacitly made
even before the introduction of the theory of
relativity.

the apparent disagreement between these two
fundamental results of experience? This question

leads 10 a general onc. In the discussion of

Section V1 we have to do with places and times
relative both to the train and to the embankment.
re we 1o find the place and time of an event

in relation to the train, when we know the plac
and time of the event with respect to the railway
embankmeni? Is there a thinkable answer 1o this
guestion of such a nature that the law of transmis-
sion of light in vaco does not contradict the
principle of relativity? In other words: Can we
conceive of a relation between place and time of
the individual evendts relative to both reference-
. such that every ray of light possesses the
v of transmission ¢ re e to the embank-
ment and ive 1o the train? This question
acks to a quite definite positive answer, and to a
perfectly definite iransformation law for the space

nituckes of an event when changin,
from one body of reference 1o another

fore we deal with this, we shall introduce the
following incidental consideration. Up 1o the
present we have only considered events taking
place along the embankment, which had mathe-
matically to assume the function of a straight line.
In the manner indicated in Section [l we can
imagine this reference-body supplemented later-

ally and in a verical direction by means of

X
THE REL VITY OF SIM ANEITY

P 1o now our considerations have been re-
U ferred to a particular body of reference,

which we have styled a “rilway embank-
ment.” We suppose a very long train travelling
along the rails with the constant velocity v and
in the direction indicated in Fig. 1. People
travelling in this train will with advantage use
the train as a rigid reference-body (co-ordinate
system): they regard all events in reference to

M— oy Train
—_—t
A [ 8 Embankment
P
the train. Then every event which takes place
along the line akes place wt a particular
point of the train. Also the definition of simul-
taneity can be given relative to the train in exactly
the same way as with respect to the embankment.
As a natural consequence, however, the followi
question arise
Are two events (2.2, the two strokes of 1i

A and By which are simultaneous witl re

X

ON THE RELATIVITY OF THE CONCEFTION
OF D |

2T us consider two particular points on the

wrain ' travelling along the embankment

with the velocity w inguire as 1o their
distance /i
ary 1o ha
ment of a distance, with respect to which body
the distance can be measured up. It is the simplest
plan to use the train itself as the reference-body
ico-ordinate system). An observer in the train
measures the interval by marking off his measur-
ing-rod in a straight line (e ong the floor of
the carfiage) as many times as is necessary 1o
tike him from the one marked point 1 the other.
Then the number which tells us how often the
rod has 1o be lad down is the required distance.

It is a different matter when the distance has
to be judged from the railway line. Here the
following method suggests itselfl 17 we call A
and £ the two points on the train whose distance
apart is required, then both of these points ane

il of the of the edth carriage.
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framework of rods, so that an event which takes
place anywhere can be localised with reference
to this framework. Similarly, we can imagi
the train travelling with the velocity
continued across the whale of space, so that every
event. no matter how far off it may be. could also
be localised with respect to the second framewaork,
Without committing any fundamental error, we
can disregard the fact that in reality these frame
works would continually interfere with each other,
owing to the impenetrability of solid bodies, In
every such framework we imagine three surfaces
perpendicular o each other marked out. and
designated as “co-ordinate planes”™ (“co-ordinate
system”). A co-ondinate system K then corre-
ponds 1o the embankment, and a co-ordinate
system K to the train, An event, wherever it
w have taken place, would be fixed in space
with respect 1o K by the three perpendiculars
¥, ¥, £ on the co-ordinate planes, and with regard
w time by a time-value 1. Relative w0 K the
same event would be fixed in respect of space and
time by comesponding values x°, 3 , 1 which
of course are not identi £ 4 £ It has
alrendy been =et forth in de
tudes are 1o be arded as results of physical
measurements.

Obviously our problem can be exactly formu-
lated in the following manner. What are the
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the railway embanknren aleo simultancous relarively
to the train? We shall show directly that the
answer must be in the n
When we say that the lighining strokes A and 8
are simultaneous with respect 1o the embankment,
we mean: the rays of light emitted a the pl
A and B, where the lighining occurs, meet
other at the mid-point M of the length A — B
f the embankment. But the events A and B
also correspondd o positions A and B on the
train, Let M° be the mid-point of the disiance
A —= B on the travelling train. Just when the
flashes ' of lightning eccur, this point M naturally
coincides with the point M, but it moves towards
the right in the diag y
the If an observer sitting in the position
M in the train did not possess this velocity, then
he would remain permanently ot M. and the light
rays emitted by the Mlashes of lightning A and &
would reach him simultaneously. ie. they would
meet just where he is situated. Now in reality
(eonsidered with reference 1o the milway embank-
ment) he is hastening towards the beam of light
coming from B, whilst he is ridin the
hi coming from A, Hence the observer
will see the beam of light emitted from B earlier
than he will see that emitted from A. Observers
who take the railway train as their reference-body

RELATIVITY OF DISTANCE ¥ ]
with the velocity v along the embankment.
In the first place we require 1o determine the
points A and 8 of the embankment which are
just being passed by the two poims A" and B
partic i judged from the embank-
ment, These points A and 8 of the embankment
can be determined by applying the definition of
time given in Section VIIL The distance between
these points A and & is then measured by repeated
application of the measuring-rod along the em-
bankment.

A priori it is by no means certain that this last
mexsurement will supply us with the same result
as ihe first. Thus the length of the train as
measured from the embankment may be different
from that obained by suring in the train
tself. This circumstance leads us 10 a second
objection which must be raised against the ap-

parenily obvious consideration of Section VI
mely, if the n in the carriage covers the

distance w in a unit of time — measured from the
trtis, — then this distance — as measured front the
embankment — is not necessarily also equal to w.

values ', v, 2%, " of an event with respect to K,

when the magnitudes x, f, of the same event

with respect to K given? The relations must
o chosen that the law

of the iransmission of

light in vacane is satisfied

for one and the same ray

of light (and of course for

every ray) with respect o

K and K. For the rela-

tive orientsion in sy

of the co-ordinate systems indicated in the diagram

(Fig. 2), this problem is solved by means of the

equations:

This system of equations is known as the “Lorentz
transformation.
17 in place of the law of transmission of light we

had taken as our basis the tacit assumptions of

the older mechanics as to the absolute character
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must therefore come to the conclusion that the
lightning flash # wok place carlier than the i
ning flash A. We thus amive at the important
result;
vems which are simultancous with reference
e the embankment are not simultaneous with
respect to the wain, and v [
simultaneity). Every reference-body {co-ordinate
system) has its own panicular time: unless we
are told the reference-body to which the statement
of time refers, there is no meaning in a statement
of the time of an event.

dow before the advent of the theory of relativiry
it 1 always tacitly been assumed in physics
that the statement of time had an absolute
significance, f.e. that it is independent of the state
of mation of the body of reference. But we have
just seen that this assumplion is incompatible
with the most natural definition of simultaneity.
il we discard this assumption, then the conflict
between the law of the propagation of light in
vacno and the prnciple of relativity (developed
in Section VII) disappears.

We were led 1o that conflict by the considera-
tions of Section VI, which are now no longer
tenable. In that section we concluded that the
man in the carriage, who traverses the distance
w per second re 1o the carri traverses the
same distance also with respect to the embank-

X1
E LORENTZ TRANSFORMATION

HE results of the last three sections show
T that the apparent incompatibility of the

Tow of propagation of light with the principle
of relativity (Section VII) has been derived by
means of a consideration which borrowed 1wo
unjustifiable hypotheses from classical mechanics:
these are as follows:

(1} The time-interval {time) between two evenis
is independent of the condition of motion
of the body of reference.

(2} The 5 interval (distance) between two
points of a rigid body is independent of
the condition of motion of the body of
referenc

we drop these hypotheses, then the dilemma
of Section VI disappears, because the theorem of
the addition of velocities derived in Section VI
becomes invalid, The possibility presents itself
that the law of the propagation of light in vacue
may be compatible with the prnciple of relativ

and the question arises: How have we 1o modify
the considerations of Section VI in order 1o remove
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of times and lengths, then instead of the above we
should have obtained the following equations:

This tem of equations is often termed the
“Galilei transformation.” The Galilei transforma-
tion can be obtained from the Lorentz trans-
formation by substinting an infinitely large value
for the velocity of light ¢ in the latter trans-
formation,

Aided by the following illustration, we can
readily see that. in accordance with the Lorentz
transformation, the law of the transmission of
light in vacuo is satisfied both for the reference-
body K and for the reference-body
signal is sent along the positive x-axis, and this
light-stimulus res with the
equation

i.e. with the velocity e. According to the equations
of the Lorentz transformation, this simple rela-
tion between x and ¢ involves a relation between
¥ and ¢, In point of fact, il we substime for
x the value cr in the first and founth equations of
the Lorentz transformation, we obtain:




from which, by division, the expression

x=cr
immed ¢ follows. 1T referred 1o the system K,
the propagation of light takes place according to

this equation. We thus see that the velocity of

teansmission relative to the reference-hody K is
also equal to o, The same result is obtained for
rays of light advancing in any other direction
whatsoever. Of course this is nol surprising
nce the equations of the Lorentz transfomation
were derived conformably 1o this point of view.

X

OW in practice we can move clocks and
mensuring-rods only with velocities that
are small compared with the velocity of

light; hence we shall hardly be able 1w compare
the results of the previous section direcily with
the reality. But, on the other hand, these resulis
must strike you b very singular, and for
that reason 1 shall now draw another conclusion
from the theory, one which can easily be derived
from the foregoi

been most elegantly confirmed by experiment.

In Section VI we derived the theorem of the
addition of velocities in one direction in the form
which also results from the hypotheses of classical
mechanics. This theorem can also be deduced
readily from the Galilei transformation {Section
XI. In place of the man walking inside the
carriage. we introduce a point moving relatively
to the co-ondinate system K in accordance with
the equation

By means of the first and fourth equations of the
"

PERIMENT OF FIZEAU a9
cs of Maxwell-Lorentz, on which the
based, in no way opposes the

-.umplu_ combin
hypotheses, formerly indey |n ndent of each mlnu
on which electrodynamics was buili,

X

TH EHAVIOUR OF MEASURING-RODS AND
CLOCKS IN MOTION

such a manner that one end (the be;
coincides with the point x'=0, whilst the
other end (ithe end of the rod) coincides with the

I PLACE a metre-rod in the r'-axis of &

point x"=1. What is the length of the metre-
rod relatively 1o the system K7 In order to learn
this, we need only ask where the beginning of the
vod and the end of the rod lie with respect 10 K
at a particular time ¢ of the system K. By means
of the first equation of the Lorentz transformation
the values of these two points ol the time =0
can be shown 1o be

X
begin: rod)

{end of rod) ~

the distance between the points being \ I

But the metre-rod is moving with the velocity v
relative 1o K. I therefore follows that the length
of a rigid metre-rod moving in the direction of its
length with a velocity v is 1 -v3/c? of o metre.
id rod is thus shorer when in motion than

G
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Galilei transformation we can express 1 and
in terms of x and £, and we then obtain

This equation expresses nothing else than the law
of motion of the peint with reference to the system
K (of the man with reference to the embankime
We denote this velocity by the symbol W,
then obtain, as in Section VI,
w W
But we can carry out this consideration jusi as
well on the hasis of the theory of relativity. In
the equation
we must then express x” and ' in terms of v and /£,
use of the first and fourth equations of the
x trersformation. Instead of the equation
) we then obtain the equation

(B),

velocities in one direction according to the theory
i ivity, The question now arises as to which
of these two theorems is the betier in accord with
experience. On this point we are enlightened by
most important experiment which the brill
ic au performed more than hal
century ago, and which has been repeated since

v

OF TF
RELATIVITY

UR train of thought in the foregoing pag
i be epitomised in the following r

Experience has led 1o the conviction that,
on the one hand, the principle of relativity holds
true, and that on the other hand the velocity of
transmission of light in vacue has 10 be considered
equal to a constant ©. By uniting these two postu-
i ansformation for
z and the time

1t of the e ich ¢ the processes of
nature. In this connection we did ot obtain

the Galilei trs uulmn\i ion, Ilul. .lil'r'u;rinl from

The law of transmission ul Iu_ 1, llu' wceplince
of which is justified by our actual knowledge,
pl'lwsl ani iportant part in this process of thought,
Onee in possession of the Lorentz transformation,

er, we can combine this with the principle

of relavity, and sum up the theory thus:
very general law of nature must be so con-
stituted that it is trmansformed into a law of
exactly the same form when, instead of the space-
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when at rest, and the more guickly it is movin,
the shorer is the rod. For the velocity v=rc
we should have Ji1-viict =0, and for sill
greater velocities the square-rool becomes im-
aginary, From ihis we conclude that in the
lhuun of relativity the velocity ¢ plays the pan
of a limiting velocity, which can neither be reached
nor exceeded by any real body

Of course this festure of the velocity L]
limiting velocity also cleardy follows from the
Ui of the Lorentz i ion, for these
become meaningless if we choose values of v

o
If, on (Iw contrary, we had considered a metre-
roxd 1 rest in the xis with respect to K, then we
should have found that the length of the rod as
edd from K would have been [T=v7/c : this

is quite in accordance with the principle of rela-
tivity which formes the basis of our considerations.
A priori it is guite clear that we must be able to

bearn something about the physical behaviour of
measuring-rods and clocks from the equations of

transformation, for the magnitudes x. y, z, 1, are
nothing more nor less than the resulis of measurne-
ments obtainable by means of measuring-rods and
clocks. If we had based our considerations on the
Galilei transformation we should not have ob-
tained a contraction of the rod as a consequence
of its modion,

ERIMENT OF FIZEAU

then by some of the best experimental physicists
s0 that there can be no doubt about its result.
The experiment is concerned with the following
question. Light wavels in a motionless liguid
with a particular velocity w. How quickly does
it travel in the direction of the arrow in the wbe T
(see the accompanying diagram, 3) when the
Tiquid above mentioned is fln\uu!_ through the
tube with a velocity v?

In accordance with the principle of relativity
we shall cemtainly have 1o take for
the propagation of light always takes place with
the same velocity w with respect to the liguid,
whether the Latter is in motion with reference 1o
other bodies or not. The velocity of light relative
to the liguid and the velocity of the latter relativ
o the whe are thus known, and we require the
velocity of light relative to the tube.

It is clear that we have the problem of Section

rin before us, The mbe plays the | F
T

the railway embankment or of the co-ordinate
system K, the liquid plays the pan of the carriage
or of the co-ordinate system K, and finally, the
light plays the pant of the man walking along the
carriage, or of the moving point in the present

HEURISTIC VALUE OF RELATIVITY 3

time variables x, y, z. 1 of the original co-ordinate
system K. we introduce new space-time v es
X 1 of a co-ordinate system K. In this
connection the relation between the ordinary and
the accented magnitudes is given by the Lorentz
ransformation. Or, in briel: General laws of
nature are co-variant with respect 1o Lorentz
transfosmations,
This is a defini ical condition th
the theory of relativity demands of 4 natural
and in vinue of this, the theory becomes a valua |1>|\-
laws of
nature, I|;ngcm- aw of nature were 1o be found
which did not satisfy this condition, then at least
one of the two fundamental assumptions of the
theory would have been disproved. Let us now
examine what general resulis the later theory
has hitherio evinced.

AL THEORY OF R

Let us now consider a seconds-clock which is
permanemly situated at the or; e
t'=0 and 1'=1 arc two successive ticks of this
clock, The first and founh equations of the
Lorentz transformation give for these two ticks:

and

As judged from K. the clock is moving with
the velocity v; as judged from this reference-body.
the time which elupses between two strokes of the

s 1 s
clock is not one second., but - seconds, ie
somewhat larger time. As o consequence of ils
motion the clock goes more slowly than when at
rest. Here also the velocity ¢ plays the part of
an unattainable limiting velocity.

FECIAL THEORY OF RELA

the equation (A) or 1I§l.
transformation o the Lorentz transformation
corresponds 1o the facts. Experiment ' decides in
favour of equation (B) derived from the theory of
relativity, and the agreement is, indeed, very
exact, According 1o recent and most {-\n-li._m
measurements by Zeeman, the influence of the
velocity of flow v on the propagation of light
is represented by formula (B) to within one
per cent.
evertheless we must now draw allention 1o
the fact that a theory of this phenomenon was
given by H. A. Lorentz long before the statement
of the theory of relativity. This theory was of a
i = obtained
by the use of particular hypotheses as to the
electromagnetic structure of matter, This circum
stance, however, does not in the least diminish
the conclusiveness of the experiment as a crucial
test in favour of the theory of relmivity, for the

with F

{RAL RE LTS : HEORY

T is clear fum. our previous considerations that

the (special) theory of relativity has grown

mics and optics. In these

fields it has not appreciably aliered the predictions

ably simplified the

cal stucture, ie. the derivation of laws,

what is incomparably more important — it

has considerably reduced the number of inde-

pendent hypotheses forming the basis of theory.

’ ativity has rendered the

Maxwell-Lorentz  theo ||L4u-.lh]r that the

latter would have h\\n generally accepted by

physicisis even if experiment had decided less
um,-qunm.lll\ in its favour,

“lussical mechanics required o be modified
before it could come ino line with the demands
of the special theory of relativity. For the main
pan, however, this medification affects only the
Taws for rapid motions, in which the velocities of
matter v are not very small as compared with the
velocity of light. We have experience of such
rapid motions only in the case of electrons and
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ions; for other motions the variations from the
laws of classical mechanics are too small to make
themselves evident in practice. We shall not
consider the modion of stars until we come 1o
speak of the general theory of relativity. In
cordance  with the theory of relativity the
material poini of mass 1 is no

longer given by the well-known expression

This expression approaches infinity as the velocity
v approsches the velocity of light e The velocity
must therefore always remain less than e, however

may be the energics used to produce the
acceleration. IF we develop the expression for
the kinctic energy in the form of a series, w
obtain

When - is small compared with unity, the thind

of these terms is always small in comparison with
the secomd, which last is alone considered in classi-
cal mechanics, The First term me’ does nod contain
the velocity, and requires no consideration if we

I 1M
| bl

interpretation of electroma
tance resulted in physicisis hccnminy convinced
that there are no such things as instantanecus

tions at a distance (not involvir i
mediary medium) of the type of \!L\Alun 13

i to the theory of re

tion at a distance with the velocity of light
always takes the place of instantaneous action at
a distance or of action at a distance with an in
finite velocity of transmission. This is connected
with the fact that the velocity ¢ plays a funda-
mental rile in this theory. In Pan 1T we shall see
in what way this result becomes modified in the
general theory of relativity.
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The theory of relativity leads to the same law
of motion, without requiring any speeial hypothe-
sis whatsoever as to the structure and the be-
haviour of the electron, We arrived at a similar
conclusion in Section X111 in connection with the

i 1 the result of which is fore
told by the theory of relativity without the ne-
cessity of drawing on hypotheses as to the physica
nature of the ligquid

The second cluss of facts to which we have
alluded has reference 1o the question whether or
not the motion of the earth in space can be made
perceptible in termestrial experiments,. We have
already remarked in Section V that all attempts
of this nature led 1o a negative result. Before
the theory of relativity was put forward, it was
difficult 10 become reconciled to this negative
result, for reasons now o be discussed. The in-
herited prejudices abowt time and space did not
allow any doubt 1o arise as to the prime imponance
of the Galilei transformation for changing over
from one body of reference 1o another. Now
assuming that the Maxwell-Lorentz equations
hold for a meference-body K, we then find that
they do not hold for a reference-body K*
uniformly with respect 1o K, if we
the relations of the Galileian transformation
exist between ihe co-ordinates of K and K
thus appears that of all Galileian co-ordinate

THEORY OF RELA

with the guestion as to how the
¥ of a point-mass depends on the velocity.
» shall speak of its essential significance later.
The most imporiant result of a general character
to which the special theory of relativity has led is
concerned with the conception of mass, Before
nised two
conservation laws of fundamental impornance
namely. the law of the conservidion of energy
and the law of the conservation of mass;
o fundamental laws appeared o be quite in-
dependenmt of cach other. By means of the
theory of relativity they @ been united into one
law. We shall now brn.l'l\ consider how this
unification came about, and what meaning is to
be attached to it
The principle of relaivity requires that the law
of the conservation of energy should hold not
only with reference 10 a co-ordinate system K,
but also with respect 10 every co-ordinate system
K which is in a state of uniform metion of transl
tion relative o K. or, briefly, relative o eve
“Galileian™ system of co-ordinates. In contrast
o chassical mechanics, the Lorentz transformation
is the deciding factor in the transition from one
such system 10 another,
By means of comparatively simple considera-
tions we ane led 1o draw the following conclusion
from these premiscs, in conjunction with the

XVl
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O what extent is the special theory of rela
T tivity supported by exper 2 This ques-

tion is not easily answered for the reason
already mentioned in connection with the funda-
mental experiment of Fizeau. The spe theory
of relativity has crystallised out from the Maxwell-
Lorentz theory of clectromagnetic phenomena.
Thus all facts of experience which support the

electromagnetic theory also suppon the theory of

relativity, As being of panicular imporance, |
mention here the fact that the theory of relativ
sbles us 1o predict the effects produced on the
light reaching us from the fixed stars, These
resulis are obtained in an exceedingly simple
manner, and the effects indicated, which are due
1o the relative motion of the earth with reference
o those fixed stars, are found 1o be in accord
with experience. We refer 1o the yearly move-
ment of the apparent position of the fixed stars
ing from the motion of the carth round the
sun {abermtion), and to the influence of the radial
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ystems one (K) mrn.q:uml.ln» to a particular
te of motion is physically unigue. This result
was interpreted physically by n ding K as at
rest with respect 1o a hypotheti ther of spe
On the other hand, all co-ordinate systems K
moving relatively to K were 1o be regarded a5 in
miodion with respect to the wether, To this motion
of K' against the wether (“mther-drift” relative 1w
K7 were assigned the more complicated laws
which were supposed 1o hold relative 10 K.
Strictly sp ch an -drift ought

be assumed relative to the earth, and for a
long time the efforts of physicists wene devoted
o mtempis to detect the existence of an wether-
drift at the earth's surface.

In one of the most notable of these attempts
Michelson devised a method which appears as
though it must be decisive. Imagine two mirmors
S0 arrang a rigid body that the reflecting
surfaces face cach other. A ray of light requires
 perfecily definite ti 10 piss Trom one mirror
o the other gain, if the whole system
be at rest with respect m the wther. It is found
by calculation, however, that a slightly different
time T is required for this process, if the body,
together with the mirmors, be moving relatively
to the miher. And yet another point: it is shown
by calculation that for a given velocity v with
reference to the wmther, this time T is different

IRY

fundamental equations of the electrodynamics of

Maxwell: A body moving with the velocity
which absorbs ' an amount of energy E, in the
form of radiation without suffer
in velocity in the process, has, as a consequence,
its energy increased by an amount

In consideration of the expression given above
for the kinetic energy of the body, the required
energy of the body comes out o be

Thus the body hos the same energy as a body
z E . 4 :
of mas [;u + } maoving with the velocity v.
Hence we can s If a body takes up an amount
of energy E,, then its inertial mass increases by an

[; . « ¢ .
amount —: the inertial mass of a body is not

constant, bul vares according to the nge in
the energy of the body. The inential mass of a
system of bodies can even be regarded as 2 measure
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components of the relative motions of the fixed

stars with respect to the earth on the colour of

the Ii; aching us from them. The latier effect
manifests itself in a slight displacement of the
spectral lines of the light ransmitted to us from
a fixed st S COMpra wred with the position of the
same \pnn al lines \A|L1| they are produced by a
terrestrial source of light (Doppler |‘|!r|up|l-

The experimental arguments in favour of the
Maxwell-Lorentz theory, which are at the same
time arguments in favour of the theory of rela-
tivity, are 00 numerous to be set forth here. In
reality they limit the theoretical possibilities 10

such an extent, that no other theory than that of

Maxwell and Lorentz has been able 1o hold its
own when tested by expericnce.

But there are two classes of experimental facts
hitheno obtained which can be represented in the
\1 axwell-Lorentz theory mrl» I;\. the m|||n|u\.||m\

Le.
without Ih:lhn:,_ use ul the |huu.—_\ of n| ivity
BPPEATS EXITANEOUS,

It is known thut cathode rays and the so-called

frays \'Illl[l{d by lioactive substances consist
trified particles (electrons) of
) I::r\,\- velocity. By examin-

. we can study the
law of maotion of these p:mkh_-. viery exactly.
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when the body is moving perpendicularly 1o the
planes of the mirrors from that resulting when
the mation is parallel to these planes. Althou gh
the estimated difference between these two times
is exceedingly all, Michelson - Morle;
performed an experiment involving interference
n which this difference should have been clea |rlt
detectable. But the experiment g
resull —a fact very pemplexing 1o |\Im.|. Bsls
Lorentz and FiteGerald rescued the theory from
this difficelty by assuming that the motion of
the body relative 1o the wther produces a contrac-
tion of the body in the direction of metion, the
amount of contraction being just sufficient 1o
compensate for the difference in umn: mentioned
above. Comparison with the discus
XII shows that from the standpoint
theory of relativity this solution of the difficulty
was the right one. But on the hasis of the theory
of relativity the method of interpretation is in-
comparably more satisfactory, According 1o this
theory there is no such thing as a “specially
favoured” (unique ) co-ordinate \\\t\.m 1o occasion
the imroduction of the wiheridea. and hence
there can be no wther-dfl, nor any experiment
with which 1o demonsirte it. Here the contrac-
tion of moving bodies follows from the two fun-
damental principles of the theory without the
troduction of particular hypotheses; and as the
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of its encrgy. The law of the conservation of the
mass of a system becomes identical with the law
of the conservation of energy, and is only valid
provided that the system neither takes up nor
sends out energy. Writing the expression for the
energy in the form

e
o
Vi B

we see that the term me’. which has hitherto

atiracted our atention, is nothing else than the
energy possessed by the body ' before it absorbed

A direct comparison of this relation with experi-
ment is not possible at the present time, owing to
the fact that the changes in energy £, to which we
can subject a system are not large enough 1o make
themselves perceptible as a change in the incrial
mass of the system. IJ is too small in comparison
with the mass m. which was present before the
alteration of the energy. It is owing to this circum-

ssical mechanics was able 1w es-
tablish successfully the conservation of mass as
law of independent validity.
et me add a final remark of a fundamental
nature. The success of the Farada

As juh

60 SPECIAL THEORY OF RELATIVITY

In the theoretical treatment of these electrons,
we are faced with the difficulty that electro-
dynamic theory of its unable 1o give an
count of their nature, For sinc e 1 masses
of one sign repel eacl + the negative elecirical
masses constituting the electron would necessarily
be scatiered under the influence of their mutual
repulsions, unless there are forces of another kind
operating between them, the nawre of which has
hitherto remained obscure to us' IF we now
assume that the relative distances between the
electrical masses constituting the electron remain
unchanged during the motion of the electron
(rigid connection in the sense of classical me-
chanics), we amive at a law of motion of the
electron which docs not agree with expe
Guided by purely formal points of vie
Lorentz was the first to introduce the h\‘k‘lhhl\
that the particles constinting the eleciron ex-
perience a contraction in the direction of motion
in consequence of that motion, the amount of this
contraction being proportional to the expression

1= " This hypothesis, which is nol justifiable

\
by any electrodynamical facts, supplies us then
with that particular law of motion which has been
confirmed with great precision in recent years
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prime factor involved in this contraction we find,
net the motion in itself, 10 which we cannot
attach any meaning, but the motion with respect
to the body of reference chosen in the particular
case in point, Thus for a co-ordinate system
moving with the earth the miror system of
Michelson and Morley is not shortened, but it is
shortened for a co-ordinate system which is al
rest relatively to the sun,
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MINKOWSKI'S FOUR-DIMENSIONAL SPACE

HE non-mathematician is seized by a mys-
terious shuddering when he hears of “four
dimensional™ things. by a feeling not unlike

that awakened by thoughts of the occult. And
yel there is no mone common-place statement than
that the world in which we live is a four-dimen-
sional space-time continuum.

Space is a three-dimensional continuum. By
this we mean that it is possible 1o describe the
position of a point (a1 rest) by means of three
numbers {co-ordinates) x, v, 2, and that there is
an indefinite number of points in the neighbour
hood of this one, the position of which can be
deseribed by co-ordinates such as 5., v, 2, which
may be as near as we choose o the respecti

values of the co-ordinates x, y. z of the first |m|nl
In virtwe of the latler property we speak «
“eontinuum,” and owing to the fact that Ier\.‘
are three co-ordinates we speak of it as being
“three-dimensional.™

Similarly, the world of physical phenomena
which was briefly called “world” by Minkowski

PART 11

{E basal principle, which wis the pivot of all

our previous considerstions, was the special

principle of relativity, i.e. the principle of
the physical relativity of all wniform motion. Let
us once more analyse its meaning carcfully.

It was at all times clear that, from the point of
view of the idea it uumu_\-. o us, every motion
must only be considered o relative maotion.
Returning 1o the |II;|~|r.zuwn we have tm|4|uu|~
used of the embankment and the railw ay carriage.
we can express the fact of the motion here takin
place in the following two forms, both of which
are equally justifiable

(er) The carriage is in motion relative 1o the
embankment.
(k) The embankment is in motion relative o
the caming
In {a) the embankment, in (b) the cam
serves as the body of reference in our statement

PFECIAL AND GENERAL PRINCIPLE

powerful application of the brakes, then the oc-
cupant of the iage experiences a comespond-

y powerful jerk forwards. The retarded mo-
tion is manifested in the mechanical behaviour

f bodies relative 1o the person in the railway
l':llri.‘lg . The mechanical behaviour is different
from that of the case previously considered, and
for this reason it would appear to be impossible
that the same mechanical laws hold relatively 1o
the non-uniformly moving carriage. as hold with
reference 1o the when at fest oF in uni-
form motion. At all events it is clear that the
Galileian law does not hold with respect to the
nen-uniformly moving carmiage. Because of this,
we feel compelled at the present juncture to grant
a kind of absolute physical reality to non-uniform
motion, in opposition 1o the general principle of
relativity. But in what follows we shall soon
see that this conclusion cannot be maintained
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is naturally four-dimensional in the space
sense. For it is composed o ivil

each of which is described by four numer\
namely, three space co-ordinates x, v, il
time co-ordinate, the time-value 1, The “world
is in this sense also a continuum; for 10 every
event there are as many “neighbouring” events

(realised or at least thinkable) as we care 1o
choose, the co-ondinates x,, v, 2., 1, of which differ
by an indefinitely small amount from those of the
evenl x. v, z, f originally considered. That we
have not been accustomed to regard the world
in this sense as a four-dimensional continuum is

ave been in the habit of tres in_-_: time
independent comtinuum. As a matter of fact,
according to classical mechanics, time is absolute,
L it is independent of the position and the condi-
tion of motion of the system of co-ordinues. We
see this expressed in the last equation of the
Galileian transformation (1= 1),

The four-d | monde of e leration of

the “world™ is natural on the theory of relativity,
since according 1o this theory time is robbed of its
independence. This is shown by the fourth equa-
tion of the Lorentz transformation:
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of the motion taking place. If it is simply a
question of detecting or of describing the motion
invalved, it is in principle immate o what
reference-body we refer the motion, As already
mentioned, this is self-evident, but it must not be
confused with the much more comprehensive state
ment called “the principle of relativity,” which we
have taken as the basis of our investigations,

The principle we have made use of not only
maintains that we may equally well choose the
carriage or the embankment as our reference-body
for the descniption of any event (for this. oo, is
self-evident). Our principle rather assens what
follows: If we formulate the general laws of
nature as they are obtained from experience, by
making use of

(er} the embankment as reference-baody,
(5} the rail i i

then these

mechanics or the law of the propagation of light
in vacno) have exacily the same form in both cases
This can also be expressed as follows: For the
physical description of natural processes, neither
of the reference-bodies K. K is unigue (lin.
! ked o™y as compared with the
other. Unlike the first, this latter statement need
not of necessity hold a prier; it is not contained
in the conceptions of “motion” and “reference-
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E GRAVITATIONAL FL

we pick up a stone and then let it go, why
it fall w the ground? The usu

i use it is

¥ Modem physics formu-

the answer rther differently for the follow-

ing reason. As a result of the more careful study

i i, we have come o

e process impaossible

without the intervention of some intermediary
medium, If, for
piece of iron, we

iron through the intermediate empty space, but
we are constrained 1o imagine — after the manner
of ¥ the magnet always calls
inte being something physically real in the space
round it. that something being what we call a

1" In its tum this magnetic field
operites on the picce of ion, so that the later
strives (o0 move towards the magnet. We shall
not discuss here the justification for this incidental
conception. which is indeed a somewhat arbi-

Mareover, according to this cquation the time
difference A’ of two events with respect 1o K
does not in general vanish, even when the time
difference Ar of the same events with reference 1o
K vanishes. Pure “space-distance” of two events

with respect to K results in “time-distance™ of

the same events with respect to K7 But the
discovery of Minkowski, which was of importance
for the formal development of the theory of rels
tivity, does not lie here. It is to be found ruther
in the fact of his recognition that the four-dimen-
sional space-time continuum of the theory of rela
tivity, in its most esse formal  propen
shows a pronounced relationship to the three
dimensional continuum of Euclidean geometrical
space.’ In order 1o g

relationship, however, we must replace the usu;
time co-ondinate 1 by an imaginary magnitude
J=1-ar proportional to it Under these condi-
tions, the natural laws satisfying the demands of
the (special) theory of relativity assume mathe
matical forms, in which the time co-ordinme plays
exactly the same rile as the three space co-
ordinates.  Formally, these four co-ordinates

disce Appendi 11,

FECIAL ANDY GENERAL PRINCIPLE
and derivable from them; only experience
n decide as to its correciness of incorrectness.
Up to the presemt, however, we have by no
means maintained the equivalence of all bodies
of reference K in connection with the formulation
of nawral laws, Our course was more on the
following lines, In the first place, we started out
from the assumption that there exists a reference-
body K. whose condition of motion is such that
the Galileian law holds with respect o i A
particle left to isell and sufficiently far removed
from all other particles moves uniformly in a
straight line. With reference to K (Galileian
reference-body) the laws of nature were 1o be as
simple as possible. But in addition o &, all
[ ence X' should be given preference
wl they should be exactly equiva-
o K for the formulation of natu
pllu\'ulu.'ll that they are i state of wiform
rectilingar and pon-rofary motion with respect 1o K;
all these bodies of reference are to be regarded
as Galileian reference-bodies, The validity of
the principle of relativity was assumed only for
these reference-bodies, but not for others (¢
those possessing motion of a different kind). In
this sense we speak of the special principle of
ativity. or special theory of relativity.
In contrast 1o this we wish 10 understand by
the “general principle of relativity” the followin
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trary one. We shall only mention that with its
aid electromagnetic phenomena can be theoret-
ically represented much more satisfactorily
without it, and this applies paniculaly to rhr
transmission  of electron -uyl\rlic waves, The
effects of gravitation alsn are regarded in an
an logows manner,
he action of the eath on the stone tkes
place |i|d|rul|\ The earth produces in its sur
roundings a gravitational field, which acts on the
stome and produces its motion of fall, As we
know from experience, the intensity of the action
on a body diminishes according to a quite definite
rther and farther away from
the carth. From our point of view this means:
The law governing the propertics of the gravit
tional field in space must be a perfectly definite
ome, in order cormectly o represent the diminution
of gravitational action with the distance from
operative bodies, It is something like this: The
baody fe.g. the earth) produces a field in its imn
diate neighbourhood directly: the intensity and
direction of the field m points farther removed
from the body are thence determined by the law
which govems the properties in s of the
grovitational fields thenselves.
In contrast 1o electric and magnetic fields, the
gravitational field exhibits a most remarkab
propenty, which is of fundame: importance
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correspond exactly to the three space co-ordinates
in Euclidean geomeiry. It must be clear even to
the b an that, as a o e of
this purely fory ddition 1o our knowledge, the
theory perforce gained cleamess in no mean

measure
These inadequate remarks can give the r
only a vagoe notion of the important ide
tributed by Minkowski. Without it the general
theory of relativity, of which the fundamental ideas
developed in the following pages, would perhaps
have got no farther than its long clothes. Min-
kowski's work is doubtless difficult of sccess 1o

this work in order to understand the fundamental
ideas of either the special or the general theory of
relativity, [ shall ot presem leave it here, and
shall revert to it only wowards the end of Pan 11,
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statement: All baodies of reference K, K, etc.
are equivalent for the description of natural
phenomena (formuolation of the general laws of
nature), whatever may be their state of modion.
Bur before proc <I|n-- farthe zht 1o be
pointed out that this formulation must be re
placed later by a more abstract one, for reasons
which will become evident at a later stage.

Since the imroduction of the special principle
of relaivity has been justified, every intellect
which strives after generalisation must feel the

ion to venture the step towards the general
relativity, But a simple and ap-
parently quite relisble consideration seems o
suggest that, for the present at any rate, there is
little hope of success in such an attempt
zine ourselves ransferred o our old f
nilway carriage, which is travellin
uniform rate. As long as it is movi
carriag
motion, and it is for this reason |h il hc can un-
reluctantly interpret the facts of the case as
indicating that the carriage is at rest. but the
embankment in mation, \llz\'o\w ceonding
to the special principle of re this inter-
pretation is quite justified also from a physic
point of view.

If the motion of the carriage is now cha

inte a non-uniform motion, as for instance by a
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for what follows. Bodies which are moving under
the sole influence of a gravitational field receive
an acceleration, which does not in the leass dep
eitfter o the material or on the plivsical stte of the
Py, For instance, a piece of lead and a piece
of wood fall in exactly the same manner in a
gravitational field (i vacue), when they star of]
from rest or with the same initial velocity. This
Baw, which holds mest accuruely, can be expressed
in a different form in the light of the following
consideration.

According o Newton's law of motion, we have
(Force) = (inertial mass) X (acceleration ),
where the “inertial mass™ 15 a characteristic

e sccelerated body. If now gravi-
ation is the cause of the acceleration, we then
have
{Fan itational mass) % (intensity of the
wvitational ficld),
where the “gravitational mass” is likewise
aracteristic constant for the body. From these
ions follows:

ration) = —io T B o nnensiny of the
s we find from experience, the acceler

tion is 1o be independent of the nature and the
condition of the body and always the same for a
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ravitational field, then the rafio of the

gravitational 1o the inertial mass must likewise

be the same for all bodies. By a suitable choic
of units we can thus make this ratio equal

unity. We then have the following law: The

ravitational mass of a body is equal to its inertial

4,

Tt is wrue that this important law had hithero
been recorded in mechanics, but it had not been
inferpreted. A sutisfuctory interpretation can be

ained only if we recognise the following
The same gquality of a body mani itselfl ac-
cording o circumst as “inertia” or as

ight™ (lit. “heaviness™). In the followin
section we shall show o what extent this is
actually the case, and how this question is con-
nected with the general postulate of re
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the bodies around him on the supposition of a
aravitational field, and he would not be justified
on the grounds of experience in supposing his
reference-body 10 be “at rest,”

Suppose that the man in the chest fixes a rope
o the inner side of the lid, and that he mtaches
a body to the free end of the rope. The resuli of
this will be to stretich the rope so that it will
hang “vertically” downwards. If we ask for an
opinion of the cause of tension in the rope, the
man in the chest will say: “The suspended body
experiences a downward foree in the gravitational
field, and this is neutralised by the tension of the
rope: what determines the magnitude of the ten-
sion of the rope is the gravitational mass of the
suspended body.” On the other hand, an ob-
server who is poised freely in space will interpret
the condition of things thus: “The rope must
perforce take part in the accelermed motion of
the chest, and it transmits this motion to the body
attached 10 it The tension of the rope is just
Targe enough 10 effect the acceleration of the body.
T lI which determines the magnilde of the
tension of the rope is the inertial mass of the
bedy.” Guided by this example, we see that our
extension of the principle of melativity implies

ity of the law of the equality of inertial
itational mass. Thus we have obtained
a physical interpretation of this law.
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ence-bodies {or their states of motion) are given
priority over other reference-bodies (or their
states of motion)? What is the reason for tis
preference? In order to show clearly what T mean
by this question, [ shall make use of a comparison.

1 am standing in front of a gas r

g alongside of each other on the range are two
ans so much alike that one may be mistaken for
the odher, Both are half full of water. | nolice
that steam is being emitted continvously from the
one pan, but not from the other. 1 am surprised at
this, even if 1 have never seen either
or a pan before. But if | now notice a luminous
something of bluish colour under the first pan but
not under the other, I cease to be .snmmdlul even

f I have never before seen a gas For 1
can only that this bluish something w |II cause
the emission of the steam, or at least possildly it

ay do so, IT, however, | notice the bluish
something in neither case, and if T observe th
the one continuously emits steam whilst the
other does not, then T shall remain astonished
and dissatisfied until 1 have discovered some
circumstance 1o which I can attribate the differem
behaviour of the two pans.

Analogously, 1 seek in vain for a real something
in classical mechanics {or in the special theory
of relativity) to which I can attribute the different
behaviour of bodies considercd with respect o
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rinee @ large portion of empty space,

roremoved from stars and other

appreciable masses that we have before

us approximately the conditions required by the

fundamental law of Galilei. It is then possible

o choose a Galileian reference-baody for this part

of space (world), relative to which points at rest

ain at rest and points in motion  continue

ly in uniform ili

ence-body let us imagine a spacious chest

rounblnu- a room with an observer inside who

G nat-

-all} <!|k'\ not exist l'm this observer. He must

fasten himself with strings 1o the Moor, otherwise

the slightest impact against the floor will couse

him 1o rse slowly towards the ceiling of the
OO,

To the middle of the lid of the chest is fixed

ook with rope attached, and now a

{what kind nr being is immaterial o

motion, As

THEORY OF RELATIVITY
From cur consideration of the acceleruted chest
that a general theory of relativity

vield imponant results on the laws of gi
In point of fact, the systematic pursuit of the
general idea of relativity has supplied the laws

isfied by the gravitational field, Before pro
ceeding farther, however, | must warn the reader
against a misconception suggested by these con-
siderations, A gravitational field exists for the
man in the chest, despite the fact that there was
no such feld for the co-ondinate system first
chosen. Now we might easily suppose that the
existence of a gravitational fiedd is always only
an apparent one. We might also think that,
regandless of the kind of gravitational ficld which
may be present, we could alw
reference-body such that me
exists with reference to it. This is by no means
true for all gravitational fields, but oaly for those
of quite special form. Tt is, for instance, im-
possible to choose a body of reference such that,
a8 j [ ational field of the
carth (in its entirety) vanishes.

We can now appreciate why that argument is
net convineing., \\Im.ll we brought forward against

the ity at the end of

Section  XVIIL ainly true that the
observer in the r ¥ i f
jerk forwards as a result of the application of the
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the reference-systems K and K7' Newton saw
this ohjection and 3 mnmi o invalidate it, but
without suceess. But Mach recognised it
most clearly of all, and because of this 1||\_|L"c||m\
he claimed that mechanics must be pl

new basis. It can only be got rid of by mes

a physics which is conformable 1o the
principle of relativity, since the equations of such
a theory hodd for every body of reference. whatever
may be its stite of medion.
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us) begins pulling at this with a constant force.
The chest together with the observer then begin
to move “upwards” with a uniformly accelerated
motion, In course of time their velocity will
reach unheard-of values — provided that we are
viewing all this from another reference-body
which is not being pulled with a rope

But how does the man in the chest regard the
processT The acceleration of the chest will be
transmitied to him by the reaction of the floor
of the chest. He must therefore ke up this
pressure by means of his | if he does not wish
to be laid out full length on the floor. He is then

inding in the chest in exactly the same way as
anyone stands in a room of a house on our earth.
If he release a body which he previously had in
his hand, the scceleration of the chest will no
longer be transmitted to this body, and for this
reason the body will approach the floor of the
chest with an accelerated relative maotion, The
observer will further convince himsell dhart
aceeleration of the bedy towards the foor of the chest
is always af the sune magnitude, whatever kind of
oy e mery happen te use for the experiment,

Relying on his knowledge of the gravitational
field (as it was discussed in the preceding section).
the man in the chest will thus come to the con-
clusion that he and the chest are in a gravitational
field which is constant with regard to time. OF
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brake, and that he recognises in this the non-
uniformity of motion (retardation) of the carriage.
But he is compelled by nobody to refer this jerk
a “real” accelerati wdation) of the
. He might also interpret his experienc
My body of reference (the carriage)
remains permanently at rest. With reference 1o
. however, there exists (during the period of
application of the brakes) a gravitational field
which is directed forwards and which is variable
with respect 1o time, Under the influence of this
field, the embankment together with the canh
moves non-uniformly in such a manner that their
nal velocity in the backwards direction is
continuously reduced.”

1E considerations Section XX show

that the general theory ™ of relativity puts

us in 4 position (o derive properties of the
gravitational field in o purely theoretical manne
Let us suppose, for instance, that we know the
space-time “course” for any natural process
whatsoever, as regards the manner i i
.1LL~. place in the Galileian domain relan

¢ theoretical operations (e, simply !\I\- cal-
culation) we are then able 1o find how this known
naturl process appears, as seen from a reference-
body K' which is accelerated relatively 10 K
But since tional field exists with respect
to this new Imd\ of reference K', our consideration
so teaches us how the gravitational field in-
Muences the process studied.
For example. we learn that a body which is
in a state of uniform rectilinear motion with

respect to K ({in accordance with the law of

alilei) is executing an lerated and in general

Both placs
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course he will be puzzled for a moment as to why
the chest does not fall in this gravitational field.
Just then, however, he discovers the hook in the
middle of the lid of the chest and the rope which
is atached o it, and he consequently comes to
the conclusion that the chest is suspended at rest
in the gravitational field,

Cught we o smile ot the man and say that he
errs in his conclusion? 1 do not believe we ought
il we wish 1o remain consistent; we must rather
admit that his mode of prasping the silation
violates neither reason nor known mechanical
faws. Even though it is being accelerated with
respect o the ileian space™ first considered.
we can nevertheless regand the chest as bein;
rest. We have thus good §
the principle of relativity to include bodies of
reference which are accelerated with respect 1o
each other, and as a result we have gaine
powerful argument for zeneralised  postulate
of relativity

We must note carefully that the possibility of
this mode of interpretation rests on the fundamen-
tal property of the gravitational field of giving
all bodies the same acceleration, or, what comes
to the same thing, on the law of the equality of
inertial and vitational mass. If this natural
law did not exist, the man in the accelerated chest
would not be able to interpret the behaviour of

E have already stated several times that
classical mechanics stans out from the
following law: Muterial particles suf-

ficiently far removed from other m
continue 0 move uniformly in
or continue in a state of resi. We have also
repeatedly emphasised that this fundamental law
can only be valid for bodies of reference K which
possess cenain unique states of motion, and which
re in uniform translational motion relati
each other. Relative to other reference-bodies
K the law is not valid, Both in classical mechanics
and in the special theory of relativity we there-
fore differentiste between reference-bodies K
relative to which the recognised “laws of nature”
can be said to hold, and reference-bodies K
relative o which these laws do not hold,

But no person whos o thought is lo
can rest satisfied with this condition of things.
He asks: "How does it come that certain refer-
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cury ilincar motion with u-.pcd to the accelerated
reference-body K" (chest). This acceleration or
curvature corresponds to the influence on the
ing body of the gravitational field prevailing
K. Tt is known that a gravita-
tional field influences the movement of bodies in
this way, so that our consideration supplies us
with nothing essentially new,

However, we obtain a new result of fundamemal

importance when we cury oul the analogous
ideration for a ray of light, With respe
to the Galileian reference-body K. such a ray of
light is ransmitted rectilinearly with the velocity

It can casily be shown that the path of the

ight is no longer a straight line when
der it wilh reference to the accelerated
chest {reference-body K'). From this we con-
clud i ' gl are propaganed
cnrvilinearly in er.l.rrrmdm-' Sields, In two re
spects this result is of great importance.

In the first place, it can be compared with the
reality. Although a detailed examination of the
question shows that the curvature of m_m s
required by the general theory of re

u:uiln\-I\ S |1I for lhr 4 |\1t:||mn.~l in.lll-.

incidence i\ nr\'rn!h.lu.-. Ty '.‘ secomds of a
ought 1o manifest itself in the following way.
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As seen from the earth, cenain fixed stams appear
to be in the neighbourhood of the sun, and are
thus capable of observation during a total eclipse
of the sun. At such times, these 5 ought to
appear to be displaced outwards from the sun
by an amount indicated above, as compared with
their apparent position in the sky when the sun
is situated at another pant of the heavens, The
examination of the coreciness or otherwise of
this deduction is a problem of the greatest im-
portance, the early solution of which is 1o be
expected of astronomers.'
In the second place our result shows that,
i theory of relativity,
of the velocity of light in
vacno, which constitutes onc of the two funda-
assumplions in the special theory of
tivity and to which we have already frequently
erred, cannotl claim any unlimited validity,
A curvature of rays of light can only take place
when the velocity of propagation of light varies
with position, Now we might think that
consequence of this, the special theory of relativity
and with it the whole theory of relativity would
* luid in the dust. But in reality this is not the

BEHAVIOL C KS AND MEASU
RODS ON A R TING BODY
OF REFERENCE

ITHERTO T have purposely refrained
H from speaking about the physical in-
terpretation. of space- and time-data in
the ¢ of the general theory of relativity. @
consequence, [ am guilty of a certain slovenliness
of treatment, which, as we know from the speci
theory of relativity, is far from being unim-
portamt and pardonable. It s now high time
that we remedy this defect; but 1 would mention
at the outset, that this matter lays no small claims
on the patience and on the power of absiraction
of the reader
We start off again from quite special cases,
which we have frequently used before. Let us
consider a space-time domain in which no gravi-
tational field exists relative w a reference-body
K whise state of motion his been suitably chosen.
K is then o Galileian reference-body as regands
the domain considered. and the results of the
special theory of relativity hold relative o K.
Let us suppose the same domain referred o

BEHAVIOUR OF CLOCKS AND RODS 97

would  yield exactly. This proves that the
propesitions of Euclidean geometry cannot hold
exactly on the rotating disc, nor in general in a
gravitational field, at least if we atiribute the
length | to the rod in all positions and in every
orientation. Hence the ddea of a siraight line
also loses its meaning. We are therefore not in
i o define exactly the co-ordinates
iive to the disc by means of the method
used in discussing the special theory, and as long
the co-ordinytes and times of events have not
n defined we cannot assign an exact meanin
tor the natural baws in which these oceur,
Thus all our previous conclusions
general relativity would appes
question. In reality we must make a
detour in order to be able 1o apply the poswulate
ivity ctly. 1 shall prepane
der for this in the following paragraphs,
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case. 'We can only conclude that the special
theory of relativity cannot claim an unlimited
domain of validity: its results hold only so long
as we are able to disregard the influences of
gravitational fields on the phenomena (eg. of
light).

Since it contended by oppo-
nents of the theory of relwivity that the special
theory of relativity is overthrown by the general
theory of relativity, it is perhaps advisable 10 make
the facts of the case clearer by means of an
appropriste comparison. Before the development
of electrodynamics the laws of electrostatics and
the laws of electricity werne arded indiscrim-
inatel At the present time we know  th
electric fields can be derived comectly from elec-
trestatic considerations only for the case, which
is never strictly realised, in which the electrical
masses are quite at rest relatively to each other,
and o the co-ordinate system. Should we be
justified in saying that for this reason electro-

lics is overthrown by the field-equations of
Maxwell in electrodynamics? Ned in the least.

lectrostatics is contained in electrodynamics
as a limiting case: the laws of the latter lead
directly 10 those of the former for the case in which
the fields are invariable with regard to time.
Mo fairer destiny could be allotted to any physical
theory. than that it should of itself point out the
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second body of reference K, which is rotating
uniformly with respect to K. In order 10 fix our
ideas, we shall imagine K' to be in the form of
plane circular disc, which rotates uniformly in
its own ne about its centre. An observer
who is sitling nirically on the disc K
sensible of a force which acts outwards ina
direction, and which would be interpreted s an
effect of inertia (cemrifugal force) by an observer
who was at rest with respect 1o the original
reference-body K. But the observer on the disc
may regard his di

" on the basis of the

¢ he s justified in doi

force acting on himself, and in fact on all other
bodies which are at rest relative to the disc, he
regards as the effect of a gravitational field.
Nevertheless, the space-distribution of this gravi-
tarional fiekd is of a kind that would not be possible
on Newton's theory of gravitation.'! But since
the observer believes in the general theory of
relativity, this does ot disturb hing he is quite
in the right when he believes that a general law
of gravitation can be formulated — o law which
not only explains the motion of the stars cor-
rectly, but also the field of force experienced by

XXV

EUCLIDEAN AND NON-EUCLIDEAN
CONTINUUM

HE surface of a marble table is spread out
in front of me. T can get from any one
point on this table 1w any other point by

passing continuously from one point o a “neigh-
bouring” one, and repeating this process a {large)
number of tmes, or, in other words,

1 am sure the reader will appreciate with suffic
clearness what | mean here by “neighbourin,
and by “jumps” (if he is not wo pedantic). We
express this property of the surface by describing
the latter as a continuum,

Let us now imagi a large number of
litte rods of equal length have been made. their
Iengths being small compared with the dimensions
of the marble slab. When 1 say they are of equal
Bength, 1 mean that one can be laid on any oher
without the ends overlapping. We next lay four
of these linle rods on the marble slab so that they
constitute a quadrilateral figure (a square), the
diagonals of which are equally long. To ensune
the equality of the diagonals, we make use of o
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way to the introduction of a more comprehensive
theory, in which it lives on as a limiting case.

In the example of the transmission of light just

It with, we have seen that the general theory
of relativity enables us to derive theoretically
the influence of a gravitational field on the course
of natural processes, the laws of which are already
known when a gravitaional field is absent. But
the most anractive problem. to the solution of
which the general theory of relativity supplies
the key. concerns the investigation of the laws
satisfied by the gravitational field itself. Let us
consider this for a moment.

We are scquainted with space-time domains
which behave (approximately) in a “Galileian
fashion under suitable choice of reference-bod,
ie. domains in which gravitational fields are
absent. If we now r such a domain 1o a
reference-body K” possessing any kind of motion,
then relative to K7 there exists a gravitational
field which is variable with respect 10 space and
time,' The charcter of this field will of course
depend on the motion chosen for K% Accord

g 10 the general theory of relativity. the genen
law of the gravitational field must be satisfied
for all gravitational fields obtainable in this w
Even though by no means all gravitational fi
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The observer performs experiments on his cir-
cular disc with clocks and measuring-rods. In
deing so, it is his intention to arrive al exact
definitions for the signification of time- and
Apace with reference to the circular dise K
these definitions being based on his observations.
What will be his experience in this enterprise”

To stant with, he places one of two identically
constructed clocks at the centre of the circular

. andd the other on the edge of the disc, so that

y oare ot rest relative o it We now ask our-
selves whether both clocks go ot the same rate
from the standpoint of the non-rotating Galileian
reference-body K. A< jud, from this body.
the clock at the centre of the disc has no velocity,
wheress the clock at the edge of the dise is in
motion relative to K in consequence of the rota-
tion. According 1o a result obtained in Section
XIL, it follows that the latter clock goes at a rate
permanendly slower than that of the clock
the centre of the circular disc, ie. as observed
from K. Tt is obvious that the same effect would

: noded by an observer whom we will imagine
sitting alongside his clock at the centre of the
circular disc. Thus on our circular disc, or, w
make the case more general, in every gravitational
field. a clock will go more quickly or less quickly,
acconding to the position in which the clock is
siated {at rest). For this reason it is not
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little testing-rod. To this square we add similar
ones, each of which has one rod in common with
the first. We proceed in like manner with each of
these squares until finally the whole marble slab
is laid out with squares, The arrangement is
such, that each side of a square belongs 10 two
sequares and each comer 1o four squares,

It is a veritable wonder that we can carry oul
this business without getting into the greatest
difficultics. We only need o think of the fol-
lowing. If @ any moment three squares e
al a corner, then two sides of the fourth sguare
wre already laid, and as a consequence, the ar-
rangement of the remaining two sides of the
square is already completely determined. But
1 am now no longer able to adjust the quadrilateral
so that its diagonals may be equal, If they are
equal of their own accond, then this is an especial
favour of the marble slab and of the linle rods
about which 1 can only be thankfully surprised.
We must needs experience many such surprises

the construction is 1o be successiul

If everything has really gone smoothly. then
I sary that the points of the marble slab constinse a
Euclidean continuwm with respect o the linke
rod, which has been used as a “distnce” (line
interval). By choosing one corner of a square as
2 in,” I can characterise every other comer

e with reference to this origin by means
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can be produced in this way, vet we may enter-
tain the hope that the general law of gravitation
will be derivable from such gravitational fields of

special kind. This hope b sed in
the most beautiful manner. But between the
clear vision of this goal and its actual realisation
it necessary o surmount a serious difficull
and as this lies deep at the root of things. 1 dare
not withhold it from the reader. We require
to extend our ideas of the space-time continuum
still Tarther,
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possible to obtain a reasonable definition of time
with the aid of clocks which are

rest with respect 1o the body of reference.
similar difficulty presents itself when we attempt
to apply our carlier definition of simultancity in
such a case, but 1 do not wish to go any fanher
into this question.

Moreover, at this stage the definition of the
space co-ordinates also presents unsunmountable
difficulties. If the observer applies his standard
measuring-rod (& rod which is short as compared
with the radius of the dise) tngentially o the
edge of the dise, then, as judged from the Galileian
system, the length of this rod will be less than 1.
since, according to Section X1 moving bodies
suffer a shortening in the direction of the motion.
On the other hand, t zasuring-rod will not
experience a shortening in length, judged from
K. if it is applied 1o the disc in the direction of
the radius, If, then, the observer first measures
the circumference of the disc with his measuring-
rod and then the diameter of the disc. on divid
ing the one by the other, he will not oblain as
quotient the familiar number m=304 . . . but
a larger number,’ whereas of course, for a disc
which is at rest with respect w0 K, this operation

the validity
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of two numbers. T only need state how many
rods T must pass over when, staning from the
origin, [ proceed towards the “right” and then
“upwards,” in order 1o arrive al the corner of the
square under consideration. These two numbers
then the “Cartesian co-ordinmes” of this
comer with reference 1o the “Cartesian co-
ordinate system™ which is determined by the

ngement of lHule rods,
iking use of the fellowing modification
abstract experiment, we recognise that
st also be cases in which the experiment
would be unsuccessful. We shall suppose that
the rods “expand”™ by an amount proportional o
the increase of temperatre. We heat the central
pant of the marble slab, but not the periphery,
in which case two of our liitle reds can sill be
brought into coincidence at every position on
the table. But our construction of squames must
necessarily come into disorder during the heating,
because the litle rods on the central region of
the table expand, whereas those on the owler
part do not.

With reference 1o our linle rods — defined as
umit lengths — the rble slab is no longer o
clidean continuum, and we are also no longer
in the position of defining Cartesian co-ordinates
directly with their aid, since the above construc-
tion can no longer be carried out. But since
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there are other things which are not influenced
in a similar manner to the little rods (or perhaps
not at all} by the temperature of the table, it is
pessible quite naturally 1o maintain the point of
view that the marble slab is Zuclidean con-
tinuum,” This can be done in a satisfactory
manner by makin; more subtle stipulation
about the measurement or the comparison of
lengths,

But if rods of every kind (i.e. of every material)
were 0 behave in the sume way as regards the
influence of temperature when they are on the
variably heated marble slab, and if we had no
other means of detecting the effect of temperature
than the geometrical behaviour of our rods i
experiments analogous to the one described above,
then our best plan would be 1o assign the distance
mte 1o two points on the slab, provided that the
ends of one of our rods could be made 1o coincide
with these two points; for how else should we
l|\fIIK' the lll\hmu without our proces .lm!_ being

methed of Canesian co-ordinates must then be
discarded, and replaced by another which does
not assume the validity of Euclidean geometry
for rigid bodies.' T ader will notice that

GAUSSIAN CO-ORDINATE 10s

v-curves and 1o attach numbers to them, in such
a manner, that we simply have:
s v,

Under these conditions, the s-curves and v-curves
are straight lines in the sense of Euclidean geom-
eiry, and they are perpendicular to each othe
Here the Goussian co-ondinates are simply Car
tesian ones. It is clear that Gauss co-ordinates
are nothing more than an association of two sets
of numbers with the points of the surface con-
sidered, of such a nature that numerical values
i h other are asso-
points “in spac
So far, these considerations hold for a con-
tinuum of two dimensions. But the Cuaussian
method can be applied also to a continuum of
three, four or more dimensions. If, for instance,
mnummm of four dimensions be supposed
we may represent it in the followin,
¥ point of the continuum w
associme :|rb||x;|ri|_\' four numbers, £, %, ¥
which are known as “co-ordinaes.” Adjacent
points correspond to adjacent values of the co-
ordinates. If a distance ds is associated with
the adjacent points P and P, this distance being
measunthle and well-defined from a physi
of view, then the following formula hold

SPACE=TIME CONTINUUM
validity of the law of transmission of lig
Galileian systems of reference.

Minkowski found that the Lorentz transforma-
tions satisfy the following simple conditions
Let us consider two neighbouring events, the
relative position of which in the four-dimensional
continuum is given with respect to a Galileian
reference-body K by the space co-ordinate di
ferences dx, dv, dz and the time-difference o
With reference 1o a second Galileian system we
shall suppose that the corresponding differences
for these two events are dx’, dv’. dz’ dr. Then
these magnitudes always fulfil the condition.

dr +dy’ +dt’ —c'dt’ =dx” +dv? 4z - dr

The validity of the Lorentz transformation
follows from this condition. We can express this
as follows: The magnitude

=" + +ds e,
which belongs to two adjacent points of the four-
dimensicnal space-time continuum, has the
value for all selected (Gali
I we replace «. ¥, 2, -1

also obtain the result that
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the situation depicted here comesponds 1o the one

brought about by the general postulate of relativity
(Section XX
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where the magnitudes ele., have values which
vary with the position in the continuum. COnly
when the continuum is a Euclidean one is it
possible o associate the co-ordinates x, ., x, with
the points of the continuum so that we have
simply
PTICE L N

In this case relutions hold in the four-dimensional
continuum which are analogous 1o those holding
in our three-dimensional measunements.

However, the Gauss treatment for s’ which
we have given above is not always possi
is only |\:- sible when sufficiently small regions
of the continuum under consideration may be
regarded as Euclidean continua, For ex. mplr\
this obviously holds in the case of the marble slab
of the table and local variation of temperature
The temperature is practically consiamt for
small part of the slab, and thus the geometrics
behaviour of the rods is almest as it ought w be
weconding to the rules of Euclidean geometry,
Hence the imperfections of the construction of
squares in the previous section do not show them-
selves clearly until this construction is extended
over a considerable portion of the surface of the
table,

We can sum this up as follows: Gauss invented

a method for the mathemati treatment of

continua in general, in which “size-relations™
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ence. We call the magnitude os the “distance”
art of the two events or four-dimensional points.
Thus, if we choose as time-variable the im-
inary variable -1 ef instead of the real
quantity 1, we can regand the space-lime con
tinuum — in accordance with |hr special theory
of relativity — as a “Euclich Illll!-dluwlulﬂrul
a result which !’ulhm\ from the

ions of the preceding section

XXV
AUSSIAN CO-ORDINATES

CCORDING 1o Gauss, this combined an
A Iytical and geometrical mode of handling
the problem can be arived at in the
following way, We imagine a system of arbitrary
curves (see - 4) drawn on the surface of the
ble. These we designate as w-curves, and we
indicate each of them by means of a numbs
The curves u and w=3 are drawn
in the diagram. Between the curves =1 and
2 we must imagine an
2¢ number (o
be drawn, all of which
correspond 1o real nem-
bers lying between | and
2, We have then a system
of w-curves, and this “in-
finitely dense™ system covers the whole surface of
the table. These n-curves must not intersect each
other, and through each point of the surface one
and only one curve must pass. Thus a perfectly
definite value of & helongs to every point on the
surface of the marble slab. In like manner we
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(“distances” between ing points) ane
defined. To every point of a confinuum are
signed as many numbers (Gaussian co-ordi-
nates) as the continuum has dimensions. This
done in such a way, that only one n
ched w the assignment, numbers
co-ordinates) which differ by an in-
definitely small amount are assigned 10 adjacent
points, The Goussian co-ordinate system
logical generalisation of the Canesian co-ordinate
system. It is also applicable 10 non-Euclidean
continua, but only when, with respect 1o the
defined “size™ or “distanc
the continuum under consideration behave more
nearly like a Euclidean system, the smaller the
pan of the continuum under our notice.

F
s

the first part of this book we were able to
e use of space-time co-ordinates which
allowed of a simple and direct physical in-
terpretation, and which, according o Section
XXVIL, can be regarded as  four-dimensional
Camesian  co-ordinates. This was possible on
the basis of the law of the constancy of the ve-
locity of light, But according to
the _:n.m.ml theory of el
this law. On ihe contrary, we
result that according o this latter theory
velocity of light must always depend on the co-
ordinates when a gravitional feld is
ent. In connection with a specific illustration in

Section XXIIL we found that the presence of
a gravitational field invalidates the definition of

the co-ondinates and the time, which led us 0
our objective in the special theory of relativity.
In view of the results of these considerations
we are led to the conviction that, according to
1

are provided with numbers in a comes
nd they may likewise be of
-Jklp(_ It follows that a value of u .unl a
of v belong to every poimt on the sur of the
table, We call these iwo numbers the co-or-
dinates of the surface of the tble (Gaussion
co-ordinates). For example. the point P in the
diagram has the Gaussian co-ordinates o=
val, Two neighbouring points P and P on
the surface then correspond to the co-ordinates
F
H u, v+ dv,
where du and dv signify very small numbers. In
a similar manner we may indicate the distance
(line-interval) between P and P, as measured
with a litfle rod, by means of the very small
number ds, Then according 1o Gauss we have
ety + v,
where g : magnitudes which depend
ina |\c_rlc_ |I~ l|L[||l||\. y on u and v, The
magnitudes » i g2 determine the behaviour
of the rods relative 1o the w-curves amd v-curves,
and thus also relative to the surface of the table
For the case in which the poims of the surface
considered form a Eeclidean continuum  with
reference to the measuring-rods, but only in this
case, it is possible to drow the w-curves and

are now in oa position 1o formulate
more exacily the idea of Minkowski,

which was only vaguely indicated
Section XVIL In accordance with the special
theory of relativity, certain co-ordinate systems
iven preference for the description of the
four-dimensional, space-time continuum.  We
led these “Galil co-ordinate  systems,
For these systems, the four co-ordinates x, v,
z. t, which determine an event or —in other
words — a point of the four-dimensional con-
tinuum, are defined physically in a simple manner,
as set forth in detail in the first pan of this book.
For the transition from one Galileian system to
another, which s moving uniformly with reference
to the first, the equations of the Lorentz trans-
formation are valid. These last form the basis
for the derivation of deductions from the special
theory of relativity, and in themselves they are
nothing more than the expression of the universal
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the general principle of e
continuum cannot be reg
one, but thal here we have the general case,
corresponding to the marble slab with loc
variations of temperature, and with which we
made acquaintance as an example of a two
dimensional continuum. Just as it was there
impossible 10 construct a Cartesian co-ordinate
system from equal rods, so here it is impossible
tor build up a system {reference-body) from rigid
baoddies and clocks, which shall be of such a nature
that measuring-rods and clocks, arranged ngidly
with respect 1o one another, shall indicate posi-
tion and time directly. Such was the essence of
the difficulty with which we were confronted in
Section XXIIL

But the considerations of Sections XXV and
XXVI show us the way to summount this diffi-
culty, We refer the four-dimensional space-time
continuum i an arbitrary manner o Gauss
co-ondinates. We assign 1o every point of the
continuum (event) four numbers,
(eo-ondinates), which have not the least dire
physical significance, but only serve the purpose
of numbering the points of the cominuum in &
definite but arbitrary manner. This arrangement
does not even need to be of such a kind that we

X, a8 “space” co-ondinates
co-ordinate.




SPACE-TIME CONTINUUM n3

The reader may think that such a description
of the world would be quite inadequate. What
an event the particular
. i in themselves these
co-ordinates have no significance? More careful
consideration shows, however, that this anxiety
is unfounded. Let us consider, for instanc
material point with any kind of motion. If this
point had only a momentary existence without
duration, then it would be described in space-
time by a single system of values x,. G, X, X

Thus permanent existence must be char-
wcterised by an infinitely large number of such
systems of values, the co-ordinate values of

which are so close i

corresponding to the material point, we thus have
a (uni-dimensionalp line in the four-dimensional
continuum. In the same way, any such lincs
in our comtinuum comespond o many points in
motion, The only statements having regard 1o
these points which can claim a physical existence
are in reality the statements about their en
counters. In our mathematical treatment, such
an encounter is expressed in the fact that the
two lines which represent the motions of the
points in question have a particular system of
co-ordinate ues, X, X T, X in commen.
After mature icheration the reader will doubt-
less admit that in reality such encounters con-
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Certain considerations suggest that we should
refier the same Gali ilei
erence-bodies also, A gravitatio field of a
Kind is then present with respect to these
e (cf, Sections XX and XXIII).
In jonal fields there are no such things
rigid bodies with Euclidean propenies: thus
the fictitions rigid body of reference is of no avail
in the general theory of relativity, The motion
of clocks is also infleenced by gravitational fields,
and in such a way that a physical definition of
time which is made directly with the aid of clock
has by no means the sume degree of plausibility
as in the special theory of relativity
or this reason non-rigid reference-bodies are
used which are as a whole not only moving in any
y whatsoever, but which also suffer alierations
in form aed fib. during their motion. Clocks, for
which the law of motion is of any kind, however
serve for the definition of fime. We
have 1o imagine each of these clocks fixed at a point
on the non-rigid reference-body. These clocks
satisfy only the one condition, that the “readings”™
which are observed simultancously on adj
clocks (in space) differ from each other by an
indefinitely small amount. This non-rigid refer-
which might appropriately be termed
a ference-mollusk,” is in the main equivalent
to a Gaussian four-dimensional co-ordinate sys-

SOLUTION OF GRAVI

thus according to Section XV only its
energy is of imponance for its effect in
exciting a field.

() Gravitatio field and matier together
musi satisfy the law of the conservation
of energy (and of impulse)

inally, the general principle of rel
mils us to determine the influen
tional field on the course of all those processes
which take place according to known laws when a
aravitational field is absent, fe. which hav
already been fitted into the frame of the spec
theory of relativity. In this connection we pro-
ceed in principle according 1o the method which

The theory of gravitstion derived in this way
from the general postulmte of relativity exce
nol only in its beauty: nor in removing the defect
attaching to classical mechanics which was brought

it in Section XXI: nor in interpreting the
law of the equality of inertial and
gravitational mass; bul it has also already
plained a result of observation in astronomy,
against which classical mechanics is powerless,

If we confine the application of the theory 1o
the case where the gravitational fields can be
regarded as being weak, and in which all masses
move with respect 1o the co-ordinate system with

IRY OF RELATIVITY
stitute the only actal evidence of a time-space
nature with which we meet in physical statements,

When we were describing the motion of
material point relative to a bady of reference, we
stated nothing more than the encounters of this
point with panticular points of the reference-body
We 50 determine the corresponding values

of the time by the observation of encounters of

the body with clocks, in conjunction with the
observation of the encounter of the hands of
clocks with particular points on the dials, It is
Just the same in the case of space-measurements
by means of measuring-rods, as a little considera-
tion will show.

The following statements hold ¥
physical deseription resolves itself into a number
of siatements, each of which refers 10 the space-
time coincidence of two events A and B In
terms of Gaussian co-ondinates, every such state
ment is expressed by the agreement of their four
co-ordinates x,, % %, & Thus in reality, the
description of the time-space continuum by
means of Gauss co-ordinues completely replaces
the description with the aid of a body of reference,
without suffering from the defects of the laner
mode of description; it is not ted down o the

“uclidean charscter of the continuum which has
to be represented.
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tem chosen arbitrarily. That which the
“mollusk™ a cemain comprehensiblencess as com-
pared with the G
(really unqualified ) formal retention of the sep-
e existence of the space co-ordinates as op-

posed 1o the time co-ordin: ery point on
the mollusk is weated as a space-point, and every
material point which is at rest relatively 1o it as
at rest, so long as the mollusk is considered as
reference-body. The general principle of rela-
tivity requires that all these mollusks can be used
as reference-bodies with equal right and equal
success in the formulation of the general laws of
nature; the laws themselves must be  guite
independent of the choice of mollusk.

rr possessed by the general

ity lies in the comprehensive
limitation which is imposed on the laws of natune
in consequence of what we have seen above.
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velocities which are small compared with the
velocity of light, we then obtain as a first ap-
proximation the Newtonian theory. Thus the
Batter theory is obtained here withoul particu-
lar assumption, whereas Newton had to introduce
the hypothesis that the force of attraction between
mutually anracting matel ints is inversely
proportional to the square of istance between
them. If we increase the accuracy of the calcu
Tation, deviations from the theory of Newton
make their appearance. practically all of which
must nevertheless escape the test of observation
owing to their smallness,

We must draw attention here o one of these
deviations. According to Newton's theory, s
planet moves round the sun in an ellipse, which
would permanenily maintain its position with
respect 1o the fixed stars, if we could disregard
the motion of the fixed stars themselves and the
action of the other planets under consideration.
Thus, if we correct the observed motion of the
planets for these two influences, and il N
theory be strictly correct, we ought 1o oblxin
for the orbit of the planet an ellipse, which is
fixed with reference to the fixed stars. This
deduction, which can be tested with grea ac-
curacy. has been confirmed for all the planets

ave one, with the precision that is capable of

being obtained by the delicacy of observation

XXV

AT

PRINCIPLE OF RELA

are now in a position 1o replace the

provisional formulation of the general

principle of relativity given in Section
XVII by an exact formulation. The form
there used, “All bodies of reference K, K, etc.,
are equivalent for the description of natural

meral laws of

nature), whatever may be their state of motion,”
cannol be maintained, because the use of rigid
bodies. in the sense of the method fol-
lowed in the special theory of relativit i
general not possible in space-time description.
The Gauss co-ondinate system has to take the
place of the body of reference. The following
statement comesponds 1o the fundamental ide
of the general principle of relativity: “All Guus-
sian co-ordinate systems are essentially equivale
Sformmdation of the general kaws af o
We can state this gencral principle of relativity
in still another form, which renders it yet mone
clearly imelligible than it is when in the form of

PRINCIPLE OF RELATIVITY

the reader has followed all our previous
I considerations, he will have no further diffi
culty in understanding the methods leading
o the solution of the problem of g i
We stan off from a consideration of
domain, i.e. a domain in which there is no gravita-
tiomal field re 1o the Galileian reference
body K. The behaviour of measuring-rods and
clocks with reference to K is known from the
cial theory of relativity, likewise the behaviour
of “isolated” material poims; the latter move
uniformly and in straight lines
Now let us refer this domain to a random Gauss
co-ordinate system or o a “mollusk” as referenc
body K° Then with respect to K° there is
aravitational field & {of a panicular kind). We
Eearn the behaviour of measuring-rods and clocks
and alse of freely-moving material points with
reference to K' simply by mathematical trans-
formation, We imerpret this behaviour as the
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attainable st the present time. The sole e
ception is Mercury, the planet which lies nearest
the sun. Since the time of Leverrier, it has been
known that the ellipse corresponding to the orbit
of Mercury, after it has been comected for the
influences mentioned above, is rol stationary with
respect (o the fixed stars, but that it rotates ex-
ceedingly slowly in the plane of the orbit &

the sense of the orbital motion, The value ob
tained for this rotary movement of the orbital
ellipse was 43 seconds of arc per century, an
amount ensured o be correct to within a few
seconds of arc. This effect can be explained by
means of classical mechanics only on the as-
sumption of hypotheses which have little prok.
hility, and which were devised solely for this
purpose,

O the basis of the general theory of relativity,
it is found that the ellipse of every planet round
the sun must necessarily rotate in the manner
indicated above: that for all the planets, with
the exception of Mercury, this rotation is 100
small © be del d with the delicacy of ob-
servation possible at the present time: but that
in the cose of Mercury it must amount to 43
seconds of arc per century, o resull which is strictly
in agreement with observation.

Apart from this one, it has hitherto been possible
to make only two deductions from the theory

IRY OF RELATIVITY

the natural extension of the special principle
[ According 1o the speci i
v, the equations which express the general
laws of nature pass over into equations of the
ne form when, by making use of the Lorentz
transformation, we replac ce-lime variables
¥. 2 1, of a (Galileian) ref e-hady K by the
space-time varables x°, v, 2% 1, of a new reference-
body K° Acconding to the general theory of
relativity, on the other hand, by application of

arbitrary substitutions of the i

X T x, the cgquations must pass over inlo

equations of the same form; for every transfor-
mation (not only the Lorentz transformation)
corresponds to the transition of one Gauss co-ordi-
nate system into another.

we desire 1o adhere to our “old-time™ three-
dimensional view of things, then we can cl
acterise the developmenmt which is being under
gone by the fundamen idea of the general
theory of relativity as follows: The special theory

ivity rence 1o Galileian domains,

ie. to those in which no gravitational field exists.
In this comnection a Galileian reference-body
serves as body of reference, e a rigid body the
state of motion of which is so chosen that the
Galileian law of the uniform rectilinear mo-
tion of “isolated™ material points holds relatively
to it.
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behaviour of measuring-mods, clocks and material
points under the influence of the g tional
field . Hercupon we introduce a hypothesis:
that the influence of the gravitational field on
measuring-rods, cloc cely-moving material
points continues to take place according to the
ame laws, even in the case when the prevailing
gravitational field is mer derivable from the
Galileian special case, simply by means of i
transformation of co-ordinates.

The next step is to investigate the space-time
behaviour of the gravitational field G, which was
derived from the Galileian special case simply by
transformation of the co-ordinates. This be-
haviour is formulated in a law, which is always
valid, no matter how the reference-body (mollusl
used in the description may be chosen.

This law is not yet the general law of the gravita-
tional field, since the pravitational field under
consideration is of a spec kind. In order to
find out the general law-of-field of gravitation we
still require 10 oblain a generalisation of the law
us found above. This can be obtained without
caprice, however, by taking into consideration
the following demands

(er) The required generalisation must likewise

satisfy the general postulate of relativity.

(B} IF there is any matter in the domain under

consideration, only its inertial mass, and

124 GENERAL THEORY OF RELATIVITY
which admit of being tested by observation, 1o wit,
the curvature of light rays by the gravitational
field of the sun,' and a displacement of the spectral
lines of light r s from s, {5 COM
pared with the corresponding

duced in an analogous manner terrestrially (e
by the same kind of molecule”). 1 do not doubi
that these deductions from the theory will be
confirmed also

Appendix

i Naler




PART 111

CONSIDERATIONS ON THE UNIVERSE
AS A WHOLE

PART from the difficulty discussed in See-
A tion X X1, there is a second fundamental

difficulty atending classical celestial me-
chanics, which, to the best of my knowled,
was first discussed in detail by the astronomer
5 If we ponder over the question
how the universe, con
regarded, the first answer |h.u suggests itself 1
us is surely this: As regards space {(and time)
the universe is infinite. There are stars eve
where, so that the density of matter, although
very variable in dewil. is nevertheless on the
average everywhere the same. In other words:
However far we might travel through space, w
should find everywhere an attenuated swarm of
fixed stars of approximately the same kind and
density.
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sidered in Section XXIV. In contrast to ours,
the universe of these beings is two-dimensional;
bat, like ours, it extends to infinity. In their
universe there is room for an infinite number of
identical squares made up of rods, f.e its volume
(surface) is infini r ¢ beings say their
universe is “plane,” there is sense in the state-
ment, because they mean that they can perform
the constructions of plane Euclidean geometry
with their rods. In this connection the indi-
vidual rods always represent the same distance,
independently of their position.

t us consider now a second two-dimensiona
existence, but this time on a spherical surfac
instead of on a plane. The flat beings with their
measuring-rods and other objects fit exactly on

w |\|l||: universe of observation extends exclusively
over the surface of the sphere. Are these being
able 1o regard the etry of their unive
being plane geometry and their rods withal
the realisation of “distance™ They cannot do
this. For if they anempt to realise a siright
fing, they will obtain a curve, which we “three-
dimensional beings™ designate as a great circle,
i o self-contained line of definite finite |
which can be m

this universe

UNIVERSE — FINT YET UNBOUN
of r, F increases from zero up o a maximum value
which is determined by the “world-radius,” but
Il further incres ues of r, the arca
lually diminishes 1o zero. At first, the sir ight
lines which radiate from the starting point diverge
farther and fasther from one another, but later
they approach each odher, and finally they run
together again at a “counter-point” 1o the st
ing point. Under such conditions they
traversed the whole spherical space. It is easily
seen that the three-dimensional spherical sps
is quite analogous to the two-dimensional spherical
surface. It is finite (ie. of finite volume), and
has no bounds.

It may be mentioned that there is yet another
kind of curved spa lliptical space.” It can

regarded as a curved space in which the 1w
“epunter-poinis” are identical {indistinguishable
from each other). An elliptical universe can thus
be considered to some extent as a curved universe
possessing central symmetry,

It follows from what has been said, that closed
spaces  without limits are conceivable,  From
amongst (hese, the spherical space (and the ¢l-
liptical} excels in its simpli since all puuu\ o
it are equivalent. As a result of this discussion,
a most interesting guestion anses for astronomers
and physicists, and that is whether the universe
n which we live is infinite, or whether it is finite

CONSIDERA Ly N INIVE

This view is not in harmony with the theory of
Newton, The latter theory rather reguires that
the universe should a kind of centre in which
the density of the stars i mum, and that
as we proceed owwards from this centre the
group-density of the stars should diminish, until
finally, at great distances, it is succeeded by an
infinite region of empliness. The stellar universe
ought 1o be a finite island in the infinite ocean of
space.

This conception is in itsell not very satisfactory
It is still Jess \lll-.l.\tnr\ because it leads to the
result that the light emitted by the stars and also
individual = ur the stellar system are per-
petually passing out into infinite space, never
to retum, and without ever again coming into
interaction with other objects of nature, Such
a finite material universe would be destined

become gradually but systematically impov
erished,
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square constructed with rods. The great charm
resulting from this consideration lies in the
nition of the fact that e s¢ of these

beings is finite and yer has no limits,

But the spherical-surface beings do not need
o govon & world-tour in onder 1o perceive that they
re nod living in a Euclidean universe. They can
convince themselves of this on every pan of their
“world,” provided they do not use wo small
piece of it. Sarting from a point, they draw
“straight lines™ (arcs of circles as judged in
three-dimensional space) of equal length in all
directions. They will call the line joining the
free ends of these lines a “circle.” For a plane
surface, the ratio of the eircumference of a circle
to its diameter, both lengths being measured with
the same rod, is, according to Euclidean g
of the plane, equal to a constant valuy
independent of the diameter of the circle
their spherical surface our flat beings would find
for this ratio the value

a(2)
(BN
R
smaller value than =, the difference being
llw more considerable, the greater is the radius

x

of the ¢ircle in comparison with the radius 8 of

the “world-sphere.” By means of this relation
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in the 1 mner of the spherical universe. Our ex-
perience r from being sufficient to enable us
o answer this question. Bul the general theo
of relativity permits of our answering it with
muoderate degree of cerainty, and in this con-
nection the difficulty mentioned in Section XXX
finds its solution.
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In order to cscape this dilemma, Secliger sug
sted a modification of Newton's law, in which
sumes that for great distances the force of
on between two masses diminishes more
rapidly than would result from the inverse
law. In this way it is possible for the m
density of matter 1o be constant everywhere, even
o infinity, without infinitely lar
fields being produced. We thus free ourselvis
from the distasteful conception that the material
universe ought 1o possess something of the nature
of a centre. Of course we purchase our emancipa-
tion from the fundamental difficultics mentioned,
at the cost of a modification and complication of
Newton's law which has neither empirical nor
theorctical foundation. We can imagine innum-
erable laws which would serve the same purpose,
without our being .|]\I|. o state a reason why one
of them is to be p red 1o the others; for any
one of these laws would be founded just as linle
on more general theoretical principles as is the
Taw of Newton,

UNIVERSE — FINITE YET UNBOUNDED
the spherical beings can determine the radius of
their universe (“world”), even when only
relatively small pant of their world-sphere is
available for their measurements. But if this
pan is very small indeed, they will no longer be
le 1o demonsir / are on a spheric
“world” and not on a Eucli ane, for a
small part of
from a piece of a plane of the same size.
Thus if the spherical-surface beings are living
on o planet of which the solar system occupies
i small pant of the spherical
ans of determinin

universe, because the “piece of universe™ to
which they access is in both cases prac-
tically plane dean. It follows directly
from this discussion, that for our sphere-hei
the circumfierence of a circle first in
the radius until the “circumference of the uni-
and that it thenceforward
gracdually decreases 10 zero for sill funher in
creasing values of the radius. |)’|II'|II1. this process
the area of the circle continues to increase more
and more, until finally it becomes equal to the
total area of the whole “world-sphere,
I’uh.up\ the reader will wonder why we hav
e “heings™ on a sphere rather than on
.mu(hu.r closed surface. But this choice has its

XXXI
URE OF SPACE ACCORDI
(RAL THEORY OF RELATIVITY

CCORDING 1o the general theory of
A relativit: geometrical properties of

space are nol independent. but they
determined by matter. Thus we can draw con-
clusions about the geometrical structure of the
universe only if we base our considerations on
the state of the matier as being something that
is known. We know from experience that, for a
suitably chesen co-ondinate system, the velocities
of the stars are small as compared with the

locity of tmnsmission of i

us 10 the nature of the universe as a whole, if

we treat the matter as being at rest.

We already know from our previous discussion
that the behaviour of measuring-rods and cloch
is influenced by tional fields, ie by the
distribution of matter. This in iself is sufficient

to exclude the possibility of the exact validity of

Euclidean geometry in our universe. But it is
conceivable that our universe differs only slightly

XXX

THE POSSIBILITY OF A “FINITE™

NBOUNDED™ UNIVERSE
UT speculations on the structure of the
universe also move in quite another diree-
tion. The development of non-Euclidean
geometry led to the recognition of the fact,
that we can cast doubt on the infiniteness of
our space without coming into conflict with the
laws of thought or with experi {Riemann,
Helmholtz). These questions have already been
treated in detail and with unsurpassable lucidity
by Helmholiz and Poi reas | can only

touch on them briefly here

In the first place, we imagine an existence in
wwo-dimensional space. Flat beings with flat
implements, and in particular flar rigid measuring-
rods, are free 1o move in a plare, For them
nothing exists outside of this plane: that which
they observe to happen 1o themselves and to their
flat “things™ is the all-inclusive ity of their
pl ne. In particular, the constructions of plane
idean geometry ¢an be carricd out by means
of the rods, eg the Iattice constmction, con-

DERATIONS ON THE UNIVERS

justification in the fact that, of all closed sur-
5, the sphere is lII\IquL in possessing the
pmrh.m that all points on it are equivalent. [
admit that the ratio of the circumference ¢ of
circle to its radins r depends on r, but for a given
value of r it is the same for all poum of the
“world-sphere™, in other words, the “world-
sphere” is a “surface of constant curvaty
To this two-dimensional sphere-universe there
is 2 three-dimensional analogy. namely. the
three-dimensional spherical space which was dis-
covered by Riemann, lis points are likewise all
equivalent. [t possesses a finite volume, which
is determined by its “radius” (20°R') Is it pos-
sible 1o imagine a spherical space? To imagine
a space means nothing else than that we imagine
an epitome of our “space” experience, fe of
prc ILI\LL‘ that we can e in the movement of
igid" bodies, this sense we can imagi
a .\l\l!l.'l ical space
Suppose we draw lines or streteh strings in all
directions from a point, and mark off from ¢
of these the distance r with a measuring-rod.
All the free end-points of these lengths lie on
ical surface. We can specially measune up
sa (F) of this surface by means of a sguare
made up of measuring-rods. If the universe is
clidean, then F = 4mr°; if it is spherical, then
F is always less than dxr’. With increasing values

136 CONSIDERATIONS ON UNIVER
from a Eucli and this notion seems all
the more prol e, i calcu mh show that
the metrics of sumounding spac influenced
only 1o an exceedingly small extent by masses
even of the magnitude of our sun, We mi
imagine that, as regards geometry, our universe
behaves analogously to a surface which is ir-
regularly curved in its individual parts, but which
nowhere depants appreciably from a plane: some
thing like the rppled su of ke. Such
universe might fittingly be called a quasi-
clidean universe. As regards ils space it would
be infinite. Bul calculation shows tha in o
U clidean universe the average density of
matter would necessarily be nil. Thus such
universe could not be inhabited by matter every-
where; it would present to us that unsatisfactory
picture which we portrayed in Section XXX,

If we are 10 have in the universe an average
density of matter which differs from zero, how-
ever small may be that difference, then the
universe cannol be quasi-Euclidean, On the con
trary, the results of caleulation indicate that if
matter be distributed uniformly. the universe
would necessarily be spherical (or elliptical).
Since in reality the detailed distribution of matter
is not uniform, the real universe will deviate in
individual pans from the spherical, ie. the uni-
verse will be guasi-spherical. But it will be




THE
necessarily finite. In fact, the theory supplies
us with a simple connection ' between the space-
expanse of the universe and the a i
of matter in it,
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S
If we call v the velocity with which the origin
of K" is moving ive to K, we then have

The same value v can be obtained from equa-
tions  (3), if we calculate the velocity of anodher
point of K relative to K, or the velosity (di
rected towards the negative v-axis) of a poini of
K with respect to K. In short, we can designate
v as the relative velocity of the two systems.

urthermore, the principle of relativity weaches

us that, as jedged from K. the length of a unit
measuring-rod which is al rest with reference 1o
K’ must be exactly the same as the length, as
from K°, of a unit measuring-rod which

i rest r\].uu to K. In onder to see how the
points of the 5 appear as viewed from K.
we only require 1o take a “snapshot” of K from
K this means that we have to insert a particular
value af 1 (time of K), e.g.’ 1 =0, For this value of
1+ we then obtain from the first of the equations (5)

¥'=ar,

Two points of the x-axis which are separated
by the distance Ax"= 1* when measured in the

" system are thus separated in our instantaneous
photograph by the distance
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Pyt

is satisfied identically. That is o say: If we

substitute their expressions in x, v, 2 1, in place of

% ¥% 2% 1% on the lefi-hand side, then the lefi-

hand side of {1 la) agrees with the dght-hand side.
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But if the snapshot be taken from K7 (r=0).
and if we eliminate ¢ from the equations (5),
taking into account the expression (6), we
obtain

rom this we conclude that two points on the
x-axis and separated by the distance 1 (relative 1o
K) will be represented on our snapshot by the
distance

shots must be identical; hence Av in {
be equal 1o Ax' in {Ta), so that we obtain

The equations (6) and (7h) determine the con-
stants @ and b. By inserting the values of these
constants in {5), we obtain the first and the
fourth of the equations given in Section XI.

APPENDIX II

can terise the Lorentz trans

formation still mone simply il we in-

troduce the imag ¥ y =1t in place

of I as time-variable. If, in accondance with
this, we insert

x
x5
X

o,
nd similarly for the accented system K, then the

condition which is identically satisfied by the

transformation can be expressed thus:

That is, by the afore-mentioned choice of “co-
ordinates™ (1 La) is transformed into this equation.
see from (12) that the imaginary time co-
ordinate x; cnters into the condition of trans-

co-ordinates x,, + It is due to this fact lh.l!.

cording to the theory of relativity, the i

APPENDIX 1
THE LORENTZ

! ENTARY TO SECs
Tow 1]

OR the relative orientation of :h\- co-ordi-
F nate systems indicated in Fig. 2. the
v-axes of both systems permanently co-
incide. In the present case we can divide the
problem imo pans by considering first only
events which are Iocalised on the r-axis. Any
such event is represented with respect 1o the co-
ordinate system K by the abscissa v and the
time 1, and with respect to the system K by the
abscissa +* and the time /% We require 1o find
.de \\|Il'|l x ol 1 are !_mn

al, which is proceeding along the
positive axis of x. is transmitted according o the

equation

x=of
or

L
Since the same light-signal has to be ransmitted
relative to K" with the velocity ¢, the propagation
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Thus we have obtained the Lorentz trans-
formation for cvents on the x-axis. I satisfies
the condition

- v =g : (Rl

The extension of this result, to include events
which take place outside the r-axis, is ob
refaining equations (&) and supplementin
by the re

In this way we satisfy the postulate of the con-

ty of light in vacuo for rays

ht of arbitrary direction, both for the system

K and for the system K. This may be shown in
the following manne

We suppose a light-signal sent out from the

origin of K at the time 1= 0. Tt will be propa

to the equation

or, if we square this equation, acconding to the
equation
¥ikg =0 . (1)
It s required by the law of propagation of light,
in conjunction with the postulate of relativity,
that the transmission of the signal in question
should take place judged from K'— in
sceondance with the corresponding formula

{8 7
X, enters into natural laws in the same form as
the space co-ordinates x;, x
A four. 1|!ﬂ|L|h|‘\||.l| continuum described by the
“go-ordi . Xy x, was called “world”
by \hnkmull \\hu also termed a point-event a
“world-point.” From a “happening” in three
l|nm nsional space, physics becomes, as it were
xistence” in the four-dimensional “world,
This four-dimensional “world” bears a close
similarity to the three-dimensional “sp of
tuclidean) analytical geometry, If we intro-
duce into the latter a new Cartesian co-ordinate
system (x%, x'% x50 with the same origin, then
\ are linear homogencous functions of
xx, which identically satisfy the equation

“world” in a formal
manner as a four-dimensional Euclidean space
iwith imaginary time co-ordinate); the Lorentz
transformation  comesponds 1o “rodation”™  of
the co-ordinate system in the four-dimensional
world.”

AP DIX |
relative to the system K will be represented by
the analogous formula
yoald 2
Those space-time points (events) which satisfy
(1) must also satisfy (2). Obviously this will be
the case when the relation
("= et} = ix = ery . (1)
is fulfilled in general, where & indicates a con-
stant; for, ording 1o (3), the disappearance
of {x - ¢} involves the disappearance of (x" - e1).
17 we apply quite similar considerations to light
ays which are being transmitted along the
negative v-axis, we obtain the condition
(a4 o'} = e+ cr) )
By adding (or subtracting) equations (3) and (4).
and introducing for convenience the constants @
and & in place of the constants & and g where

and

(5L

We should thus have the solution of our prob-
lem, if the constants & and & were known, These
resultl from the following discussion,

igin of K' we have permanently
hence according to the first of the
equations (3)
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In wrder that equation { 10qg) may be a consequence
of equation t 10, we must ha ve
i by

Since equation (Ka) must hold for points on the
x-axis, we thus have o= 1. It is easily seen
that the Losemz transformation really satisfics
equation (11) for & = 1; for (11} is a consequence
of (8a) and (%), and hence also of (8) and (9).
We have thus derived the Lorentz transformation,

The Lorentz transformation represented by
(%) and (%) sl requires 1o be generalised. Ob-
viously it is immaterial whether the axes of K"
be chosen so that they are spatianlly parallel 10
those of K. It is also not essential that the
velocity of translation of K with respect to K
should be in the direction of the v-axis. A simple
consideration shows that we are able to construct
the Lorentz transformation in this general sense
from two kinds of transformations, viz. from
Lorentz transformations in the special sense and
from purely spatial transformations, which cor-
responds 1o the replacement of the rectangular
co-ordinate system by a new system with s
axes pointing in other directions.

Mathematically, we can chameterise the gen-
eralised Lorentz Ir.:ndurul\ulwn thus:

It expresses x) ¥ o in terms of linear
hoemogeneous functions of x. v, 2. ¢ of such a kind
that the relation

APPENDIX III

ROM systematic theoretical point of
F view, we may in the process of

evolution of an empirical science to be a
CONNUOUS Proc of induction. Theories are
evolved, and are expressed in short compuss as
statements of a large number of individual ob-
servations in the form of empirical laws, from
which the general laws can be ertained by
comparison. Regarded in this way, the develop-
ment of a science bears some resemblance 1o the
compilation of a classified caalogue, It is, as
it were, a purely empirical enterprise,

But this point of view by no means embraces
the whaole of the actual process: for it slurs over
the  impor part played by intuition and
deductive thought in the development of

from its initial stages, theoretical advances are
no longer achieved merely by a process of armange-
ment. Guided by empirical data, the investigator
rather develops a system of thought which, in
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general, is built up Iogically from a small number
of fundamental assumptions, the so-called axioms.
We call such a system of thought a theory. The
theory finds the justification for its existence in
the fact that it cormelates a large number of single
observations, and it is just here that the “truth”
of the theory lies.

Corresponding to the same complex of empirical
data, there may be several theories, which differ
from one another to a considerable extent. Bul
s regards the deductions from the theories which
are capuble of being tested, the agreement be-
tween the theories may be so complete. that it
becomes difficult to find such deductions in which
the two theories differ from cach other. As an
example, a case of general interest is available in
the province of biology. in the Darwinian theory
of the development of species by sclection in
the struggle for existence, and in the theory of
development which is based on the hypothesis
of the hereditary transmission of acquired char-
acters,

We have another instance of far-reaching
agreement between the deductions from two
theories in Newtonian mechanics on the one hand.
and the general theory of relativity on the other.
This agreement goes so far, that up to the present
we ¢ been able 1o find only a few deductions
from the general theory of relativity which are

ToN

by the path of a body which is projected throug
a gravitational field, As a resull of this theory,
we should expect that a ray of light which is
prassing close 10 a heavenly body would be deviated
wowards the lawer. For a ray of light which
passes the sun at a distance of A sun-radii from
its centre, the angle of deflection (a) should
amount (o

ds of arc

- i
It may be
half of this deflection is produced by the New-
tonian field of atraction of the
sun, and the other half by
geometrical modificati
ture”) of sp

This result

mental test by

during a total eclipse of the sun.
The only reason why we must
it fior a idal eclipse is because
at every other tfime the atmes
phere is so strongly illuminated
by the light from the sun that the stars situated
near the sun’s disc are invisible. The predicted
effect can be seen clearly from the accompanying
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considered negatively, which must be performed
om the unit of mass inst the centrifugal force
in order 1o transport it from the position of the
clock on the rotating disc 1o the centre of the disc,
then we have

is it Follows that

vurfisd)

In the first place. we see from this expression that
two clocks of identical construction will go at
different rates when situated at different distances
from the centre of the disc. This result is also
valid from the standpoint of an observer who is
rotating with the disc.

MNow, as judged from the disc, the latter is in a
gravitational field of potential ¢, hence the result
we have obtained will hold quite generally for
grovitational fields. Furthermore, we can regard
an atom which is emitting spectral lines as
clock, so 1 the following  statement  will
ol

i ateum abserhs ar emits light of a frequency
which is dependent on the potential of the gravita-
tionel ffeld in which it is sineated.

The frequency of an atom situsted on the
surface of a heavenly body will be somewhat
less than the frequency of an atom of the same

150

capable of invest

of pre-relativity

this despite the profound difference in the funda-

mental assumptions of the wo theories, In

what follows, we shall again consider these im-
ll also discuss

w them
which has hitherto been obtained.

(a) MOTION OF THE PERIHELION OF MERCURY

According to Newtonian mechanics and New-
ton's kaw of gravitation, a planet which is revolving
round the sun would describe an ellipse round the
latter, or, more comectly. mound the common

ravity of the sun and the planet. In
such a system. the sun, or the common centre of
lies in one of the foci of the orbital ellipse
in such a manner that, in the course of a planet-
year, the distance sun-planet grows from s
mum o a maximem, and then decreases
to a minimum, If instead of Newton's law
insert a somewhat different law of attraction into
the caleulation, we find that, according o this
new law, the motion would still ke place in such
mEnmer the distance sun-planet exhibits
periodic variations: but in this case the angle
described by the line joining sun and planet
dunng such a period (from peribelion — closest
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diagram. If the sun {§) were not present, a star
which is practically infinitely distamt would be
seen in the direction I, as observed from the
earth. But as a consequence of the deflection of
light from the star by sun, the s will be

en in the direction Iv, i a somewhat greater
distance from the cemre of the sun than corre-
sponds 1o s real position,

In practice, the question is tested in the fol
lowing way. The stars in the neighbourhood of
the sun are photographed during a solar eclipse.

In addition, a second photograph of the same
stars is taken when the sun is situated at another
position in the sky, ie a few months earlier or
later. As compared with the standard photograph,
the positions of the stars on the eclipse-photograph
ought to appear displaced radially outwands
away from the centre of the sun) by an amount
corresponding 1o the ;

We indel nd to
the Royal Astronomical Society for the investiga-
tion of this important deduction, Undaunted

war and by difficulties of both a material

al nature aroused by the war,

these societies equipped two expeditions — 1o
Sobral (Brazil) and to the island of Principe

d Afrca) — and sent several of Britain's
most celebrated astronomers (Eddington, Cottin,
ham, Crommelin, Davidson), in order to obtain
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clement which is situated in free space (or on the
surface of a smaller celestial body).

M Fisar '
Now ¢ = -K —, where K is Newton's constant of
¥

gravitation, and M is the mass of the heavenly

baody. Thus a displacement towards the ned ought
¢ place for spectral lines produced at the
e of stars as compared with the spectrl lines

of the same clement produced ot the surface of
arth, the amount of this displacement beid

‘or the sun, the displacement towards the red
predicted by theory amounts 1o about two mil-
lionths of the wave-length. A trustworthy ca
culation is not possible in the case of the stars,
because in general neither the mass M nor the
adius ris known,

It is an open question whether or not this effect
exists, and o the present lime astronomers ane
working with great zeal towards the solution.
Orwing 1o the smallness of the effect in the case of

un, it is difficult 1o form an opinion as o its

RIME L * A 1oN

proximity to the sun— to perihelion) would
differ from 360°. The line of the orbit would not
then be a closed one, but in the course of time
it would fill up an ar part of the orbin
plane, viz, between the circle of least and the
circle of greatest distance of the planet from
the sun.

According also to the general theory of relativity,
which differs of course from the theory of Newton,
u small variation from the Newton-Kepler mo-
tion of 4 planet in its orbit should 1
in such a way, that the angle desc
radius sun-planet between one peribelion and the
next should exceed that comesponding o once
complete revolution by iven by

(N.B. — One complete revolution cormesponds
to the angle 2 in the absolute angular measure
customary in physics, and the above expression
gives the amount by which the radius sun-planet
exceeds this angle during the inierval between
one perihelion and the next.) In this expression
a represents the major semi-axis of the ellipse,
e ils eccentricity, ¢ the velocity of light, and T
the period of revolution of the planet, Our
result may also be stated as follows: According
to the general theory of relativity, the major axis
of the ellipse motes round the sun in the same

ERIME! L * MATION

photographs of the solar eclipse of 29h May
1919, The relative discrepancies o be e

between the stellar phodographs obtained during
the eclipse and the comparison photographs

1 to a few | Iredths of

Thus great URACY WIS Decessary
the adjustments required for the taking
the photographs, and in their subsequent
measurement
The results of the measurements confirmed the
theory in & thoroughly satisfactory manner. The
rectangular components of the observed and of
the calculated deviations of the stars (in seconds
of arc) are set forth in the following table of
resulis:

Pusmber of

() DISPLACEMENT OF SPECTRAL LINES
TOWARDS THE RED

In Section XX it has been shown o
system K which is in rotation with re
Galileian system K. clocks of identical construc-
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ticularly St. John, have been led to the opposite
opinion in consequence of their measurements.

Mean displacements of lines towards the less
refrangible end of the spectmm are certainly
revealed by statistical investigations of the fixed
stars; bul up 1o the present the examination of
the able data does not allow of any definite
decision being amived a1, as 10 whether or not
these displacements are o be referred in reality
o the effect of gravitation. The results of ob-
servation have been collected togethe
cussed in detail from the standpoint of the ques
tion which has been engaging our attention here,
in a paper by E. Freundlich entitled “Zur Priifun,
der allgemeinen Relativitits-Theorie™ (fie Na-
mrwissensolafien, 1919, 35, p. 520c Julius
Springer, Berlin).

At all events, a definite decision will be reached
during the next few y If the displacement
of spectral lines towards the red by the gravit
tional potential does not exist, then the general
theory of relativity will be untenable, On the
other hand, if the cause of the displacement of
spectral lines be definitely traced to the pravit
tional potential, then the study of this displace-
ment will fumish us with important information
as 1o the mass of the heavenly bodie
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sense as the orbital motion of the planet. Theory
requires that this rotation should amount w 43
seconds of are per century for the planet Mercury,
but for the other planets of our solar system its
magnitude should be so small that it would
necessarily escape detection,

In point of fact, astronomers e found that
the theory of Newton does not suffice 1o cal-
culate the observed motion of Mercury with an
exaciness corresponding 1o that of the delicacy
of observation attainable a1 the present time.
After taking accoumt of all the disturbing in-
Muences exened on Mercury by the remaining
planets, it was found (Leverrier — 1859 — and
MNewcomb 1895) that an unexplained perihelial
movement of the orbit of Mercury remained over,
the amaount of which does not differ sensibly from
the above-mentioned + 43 seconds of are per
century, The uncentainty of the empirical result
amounts 1o a few seconds only.

() DERECTION OF LIGHT BY A
GRAVITATIONAL FELD

In Section XXIT it has been already mentioned
that, according to the general theory of relativity,
w ray of light will experience a curvature of ils

2 Ven

ales
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tion, and which are considered at rest with respect
to the rotating reference-body, go at rates which
are dependent on the positions of the clocks. We
shall now examine this dependence quantitaively.
A elock, which is situated at a distance r from the
centre of the dise, has a velocity relative 10 K
which is given by
v o,

where e represents the * velocity of rotation of the
disc K' with respect 1o K. If v, represents the
number of ticks of the clock per unit time (“rate”
of the clock) relative 1o K when the dock is at
rest, then the “rate” of the clock (v) when it is
moving relative to & with a velocity v, but at rest
with respect to the disc, will, in accondance with
Scection XI1, be given by

This expression may also be stated in the fol

lowing forme:
( 1w )
v .

If we represent the difference of potential of the
cemrifugal force between the position of the clock
and the centre of the disc by ¢, ie the work,

1 T wand .. tod here in Eater editions. — JA.
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