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ABSTRACT. In this paper we are analyzing thought experiméras could be found in
Einstein and Galileo’s work, noticing that someeggghers are even declaring certain
presocratic thinking as thought experiments. Thm teas coined before Einstein, and
there were others who designed experiments futhafjination. Yet thought experiments
are a subset of scientific experiments and shoeltbbked for in experimental sciences
like physics, so here imaginative exercises areanogpted as thought experiments. Thus
in this paper a new working definition of a thoughperiment is proposed and some
rather dubious examples that are now widely bermuglpimed for thought experiments
are properly classified. Also, we will give a gealercharacterization of thought
experiments as they appear in modern physicsaw® dome conclusions about them and
then analyze some Einstein's work.

INTRODUCTION

The notion of 'thought experiment' has proved tmbe of the great achievements of
science and education. Because it was designedniah, m skillfully avoids the need for the
elaborate laboratories and bloated financial plarexperimental physics. From thought
experiments we learn about our physical world. His fpaper our purpose, however, is to
argue that thought experiments produce such epistgonders. (MRTON, 1991)

Einstein asked himself when he was young: “Howweld would look like to a man
if he could travel with the velocity of light?” RcHER 1991). Answer can be found in his
special theory of relativity. The answer is thatlsian accomplishment, of course, is not
possible.

Yet the aforementioned question has been settingegong that is not possible to
achieve in natural circumstances, but would be wetgresting if it could be achieved. Can
we consider this a thought experiment?

Although thought experiments, at first glance, seemere intellectual game and as
inferior compared to other methods of gaining ditfienknowledge (real experiments,
observation of natural processes, for instance); ill have a significant place as a research
method in physics. In order to decide can this t€in& “imaginative journey” be considered
a thought experiment, we need to examine someefrtbre famous thought experiments:
Einstein’s elevator and train experiments, foranse. Theory of relativity (ESTEIN, 1917)
imposes a lot of non-standard thinking to peopl® wtudy it. Teaching experience shows us
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that the most appropriate tools for accepting thmatsual approach are thought experiments,
most of them proposed by Einstein. Still any redear interested in thought experiments
must go far back into the past. Most of them discdliought experiments in Galileo’s work
(rightfully, to our opinion), but some are even @eaming presocratic thinkers, for thought
experimenters. But we, together with researchdes (BORENSEN 1992) think that thought
experiments are a subset of real experiments, laeyl ghould be exclusively looked for in
experimental sciences (physics, before all, becthese are no thought experiments in other
sciences).

But the problem lies in a lack of a useful opemtefinition (BxBoviC et al. 1983) of
a thought experiment, so we are offering one is ffaper. Also the precise classification
(BaBoviC et al. 1983) of thought experiments is proposed, whichgests a thought
experiment should be capable of proving the sdienstatements (that is different, from
claiming, like NoRTON (1991) and various others do, that thought expamis are
arguments). This last proposition, of course, can duestioned, so in paper I$RC
RabuLovi¢, 2001) a broader foundation for it has been givey, cbomparing thought
experiments with computer experiments, and hereva df the conclusions are repeated,
thoroughly revised.

This will lead to elimination of some widely acceg@tplays with imagination from the
collection of thought experiments while it will ale shown that even the greatest can make
mistakes and overlooks.

FEW HISTORICAL REMARKSON THOUGHT EXPERIMENT

Hans Christian @rsted coined the mixed teffankeenexperimenflit. thought
experiment) circa 1812. Much later, Ernest Machdutbet term exclusively to denote the
imaginary conduct of a real experiment, which themuld be performed by his students. Yet
those, according to our classification, were nautiht experiments - this kind should be
called imaginary experimen{BaBovi¢ et al. 1983). Indeed, imaginary experiments are
designed while planning a real experiment.

Yet, we think that MRTON (1996) has a point when citing J. Brown:

“A Platonic thought experiment is a single thougkperiment which destroys an old
or existing theory and simultaneously generatesva ane; it is a priori in that it is not based
on new empirical evidence nor is it merely logigatlerived from old data; and it is an
advance in that the resulting theory is better th@mpredecessor theory.”

Einstein in his profound thinking was partly infeed by Mach. But luckily not in
that particular field, as he designed many thougbitmaginary, experiments. Indeed, before
Einstein there were many imaginary experimenterd,\eery few thought experimenters - one
of them was Galileo Galilei, for instance; nowsitwidely believed that he designed a thought
experiment while he was working on his principlarartia (without ever noticing it).

Later, when Newton formulated the principle of ireerit lost its former connection to
the thought experiment that was laid under iEWNON, 1964). This formulation shows that
Newton treated inertias{s insitg as something already accepted by the scientiicnounity,
and so he did not feel the need to prove the exgstef it, nor, of course, to mention Galileo.
But it didn’t stop Newton from designing a buckebaght experiment.
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THOUGHT EXPERIMENT - DEFINITIONS

In the meantime thought experiment was defined mrTN (1991), but to our
opinion not on enough broad and sound bases. Soweshall give a radically modified
definition of a thought experiment, in order to ahta useful criterion for distinguishing
thought experiments from, say, presocratic imagieahinking exercises.

In Einstein’s paper (EINSTEIN, 1907) published ©0Z, one can find the following
passages:

“...Let us consider two referent systerig and>,. Let Z, be accelerated along the
direction of it's x —axis with acceleration (constant in time) equat tdet us suppose that
2, is at rest, but is located in the homogenous tadwnal field, which is giving the
acceleration y in the direction ofx —axis.

As is well known, physical laws in systel are not different of those in systéiny

this is connected to the fact that in the grawtaai field all material bodies are accelerated in
the same manner...”

We have here, stated in a rather rudimental martherprinciple of equivalence
which played the fundamental role in forming the@ml theory of relativity. In year 1913,
EINSTEIN, together with M. GOSSMANN gave a more precise definition of this principle,
stressing that the equivalency of the referentesysn the gravitational field and accelerated
referent system is strictly local.

What we are interested in, though, is the thoughegment that Einstein proposed
order to prove the principle of equivalence (on¢holught experiments that could be found in
almost every survey of the general theory of reiii:

Let us imagine an elevator €BCHER 1991) in Space, far from any gravitational mass
whatsoever, and let this elevator be accelerateatceleration were constant and equal to
g, a man inside it would feel as if he were in tlavgational field of the Earth, andce

versg in the elevator that is in the state of free fallide the Earth’s gravitational field,
acceleration obtained in this manner completelytraémes the effect of Earth’'s gravity,
introducing thus weightlessness.

The conclusion is exactly the same as the one En®TEIN'S paper (1907); namely,
the principle of equivalence is one of the basiogples of nature. But in the case of the
elevator thought experiment, the conditions undbiclkv it is possible to identify the two
aforementioned referent systems, are better defthedsize of the elevator is small compared
to the size of the gravitating mass, thus the eféédidal forces could be neglected; so the
principle of equivalence could be applied only lbgathe feature that is included in its
general definition - MSNER et al. 1973). Einstein was not the first one to coméwidea of
checking Galileo’s observation of the equivalenéeinert and gravitational mass, in his
papers he mentions Etévos’s brilliant experimetr@htment of the problem (BNER et al
1973). But Etovos, after his famous measuremethedifference of inert and gravitational
mass, concluded only that they do not differ mbent10°, while Einstein (RSCHER 1991;
EINSTEIN and GROSSMANN1913) using his chest thought experiment [whichlater to
become the famous elevator thought experimems(EIN and NFELD 1938), concludes that
inert and gravitational mass are identical, andwdrdrom this conclusions about the
equivalence of an accelerated coordinate systenaaodrdinate system that is located in the
gravitational field giving the same acceleratidiyg, bringing into the focus the curvature of
space-time, and constructing on this foundatioaggkneral theory of relativity.

Of course, the situation described in the elevéitought experiment has been, mutatis
mutandis, realized in the case of a space shipimgraround the Earth (radial component of

! EINSTEIN himself liked to call this object a chestNBTEIN and GROSSMANN, 1913;RESCHER 1991), until with
INFELD they introduced an elevator (1938).
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its acceleration equalg, so the gravity inside the ship is absent, i. lbas weightlessness),

but the thought experiment is much more illustetiAs it can be said that experiments
perform a scientific procedure, especially in adadtory, to test a hypothesis or theorids,
also could be said:

Thought experiments, as a subset of scientific rarpats, are using real physical
objects, and putting them into relations (goverbgghysical laws) which can not be realized
at the present moment (i.e. using abstractions nbtitat all independent of physical reality),
or, if can be realized, it is much clearer and sienfgo describe them by the help of a thought
experiment. Yet thought experiments use well krammoepts, gained from innumerous real
experiments, which after the tedious analysis HBeen put into set of theorems, lemmas and
corollaries, and extend those concepts to the cdsdshave never been realized before; thus
enabling, by the unquestionable power of deductsmentists to choose among various
theories (or hypothesis) that are describing thermenon.

Thusworking definition:

Thought experiments, using the existing knowledge of humankind, by exploiting
real physical objects and imagined relations of them, put on test new cases which have
never been scientifically described, or are easier described by the imaginative power of
such experiments.

The “working definition” is, in fact, derived frormany thought experiments, but, as
already stressed; Einstein’s elevator thought exyart is most intimately connected with it.
Yet, to our opinion, it is more precise and cldaaint NORTON' S definition (1991), part of
which in the formulation of M. BHoOP (1999)states: “Thought experiments are arguments
which: (i) posit hypothetical or counterfactual tetaof affairs...” There is nothing
hypothetical, neither counterfactual about an etavdalling freely inside the Earth’'s
gravitational field, it is just not so advisablegerform such a “state of affairs” in reality, or i
was not until performed in the case of a space @hifing around the Earth.

Remembering the controversy following the train udjat experiment which was
proposed by Einstein @8CHER 1991) - the opinions going from claiming it anvaus
mistake, to taking it as a full proof of non-existe of absolute simultaneity (for instance,
BORN (1962), cautiously uses a barge and sound fomibdified thought experiment of that
kind), forced us to mention a few thoughts on “pngvability” of thought experiment.

Proving ability, of course, is pretty much different from beingamgumentas Norton
(NorTON, 1991), and many others are claiming, ansHBP (1999) is rightfully denying. It
only has the same capacity real experiments pqebesss, the capacity to decide which kind
of argumentation in different theories is correct.

CLASSIFYING THOUGHT EXPERIMENTS

After defining thought experiment, and explainints iproving ability, those
experiments can be classifiedaf®vi¢ et al. 1983) as follows:

ACCORDING TO THEIR PURPOSE

1. lllustration of
i. a part of the theory (twin-paradox, light-ray in ahevator moving far from

gravitational fields) (Beovic et al. 1983),
ii. the basic concepts of some theory (the elevatograxent) (RESCHER 1991).

2. Proof of the part of some theory - or its basicaagpts [the elevator experimentg§&CHER
1991)]; that thought experiment, laid down in Eg@ists book is treated by its designer as a
definite proof of the principle of equivalence ofiert and gravitational masses,
distinguishing thus his point of view from Eto6vgs’s
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3. Analyzing doubtful parts of some theory.
4. Helping in deriving formulae [obtaining @Bovic¢ et al. 1983) the time-dilatation formula,
for instance].

ACCORDING TO REALIZABILITY
1. Unrealizable
I. momentarily (the elevator experiment before spaag e
ii. permanently (light-ray in an elevator moving faorfr gravitational fields) (Bsovic et
al. 1983)
2. Realizable.

Of course, there are a lot of attempts to formutlagethought experiments that can not be
realized in principle [counterfactual in the defiion of NORTON (1991), RESCHER (1991),
BisHopP (1999)], but since one has the@ntradictio in adjectpthose must be excluded from
the set of thought experiments. For instarerpetuum mobilés a concept that has been
intriguing to human mind throughout the historynwénkind, but since it violates the first and
second law of thermodynamics, projects of it cahb@oconsidered thought experiments.

On the other hand, the elevator thought experimest not realizable when proposed,
but is realizable in principle, and now is perfochaaily by every satellite circling around the
Earth. Yet Einstein’s childhood idea of travelingttwthe ray of light in principle is not
realizable, because nothing that has a rest masgraael with the velocity of light, and so
that situation can not be regarded as a though¢rarpnt at all (but, of course, Einstein
proposed such ideas before discovering his sp#uogary - it was, so to speak, merely a
child’s flight of fantasy, but one that had the fotmd influence on the young scientist’s
mind. So the mistake was made by accident, whiohhcé be said for the train experiment, or
some other imaginary performances that follow).

Bertrand Russell, one of the twentieth century nnesbwned logicians, in his famous
book about the theory of relativity (RSeL, 1985) gave an example of relativistic addition of
velocities, which is indeed very illustrative, batorrect. Namely, he uses in his explanation
an escalator which is moving with the velocity gk, and that is, of course, impossible in
principle. Furthermore, it was recently pointed twone very widespread mistake which is
based on attaching a coordinate system to a legh{RUsSSEL 1985). This “operation” (very
similar to Einstein’s childhood idea of traveling the light ray) could be even thought of as
violation of the principle of constancy of the vely of light. Namely, in the referent system
that moves with the light ray the light would haaexo velocity, in obvious contradiction with
this famous principle. But, in order to attach stmmg to anything else, those objects have to
be materialized, even in a thought experiment. TBush a referent system has to become
something more solid than mere four lines in sgane-(as drawn on the blackboard), i.e. it
has to be realized by one or more material objedtsse relations could offer an opportunity
of determining the distances and time intervalst, Yeaterial bodies have the rest mass
different from zero, and according to the spedmdoty of relativity such objects can not
travel with the velocity of light. It means thaty principle, no referent system could be
attached to a light ray. So, the aforementionedtatdjma is not a thought experiment at all.

Still, in order to formulate his principle of ingxt Galileo had to make some
abstractions (but strictly governed by physicaldawor instance, to imagine the movement
without friction, which is not exactly impossiblbut is very hard to realize. Nevertheless,
since such abstractions are at the very core afgioexperimenting, see our definition, this
can be considered a thought experiment. Yet indige of Zeno’s paradox things are
different. Achilles, since motion is not illusorwill catch up with the tortoise, so Zeno’s
paradox states something that is impossible incpiae and therefore is not a thought
experiment. This is not to be understood as a n#ivdo resolve Zeno’s sophisticated
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example, but only to exclude it from the set of ufjot experiments (stated differently:
philosophy is not an experimental science).

FINAL REMARKS

Even though Einstein has made thought experimam®ds, he was not the first one
to use them. He didn’t even coin the term. Yetolbtesearchers regard him as the one of the
greatest thought experimenters ever, and thersame who are inclined to attribute him all
the credit for thought experiments in physics.

We also consider Einstein the greatest thoughtrexpater, but do not deny that the
term existed before Einstein, and that there araynwhers who designed the significant
thought experiments (Heisenberg, Bohr, not beingrapthe least).

Also, there are many researchers who believe thalileG designed thought
experiments and some who even pronounce certaisognaic thinking for thought
experiments. Yet, in our opinion, thought experitseare subset of real experiments and they
are basically connected to experimental sciendags(gs, before all) so one should not accept
every imaginative application for a thought expemni That is the reason why new working
definition of a thought experiment is being offeredderlying the proving ability of thought
experiments, to the measure there is proving gbilit real experiments. Applying these
definitions some undecided examples are propergstied. For instance, in order to
discover the principle of inertia Galileo neededmake some abstractions, as if there were
cases of movement without friction, so this coutdcdonsidered, according to aforementioned
definition, a thought experiment. But it is not ttese with Greek thinkers because, to state it
explicitly and shortly, philosophy is not an expeeintal science.

Thought experiments generate their results so etggahat there is scarcely a more
effective device available to the scientist. Impade of thought experiments can be seen in
Einstein’s work, because he used thought expersniena direct form in his papers, both for
proving basic principles (lift thought experimeginstein, 1913), and proving parts of the
theory, NORTON 1991).
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