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Abstract: Gedanken experiments illustrating exemplifications of the Landauer principle in the free
falling Einstein elevator are treated. Double-well simplest information system embedded into the
free falling elevator is addressed. Infinitesimal horizontal force applied to the particle m transfers it
from position “0” to position “1”, emerging from the free falling double-well system confining mass
m. When thermal noise is considered, the potential barrier of kzT should be surmounted for the
erasing of one bit of information. Entropic forces arising in the free falling elevator are considered.
The maximal change in the entropy of free-joint polymer chain attached to the free falling elevator
is estimated as |AS,;4x| = kg, and it is remarkably independent of the mass attached to the chain and
the parameters of the chain itself. Free falling minimal Szilard engine is treated. The informational
re-interpretation of the minimal Szilard process is shaped as follows: the energy kzTIn2 necessary
for erasing of 1 bit of information is spent for lifting up mass, whatever, is the value of this mass.
Appropriate choice of frames enables elimination of gravity in the considered system; however
elimination of the thermal noise (dissipation processes) by the same procedure is impossible.

Keywords: Principle of equivalence; Landauer principle; Entropic forces; Information; Einstein free falling
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1. Introduction

John Archibald Wheeler suggested that fundamentals of physics should be re-built on the informational ground-
ings and assumed that the main notions of physics are deeply rooted in the “bit-based” scientific paradigm [1]. This
global scientific program was extensively developed in the last decade. The informational re-shaping of thermodynamic
of gaseous and condensed phases, exploiting the Shannon measure of information was addressed in refs. 2-6. Informa-
tional content of the molecular motion was treated in ref. 7. Information-based re-interpretation of mechanics was dis-
cussed in refs. 8-14. Information aspects of detecting particles were considered in ref. 15. Information approach to the
general relativity was suggested in refs. 16-17.

The Landauer Principle, suggesting the thermodynamic equivalent of information, serves a natural basis for in-
formational re-shaping of physics. The Landauer principle formulated in 1961 in ref. 18 and revisited thirty years later
in ref. 19 states that the erasure of one bit of information requires a minimum energy consumption equal to kgTIn2,
where T is the temperature of a thermal reservoir used in the process and kg is Boltzmann’s constant. Let us quote ref.
18, it is plausible to anticipate, “that information processing is inevitably accompanied by a certain minimum amount
of heat generation. In a general way this is not surprising. Computing, like all processes proceeding at a finite rate, must
involve some dissipation ... the dissipation has a real function and is not just an unnecessary nuisance... note that a
binary device must have at least one degree of freedom associated with the information. Classically a degree of free-
dom is associated with kgT of thermal energy. Any switching signals passing between devices must therefore
have this much energy to override the noise...An alternative way of anticipating our conclusions is to refer to the argu-
ments by Brillouin and earlier authors, as summarized by Brillouin in his book, “Science and Information The-
ory,” to the effect that the measurement process requires a dissipation of the order of kgT”. Rolf Landauer,
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also addressed in Ref. 18, the model of the particle enclosed in a bi-stable well, imitating the simplest logical cell. Rolf
Landauer also applied the aforementioned principle to the transmission of information and re-worded it as follows: an
amount of energy equal to kpTIn2 (where kpT is the thermal noise per unit bandwidth) is needed to transmit a bit
of information, and more if quantized channels are used with photon energies hv > kgT [20]. Actually the Landauer
principle, pertaining to the lower theoretical limit of energy consumption of computation, converted the information
into physical value, thus, bridging between information of measurable physical values.

The derivation, meaning interpretation of the Landauer principle were subjected to the intensive scientific dis-
cussion [22]. Bennett in ref. 22, argued that the Landauer principle represents actually restatement of the Second Law
of Thermodynamics, however it has considerable pedagogic and explanatory power, especially in the context of other
influential ideas in nineteenth and twentieth century physics [22]. We present the information-based re-interpretation
of the Einstein equivalence principle.

2. Results and discussion.
2.1. The Einstein equivalence principle and the two-well Landauer information model.

The Einstein equivalence principle is a basis of general relativity and the entire building of modern physics [23-
26]. The understanding of the Einstein equivalence principle of general relativity remains ambiguous [27]. According
to the classical textbook by Landau and Lifshitz non-inertial frame is equivalent to a gravitational field [23]. According
to Tolman the equivalence principle is formulated as follows: the effect of homogenous and stationary gravitational
field may be always eliminated by the appropriate choice of the accelerated frames [24]. Landau and Lifshitz also
stressed the fundamental difference between a “true gravity” and non-inertial frames: a true gravity always disappears
far from gravitational masses, whereas pseudo-gravitational fields emerging in non-inertial frames remain finite in in-
finity [23].The useful discussion of the precise meaning and interpretation of the equivalence principle is supplied in
ref. 27.

We adhere to the very tight interpretation of the Einstein equivalence principle, namely the possibility to eliminate
the effects due to gravity by the appropriate choice of the accelerated frames, and suggest its information-based re-
interpretation. Consider the bi-stable potential well placed in the free falling elevator, as shown in Figure 1. Such a well
may be seen as an elastic frictionless bowl containing particle m. Let us arbitrarily label the particle m located in the left-
hand well as the ZERO state. When the particle is in the right-hand well, the device is in the ONE state, as suggested by
Rolph Landauer in ref. 18. Thus, we combine the Einstein Gedanken free falling elevator with the simplest implementa-
tion of the binary logical device, introduced by Rolph Landauer [18-20]. Let us place particle m in the well labeled “0”,
as depicted in Figure 1. It is easily seen that in the free falling elevator the energy barrier disappears, and an infinitesimal
horizontal force f applied to the particle transfers it from position “ZERO” to position “ONE” (again, friction is absent
in the system). Indeed, force f gives rise to the non-compensated vertical component of the elastic reaction force. This
force will bring particle to the apex of the well and afterwards it will bring it to the position “1” state.
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Figure 1. Bi-stable potential well placed within the free falling elevator, built of two wells labeled correspondingly “0”

and “1. Infinitizemal horizontal force f applied to the particle m will transfer it from the well labeled “0” to the well labeled
.

Now let us follow the reasoning suggested by Rolph Landauer in ref.18, when applied to the bi-stable well placed
in the free falling elevator. Consider the operation “RESTORE TO “ONE”, which leaves the particle in the “ONE” state,
regardless of its initial location. If we assume that the particle is in the “1” state, then it is easy to leave it in the same
state, without spending energy. If we are adopt that the particle is in the ZERO state, we can apply a force f toit, which
will push it over the barrier and transfer over the apex; and now, in a free falling elevator, this force may be infinitesi-
mally small, and this is a great difference, from the original experiment, suggested in ref. 18. Afterwards we can apply
a retarding force, so that when the particle arrives at ONE, it will have no excess kinetic energy, and we will not have
expended any energy in the whole process, since we extracted energy from the particle in its downhill motion. Thus, at
first sight it seems possible to RESTORE TO ONE without any expenditure of energy. This reasoning is true until ther-
mal noise is neglected. If we assume that our particle m is in a thermal equilibrium with isothermal surrounding T
thermal noise ca. kgT should be surmounted in order to transfer the particle from the ZERO state to the ONE state.
And what is extremely important: in a free falling elevator this results is independent on the mass m, due to the fact that
effects to the gravity are eliminated. Thus, a large macroscopic body may be seen as a molecule m. Hence, if thermal
equilibrium with surrounding is considered, the Landauer Principle remains true for the double-well system embedded
into the free falling elevator.

We conclude, that in the absence of the dissipative processes (quantified by the thermal noise ~kgT states “ZERO”
and “ONE” become indistinguishable, and just the thermal noise separates the aforementioned states. These arguments
strengthen the fundamental role of the notion of “temperature”[28]; indeed, the appropriate choice of frames elimina-
tion of gravity; however, elimination of the thermal noise with the same procedure is impossible. Moreover the energy,
necessary for the “RESTORE TO ONE” operation is independent on the mass of the particle, and depends only on the
temperature of the system.

2.2. The Einstein free falling elevator and the entropic forces
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Consider free jointed ideal polymer chain attached to the ceiling of elevator as shown in Figure 2. Particle m is
attached to the end of the chain. When the elevator is in rest the gravity force mg acting on the mass is balanced by the
entropy elastic force fonr supplied by Eq. 1:

=2 3kgT = —
fenzN_:szmgr 1)

where N and b are the number and the length of the segment of free-joint chain correspondingly, and R is the end-to-
end distance of the chain [29]. When the elevator is free falling, obviously f, = 0 irrespectively of the mass m con-
nected to the chain. Now consider the free falling free-jointed chain and mass m in the thermal equilibrium T with the
surrounding. The average force acting on the chain emerging from the random motion of the mass m equals zero. Let
us estimate the maximal entropic force emerging in the chain due to the thermal motion of the particle m (we restrict
ourselves by the one-dimensional random vertical motion of the particle). The general equation for the entropic force
is:

= ds
[Fenl = 755 @
If the maximal vertical displacement of the chain is Ay,,q,, we obtain:

|ASmax! ~
T m AYmax = kT, (3)
where AS,q, is the maximal change in the entropy of the free-jointed chain due to the random thermal motion of the
mass m. Eq. 2. Eq. 3 immediately yields:

|Asmax| = kB (4)

And, again, it is immediately recognized from Eq. 4, that the maximal change in the entropy of the free-jointed chain
attached to the free falling elevator in independent on the randomly walking mass m; moreover, it is independent on
the structure of the free-jointed polymer chain (namely it is independent on the N and b) and equilibrium temperature
T. Absence of the dependence of AS,,,, on the temperature of the chain is interesting in a view controversial nature of
the relativistic transformation of temperature which remains highly debatable [30-31]. It is noteworthy, that the aver-
aged random entropic force, emerging from thermal oscillations of the particle m in the free falling elevator is zero;
however, the entropic elastic force is not completely eliminated in the free falling frame, due to the fact that it emerges
from the entropy of the chain and it is independent of gravity. Eq. 4 supplies re-interpretation of the Boltzmann constant,
namely, the Boltzmann constant quantifies the maximal change in the entropy of the free-jointed polymer chain exposed
to the thermal noise T. Consider that the role of gravity in our “Gedanken” experiment is “erased”; however, the role of
the thermal noise is irremediable.
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Figure 2. Free-falling elevator containing entropic spring (free-jointed polymer chain) and mass m attached to the chain.

2.3. Szilard minimal thermal engine in a free falling elevator

Now consider the single-particle (minimal) thermal engine, suggested by Leo Szilard in 1929 [32, 33, 34]. This
minimal thermal engine is based on a particle m enclosed within a chamber (cylinder) divided by half by a partition
(piston) M,, as shown in Figures 3A-B. Szilard engine may be exploited for the exemplification of the Landauer Prin-
ciple [13, 32, 33]. Finding of the particle m in the certain (left or right) half of the chamber corresponds to the recording
of 1 bit of information. When the partition is removed, the location of particle is uncertain, and this corresponds to the
erasure of 1 bit of information. Location of a particle on the certain half of the chamber corresponds to “ONE”, and the
uncertain location of the particle corresponds to “ZERO”, thus the single-particle-based engine provides the binary
logical system [13, 32, 33]. The thermodynamic analysis of this computer-engine immediately gives rise to the Landauer
bound; namely, the minimal energy necessary for isothermal erasing of one bit of information, which equals kpTIn2.

Let us place the minimal Szilard engine into the free falling Einstein elevator, as depicted in Figure 3. Various
configurations of the Szilard engine shown in Figures 3A-B may be considered. Assume that the entire free falling
systems shown in Figures 3A-B are in the thermal equilibrium with the surrounding at the temperature of T. Let to the
particle m perform isothermal expansion and push the piston M, under lifting up mass M;. Kinetic energy of the par-
ticle m will be spent for surmounting thermal noise ~kgT enabling lifting of the mass M, (the effects due to gravity
are completely eliminated). The informational re-interpretation of the process sounds as follows: the energy kpTIn2
necessary for erasing of 1 bit of information was spent for lifting up mass M,, whatever are the values of the masses
Mjand M,. It is easily seen, that this conclusion is true for both vertical and horizontal configurations of the minimal
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Szilard engines, shown in Figures 2-3. Again, the appropriate choice of frames enables elimination of gravity; however
elimination of the thermal noise (dissipation processes) by the same procedure is impossible.

Figure 3A-B. Minimal single-particle thermal Szilard engines located in the free falling elevator.
Conclusions

We continue the development of the research program introduced by John Archibald Wheeler, suggesting that
the basic notions of physics are deeply rooted in the theory of information [1]. We address the Gedanken experiments,
combining the ideas emerging from the Einstein Principle of Equivalence [23-27] and the Landauer Principle [11-22].
For this purpose three experimental systems embedded into the free falling Einstein elevator are addressed, namely:
the double well system containing particle m, the free jointed polymer chain with the mass m attached to the chain, and
the minimal Szilard engine driven by a single particle m. When the particle m is confined within the free falling double-
potential-well system, representing the binary logics, it may be transferred from position “ZERO” to position “ONE”,
by an infinitesimal horizontal force. This is true until thermal noise is considered. Thus, the potential barrier of kgT
should be surmounted for the erasing of one bit of information in the suggested logical system. Ant it is important that
this potential barrier is independent on the mass of the particle. Consider a free jointed polymer chain attached to the
ceiling of free falling Einstein elevator. Mass m is attached to the chain. The maximal change in the entropy of free-joint
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polymer chain attached to the free falling elevator is estimated as |AS,,4x| = kp, and it is remarkably independent of the
mass m attached to the chain and the parameters of the chain, namely the number and length of the segments. Free
falling minimal Szilard thermal engine, driven by the random motion of the single particle m is treated [32-34]. The
informational re-interpretation of the minimal Szilard process is formulated as follows: the energy necessary for erasing
of 1 bit of information is spent for lifting up mass is on the order of magnitude of kgT, whatever is the value of this
mass. We conclude, that the appropriate choice of frames enables elimination of gravity in a strict accordance to the
equivalence principle; however elimination of the thermal noise (dissipation processes) by the same procedure is im-
possible for the addressed minimal informational systems.
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