


In the following paper we consider pr?gerties of the ideal
gas of classical (nonquantum) tachyons/x /.

One can say that it is senseless to study tachyons if their
existence has not been experimentally confirmed. In our opinion,
there are two possibilities to refute this objection.

1. In order to propose the experiment that could give an
answer to the question on the existence of tachyons, theoretical
investigations are needed, because we already know that proper-
ties of tachyons (if they exist) are quite different from those
of particles slower than light - bradyons. It should be stressed
that a theoretical support of the majority of experiments which
have been done is very weak. So, their result cannot be counted
as conclusive/l/.

2. Even if we a priori assume that tachyons do not exist,

a study of their properties can be valuable since it makes deeper
our understanding of the theory of bradyons.

We propose to a reader to choose one of the above possibili-
ties and read what follows.

Firstly we formulate some basic notions of the theormodyna-
mics of tachyons following Huang’s book/%/. We start from the
microcanonical ensemble and the postulate of "a priori equal
probabilities' that are the same as in bradyon physics. Also
without any differences we define entropy of a system and,
through the entropy, the temperature of a subsystem, In this way
we are led to the canonical ensemble and the partition function
of N particles
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where V is the volume of the system; T, the temperature; and
H(pl...EN, Qy...dy), the Hamiltonian of the system of N partic—
les which depends on their momenta, p, and positions, q. Integra-
tion is taken over momenta greater than the rest masses of ta-
chyons, m. We use the units where k=c¢ =% = 1.

The thermodynamical quantities: pressure, P, entropy, S, and
energy, U, are defined through Helmholtz"s free energy, F, which
is related to Qy by the equation e g v a L g e
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In two extreme cases z>>1 and L>>1 , Sg2 (2) can be approxi-
z
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In the case of free tachyons So, we find
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= NT(2+ C(T/m)); for T<<m.

= NT (3 + @(—"%;En (m/T)): for T> m
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ANV, T) = [f dpe | The high temperature limit is the same as for bradyons 16,7/,
" lpl2m It is connected with the fact that high energy tachyons and
bradyons behave as luxons. The low temperature limit is ob-
_ _‘/_fi‘mi viously different since for bradyons
T > ~zsht
fdspe = 4nm3 { dt ch?t ht s = 31
lP(Zm 0 shte 4mnm —'Z—'So2(z)r U= N(—Z-T‘i- m) .
where z=m/T and Soz(z) is the so-called Lommel function /5/. Specific heat is defined as follows
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) and is described by
Fc->r.the gas of relativistic bradyons the partition function is S77 (z) S°.(2)
similar in form, although the Lommel function Soo2) has to be ey = 1+ z2 2 92 2 .
changed into the Macdonald function K2(z)/6'7/. v So2(2) S oA 2)
Using (1) and (2), we find the equation of state which is
the same as for bradyons, namely: 1 2
yons, y 5S ,,(z)~—%5S ,.(2) 38  .(2)
2 24 22 -13 -13
pV= NT =32 T T2 -1
. _ Sg2(2) 5%99(2)
Let us notice that at zero temperature the pressure is zero. m?
In the case of tachyons it is not a trivial property if we re- - " 3+ O(TI‘? fo (m/D);  for T>>m
member that zero energy tachyons carry momenta equal to their Cy =
mass§s..So, at first sight we could expect that, similar to the \\= 24+ O0(T/m); for T<<m.
Ferm}—l.)lrac gas, the value of pressure at zero temperature would
be finite, *  In the Table we show the numerically found values of ¢y and
The energy of tachyon gas is expressed by the formula U/pV versusm/T. Let us notice that specific heat is not a mo-
S, (z) S_,.(2) notonical function of m/T and at m/Tw lthere is a weak maximum.
U= NT(1-z _22______,) = NT(3z i3 1). _An analogous table for bradyons is presented in Ref.7.
Sgq (2) So02(2) ' 3



We conclude that all properties of the classical gas of ta-
chyons and the gas of bradyons are similar and no new phenomena
have been found in the case of tachyons.

Table

m/T Cy U/pV
0. 3.000 3.000
0.1 3,004 2.995
0.2 3,014 2,983
0.5 3.052 2.917
1. 3.073 2,768
.2, 2.930 2,505
3. 2.725 2.33%7
5 2.427 2.171
10. 2.151 2,054
20. 2,043 2.014
00 2.000 2.000

0.1 t

The specific heat of the ideal

gas of tachyons and the gas of
bradyons as a function ofm/T.
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