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ABSTRACT: The hyperbolicity requiremet of a recent 16 moments model for RelativisticPolyatomic Gases is 

here proved for every time direction ξα. This is important because asures that the wave propagation ve- locities 

are finite and not higher than that of light. In addition to important mathematical consequences, this property 

also shows that the model respects the principle of cause and effect. 
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I. INTRODUCTION 
In this article we prove the hyperbolicity requiremet of the field equa- tions proposed in [1] to modelize 

Polyatomic Gases in the context of Relativistic Extended Thermodynamics. These equations are ex- pressed in  

terms  of the  so-called Main Field  λA  (λ , λβ , λβγ , ν) and they can be written in compact form as 

 

 

 
is positive definite 8 timelike 4-vector __. Consequently, we have thatthe balance equations (1) aren’t 

only symmetric, but they are also hyperbolic. This property is called ”Convexity of Entropy”. Thanks 

to appendix A of [2], this property grants that the characteristic velocities are all real and don’ t 

exceed the speed of light. Even if the article [2] concerned the properties of the article [3], its 

appendix A was completely general and applicable also to the present balance equations. 
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II. ON THE CONVEXITY OF ENTROPY AND SOME OF ITS CONSEQUENCES 
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PROOF: 
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III. CONSEQUENCES OF THE ABOVE RESULTS 

 The inequality (5) is ensured also in the non linear case but, if it holds for every value of the independent 

variables, then it must hold also when these variables take their equilibrium values. This will allow us to find 

interesting properties of a set of integrals. In fact, (5) can be  
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∀ 

− 

 

 

 
 

 

We note that C  is the matrix N in [5] and that the algebraic com-plement of the element in the third line and 

third coulumn of  N   is C multiplied by ξ0. 

 Now we have proved above in (5) that K is negative definite time- like unitary 4-vector ξα and for every 

value of the variables; so this property holds also if these variables assume their values at equilib- rium. In other 

words, we have  now  that  KE is positive defined. This was true in its integral form (5), so it must be true also 

after calculations of the integrals.  So we are sure that the above matrixes 

M̃  and Ñ  are positive defined (There is no problem for the remaining 
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∀ 
− 

3 3 

| | 

 

parts of  KE because B6 > 0 is evident from its expression in (A.8)1 of [3]) time-like ξα. This isn’t a new 

requirement as it may seem apparently from the description in [5]. It is a proved theorem. 

But we have now more than this result because we have that the ma- trixes M and N are positive defined also for 

every value of ξ1 ƒ= 0. 

• Let us begin with M . 

For a well know theorem on positive defined matrixes, we have that 

Hp > 0 for p = 1, · · · , 8 and where Hp denotes the subdeterminant 

obtained  from  M̃  by  eliminating  its  last  8 − p lines  and  its  last  8 − 

p coulumns. With the same metodology used in [4] (See also its appendix B which can be applied also to the 

present case with two additional independent variables), we find that these results Hp > 0 for every value of ξ1 

and with (ξ0)
2
 = 1 + (ξ1)

2
 can be translated in results expressed in terms only of the elements in the matrixes A ,  

B , C. 

 

• Let us consider now N . 

 Since ξ0 C is the principal minor in the last two lines and last two coulumns of M , we have already that 

it is positive defined. But it is also the principal minor in the first two lines and first two coulumns of N ; so we 

have  only to exploit the property  N  > 0.  To  calcu-  late it we exchange its third line with the second one; after 

that we exchange its new second line with the first; after that we exchange its third coulumn with the second; after 

that we exchange its new second coulumn with the first; after that take out a factor 
2  

from its new first line 

and a factor 
2 

from its new first coulumn. So it becomes 

 
 

 because we have already obtained the property C > 0, while the other determinant is the principal minor 

of the matrix  M  where  its lines 4,7,8 meet the coulumns 4,7,8. So the property, that N is positive defined, gives 

no further informations. 

 

IV. An useful change of variables 
To compare the present results to those of [4], where less independent variables are present, let us use the following 

change of variables 
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Consequently, we have that − kB c m2 KE calculated in X7 = 0, X8 = 0 is exactly that appearing in [4] and also the 

corresponding matrixes are the same. Here we have two further independent variables which contribute to the last 

line and last coulumn of the matrix (16) (In reality, they are two lines and two coulumns becase E, F and D have 

two coulumns). 

 So in the present article we have obtained two further properties, besides those of [4], i.e., that the matrix 

(16) has positive determinant and also its principal minor obtained by eliminating its last line and its last coulumn 

has positive determinant. 

 

V. CONCLUSIONS 
 The present results have a relevant importance to support the gen- uineness of those of the work [1]. In 

particular they prove that the hyperbolicity requiremet holds, with all its nice consequences like the fact that it 

implies finite propagation of wave speeds and that they are not higher than that of light. Thus they allow us to 

have a more than suitable model to describe the trend of relativistic polyatomic gases in presence of internal 

vibrational and rotational energy. In this way they lay the foundations for building such a model even in the non-

relativistic case; this article is in preparation, but some bases for it have already been laid in article [6] which 
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presents its structure and proves that it respects the Galilean relativity principle. 
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