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Summary,  - -  A detailed s tudy of the function ~ which characterizes 
entropy jump across shock waves is carried out for relativistic hydro- 
dynamics at thermal equilibrium. I t  is shown that  the function V is 
defined only if the normal velocity of the shock waves does not  exceed 
the speed of light in vacuo, consistently with the claims of relat ivi ty;  
moreover, the entropy jump goes to infinity as soon as the shock speed 
approaches the speed of light and ~ is lower than 2, while, for 7 = 2, 
the lightlike shock vanishes. 

PACS. 47.75. - Relativistic fluid dynamics. 
PACS. 47.35. - Hydrodynamic waves. 
PACS. 05.70. - Thermodynamics. 

1. - The  f u n c t i o n  ~7 in  re la t iv i s t i c  hydrodynamics .  

A t h e o r y  of shock wave  b e h a v i o u r ,  weak  so lu t ions  to  genera l ized  conserva-  

t i v e  sys tems  of c o v a r i a n t  quas i - l inea r  hype rbo l i c  p a r t i a l  d i f fe ren t ia l  e q u a t i o n s  

of t y p e  

(1.1) V~F~(U) = f ( U )  

cons i s t en t  w i t h  a scalar  s u p p l e m e n t a r y  c o n s e r v a t i o n  law 

(1.2) V~h~(V) = g(U) 
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is developed in ref. (~). Thus we shall relate to (~) as a s ta r t ing  point  which will 
be presupposed  in the  following; also the  nota t ions  employed  in the  present  
pape r  will be the  same as ill (~). 

The relat ivis t ic  Rank ine - t tugon io t  ma tch ing  condit ions governing shocks, 
arising as we~k solutions to  (1.1), ,~re given b y  (2) 

(1.3) ~ [ g  ~] = o ,  

while the  shock-generat ing funct ion ~ (sometimes n a m e d  also generalized 
en t ropy)  will bc (1) 

(1A) v = ~ [ h ~ ] ,  

which is general ly nonvanishing,  unles'~ the  shock becomes ch~racterist lc.  
Previon~ studies of the  shock-generat ing funct ion have  been developed in 

the l i te ra ture ,  concerning nonrelat ivis t ic  polyt ropic  fluid (3) and  nonrelat ivis t ic  
gas mix tu re s  (4). 

Here  we shall develop an invest igat ion concerning the  funct ion 7] of a poly-  
t ropic  re la t ivis t ic  fluid. 

We recall  t h a t  the equat ions of relat ivist ic  hyd rodynamics  assume the  fo rm 
(1.1) as soon as we choose 

(1.5) F~ :_ \ r u ~ / '  f = 0 ,  

where the  e n e r g y - m o m e n t u m  tensor  is 

(1.6) 

r being proper  m a t t e r  density,  ] the fluid index, p the  specific pressure and  
u the  four-veloci ty  of the  fluid par t ic le ;  as usual,  the  speed of l ight is t a k e n  
equal  to uni ty .  

We suppose,  according to  ref. (1), the  cont r ibut ion  of the  fluid mass  to  the  
global g rav i ta t iona l  field to be  i r re levant ,  so t h a t  the  me t r i c  g can be considered 

(1) T. RUGGERI and A. STI~VMIA: Aw~. Inst. Henri Poincard A,  34, 65 (]981) ; A. ST•U- 
MIA: Ann.  Inst.  Henri Poincard A,  38, 113 (1983). The first results obtained in non- 
covariant formalism were given by G. BOILLAT: C.R.  Aead. Sci, Set. A,  278, 909 
(1974); G. BOILLAT and T. RUG~I~I: C.B.  Acad. Sei., Ser. A,  289, 257 (1979). On 
shocks in relativistic astrophysics see, e.g., E. P. T. LIANa: Astrophys. J . ,  211, 361 
(1977). 
(2) A. H. TAVB: t)hyS. Bey., 74, 328 (1948). 
(3) D. Fusco: Bend. Semin. Mat. Modena, 28, 223 (1979). 
(4) ~. VIRGOrIA and F. FERnAIOLI: I l  Nuovo Cimento B,  B1, 197 (1984). 
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as assigned and  we do not  need to  include Einste in  equat ions  into our system. 
Then it  results 

(1.7) h a ~ - -  r S u  ~ ~ g - - -  0 , 

S being the  e n t r o p y  per  mass  uni t .  I t  follows t h a t  

9,[r]u~u ~ -  p g # ]  = 0 ,  

9 ~ [ r #  ] = 0 

(1.8) 

(1.9) 

and  

(1.1o) 

where 

(1.11) [W]  ~ -  W - -  W ,  

denotes the  j~mp  across the  shock. 
Taking  account  of (1.9) and in t roducing 

(2.12) 

it results 

(1.13) 

ot 

= ( ~ , r , ( S -  S , ) .  

Vw 

(1.14) OdS ~ de + p d V  , 

where 0 is the  absolute  t h e r m o d y n a m i c  thempera tu re ,  e the  specific internal  
energy and 

(1.15) v =  1/r 

the  volume of the  mass  uni t ,  t h anks  to the  s ta te  equat ion  

(1.16) p V =  KO 

The dependence of the  s ta te  funct ion 2 on the  two independent  var iables  
p and V is easily obta ined  f rom Gibbs relat ion 
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and the  const i tu t ive  relat ion 

A. S T R U M I A  

(1.17) e = ~ o  = p V / ( r -  1) 

character izing the  polytropic  fluid (the symbols are well known). 
Even  if u more realistic relutivist ic approach would involve the  more com- 

plicated s ta te  equat ion (5) 

(1.18) e = 3KO + mK1/rKz , 

as a first approximat ion,  usual in the l i terature  (8), we shall work with the  
simpler equat ion (1.17). 

The present  approach,  in any  case, includes also the  ul trarelat ivist ic  l imit 
which is governed by  the  s ta te  equat ion 

(1.19) e = 3pV 

and results  form (].16) and (1.17), as is well known, when one chooses 

(1.20) 7 = 4/3 (photonic gas). 

After  in tegrat ion it  follows 

(1.21) s -  s ,  = r log {(p/p,)(v/v,)~} 

and, by  subs t i tu t ing  into (1.13), 

(1.22) = Q ( q , / v , )  log {(p/p,)(vIv,),}. 

In  order  to analyse the  behaviour  of 7, we need to solve the  relat ivist ic  
hydrodynamic  shocks, i.e. we must  express p, V in terms of p . ,  V , ,  0 , .  

In  the  present  paper,  we examine quite general  k-shocks (1) in the  rest  
f rame of the  unper turbed  fluid, developing a complete  qual i ta t ive analysis 
of the funct ion 7. In  (7) the  authors  examine r one-space dimensional problem 
with special emphasis on numerica l  tests. 

(s) See, e.g., R. SYzcG]~: The Relativistic Gas (North Holland, Amsterdam, 1957). 
(s) A. LmHN]~ROWmZ: Ondes des choc, ondes in]initesimales et rayons en hydrodynamique 
et maguetohydrodynamique relativistes, in Relativistic .Fluid Dynamics, Corso C.I.M.E. 
1970 (ed. Cremonese, Roma, 1971), p. 87. 
(~) N. VIRGOt"IX and F. F~,~AIOLI: II .Nuovo Cimento D, 7, 151 (1986). 
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2 .  - R e l a t i v i s t i c  h y d r o d y n a m i c  s h o c k s .  

l~ollowing LICKNEI~OWlCZ (,,8) we solve the  l~ankine-Hugoiliot equations by  
introducing one scalar and one vector  invariants  across the shock: 

(2.1) 

(2.2) ja = T~ag, , = J x / u a - -  p g a .  

Then the  t~unkinc-]Kugoniot equat ions  (1.8), (1.9) become simply 

(2.3) J~ = J * ,  

(2.4) y = j,~. 

:Now the  decomposit ion of (2.4) along the  normal  to the  shock surface and, 
respectively, onto  the  p la t form tangen t  to  the  shock manifold enables us to 
introduce two fu r the r  scalar invar iants :  

(2.5) J~ = j ~ B ,  

the invariance of which comes out  f rom contract ion of (2.4) with ~ .  
The last invar ian t  in t roduced is 

�9 n "8 2 (2.6) J3 = GJ~)n/J1 

with 

(2.7) j f  = y -  J~/~ 

and 

(2.8) ~ = ~p~o~. 

We point  out  t ha t  G ~: 0 for the  fluid, since lightlike shock manifolds do 
not  occur. Moreover,  since we are in teres ted only in noncharacter is t ic  shocks 
when s tudying ~ (7 vanishes for character is t ic  shocks), also J1 will be non- 
vanishing. 

In  fact ,  J1 = 0 corresponds to the  contact  shock which is characteristic.  
Now, on int roducing the space-time decomposition 

(2.9) 

(8) A. LICH:NEROWICZ: J. Math. Phys. (N. Y.), 17, 213 (1976). 
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where it  is not  res t r ic t ive  to  assume 

(~.1o) ~ , ~  = - 1 ,  

it resul ts  

(2.11) 

A. S T I ~ I ~ I A  

G - -  a ~ - - l .  

Then  a .  is the  shock speed re la t ive  to the  res t  fluid frame.  
Tak ing  account  of the  cons t i tu t ive  relat ion 

(2.12) ] : 1 ~- ~zpV, ~ = r/(• - -  1 ) ,  

holding for  a polytropic  fluid, we can express the  invar iance conditions of 
J~, J3 in te rms  of the  var iab les  1, V, ]., V, ,  a , :  

(2.13) 2 ~ = a , / v I V ,  + (1- ~)(!-  1)l~V ~ , ] , / v ,  + ( 1 -  a~)(f,- 1)l~V , 

(2.14) p ( 1 - ~  + ~ ~ 2 2 .  a, V / V,) = / ,  

Summariz ing ,  the  invar iance  of J~, Js  allows us to  solve the j ump  of the  
two t h e r m o d y n a m i c  v~riables ], V, while (2.3), (2.4) yield the j ump  of the  
four-veloci ty  

(2.15) ~ = u~, r - ~ ( 1 -  v / V , ) l { ( 1  - ~)1} . 

The s tudy  of ~ does not  involve the veloci ty  ~s follows f rom (1.22). 
l~rom (2.14) one is ~ble to  reach 

/, 
(2.16) ] = ~/~--2~, v ~ +  ((~,/~/1- ~)) (v/v,))~ 

Before  introducing (2.16) into (2.13), it is convenient  to define the  ~uxi l iary 
w r i ~ b l e  yJ as 

(2.1~) t g ~  _ V ~ - - ~ ,  v , '  

where, t hanks  to periodici ty,  the  ~ngle v/ e~n be chosen in the  first quad ran t  
(~o > 0) and,  respect ively,  in the  four th  one (yJ < 0). 

I t  follows 

]* cos ~v 
(2.18) I - v ' l  - - 2 ~ , '  

which grea t ly  simplifies calculations. 



A DETAILED STUDY O:F ENTROPY J U M P  ACRO$S SHOCK WAVES ETC. 9 7  

Substi tution into (2.13) yields, through the usual trigonometric relations, 

~]* sin2 ~f ~- ]* C~ V - - / ~  sin ~f - -  V ' i  - -  a~, c o s  ~f = 0 ,  (2.19) 

where 

(2.20) fl = aJ~ 17,/a, 

has been introduced in the r.h.s, of (2.13). Solving eq. (2.19) gives all infor- 
mation concerning the shock waves. Equat ion (2.19) can be reduced to M- 
gebraic form by  sett ing 

( 2 . 2 1 )  y = s i n ~ v .  

Then 

(2.22) ~ y 2 =  testy 

since ~v is in the first or the fourth  quadrant .  
Subst i tut ing (2.21) and (2.22) into (2.19) and squaring we arrive at a fourth- 

degree equation 

(2.23) Aoy 4 + A l y  3 + A~.y 2 + A~y + A4 = 0, 

the coefficients of which are 

(2.24) Ao = l~ (~ - -  1)~, 

(2.25) A1 = - -  2 ( ~ - -  1 ) l ,  f l ,  

(2.26) A2 = fl* + 2(~--  1)/~ + 1-- a~,  

(2.27) As = - -  2 1 , 8 ,  

(2.28) A ,  = t~ - 1 + a~ . 

We must  point  out  t h a t  one of the  four solutions to (2.23) is easily deter- 
mined, since the  Rankine-Hugoniot  equations must  be fulfilled by  the tr ivial  
solution (vanishing shock). That  occurs when [U] : 0, for any  field variable. 
Then in (2.17) i t  follows tha t  

: V- -  V,  (2.29) 

(2.30) tg  ~ = ~ / V - ~  

from which 

(2.31) 

7 - l l  N u o v o  C i m e n t o  B .  

y -- sin ~ • a , ,  cos ~v = VI~-- at  �9 

(vanishing shock), 
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We m a y  remove the t r ivial  shock solution from (2.23) to reach the  cubic 
equat ion 

(2 .32)  aoy 3 + a~y 2 + a2y + a3 = 0 ,  

with the coefficients 

(2.33) 

(2.3~) 

(2.35) 

(2.36) 

a, = ( a -  1 ) ~ g ,  

al - -  ( a -  1 ) 1 , { ( ~ -  1 ) [ , a , -  28}, 
a s = a ,  a l + ~ + 2 ( a - 1 ) g + l - a . ~ ,  

a, = - (~, + ( z -  g ) / (~ , .  

Equat ion  (2.32) c~n be solved exactly by  employing the resolution formulae 
of the  cubic equation (see e.g. (~)). 

Final ly  from (1.22), (2.12) and (2.18) one is able to evaluate 

Before start ing the s tudy  of the  function ~ defined through the  parametr ic  
equat ion (2.32), we must  make  some fur ther  comments  on the shock problem. 
I t  mus t  be emphasized tha t  f rom a physical s tandpoint  an unique nonvanishing 
solution to (2.32) is expected (physically meaningful  shock). Therefore, we need 
to determine how m a n y  real solutions to (2.32) exist. 

A geometrical approach will be convenient.  
On introducing a second variable 

(2.38) x = %/1-- g2 = c o s v > 0 ,  

eq. (2.32) will result equivalent  to the system of equations 

(2.39) ] , x  ~ ~- r162 - -  ~ ( ~ x  - -  BY ~ O, 

(2.40) x 2 ~ y 2  = 1 ,  x~>O, 

the solutions of which provide the  intersections of an  ellipse with the un i ta ry  
circumference centred into the  origin of axes. Since x > 0, only nonnegative 
x-valued solutions will be acceptable. 

The ellipse crosses the  origin and has principal axes parallel to the  co- 
ordinate ones. 

(') G. CIMMI~O: t~16mer~ti di analisi algebrica (ed. Patron, Bologna, 1953). 
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The centre  co-ordinates are g iven  b y  

V / I - - a * > 0 ,  yo=fl l2~l , .  (2.41) x o - -  21, 

i) - -  1 < a ,  < 1 : physival speed values. The phys ica l  va lues  of t he  shock 
speed in re la t iv is t ic  fluid dynamics  are bounded  b y  the  speed of light. Inside 
this rang% one real  solution (intersection) a lways exists  represent ing  the  vanish- 
ing shock. B u t  ano the r  real  solution m u s t  occur~ since t he  sy s t em (2.39)7 (2.40) 
is of four th  degree. The remain ing  two  solutions can be e i ther  real  or complex 
conjugate.  

In  any  case~ since the  ra t io  of t h e  pr incipal  axes  of the  ellipse is 

(2.42) a/b -=%/~>l ,  

a being a lways grea te r  t h a n  un i t y  because of the  t h e r m o d y n a m i c  condit ion 
> 1, only two real  intersect ions fall  in the  half-plain x >  0 (see fig. 1: a) y ----- 5/37 

monoa tomic  gas;  b) y = 4/3, pho ton ic  gas). 

y 

)f 

y 

Y 
Fig. 1. - Plots of y vs. x: ] = 1.5, C%/V, = 1000, o, = 0.80: a) y = 1.66, monoatomic 
gas; b) ~ = 1.33, photonic gas. 

I n  any  case t he  real  solution to  t he  cubic equat ion  (2.32), which determines 
the  intersect ion of physical  interest~ can be picked up  as (9) 

io 
(2.43) Y ~-- ~fz - -  3ff-z a~/ao, 

where it  is in tended  t h a t  the  cubic root  which mus t  be  t a k e n  is the  real-valued 
one among  the  th ree  roots t h a t  can be evalua ted  in the  complex  field. 
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The quan t i ty  z is given by  

(2.44) 

and 

(2.45) 

(2.46) 

z = -QI2  + ~Q~I4 + .e . lZ  

2 2 -P = a2/ao-  al/Sa o , 

Q = a3/ao-  ala2/3a~ + 2a~/27a~. 

ii) a . - +  4- 1: l imit ing eases. When a .  approaches to  the  speed of l ight 
(4- 1), t he  jumps of the  field variables are not  defined unless the  shock is 
vanishing;  see, e.g., (2.18). 

Therefore,  those speed values must  be analysed as l imiting cases. 
In  order  to s tudy the  l imit ing shocks, we can introduce the  speed values 

q-1  into eq. (2.19) which is continuous,  for such values, with respect to  the  
parameter if,. 

The subst i tu t ion yields 

( 2 . 4 7 )  ( 1 - -  ~) sin S ~p 4 -  ~ s i n  ~ - -  1 = 0 

f rom which 

4- (~ -- 1) ,  
(2.48) s in  ~ = + 1 (vanishing shocks).  

Of course, since for the  vanishing shock (2.31) hold, it  follows t h a t  the  
physical  l imit ing shock is character ized by  

(2.49) sin ~ ---- 4- (N -- 1 ) ,  

which is defined only if 

(2.50) ~ < 2 .  

For  ~ = 2 aH the real solutions ident i fy  with the  vanishing shock. The 
mult ipl ici ty  of the  intersection,  or, respectively, of the  vanishing shock solution 
to (2.23) is four,  and consequent ly  i t  is three  for the  solution to the  cubic equa- 
t ion  (2.32). 

For  ~ > 2 physical shock cannot  occur since no real  angle exists the  sine 
of which is greater  than  uni ty .  

A physical  explanat ion of such a mathemat ica l  constra int  is re la ted to  the  
relat ivist ic bound of sound speed across pe r tu rbed  fluid. In  fact,  the  sound 
speed is given, for a poly t ropic  gas, by  

(2.51) ~ ~ = 7P/r] = (7 -- 1 ) ( ] -  1)/1 . 
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Taking account  of (2.18), we have 

(2.52) 

from which 

(2.53) 

c. ~ = ( y -  1) ( / , e o s ~ -  V 1  ~ ) / ( f ,  c o s ~ ) ,  

{c: - ( r -  1 ) } / ,  cos  ~ = ( r -  1 ) V ~  - a~ .  

Since ~ belongs to the first or to  the  four th  quadran t  so tha t  cos ~v>O 
and ~ > ] accordiug to thermodynamics ,  eq. (2.53) is consistent  only if it  results 

(2.54) e ~ > r  - 1 

~ow,  on requir ing the  relat ivist ic bound  

(2.55) e2~<l, 

it  follows 

(2.56) ~ < 2 .  

F rom an energetic  point  of view the present  result  is reasonable:  in fact,  
increases with the  number  of the degrees of freedom of the  gas molecule. Since 
relativistic velocities mean high kinetic energies which break complex molecules 
into simpler ones~ the  number  of degrees of freedom cammt become too large 
and then  ~ is forbidden to re,~ch high values. I t  is e~sily shown tha t  condit ion 
(2.56) implies t h a t  also the  sound speed across unper tu rbed  fluid is always 
bounded by  the  speed of light. 

3 .  - B e h a v i o u r  o f  t h e  function ~. 

Let  us analyse the  qual i ta t ive bchaviour  of the  funct ion ~ (see fig. 2). 

i) Range. The funct ion is defined only if -- ] < a , < l ,  since, for a .  = i 1, 
2 the  ra t ional  a rgument  is not  defined and a .  > 1 makes the  f lmction complex. 

ii) Zeroes. The function vani,~hes in correspondence to  the  characterist ic  
shocks which are given by  

a ,  =~ 0 (contact shock) 

and 

being tile sound speed. 

a ,  = + e* 

e* = V ( r -  l ) ( t ,  - 1 ) / f ,  

(sonic shocks), 
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-c  s S 

Fig. 2. - Plot of ~ vs. a , :  ] = 1.5, O~/V , = 1000, y = 1.66, monoatomie gas. 

I 

iii) Asymptotes.  Two cases are possible:  

a) y -+ 4- 1 ( t he rm odynam i c  asympto tes )  f rom which it  follows in (2.19) 

(3.1) a ,  = 
l •  (? -- 1)(1, - -  1) ( a sympto tes ) ,  

7 - 1  §  
4- 1 (vanishing shocks) .  

Such a sympto t e s  arise also in nonrela t iv is t ic  fluid dynamics  of shocks and  
are of t h e r m o d y n a m i c  na ture .  

b) a , - -> -F  1 (relat ivist ic asymptotes ) .  I n  order  to  evalua te  the  l imit  
values  of the  fune t ioa  ~ when the  shock speed approaches  to  the  speed of l ight ,  
we in t roduce the  following fac tor iza t ion:  

(3.2) 

where 

(3.3) 

(3.4) 

G(~,,) __ i ,  q ~ -  y ~ -  < i - - -  o~, i ' y y-~ 
I, - 1 w, ~/~I 

H(~,) = (1- ~D~ I~-~ . 
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~ o w ,  t a k i n g  a c c o u n t  t h a t  

(3.5) l i r a  y = ~- ( 7 -  1) 
a,--*=t: l  

a n d  t h a t  ~ < 2 b e c a u s e  of t h e  r e l a t i v i s t i c  b o u n d  of t h e  shock  speed ,  i t  fol lows 

(3.6) l i m  G ( a , )  = (70 < ~- c ~ .  
a , - - ~ : h l  

~ o r c o v e r ,  s ince  2 - - ~  > O, i t  r e s u l t s  

l i m  H ( a , )  = -F oo.  (3.7) 

Then  

(3.8) 

a n d  f ina l ly  

(3.9) 

l i r a  2 ( a . ) =  -[- oo 
a , ' - * ~ l  

l i m  ~ = ~ co .  
a , - -~4-1  

F o r  ~ = 2 a l l  l i g h t l i k e  shocks  v a n i s h  a n d  ?7 ---- 0. 

4.  - L a x  c o n d i t i o n s  a n d  c o n c l u s i o n .  

L a x  c o n d i t i o n s  (10), when  w r i t t e n  in  c o v a r i a n t  f o r m  (11), a r e  

{ 2~' < 2~' ... < 2~' < ~ ,  < 2', ~ ,  < . . .  < 2 7 ' ,  k = 1, 2,  . . . ,  ~, 
(4.1) 4 (1) < 4 r < ... < 2 (~-~) < a .  < 2 (k) < < 2 (~ 

�9 . .  ) 

where  m is t h e  m u l t i p l i c i t y  of t h e  k - t h  c h a r a c t e r i s t i c  v e l o c i t y .  

I n  r e l a t i v i s t i c  h y d r o d y n a m i c s  t h e  c h a r a c t e r i s t i c  ve loc i t i e s  w i t h  r e s p e c t  to  

t h e  f lu id  r e s t  f r a m e  in  a f o u r - d i m e n s i o n a l  s p a c e - t i m e  a r e  g i v e n  b y  

2 (1~-- - -  v . ,  m ~ 1 ,  

(4.2) 2 (~) = 0 ,  m ---- 3 ,  

4 (3) ---- e ,  m = 1 .  

(10) p.  D. LAX: Shock waves and entropy, in Contributions to Nonlinear ~ t i o n a ~  
Analysis, edited by  E. H. ZARANTONELLO (~keademie Press, New York, N .Y . ,  1971), 
p. 603. 
(11) A. STRVMIA: Rend. Gircolo Mat. Palermo, set. I I ,  31, 68 (1982). 



1 0 4  A. STRUMIA 

I t  follows tha t  Lax conditions are fulfilled for 

i) k ~-- 1 if 

(4.3) - e * < a . < -  e ,  

i.e. when the shock is supersonic across unper tu rbed  fluid and subsonic with 

respect to the per turbed one; 

ii) k = 2 , 3 , 4  for 

(4.4) a ,  ~-- 0 (contact shock); 

iii) k ---- 5 if 

(4.5) c . * < a . < ~ , ,  

result  which is symmetr ic  to case i). 

When the strict inequalities in (4.3) or (4.5) hold, ent ropy increases across 
the  shock (noncharacteristic shocks are thermodynamica l ly  irreversible), while, 

when a ,  assumes one of the characteristic values, ent ropy jump vanishes 
(reversible shocks). 

We conclude pointing out the remarkable result tha t  the funct ion ~ related 
to the behaviour  of the rmodynamic  entropy jump across k-shocks in relativistic 

fluid dynamics is characterized by  the occurrence of two new asymptotes  in 

correspondence to the lightlike shock manifolds. Those asymptotes  do not  
appear in nonrelativistic hydrodynamics  and are manifest ly a relativistic 

effect. I t  is remarkable tha t  such a relativistic breakdown of the  funct ion 
for superluminal shock speeds arise natural ly f rom the  theory  and must  not 

be imposed as an ad hoe condition. The result  provides a fur ther  proof of 

consistency of shock wave t heo ry  with the  claims of rel,~tivity. 

�9 R I A S S U I ~ T 0  

]~ sviluppato uno studio dettagliato della funzione ~7, ehe caratterizza il salto dell'en- 
tropia attraverso le onde d'urto, in fluidodinamica relativistica, all'equilibrio termico. 
Si mostra ehe la funzione ,/ ~ definita solo quando la veloeit'~ normale delle onde d'urto 
non supera la velocit'~ della lueo nel vuoto, compatibilmente con la teoria della rela- 
tivitY; inoltre si fa vedere ehe il salto 4ell'entropia tende all'infinite al tendere della 
veloeit'~ dell'urto a quella delia luee, quaudo 7 ~ minore eli 2, mentre, per r ~--2, l'urto 
sul cono-luee si annulla. 
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II0~p06Hoe HCc.~e~oBaHHe c~r  3HTp0mm nonepeK y ~a p ~L~  Bonn B p~m'nmUCTCK0fi 

ra~o~tyt taMnKe.  

Pe3mMe (*). - -  1-[pOBO~tlTC,ff r I o ~ p o 6 ~ o e  rlccne~oBaHHe ~yaKt t~a  ~1, KoTopaa  xapaKTepl~3yeT 
cKa~OK 3~TpormH r~onepeK y n a p a b t x  Bon~ B peYLClTHBHCTCKO~ r ~ p o ~ r t r m M I ~ x e  B COCTOZan~ 
Ter-trloBoro paBHoBecH~. IIOKa3bIBaeTCa, ~ITO qbyHKyrI~ ~] orlpeRen~eTc~ TO~KO n p n  ycnoBnH, 
ecnI~ HOpMa3IbrIa~ CKOpOCTb y~apaJ ,  IX BOnr~ He npeBBmIaeT CKOpOCTH CBeTa n BaKyyMe, 
B COOTBeTCTBHH C Tpe6oBaHHmVtI~ TeOpHI~I OTHOCHTeJ/bHOCTH. B o a e e  TOFO, CKatIOK 3HTpO- 
III~H cTpeMHTC~I K 6eCKOHeqHOCTPI, Kor~la CKOpOCTB BOHHBI npH6nH~KaeTcg K cKopocTH 

CBeTa H Y MeHbme D[Byx, Tor~a KaK ~I~[ Y = 2 CBeTOrIO~O6Ha~I yaapRa~ BOIIHa o6pa- 

~aeTc~[ 13 Hy~IB. 

(*) 1-[epeseJeuo pe3am/ue~. 


