
TRERMODYNAMIC FUNCTIONS FOR SOME PARTICULAR 
FORMS OF TEE EXPRESSION FOR INTERNAL 

ENERGY OF AN IDEAL, COMPRESSIRLE MEDIUM 

(TERMODINAHICRESKIE FUNKTSII DLIA NEKOTOBYKH 

KONKBETNYKH VIDOV VNUTBENNEI ENERGII 

IDEAL'NOI ZHIMAEMOI SBEDY) 

PMM VoZ.25, No.1, 1961, pp. 148-149 

N.N. KOCHINA 
(Moscow) 

(Received November 3, 1960) 

A general solution is obtained of the partial differential equation which 
determines the dependence of temperature on internal energy for an ideal 
two-parameter medium; the solution is given for several particular forms 
of the expression for internal energy. In every case considered, the in- 
ternal energy depends on two arbitrary functions, each of one argument. 

Suppose that the internal energy of the medium is given in terms of 
the pressure r and the density p: 

E (p, p) = E E (P. R) + const iP=g, R=f--) 
\ 

(1) 

where p. and p. denote constants, their dimensions being those of pres- 
sure and density, respectively. From the fact that 

da = d.!? + PJR-’ 
r 

is a perfect differential it follows that the temperature r must satisfy 
the linear partial differential equation [l 1 
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We write the characteristic equations of (3): 

If the function E(P. R) is of the form 

(4) 

E (P. R) = Pq (f-0 (5) 
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where 4(R) denotes an arbitrary function, it follows that the motion re- 

sulting from a strong point-explosion will be self-similar [Z I. In this 

case the system (4) can be integrated by quadratures and the solution to 

Equation (3) can be written [l 1 

where @ denotes an arbitrary function. The first of Equations (6) and 

Equation (2) lead to the following expression for entropy: 

(7) 

The solution of the problem of the strong point-explosion, subject to 

the internal energy being of form (5) for three particular forms of 4(R), 

has been given in [ 3 1 . 

In [4 I we considered the problem of a point-explosion in a compress- 

ible medium in the linearized case. Assuming that the internal energy of 

the medium is given by 

E (P, n) = Pq (Rj + A (p, 4 (8) 

where 4(R) and h (P, R) denote arbitrary functions and where the funC- 

tion A(P, R) is small compared with P+(R), it is possible to derive the 
following expressions for temperature and entropy: 

where I+!I was given in (6). Without the stipulation that A (P, R) is small 

these equations represent the general solution of Equation (3) and de- 

termine the entropy in accordance with (Z), if 

15 (P, Ii) = f’cp (R) _t- A (N) (Ii) 

OT 

E (P, R) _- Pq (RI $ A [Pq (R) CSP (- \ dR 

JW (RI 

)] (12) 

In the case when the function E(P, R) is given by Equations (11) and 

(12) the relations in (9) and (10) transform to 
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z = exp s dR ____ @ @I* 
R%J (R) 

o=ao+ - 
s 0 ($1 

I$ = Pq (R) exp - 
( s 

dR ____ 
R’cp (R) 

+ A’(R)exP (---ldkJdR 
) s 

& + A’ NJ] Q N’)$ 5 = 60 + 
s 

W o(11) 

rl.=Pcf(R)exp(--1%) 

(13) 

(14) 

Equations (13) have also been obtained by V.P. Korobeinikov, and 
Equations (14) by 1u.L. Iakimov (in 1959 in a thesis on the propagation 
of shock waves in ideal media of arbitrary physical properties), who 
proved that the equation of motion (without taking into account the con- 
ditions on the shock wave) is self-similar in the case of a medium whose 
internal energy is of the form (12). Reference [5 1 treats the problem 
of a point-explosion in a medium whose internal energy is given by (12) 
in the special case where 4(R) = l/6 R. 

It turns out that in addition to the above two cases Equation (4) can 
be solved by quadratures and that it is possible to find a general solu- 
tion of Equation (3) for media whose internal energy is given by 

E (P, R) = f 'p(P) + A (P) (15) 

where 

(16) 

and 

E(P, R)=o(R)q[P/R2~‘(R)J (17) 

where 

and 

where 

r = exp s 
P 

j = RSO’(R) ’ +=L \ iE “;;t)l dE o(R) exp 

E (P, R) = CO (R) + q [P/R%‘(R)] 

(18) 

(1% 

P 
E = R.+,,’ (R) ’ I#= o(R)+ yt(f;$ (20) 

s ’ 
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Here t$, A, o,q and cf, denote arbitrary functions, each of one argu- 

ment. Equations (161, (18) and (20) give the corresponding expressions 
for temperature and entropy. 
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