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Clearly, the initial energy of the circuit, W, is 
equal to the total dissipated heat energy. 

00 

W = ~ ; R I I 12 e-28t dt = 4~ 111 2• 

0 
Suhstituting_Eq. {I) into the above relation, and 

noting that ~I I 12 =IV 12, we obtain: 

W= ~ [111 2 d~ (wL)+lVI2 d~ (wC)] (2) 

1 d 1 d 
=4 Lo 1112 dw (wfl.) + 4Co IV l 2 dw (w~). 

I 12 I "2 2 
However,Lol = 4rr1HI ~.C0 IVI 

= lrr IE 12 ~· where H is the amplitude of the 
magnetic vector, rm is the volume of the solenoid, 
E is the amplitude of the electric vector, and r e 
is the volume of the capacitor. Hence, Eq. (2) can 
he written as follows: 

- I HI' d I E 12 d (3) 
W- 167t dw (wV.)'t'm + ~ dw (w~)'t'e. 

From this we can conclude immediately, that the 
average electric and magnetic energy densities of 
a sinusoidal field in a dispersive medium are 
given hv: 

w = _L_£f_ ~ ~w . _ I H 12 d 
e 161t dw ( }, wm - ~ dw (fl.w), (4) 

These relatiQns were obtained in references l and 
2 by means of the Fourier integral method. 

IS . • M. Rytov and F. S. ludkev1eh, J. Exper. Theoret. 
Phys. USSR 10, 887 (1940) 

2 S. M. Rytov, J. Exper. Theoret. Phys. USSR 17 930 
(1947) ' 
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I T is well-known that monatomic gases, which 
obey Boltzmann statistics and which possess an 

ene;gy spectrum of the form 

~ = p 2 j2m, (l) 

do not have a second viscosity 1• We show here 
that this result also takes place if the monatomic 

gas* obeys quantum statistics (Fermi or Bose), 
provided that the energy is a power function of the 
momentum of the particle. 

We write the kinetic equation for the distribution 
function n of the gas under consideration: 

iJn + iJn iJH _ iJn iJH = 1 (n (2) 
iJt iJr iJp iJp iJr ). 

Here H(p, r) is the Hamiltonian of the particle, 
/(n) is the collision integral. Let there he macro­
scopic motion of the gas with velocity u, for which 
div U =I= 0. In this case the unexcited distribution 
function is equal to 

1 
n = ----,-,-----=-----

exp {(~-fl. -pu}/T} + 1 
(3) 

(the sign is negative in the case of Bose statis­
tics, positive for Fermi statistics, £ (p) is the 
energy of the particle in the quiescent gas, p. is 
the chemical potential. In the absence of an ex­
ternal field the equality H = £ {p) holds. We sub­
stitute the n of Eq. (3) in the left side of the kin­
etic equation; -for sinwlicity we shall consider the 
case here for which u = 0 (hut div u =I= 0 ). More­
over, inasmuch as we are interested only in the 
second viscosity, i.e., in terms in the momentum 
flux which are porportional to div u, it is reason­
able that tempera:ture gradients can be considered 
absent. For such a case we obtain for the left 
side of the kinetic equation 

, I iJ fl. ~ {) T 1 {)~ } ( 4) 
n \- Tt T- J2 iJt -Tap V' (p, u) ·= I (n). 

We now consider the equation of continuity for the 
entropy a and the density p at u = 0, which have 
the following forms : 

~~ + p div u = 0, ~; = 0 (5) 

(adiabatic condition). 
In this case, Eq. (4) transforms to 

n'{[P :P ( i )a+ ;2 (~~)/ {6) 

- _1_ ~] div - ~ (~ 1 iJe ) 
3T p iJp u 2T iJp, Pk- 3 8th iJp P 

( iJu; iJuk 2 iJut)} 
X. iJxk + iJx;- ;r~>;k iJxz = I (n). 

The second viscosity is absent in this case if the 
expression in square brackets on 'the left side of 
Eq. (6) vanishes. We show that this takes. place 
if the energy E is proportional to some power o.f· the 
momentum 

(7) 

* By a monatomic gas we understand a set of particles 
each of which is characterized by three degrees of free­
dom (the three component vector momentum p). 



170 LETTERS TO THE EDITOR 

The potential Q is defined by the following rela­
tion2 

Q==FkTV~ ~;~~fIn( i±exp{fLkre}). (8) 

Substituting Eq. {7) for the energy in Eq. {8), and 
carryin~ out the substitution of variables 
p-> p T In, we obtain 

Q =- pV = vri+afn /(fL/T), (9) 

where f is some function of a single argument. We 
take advantage now of a thermodynamic identity 
for Q and compute the entropy a. Inasmuch as n 
is a homogeneous function of /1 and T of order 
1 + 3//z, we have _ 

(oQ/oT)v,p. ( fL) (lo) 
a = (on; a ) = IJl Y · fL T, V 

Thus, for adiabatic processes (a = const) the 
relation p./T is a constant quantity 2, i.e., 

~ (..!:.) = 0. (ll) 
iJp T a 

Furthermore, from the relation N =- (JQ/Jp.)T,v 
it follows that for adiabatic processes, VT 3 /n 
= const, and, consequently, 

(~:)a= ~ ~ · (12) 

By considering Eqs. {ll) and (12), we can con­
vince Ojlrsel ves that the following expression 
holds: 

P !!__ (..!:.) + _!__ ( :_ (ar) _J:_ oe P) = o, (1 3) 
iip T a T T op a 3 op 

Thus, in the case under consideration, ( f=apn) 

the second viscosity vanishes. Thus, for example, 
the second viscosity is equal to zero in a photon 
gas ( f = cp ), and also in a monatomic gas in the 
ultra-relativistic case.Evidently, the second vis­
cosity will vanish in the liquid isotope of helium 
with mass 3 (He 3 ), which represents a set of Fermi 
particles. It is easy to see that condition (7) is 
necessary.in order that the second viscosity equal 
zero. Actually, according to Eq. (6), if the second 
viscosity \lanishes, then it is necessary that for 
all values of momenta, the following expression 
vanishes: 

(ar) p 1 oe 
e op a7-3Pap= 0• 

(14) 

or also, 

(15) 

Consequently, the energy is proportional to a 
power of the momentum, for which the power n is 
given by 

n = 3(o In T! iJ In P)a· (16) 

1 L. D. Lanadu and E. M. Lifshitz, The Mechanics of 
Continuous Media, Moscow, 1944 

2 
L. D. Landau and E. M. Lifshitz, Statistical 

Physics, 1951 

Translated by R. T. Beyer 
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0 NE of the most essential problems of the theory 
of superfluidity is, as we have already had 

. . 1 2 h . . occasiOn to pomt out • , t e questiOn concermng 
the character of the tangential discontinuity in the 
velocity v 8 of the superfluid component of 
helium, at the boundary between the fluid and a 
wall. The existence of such a discontinuity fol­
lows from the fact that the helium atoms adhere 
to the wall (a solid body), while at the same time,, 
from the macroscopic viewpoint, i.e., in the im­
mediate vicinity of the wall, the tangential com­
ponent of v at the wall is not equal to zero 3• The well­
known pro;£ 3 for the possibility of superfluidity 
consists in this case of the establishment of the 
conditions for stability of the discontinuity at the 
wall. The discontinuity and the superfluid flow 
are completely stable, provided the flow velocity 
v < vc: 

Vc = [e: (p)/ Plmin• (1) 

where f (p) and p are the energy and the momentum 
of the "excitations" which may appear in the 
liquid (both quantities are measured in the co­
ordinate system associated with the liquid). 
Within the framework of the microscopic representa­
tion, the thickness of the discontinuity is clearly 
not equal to zero, but is in order of ma~nitude equiva­
lent to the atomic distance a"' N 13 ::::- 3.5 
X 10"8 ( N = 2.2 X 1022 is the concentration of 
atoms in liquid helium). Analogous discontinui­
ties, in accordance with references 4 and 5, may 
also exist within the bulk helium II, in which case 
the situation is even simpler, since the question 
of the possible influence of the wall material upon 
the chamcter of the disconti~uity does not arise*. 
A certain surface energy a must be associated 


