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tion the question remains open whether we are 
dealing with the conversion of a virtual or a real 
photon into an electron -positron pair. One of the 
possible explanations is the decay p, +- e + + v + v 
+ y with subsequent conversion of the photon into 
a pair. 

The present event was observed in scanning 
about 50,000 muon decays. Thus the relative 
probability of a "three-electron" decay of a muon 
may be estimated as p (3e)/p (e)::::; 2 x 10-5• If 
the data of other authors, who have observed a 
large number of p, -e decays and have not dis
covered the "three-electron" decay, are consid
ered, then the estimated probability of such a 
process must be reduced to a few times 10-6• The 
reliability of this number is not great, since only 
one case of "three-electron" decay has been ob
served, and therefore it is impossible to absolutely 
exclude the possibility of an accidental superposi
tion of tracks. 

The probability p ( 3e )/p (e) of the order of 
10-6 can be obtained by assuming a second-order 
radiative process: emission of a virtual photon 
during the escape of the electron with its subse
quent conversion into an electron -positron pair. 
The energy of such an electron -positron pair may 
be estimated from the angle formed by the tracks 
of the pair, which is about 8°, approximately the 
same for all three possible pairs of electron tracks, 
and is equal to 15 Mev. 

The authors are pleased to thank I. S. Shapiro 
for interesting discussions. 

Translated by J. Heberle 
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WE !\ave derived the equations for the hydrody
namics of solutions of strange particles in helium 
II in the immediate vicinity of the A. -transition 
point. In contradistinction to the usual set of 
equations, from the point of view considered here 

(compare reference 1 ) Ps is not a given function 
of p, T, and the concentration c, but is deter
mined from these equations themselves which also 
describe the process by which Ps approaches its 
equilibrium value. As in the paper by Ginzburg 
and Pitaevskil1 the superfluid part of the liquid is 
described by a complex function 1/J (x, y, z, t) = 
17eicp defined in such a way that 

p,=m!~i2 , v,=(t./m)V'rp 

( m is the mass of a He4 atom). 
The derivation is analogous to the one used by 

Pitaevski12 in deriving the equations for the hydro
dynamics of pure helium II near the A. point. We 
shall, therefore, not give the calculations but write 
down the final result: 

. . a<)> n. 2 A , _1 [( ae ) + ( ae ) z J , t h ~ = - -.- uCji-,-- . - - -- c mcp at 2m \ ap Ps, 5, C • ap, p, S, c p 

. [ 1 ( i'li. • 2 ( az ) ] -tA ..,..- --'V-vn) + - m~; 
2 m ap,,p,S,c 

op;iJt + div (p- m i ~ /2)vn + (ih/2) (~~V- f ~~) = 0; 

a (pc) I ot + div (pCVn +g)= 0; 

~~ {(p-mi~I 2)Vn; + i: (~ ~~: -f ~;)} 

=- a~k {<r-mi~I2)VntVnk 
'/i.2 ( il<jl a.v az<j!• ) 

+ L.m axj axk - ~ ax,axk + c,c, I 

as . [ 1 ( gZ )] R a~+dtv Svn +r ,Q--P- =y· 

The dissipative function of the liquid is 

"i!T Z 
-q T-gT'V pT • 

The impurity current g and heat current q are 
expressed by the usual equations. 3 

In the case of small gradients of Ps Eqs. (1) 
to (5) go over into the following ones: 

v+V'(u;_~(~) +(~) 
s f 2 • • ap . Ps ' S' C ap s ' p, 5' c 

Z 1u\ d" ( )l 0 --C--.,- !Vp, Vs-Vn { = , 
p .c.mp, 

opjot + div(p,v, -f- PnVn) = 0, 

o(pc);at + div(pcvn +g)= 0, 
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(3) 

(4) 
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3 I. M. Khalatnikov, Usp. Fiz. Nauk 60, 69 
(1956), Fortschr. Phys. 5, 287 (1957). 

(9) Translated by D. ter Haar 

as . r 1 ( gZ)] R Tt+dlv_Svn+-y q---P- =r· 

ap, . Am { (v n- v, )2 ( ae ) } Tt + d!vp,v, =- K 2 + -a- Ps· 
Ps p, S, c 

The dissipative function of the liquid is 

R= .~11 [divp,(v,-vn>P 
«mp, 

211m [ 1 2 ( ae ) ~J.2 + 1i -z- (v,- Vn) + -a- p, 
Ps p,S,c 

(10) 

(11) 

1 ( avni avnk 2 avkt ) 2 VT Z + -"'J - +---'O;k- - q--gTV'-. 
2 axk ax; 3 ax1 T pT 

Formally Eqs. (6) to (10) are the same as the 
usual set of equations for the hydrodynamics of 
solutions of extraneous particles in helium II ex
cept, however, that Ps is not given in them but 
is an independent quantity for which the approach 
to its equilibrium value is de.scribed by the addi
tional Eq. (11). In the given equations the quantity 

(os;op,)p,. s, c + (os;op)p, s, ~- Zc;p, 

where Z = ( BE/oc )p,S,ps• plays the role of the 
chemical potential of He4' in the solution. 

The parameter A entering into the equations 
could be estimated from a comparison of the ab
sorption coefficient for first sound evaluated from 
Eqs. (6) to (11) with the measured value of the ab
sorption coefficient in He3-He4 solutions near the 
A. point. There are not, however, at the present 
time any such experimental data. An estimate 
made by Pitaevski12 for p~re helium II gives 
A~ 15. 

For definite applications of the theory it is 
necessary to know tlie function E ( p, S, Ps• c), 
which can be determined from experimental data 
on the dependence of the superfluid component of 
He3-He4 solutions near the A. point on p, T, c, 
and on its density. 

In conclusion the author expresses his sincere 
gratitude to I. M. Khalatnikov and L. P. Pitaevskil 
for suggesting this topic and for valuable discus
sions. 

1 V. L. Ginzburg and L. P. Pitaevski1, J. Exptl. 
Theoret. Phys. (U.S.S.R.) 34, 1240 (1958), Soviet 
Phys. JETP 7, 858 (1958). 

2 L. P. Pitaevski1, J. Exptl. Theoret. Phys. 
(U.S.S.R.) 35, 408 (1958), Soviet Phys. JETP 8, 
282 (1959). 
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AccORDING to the theory developed by Feyn
man1 on the basis of Onsager's hypothesis, there 
should appear in rotating helium II vortex lines 
parallel to the axis of rotation and running through 
the whole of the liquid. Experiments performed 
by us to confirm this hypothesis2 showed that ro
tating helium II possesses, when twirled around, 
a quite appreciable elasticity. The presence of 
such an elasticity is also confirmed by the ex
periments of Hall. 3 

In the interpretation of these experiments we 
assumed that transverse elastic waves were prop
agated along the vortex lines. This point of view 
was confirmed by Hall (private communication), 
who observed a periodic change in the frequency 
of the oscillation of a light disc suspended in ro
tating helium II under such conditions that the 
liquid level above it was changing continuously. 
At the same time the length of the vortices, which 
on the one side were fastened to the surface of 
the disc and on the other side to the free surface 
of the liquid, was also changing, as assumed by 
Hall. The periodic changes in the frequency of 
the oscillations were within a range of one per 
cent. 

In contradistinction to Hall, we measured the 
magnitude of the logarithmic decrement of the 
damping o of the oscillations of an elastically 
suspended disc, which were performed at the 
same time as the rotation together with the 
helium II. The damping decrement was meas
ured by a method described earlier. 4 The time 
dependence of the distance between the disc and 
the liquid surface was studied by a periscope 
system of mirrors and a cathetometer. 


