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tory frequency w (k) in terms of parameters that 
characterize a uniform spatial distribution (the 
ground state), the principal characteristic being 
the average energy of a single particle when all 
interactions (kinetic energy, exchange interaction, 
and Coulomb correlations) are taken into account. 

The second possible method was considered in 
Ref. 1. Small deviations from uniform density are 
described by linearized time-dependent Hartree 
equations in hydrodynamical form, with the coeffi­
cients of the equations given in terms of the ground­
state particle energy. In Ref. 1 the dispersion 
equation for weak excitations (long waves) is given 
as 

w2 = n0G (k) k2 I m + 2Er,k2 I m + 0 (k4), 

where G (k) is a Fourier component of the inter­
action potential, Eo is the average energy per 
particle taking into account exchange and Coulomb 
correlations in the ground state, and n0 is the 
average particle density. 

For an electron gas we have 

E0 = EF + Ex+ Ec, 

where EF = 3P~/10m is the Fermi kinetic energy, 
Ex=- (3e2/4rli)P0 is the Coulomb exchange en­
ergy, and Ec is the Coulomb correlation energy. 
Wigner's calculations2 give 

Ec =- 0.288/ (rs + 5.1 rB), rs = (3 / 4rrn0)'1•, 

rB = e2 / mti2. 

This expression for Ec is valid with 20% ac­
curacy for both small and large densities. Trans­
forming to the usual notation of the theory of elec­
tron-plasma oscillations, we obtain the following 
expression for the frequency of normal oscillations: 

here we have w0 for the Langmuir frequency, and 
the dimensionless quantity ~ = tiw0/(P~/2m ). For 
metals ~ ,..., 1, and exchange effects play a larger 
part than Coulomb correlations, whose contribution 
in the dispersion equation is about seven times 
smaller. For a very dense electron gas (rs/rB 
« 1) the correlation energy was recently calcu­
lated by Gell-Mann and Brueckner, 3 who obtained 
the following expression: 

Ec = [0.0622ln (r5 / r B)- 0.096] (e4m j 2tt2). 

Here the contribution of Coulomb correlations to 
the dispersion equation is still smaller. This can 
easily be understood, because in a dense gas the 
Fermi kinetic energy is proportional to n~/3 and 
the energy associated with interactions is propor-

tional to nV 3• Therefore as the density increases 
the kinetic energy rises more rapidly than the 
Coulomb interaction energy. 

1v. M. Eleonskii and P. S. Zyrianov, J. Exptl. 
Theoret. Phys. (U.S.S.R.) 33, 289 ( 1957 ), Soviet 
Phys. JETP 6, 225 ( 1958). 

2 E. Wigner, Phys. Rev. 46, 1002 (1934). 
3 M. Gell-Mann and K. A. Brueckner, Phys. Rev. 

106, 364 ( 1957 ). 
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As is well-known,1•2 the effect of He3 dissolved in 
He II upon the phenomenon of film transfer is to 
reduce the transfer rate. 

It appeared of some interest to investigate this 
situation in more detail, for which purpose exper­
iments were carried out with helium isotope mix­
tures of 1.5, 4. 7, 7 .0, and 9.6% He3 content. The 
experiments were performed with the aid of an ap­
paratus consisting of two reservoirs, communi­
cating through the helium film, made of thin-walled 
capillary tubing ( 1.08 mm in diameter) and of dif­
ferent lengths, 1 so that as the helium isotope mix­
ture was condensed into the system a difference in 
level was established, and film transfer from the 
higher level to the lower began to take place below 
the ;\-point. Measurements of the rate of change 
in the height of the level in one of the reservoirs 
of the system, made with the aid of a cathetometer, 
permitted determination of the film transfer rate 
R = v{J, where v is the velocity of the film and 
{J is its thickness. The temperature region in­
vestigated was immediately adjacent to the ;\-point. 
This is due to t~ fact that at sufficiently low tem­
peratures (where the transfer rate becomes large) 
a substantial difference in the concentrations of 
the mixtures in the two reservoirs of the system 
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may develop, and the resulting osmotic pressure 
( cf. Ref. 1) may seriously affect the results ob­
tained. 

The results obtained are given in Figs. 1 and 2, 
in the first of which is shown the dependence of the 
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FIG. 1. Temperature dependence of the film transfer rate, 
for helium isotope mixtures having He3 concentrations of 
1.5% (curve 2), 4.7% (curve 3), 7.0% (curve 4) and 9.6% 
(curve 5). Curve 1 gives the same dependence for pure He4 , 

obtained by extrapolation of the curves showing the concen­
tration dependence of the film transfer rate. 
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FIG. 2. Dependence of the film transfer rate upon He3 

concentration. Curve 1 refers to T.\- T = 0.01°, 2 -0.0~, 
3 - 0.03°' 4 - 0.04°. 

film transfer rate upon temperature, and in the 
second, uJ:>on the He3 concentration. It follows im­
mediately from these diagrams that the film trans­
fer rate is reduced with increasing He3 concentra­
tion. 

Comparing the data on the temperature depend­
ence of the normal component density for helium 
isotope mixtures, 3•4 one may conclude that in the 
temperature region investigated the film transfer 
rate is directly proportional to the density of the 
superfluid component: R = Aps/ p, where A = 3.2 
x 10-5 cm3/cm sec. 

It should be noted that the temperature of the 
He I-He II phase transition could be determined 
for the mixtures used from the onset of the film 
flow. In this way values were obtained which were 
in convincing agreement with similar data obtained 
by other methods. 5 
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IN an earlier paper1 we have determined the co­
efficient for K-emission of secondary negative 
ions from a target under bombardment by hydro­
gen ions with energies of 200-1,000 kev, and have 
shown that the total coefficient for secondary emis­
sion of negative ions, K-, does not exceed 10-3 • 

However, it might be supposed that at small angles 
of entry of the proton beam into the target the co­
efficient K- would increase, as in the case in sec­
ondary electron emiss1on.2 

In the present work we have attempted to esti­
mate the change in the coefficient K- as a function 
of the entry angle of the proton beam striking the 
target. To carry out this investigation we used a 
proton beam with an energy of 50 kev, extracted by 
a magnetic analyzer; the method described ear-


