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direction, we made use of a combination radiator, 
which was a quartz plate of 20mm diameter. To 
one side of the plate was attached a foil membrane 
with air padding, and to the other side, foil 
electrodes in the form of two sectors, each cover
ing half of the radiating face of the crystal. These 
sectors were separated by a distance of 1 mm. 
Variable voltages were applied from two inde
pendent generators. The foil membrane acted as 
the gromid electrode. The generators developed 
variable voltages of 250-300 v. The thickness of 
the quartz plate was so chosen that the radiator was 
adjusted to resonance at one of the fundamental 
frequencies (either one). Frequencies of l me 
and 1.5 me were used as fundamental frequencies. 
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A barium titanate plate was used as the pres
sure receiver. The voltage developed across the 
receiver was amplified by a two-channel (for the 
sum and difference frequencies) tuned amplifier. 
An oscilloscope was used as the output meter. By 
displacing the receiver relative to the source 
(maintaining strict parallelism between the two 
surfaces), it was possible to observe (on the 
oscilloscope) the change in the intensity of the 
sum of difference frequency. As these observations 
showed, the intensity of these waves was spati
ally modulated by the base frequency . In the 
Figure the intensity of the modulated vibrations is 
plotted against distance; the distance from the 
source in em is plotted along the abscissa, while 
the ordinate is a quantity proportional to the in
tensity of the modulated vibration. The results of 
the observation refer to the sum wave at 2.5 me ob
tained in vaseline oil (at t = 20° ). Two curves 

are shown in the Figure, taken for different in
tensities of the source (the lower curve was 
taken for an intensity one-half the higher one). As 
the curves show, the intensity of the modulated 
combination waves increases with distance from the 
source, passes through a maximum and then de
creases. 

Thus we can draw the following conclusions: 
l. The intensity of the modulated vibration has 

a maximum with respect to distance. 
2. The location of the maximum does not de

pend on the intensity of the fundamental waves. 
3. As the data show, the position of them axi

mum for a given frequency is determined princi
pally by the vicosity of the medium. 

Translated by R. T. Beyer 
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} ACCORDING to Terletskii 1- 3 the second 
•law of thermodynamics is not applicable to 

large volumes of a gravitating gas. It is claimed 2 

that processes begin to take place in large vol
umes of a gravitating gas which contradict the 
second law. Publication of a criticism by the 
present author4 was followed by an assertion in 
discussion form 1 that the earlier concl usions2 ' 3 

were still correct under conditions in which the 
gravitating gas is enclosed in a thermostatted 
vessel covered with a piston which works at a 
fixed force, the pressure being P > NkT / 4V. We 
will show that even under these stated conditions, 
the conclusions 1- 3 on the inapplicability of the 
second law of thermodynamics for large volumes 
of a gravitating gas cannot be considered cor
rect. 

Terletskii 1 assumes that all conditions of the 
gravitating gas for which dP /dV < 0, are entirely 
stable. Account is not taken of the fact, as we 
will show below, that the gravitating gas has a 
metastable region. It is for precisely these same 
conditions that a greater probability of fluctuations 
of a cosmic scale is assumed 1. 

Let us call the mass of the gravitating ideal 
gas M, occupying a volume V, situated near the 
center of the cloud of diffused material, and in a 
quasistatistical equilibrium. Volume V is much 
smaller than the volume of the whole diffusion 
cloud, so that one can assume that the gas is 
distributed uniformly throughout the volume V. 
The identical case was considered by Jeans 5 , 
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and then in a more general way by Lebedinskii 6 

with conclusions on the instability criterion for a 
gravitating gas. Let us say that the diffusion 
cloud outside the volume V can be considered as 
a weight applying a constant pressure P on the 
separated mass of gas. Then for the free en
thalpy of the gas we can write 

<D =- ctxM2V-'I, ~ NkT In V +PV-C (T), (l) 

where a. has a numerical value of unity and x, is 
the gravitational constant. 

If the volume of the gas has the value 
V1=( a.x,M2 I 3NkT)3 (condition l), then P = 0, 

dP I dV > 0. The condition of the gas is un
stable. The requirement V < V 1 is the equivalent 
of the known criterion for a gravitating unstable 
gas (see, for example, He£. 6 ). If the volume of 
gas is V 2 = (64127) V 1 then P = NkTI4V 1; dP ldV 
= 0. When V > V 2 , dP ldV < 0 and it appears 
that the condition of the gas is thermodynamically 
stable. But this is not so. It follows from Eq. 
(l) that <1> 1 - <ll 2 = NkT [ln(64l27)- 1], i.e., 

<1> 1 <<1> 2 . Consequently, the condition of the gas, 
immediately adjoining condition 2, appears to be 
metastable. Simple calculations show that the 
region of metastable equilibrium extends toward a 
minimum value of V"' 1.5 V 2 • In this region the 
condition of the gravitating gas is in a certain 
sense, in a condition similar as to that of a super
cooled vapor. The formation of small incidental 
condensation in the metastable region of the 
gravitating gas leads to the gravitational con
densation of the whole gas. As we know, the 
fluctuation theory in its strict form is not appli
cable to the condition of metastable equilibrium. 

The relationship ( ~ V) 2 = - k T a VI aP, 1- 3 is cor
rect only for small deviations from equilibrium 
and under conditions such that the system is in a 
fixed thermodynamic equilibrium (see, for ex
ample, Ref. 7, p. 98 ). This consideration hold~:> 
good for all the conditions of the gravitating gas 
models used in Ref. l, both those obeying New
ton's law and those not obeying it. 

Thus the reasoning in Refs. l-3 is appropriate 
only for a gravitating gas whose V is signifi
cantly greater than V . Under these conditions 

2 
the factor ( l - 4 a.x,M21 9NkTV 113 ) used in Eq. 
(2) of Ref. l significantly differs from zero and 
consequently cannot have any essential effect on 

the quantity(~ V) 21 V2 . Furthermore, Eq. (2) 
or the analogous Eq. (ll) in Ref. l cannot serve 
as a proof of the statement concerning the appli-

cability of the second law of them10dynamics for 
a greater volume of a gravitating gas. 

2. Statistical thermodynamics in principle can
not lead to results contrary to the second law of 
thermodynamics since it itself originated in the 
statistical interpretations of this law; otherwise, 
statistical thermodynamics would be internally 
inconsistent. In a similar way, classical 
mechanics cannot lead to results contrary to 
Newton's law on which it is based. Since only 
statistical thermodynamic methods are used in 
Hefs. l-3 one can consider to be mistaken, a 
priori, the statement concerning the inapplica
bility of the second law of thermodynamics for 
large volumes of a gravitating gas. 

3. The hypothesis of J. P. Terletskii on the 
inapplicability of the second principle of thermo
dynamics to large volumes of a gravitating gas 
was introduced with the aim of defending the 
fluctuation hypothesis of Boltzmann. This 
hypothesis of Boltzmann is not true because of errors 
in the hypothesis of Clausius concerning the thermal 
death of the universe. In both these hypotheses 
the problem of the development of the universe is 
approached by the introduction of the universe as 
if it were an insulated system. This approach is 
physically unfounded. From the point of view of 
philosophy it appears to be idealistic. It is pre
cisely the assumption of a finite or insulated 
universe and not the second law of thermodynamics 
which leads to the conclusion of the expectation 
of the thermal death of the universe 8 • To prove 
the error in the Clausius hypothesis it is not 
necessary to leave the framework of thermo
dynamics and go to statistical physics and to 
theories of clusters. 

4. The existence of regions of metastability 
in the gravitating ideal gas has not been.given 
much attention. We believe that the calculation 
of the metastable condition of a gravitating ideal 
gas will be useful for research into gravitational 
condensation of interstellar material. 
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WTE know that the nucleus of Be9 can be re-
ll' garded as consisting of Be8 as a core, with 

an unpaired neutron moving in its field. This 
model proved to be quite satisfactory in connection 
with the photo- and electrodisintegration of this 

nucleus 1 • 2 . On the basis of this model, the Be9 

(pd) Be 8 reaction can be considered to be the re
sult of the direct interaction of a proton and the 
unpaired neutron. The mechanism of this reaction 
then appears to be the following: an incident pro
ton interacts with the unpaired neutron to forn, a 
deuteron, which escapes from the nucleus, leaving 
the Be 8 nucleus in its ground state. We here ne

glect particle spins, the Coulomb interaction and 
the recoil of the Be 8 nucleus. 

The interaction between the proton and the 
nuclear neutron, whose radius vectors are desig
nated by r 2 and r 1 , respectively, is taken in the 
form of a Yukawa potential 

(l) 

where r = I r - r I· For the wave function 
1 2 9 tf! ( r 1 ) of the unpaired neutron in the Be nucleus 

we take an expression given in Ref. l. The wave 
function t/J ( r 2 ) of the incident proton is taken in 
the form of a plane wave with the wave vector k 
normalized to unit flux. The wave function of the 
deuteron with wave vector k' is 

~d (rh r2) = (27t7i)-•f, e-ik'(r,+r,)/2 <D (r), (2) 

<D (r) = V <X1 /27t r-1 e-r:.,r, 

where c:{:J ( r) is the wave function of the internal 

state of the deuteron. 
The differential cross section of the process 

that we are considering, as calculatedby the usual 
equation of perturbation theory, is given by 

~ = 2 1 + - 48 a2 " 0 1 0 
d V ( Q) fl-2 a4 r 2 <X r 

dw EP ~r0 7i4 

I k' I --k r 0 

xr~ (jk' I 2- k 1 r 0)-2 arctg2 - 2--
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00 
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00 
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(3) 

where q = k'- k. The integrals in the expression 
for ] ( E , iJ ) are not in explicit form. They 

p . 
must be calculated for g1ven values of the energy 
of the incident proton E and for the scattering 
angle 1 !)'. In Eq. (3) w/have used the notation 

<X=Ji--l~r2[J.e, ~=Ji-1 V2tJ-(Vo-<=), Y=lt+<Xl, 

where f.l is the effective neutron mass with rela

;tion to the Be 8 core in the Be9 nucleus, E = .1,66 
mev is the binding energy of the neutron in the 
Be9 nucleus, V is the depth of the square po
tential well in t~e interaction between the un
paired neutron and the nuclear core, and r is the 
width of this well. As has been shown in <nefs. 
l and 2,r 0 = 5 x 10" 13 em and V 0 = 12 mev. Q is 

the energy liberated in the reaction and a is ob
tained from 

(4) 

Experimental curves are given in Ref. 3 for the 
angular distribution of deuterons from the Be 9 (pd) 
Be 8 reaction at proton energies of 5, 6, 7, 8 and 
22 mev. 

We have calculated the angular distribution from 
Eq. (3) at 5-8 mev. In the Figure, Curve 1 is the 
angular distribution at E = 8 mev. The angular 

p 


