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Let liquid helium completely fill a vessel, in which the pressure PO at the 1id and the

temperature T are such that at a certain depth z, the pressure corresponds to the A line

(RO + gz, = P&(T) l). One might think that thexdiagram of state calls for the helium to be
in the state of He II in the upper part of the vessel (O <z< zk) and in the state of He I
in the lower part (zx <z X H). The purpose of this article is to prove the assertion that
liquid helium should actually be either superfluid throughout or normal throughout.
This assertion follows from an examination of the equation of the phenomenclogical super-

fluidity theory of Ginzburg and Pitaevskii [1]:

hZ 2
oy +ar - glely = o, (1)
where m is the mass of the helium atom, ¥ = |Y|exp(im) is the wave function defining the den-

2
sity Py and the velocity ;s of the superfluid component (ps = lel » ;s = th/m), and @ and B
are coefficients that depend on the temperature and on the pressure. In our case W = 0, so
that we can put ¢ = O. 1In addition, neglecting the dependence of the helium density p on the

pressure and temperature, we can express the coefficient @ in the form

Q
[

a'(n - D1+ <-g-g>A —%\—'——?’SSTL} =a'(T, - T) 3‘%—:—5 if 0<z <z,
1

(2)

@ =0 if z. < z < H,

where o' ~ 4,5 x 10717 erg/deg [1], and the parameter a is determined by

a = Elig%éf—fll = Tx lOS(TKl - T) cm, (3)

When the temperature changes from Th, to T\; this parameter changes from a quantity of the
order of 2 x 10° to zero. We note that when PK(T) >> P, and PA(T) >> P, the quantities z, and

a, are close to each other. On the other hand, if PX(T) 2> Fb >> P&l then z, << ax.

We introduce the notation a3 = a'(Ty - T), aé = ¥/(2muy), x = (agax)'l/s(zx - z) 2),
and f = (ax/ao)l/a(a/al)l/zlwl. Then in the upper part 0 < z < z

fluid" region) Eq. (1) takes the form

N the vessel (the "super-

E—X-§+xf-f3=o ifo<x<h, (1a)
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where h_ = (agax)'l/szx. In the lower part z, < z < H of the vessel ("normal” region) Eq. (1)

becomes

a&f £3 .
=z - =0 if -h, < x <0, (1v)

N

where h_ = (agax)'l/a(H - 7).

The first integrals of these equations are

y > he 2
af .
=3 2
(&) -2 - &,
n

il

where allowance is made for the boundary conditions f(hs) f(-hn) = 0, and the derivatives

(af/dx) at the points x = hs and x = -hn are for the time being undetermined constants 5).

As in many other cases considered in [1-4], Eq. (4b) establishes the dependence of f on x with
the aid of an elliptic integral of the first kind. However, unlike all these cases, the first
integral (4a) has no algebraic expression of (df/dx) in terms of f, thus making the general
solution of the problem difficult.

Nonetheless, we can assert that in general there exists a nonzero solution of (1), de-
fined in the entire vessel, that is to say, there exists a function f made up of solutions of
(1a) and (1b) which are smoothly joined together at the point x = 0. This means in turn that
superfluidity is possible also in the "normal" region. (The function |¥| increases in this case
from zero at z = O, goes through a maximum somewhere in the "superfluid" region, and decreases
monotonically to zero at z = H.) However, under certain critical conditions such a function
can vanish identically, and then the liquid remains normal even in the "superfluid" region.

In view of the already mentioned mathematical difficulties, we shall merely confirm the
consideration just advanced by means of an approximate calculation, which is valid in the par-
ticular case of an "infinitely" deep "normal" region, covered by a "thin" superfluid layer
h >>h_or H>> z . More accurately, we assume that h_is so large that (df/dx)_ can be
set equal to zero. The meaning of the statement concerning the smallness of hg will be ex-
plained later.

Under these conditions, Eq. (4b) simplifies and the solution of Eq. (1b) for an "in-

finite" “normal™ region is written in the form
-1
X 1
f:—-—;- if-ao<x<0. b
<\/2 f(O)) - (5 )

We determine the solution of (la), bypassing the first integral (4a), by expansion in powers

of x, satisfying the conditions of smooth joining with expression (5b):

f = f(O){l + %f‘(o)x + %f’—‘(o)xz + %(%f\?(o) - 1>x3 + Ilif(o)(fs(o) - i%) x*
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N %ﬁ(o)(ﬁﬂ(o) - 1>x5 + } (52)

The undetermined constant f(0) must be found from the boundary condition f(hs) = 0.

1

The last condition determines the critical thickness of the "superfluid" region hS ,

c
below which (when h, < hsc) Egs. (la) and (1b) have only a trivial zero solution. Indeed,
using formula (5a) to determine f(O) by means of the equation f(hs) = 0, we can readily verify
that it has no nonzero solutions (f(0) = 0) if

o
k
hs
1 +§z(—l)k = .
3k(3k - 1)(3k - 3)(3k - k)...3°2
k=1

which yields hsc ~ 2. {This is indeed the measure of the "thinness" of the "superfluid" layer,

=0, (6)

for when h_ > hsc the series (S5a) converges rapidly.)

Reverting to dimensional notation, we obtain the following estimate for the critical
thickness of the "superfluid" layer of the "infinitely" deep "normal" region 2o ™ 2(a8ax)1/3
~ 2,2 x 1072 cm.

The shift of the A point, due to the external pressure, is described by the following

formula
5T = Po - Py + pgZ\c ts)

@)

When PO - Py > 8z, formula (7) practically coincides with the equation of the N line, but

when PO is small it describes the additional shift of the N point, connected with the phenomena

considered in this note. 1In particular, the shift of the A point at saturated vapor pressure

P85

is equal to

- ~ -9 e
bT, = [y " 3 x 1079 °K, (8)
at |~ \aT

where the derivative (dP/dT)s is taken along the curve P = PS(T) at T = T, . The exceedingly
small value of BTXS calculated in this manner denotes that the large volume of liquid helium
in equilibrium with its own vapor will be in the superfluid state at practically any tempera-

ture T < TKl’ even if its greater part satisfies the condition P > PK(T)‘
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1) The z axis is directed downward, O < z < H, where H is the height of the vessel. It

is understood throughout that 0 < z, < H and also that PS(T) <F, < PK(T)’ PS(T) < Py
P\ < RK(T) < Byoy and Thp < T < Th3, where Pq is the saturated vapor pressure, while (T 5 and
P.3) and (B and Bp) are the points on the ends of the A line (T, is the A point at satu-

rated vapor pressure}. Assuming the A line to be straight, we have:

199



(ap/aT), = -(Pv2 - P1)/ (D1 - Th2) = -100 at/deg.

2) An important factor is that the theory contains a temperature-independent character-

istic dimension (a.gzi'x):"/:3 ~ 1.1 x 10°3 em. Tt is implied throughout that the transverse dimen-
sions of the vessel are much larger than all the three characteristic dimensions ayr 3 and

2, y1/3
(222, ) /3 of the theory.

2 2
3) We note the interesting equation fbiedx = <%—_§-> - (g—f{—) .
h -h
0 s n
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The polymerization of several solid monomers by a shoek wave was recently observed [1].
Thus, for example, it was noted that passage of a shock wave with amplitude of 50 kbar oi‘
higher causes 60% of acryl amide to be converted into a polymer. It is known [2] that the
polymerization energy of acryl amide is about 10 - 15 kecal/mole. Thus, the energy released
in 60% polymerization of acryl amide is Ep = 10 keal/mole. It is of interest to compare this
quantity with the energy Es obtained by the substance as a result of compression by the shock
wave. The change in the internal energy of one gram of matter compressed by a shock wave,
without allowance for the energy of the chemical processes, is equal to ES = P(VO - V)/2, where

Yo

of the substance compressed to a pressure P. To obtain the dependence of the specific volume

is the specific volume of the substance prior to compression, and V is the specific volume

of the substance on the applied pressure it is necessary to determine the shock adiabat of the
investigated substance.

To determine these quantities in acryl amide we use the values obtained for Plexiglas
and polystyrene, which have the same initial density and approximately equal compression coef-
ficients. We assume that the shock adiabat for the acryl amide differs little from the shock
adiabats of Plexiglas [3] and polystyrene [4], which are very close to each other at P < 100
kbar. Then at a pressure P = 5 x 101° dyne/em® the relative compression is V/Vo = 0.T4. From
this we get E_ = 10 kecal/mole for acryl amide with Vv, = 0.85 em®/g. As is well known [4], at
pressures lower than 1011 dyne/cnf the thermal component of the internal energy of the com-
pressed substance does not exceed half the total energy. Therefore heating of the substance
by the shock wave amounts to approximately 200°C. On the other hand, the shock of polymeriza-
tion (assuming that it occurs during the passage of the shock wave) heats the substance by
koo°c l). The total temperature rise of the compressed substance is therefore not less than
600°C.

If the resultant mixture of monomer and polymer were to be cooled by thermal conductivi-
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